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EXECUTIVE SUMMARY 

 

 

 

PREAMBLE 

 
This Final Report is the final deliverable relating to the project: Resource and 
Economic Efficiency of Water Distribution Networks in the EU (Tender reference 
ENV.D.1/SER/2010/0029). 
 
The report describes the consolidated findings and analysis of a series of case 
studies on leakage and resource efficiency of water utilities across the EU, and 
presents conclusions and recommendations (including examples) on how 
these findings could be used to inform the development of a policy to improve 
efficiency in the use of water resources by water supply utilities.   
 
PROJECT OBJECTIVES 

 
Why does the study address leakage in water distribution systems? 

 
 
The challenge is to find the balance were our water distribution networks in 
Europe are efficient in the use of our natural water resources and efficient in the 
use of our human, financial and other natural material resources; where this 
balance is sustainable without damage to our water environment.  

 
 

The overall objectives of the contract were as follows. 
 

Tranche 1 objectives: 
 

� Provide input to the EC, to feed into the Blueprint consultation process, 
which can assist in developing a policy to improve efficiency in the use of 
water resources by water supply utilities in the EU (by May 2012).   

 
Tranche 2 objectives (following completion of Tranche 1 & Blueprint consultation): 

 
� Provide 3 ad-hoc briefing notes to the EC, designed to provide insight 

and/or guidance to the Commission on how specific policy 
recommendations identified under Tranche 1 policy recommendations 
could be applied in practice. 

 
The following sections summarise the outputs from Tranche 1, i.e. the 
development of a series of policy recommendations, and discuss the main 
findings and conclusions from the trial application in Tranche 2. 
 
DEFINING ‘EFFICIENCY’ IN A WATER DISTRIBUTION NETWORK 

 
A key issue identified early in the contract was that the interpretation of what 
is ‘efficiency in water distribution networks’ varied greatly.  Some used the 
term efficiency to refer only to the technical efficiency of the network (i.e. the 
levels of leakages or real water losses), others to the economic efficiency of the 
network wherein some included externalities in its calculation and others 
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didn’t; and where ecosystem externalities were valued ecosystem services 
valuation techniques were used and the range of valuations varied greatly.  In 
general the definitions of efficiency and the methods by which it was 
calculated varied widely, and none actually looked at the efficiency in the 
management of the upstream water resource at a basin and water body level 
and how that impacted the resource and economic efficiency of the public 
water distribution networks. 

 
Hence it became clear early in the contact that the term ‘efficiency of a water 
distribution network’ needed to be defined. 

 
Following internal consideration and dialogue with contract stakeholders the 
contract defined the ‘efficiency of a water distribution network’ as follows: 

 
 

• ‘a water distribution network is considered efficient when the actual levels of 
leakage (LoL) or real water losses equals or is similar to its Sustainable Economic 
Level of Leakage (SELL) where environmental, resource and social costs are fairly 
included in the calculation of SELL (noting that it must be recognised that both 
LoL and SELL are not static parameters but may vary with time as the 
components that influence their calculation vary).  

 

Having defined the parameters to assess when ‘a water distribution network can 
be considered efficient’, it then became necessary to identify, develop and adapt 
both: 

 
• A consistent methodology for the measurement and reporting of the actual 

physical Levels of Leakage (LoL) in a water distribution network; and, 
• A consistent methodology for the measurement and reporting of 

Sustainable Economic Level of Leakage (SELL) (1)  where environmental, 
resource and social costs are fairly included. 

 
The methodologies that were subsequently developed are described in detail 
in the main report and are not reproduced in this summary. 
 
PROJECT CASE STUDIES 

 
The main challenge for the development of EU-wide policy recommendations 
for resource efficiency is that the context within which a water utility operates 
in the EU (and candidate countries) varies widely, and this context strongly 
influences the way in which efficiency is perceived and the levels of efficiency 
that result.  For this reason, a range of water utilities were selected as project 
case studies from amongst the larger member and candidate states - from 
France, Germany, Portugal, Spain, Romania, Turkey and the UK.  All operate 
in widely different and varying legal, institutional, regulatory and socio-
economic contexts, and moreover with differing levels of perceived resource 
use efficiency and water stress.  
 

 
(1) Defined as the level of leakage at which it would cost more (in operational, environmental and social terms) to make 

further reductions in leakage in the water distribution system than to produce the water from another source. 
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The case studies analysed and quantified the factors of relevance for leakages 
at a river basin level and determined the links between the leakages and the 
cost structures in each basin, inter alia the Sustainable Economic Level of 
Leakage (SELL).  The studies furthermore identified best practices (in both 
technical and economic terms) for minimizing water losses in the EU and 
other relevant countries and provide recommendations on the possibility to 
apply these best practices, including an example application in one of the case 
study river basins (the Tagus Basin in Portugal). 
 
RESULTS OF THE 7 CASE STUDIES 

 

 
Level of leakage:   real losses ranged from 10% to 72% of system input volume 
 
SELL:  ranged from 9% to 48% of system input volume 
 

 

The Case Study analysis has shown that the factors that most influence the 
outcome of the SELL calculation are: 
 
1. The SELL will tend to be high and investments that can be justified to address 

high levels of leakage will be low: 
 
Where the water service provider (WSP) has access to abundant water 
resources of good chemical quality that are located at topographical levels 
above the level of the customer base, then the internal costs to the WSP are 
very low (i.e. low or no treatment costs & low or no electricity costs for 
distribution): and where at a basin level if the water resources are abundant 
with limited measures necessary to achieve the objectives of the WFD then the 
external environmental and resource costs are also low. In these cases then the 
combined Marginal Cost of Water is low, hence the marginal cost of Leakage 
Control measures will also be low and by extension the investments for 
leakage reduction that can be justified are low and the level of leakage can be 
high.  Refer to the Turkey and Germany Case Studies. 
 
2. On the other hand, the SELL will tend to be low and investments that can be 

justified to address levels of leakage will be high: 
 
Where a water service provider (WSP) has limited access to water resources 
and the water resources are of poor quality that are located at topographical 
levels below the level of the customer base (or underground), then the internal 
costs to the WSP are very high (i.e. high treatment costs & high electricity costs 
for distribution): and if at a basin level the water resources are scarce with 
extensive measures required to improve water status to achieve WFD 
objectives, then in these cases then the combined Marginal Cost of Water is 
high, hence the marginal cost of Leakage Control measures will also be high 
and by extension the investments for leakage reduction that can be justified 
are high.  Refer to the UK and Romania Case Studies. 
 
In addition, two dominant factors specific to the water distribution network 
(or internal to the WSP cost structure) that impact levels of background 
leakage and the cost (and effectiveness) of leakage control measures are as 
follows: 
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3. Economies of density:  
 
Where the water distribution network has economies of density (the capital 
asset investment / customer connection is low) then both the asset renewals 
and operating costs relative to revenue water tend to be lower, and leakage 
control investments will tend to produce higher yield relative to system input 
volume (SIV).  (i.e. a smaller network to operate and fix with high sales 
volumes) Refer to the Romania Case Study where the impact of losing economies 
of density due to the extension of the service area into semi-rural areas 
increased both the marginal cost of water for the WSP and reduced the unit 
effectiveness of leakage control measures. 
 
4. The underlying quality of the distribution network in terms of system design and 

installation 
 
Where the underlying quality of the network design is good – designed for 
ease of operation and maintenance without pressure stresses - it will respond 
well to ALC leakage control measures and the cost of those measures will tend 
to be lower; and where the quality of the network installation is good (with 
good materials selection and workmanship at the time of installation) then 
background leakage levels will tend to be lower and asset life is will be longer. 
This prompted our policy recommendation regarding the use of EC funds to finance 
the construction or renovation of water infrastructure (see #6 below).   
 
GENERAL CONCLUSIONS 

 
A key issue that became apparent from the Case Study works is that the 
sustainable level of leakage (SELL) of a water distribution network is dependent both 
upon the efficiency of the water services provider and upon the efficiency of the 
national or basin administrative body responsible for the administration, 
management, protection and sustainable development of the raw water resources at a 
basin and water body level, and optimal water resource efficiency occurs when 
both the water services provider and the administrative body responsible for 
the management of water resources prior to abstraction are both achieving 
their quantity and quality service objectives most cost effectively (i.e. both 
achieve their respective objectives at least cost.) 
 
If the management of water resources by the national or basin administrative 
body is inefficient or ineffective then this inefficiency is passed on to the water 
services providers who then have to compensate for these shortcomings and 
vice versa.   
 
Therefore, improving water resource efficiency in water distribution networks 
is a problem, which requires water services providers’ to: 
 
• Implement best practices in leakage reduction through active leakage 

control, pressure management, asset renewals and good system design to 
achieve the Sustainable Economic Level of Leakage for their respective 
distribution networks where environmental, social and resource costs are 
fairly included in the calculation of the sustainable level of leakage; 
 

• Carry out their operations in compliance with limitations / targets 
imposed upon them with respect to abstractions from and discharges to 
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water bodies necessary for the overall sustainable management of water 
bodies; and, 

 
• Carry out their investment and operating activities cost effectively in order 

to keep water tariffs fair and reasonable. 
 
It also requires the administrative body responsible for the management of 
water resources prior to abstraction by the water services provider, to: 
 
• Manage water resources well, ensuring that the socio-economic and 

environmental needs for water and the availability of water is balanced 
and drinking water resources are protected from pollution, providing 
water services providers with reliable, secure and cost effective sources of 
supply; inter-alia preparing RBMPs for WFD compliance that are 
harmonized with other key socio-economic and land use planning 
documents, and that financing plans (prepared using the principles of 
polluter-pays, cost-recovery, cost-effectiveness and disproportionate cost) 
to support the implementation of the RBMPs are also in place and publicly 
consulted prior to the adaption of the RBMP; and, 
 

• Carry out their operations cost effectively ensuring that the ‘environment 
and resource cost’ (i.e. the cost for the integrated management of water 
resources in order to achieve society’s quantity and quality objectives) is 
reasonable. 

 

In addition requires politicians and society, on their part, to allow water 
services providers to recover the cost of water services provision, including 
environmental and resource costs, operating costs and asset renewals costs; all 
necessary to finance and operate an efficient and sustainable water 
distribution network. 
 
 
The other main finding of the contract was that the quality of the RBMPs in regards 
to the quantitative assessment of water in order to achieve compliance with Art. 1 of 
the WFD, and thereafter to identify the cost of compliance both for quantity and 
quality measures was (with one notable exception) quite poor. 

 

• By extension, as the RBMPs were poor in their dealings with quantity 
management (Art 1. WFD) and cost recovery (Art. 9) it was therefore very 
difficult to accurately calculate Environmental & Resource Costs (ERC) from the 
RBMPs for inclusion of the ERC in the SELL calculation; and, 

• Specific to the WFD Art 1 requirement for ‘sustainable water use’ there was no 
consistent methodology applied for the inclusion of ‘long term water balance’, the 
integration of e-flow requirements, and the inclusion of climate variability/change 
impacts, which also would be expected to significantly impact the scope and scale 
of a Programme of Measures necessary to address these issues. 
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POLICY RECOMMENDATIONS 

 
Based upon the above findings and conclusions, the Tranche 1 Policy 
Recommendations proposed under this contract for inclusion into the 
Blueprint are summarised in the table below, in three main groupings: 
 
• EC wide targets for water losses in water distribution networks; 
• Improvements necessary in the implementation of the WFD; and, 
• Improving EC funding conditionality where EC funds will be used in the 

water distribution sector. 
 
 

TRANCHE 2:  RESULTS FROM APPLICATION OF KEY POLICY RECOMMENDATIONS 

 
Two of the key policy recommendations identified by Tranche 1 were 
thereafter selected by the Commission as topics to be addressed during 
Tranche 2.  These were:   
 
• The need for a robust ‘cost-based’ method for the calculation of ERC so 

that the environmental and resource cost of water can be recovered (Art 9 
WFD) and can be included in the SELL calculation to promote resource 
and economic efficiency in water distribution networks. 

 
• The need to incorporate quantity issues into the RBMPs that directly 

contribute to the fulfilment of Article 1 of the WFD.   
 
Both recommendations were therefore developed into detailed methodologies 
for Tranche 2 and applied as a test case to the Tagus River Basin in Portugal.  
The main conclusions were as follows.  
 
1. Quantity management is essential to achieve long term water balance 
 
A number of areas within Portugal’s Tagus River Basin District have been 
blaming ‘water scarcity, drought and climate change’ for current recurring 
water deficits.  However, the analysis shows that the basin district when 
analysed on a monthly time step with 2500 km2 spatial resolution is not water 
scarce (where the additional needs of the environment defined by 
environmental flow targets is not considered). This indicates that the reported 
problems are due to poor or ineffective localised water management as 
opposed to the intrinsic long term water balance. 
 
The Tagus pilot study also tells us that from an administrative or planning 
burden perspective the exercise of quantity management and quantity 
modelling (once policy targets and method have been agreed) is not a 
challenging exercise provided that: 
 
• Reasonable records of stream flow are available at strategic points; and  

 
• Water quality monitoring stations are located near or adjacent to the 

stream-flow monitoring stations.  
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Summary of Contract Policy Recommendations (May 2012) and Link to Blueprint Challenges 
Theme Issue Relevant Blueprint 

‘Challenge’  
Summary policy recommendation 

Targets 1. Water loss targets 1 (water balances) 
5 (networks) 

It is recommended that NO targets for water losses in water distribution systems are set - context is critical.  
There is no single parameter that can indicate resource and economic efficiency in a water distribution network 
for which a target can be set in order to promote efficiency, hence it is recommended to use 2 (LoL and SELL) 
reported together in the simple terms of ratio of real losses as a % of System Input Volume (SIV), which when 
compared can indicate the level of resource and economic efficiency 

WFD/River 
Basin 

Management 
Planning 

Issues 

2. Quantity management: WFD Art. 1 1 (water balances) 
5 (networks) 
8 (pricing) 

Quantity management should be clearly introduced in the RBMPs. The WFD at present is largely quality 
driven; this needs to change to an IWRM approach in order to consistently apply the requirements for 
‘sustainable water use” as defined in Article 1 of the WFD. 

3. Water pricing (ERC) WFD Art. 9 9 (costs and benefits) The recommendation is that for each basin or water body the ERC is calculated based upon the actual costs 
incurred for the administration and management of water resources in order to achieve the quantity and 
quality objectives of the WFD (as transposed into national legislation) and the it is a cost based calculation not a 
value based calculation; and where abstraction/water use fees are to be applied that they are consumption-
based and differentiate between water stresses and non-stressed resources, and are set at levels that reflect the 
cost of managing water resources (IWRM) to meet water quality and quantity objectives.  (Note: It is also 
recommended that the abstraction / water use fees charged to WSPs should not exceed the ERC where the 
method to calculate ERCs are cost-based reflecting real costs and  should NOT be a tax, as this leads to 
distortions. 

4. Water Pricing (WSP) Cost 
recovery: WFD Art. 9. 

8 (pricing) 
9 (costs and benefits) 

Water tariffs for WSP service delivery should be set to recover the cost of operations and the cost of asset 
renewals (and recover ERC) in order to provide a sustainable long term water service. If water tariffs are not 
set at cost recovery levels then they are not likely to include sustainable levels of asset renewals, and by 
extension unlikely to achieve optimum levels of leakage reduction. 

5. Harmonisation of plans (Quantity 
management: WFD Art 1.) 

1 (water balances) 
5 (networks) 
8 (pricing) 

The socio-economic demand for water needs to be incorporated into the RBMPs in order to demonstrate 
compliance with Art. 1 ‘sustainable water use’. It is therefore recommended to require the harmonization of 
RBMPs (for WFD purposes) with other strategic physical & socio-economic planning documents prior to 
adoption and to require that these RBMPs are supported by a real Financing Plan wherein the costs associated 
with the implementation of the RBMPs should be known prior to adoption, and the financing/cost recovery 
mechanism to fund the RBMP implementation also defined prior to public consultation and adaption  (i.e. who 
will pay and how much will they have to pay).  In general, the quality of RBMPs prepared and submitted is 
poor, and do not have the financial resources behind them to support their implementation. The EC could also 
set higher standards for Water Resource Management (Quantity) as a condition to access to solidarity funds in 
the events of droughts & floods. 

EC Funding  
Conditionality 

6. Improving water infrastructure 
design and construction for 
improved asset life and efficient 
performance 

5 (networks) To promote water and resource efficiency in water distribution networks via ensuring that where EC funds are used to 
finance the construction or renovation of water infrastructure (water abstraction and distribution systems), the EC 
requires that: 

i. the resource and environmental cost of water are taken into account in the system design; and, 
ii. the system is designed for extended asset life, that incorporates effective PM and facilitates effective ALC. 

Side Note: Given the cost structure in the water utility industry where the fixed costs (assets) are the most 
important cost component (60-80%) the most effective way to reduce asset renewals costs is to install assets that 
have a long asset life: this involves the correct choose of materials and a high standard of installation for 
networks at the time of initial design and installation. 
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Building the body of knowledge related to quantity and quality in a river 
basin district is fundamental to effective water management.  Specifically, it is 
recommended that the Commission in its WFD CIS Guidance Documents 
requires MSs to implement the following minimum requirements for ‘audit’ 
monitoring and reporting of surface waters: 
 
• Stream-flow monitoring stations (for audit purposes) are located with a 

density of at least 1 station per 2500 km2 where each audit station is 
located at a strategic point in the lower parts of a sub-catchment or reach, 
and stream-flow is monitored at minimum on a daily basis; 

 
• Water quality monitoring stations are located with a density of at least 1 

station per 2500 km2 (as already included in CIS documents), where each 
audit station is located as above for (and preferably adjacent to) stream-
flow points, and shall monitor all physicochemical, biological quality 
parameters in accordance with WFD Annex V requirements, and Annex X 
substances where these have been identified in the Basin district; and 

 
• All data from audit stream-flow and WQ monitoring Stations is made 

publically available in its raw format so that it can be easily accessed and 
reviewed by members of the public. 

 
2.  The difficulty of balancing of environmental and socio-economic flow requirements 
in heavily regulated basins 
 
In a heavily regulated basin district (in particular one with high natural inter-
annual variation in flows) the implementation of environmental flow (E-flow) 
requirements to comply with Article 1 of the WFD can have significant 
impacts and associated costs, and trying to find a balance that satisfies both 
the socio-economic needs and the needs of ecology is difficult and sensitive. 
 
In the Tagus pilot study we selected a set of basic principles which we believe 
are the minimum required upon which E-flows should be set, as follows. 
 
• E-flow targets or strategies should reproduce to the extent possible, given 

practical physical and socio-economic limitations, the natural variation in 
flow. A corollary of this is that no water user should be required to 
enhance flows beyond those that would occur naturally; 
 

• E-flow targets or strategies should form a basis for the licensing of 
abstractions, discharges and impoundments. This in turn implies a degree 
of stability in the definition of E-flows. A water manager, utility or user (in 
the broadest sense of that phrase) should have some degree of certainty of 
the conditions under which an investment can be operated during its 
lifetime; 
 

• The method should be operable. That is, it should be possible for a water 
user to comply with the licensing requirements related to E-flows and for 
this to be seen to be the case (i.e. it can be independently audited);  
 

• The principles should apply to rivers with different combinations of 
abstractions, discharges and impoundments. 

 
Two methods were compared for the selection and setting of E-flows: 
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• A simplified version of the RVA (Range of Variability Approach) method 

developed by Richter; 
 

• Flow simulation using the IHA/RVA Method (using the Indicators of 
Hydrologic Alteration (IHA) software program) 

 
The pilot study conclusion was that either of the two methods would produce 
satisfactory E-flow results for the Tagus basin, in that they created a flow 
environment that should facilitate the achievement of good ecological status.  
But, very importantly, it was shown that  the former method, with built-in 
regulatory flexibility to change operating conditions during dry years, both 
addresses the challenge of inter-annual flow variability and reduces the cost of 
unnecessary E-flow releases, thereby supporting a least cost plan approach. 
 
Finally, three climate change/water regime scenarios were compared for the 
Tagus pilot study: 
 
• The first by Newcastle University, using one model, with a result that 

showed very significant impacts; 
 

• The second, by the University of Lisbon et al, running IPCC A2 and B2 
climate scenarios, with a result that showed little or no significant impacts; 
and 
 

• The third, developed for the pilot study, which under IPCC climate change 
scenario A1BAverage showed no significant impacts, but under IPCC climate 
change scenario A1Bmax, the impacts were quite notable. 

 
In essence, the conclusion was that when one chooses which model and IPCC 
scenario to use for the analysis, one chooses the result.  Notwithstanding this, 
all MSs are signatories to the Kyoto Protocol and have committed to the 
development of National Climate Adaptation Plans whereby models and 
IPCC scenarios are selected which are considered to be a ‘best fit’ for their 
specific circumstances and needs.  Given this, we would recommend that MSs, 
in the preparation of RBMPs, run reference climate change scenarios upon 
which the results between RBMPs and between MSs can be compared (given 
the general requirements of the EU financing regulations that require 
consistency in the methodologies by which funding is calculated and 
allocated).  We recommend that the reference scenarios to be used in the next 
RMBPs should be agreed between the Commission and the Member States. 
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1 INTRODUCTION 

This Final Report is the final deliverable under Service Contract 

070307/2010/578713/SER/D1 signed between Environmental Resources 
Management Ltd (hereafter referred to as ‘ERM’) and the European 
Commission (hereafter referred to as ‘the EC’) on 22nd December 2010, relating 
to the project: Resource and Economic Efficiency of Water Distribution Networks in 

the EU (Tender reference ENV.D.1/SER/2010/0029). 

 
The report combines the deliverables of the 2 main tranches of work (and their 
associated reports) carried out under the contract, and is structured as follows: 
 
• Section 2 describes the overall contract context and objectives; 
• Section 3 describes the Tranche 1 case study selection and implementation 

process; 
• Section 4 describes the key Tranche 1 challenges, and consequent 

development of definitions and new methodologies (for calculating LoL 
and SELL) for the project; 

• Section 5 presents the consolidated Tranche 1 case study results; 
• Section 6 presents the Tranche 1 policy recommendations, based upon the 

case study findings. 
• Section 7 introduced the Tranche 2 contract works and summarises the 

outcomes of Tranche 2 Briefing Note 1, a comparison of project resource 
valuation method to Ecosystem Services based approaches. 

• Section 8 describes the objectives and outcomes of the Tagus River Basin 
Pilot Study; and 

• Section 9 presents a summary of the key lessons, challenges and 
recommendations for next steps that have emerged from the project. 

 

Supporting annexes are included as follows: 
 
• Annex A contains a Non-Technical Summary of the project. 
• Annexes B to G present our seven individual Case Study Reports. 
• Annex H presents our Project Briefing Note 1 – Comparison of Methods for 

Valuing Ecological Externalities for River Basin Planning Purposes. 
• Annex I presents our Project Briefing Note 2 –  Setting Water Quantity and 

Quality Targets for River Basin Planning Purposes. 
• Annex J presents our Project Briefing Note 3 – Example application of 

project recommendations to Tagus River Basin, Portugal. 
• Annex K presents the final administrative progress report for the project. 
 



ERM/SOLVENTA EUROPEAN COMMISSION 

  11 

2 CONTRACT CONTEXT AND OBJECTIVES 

2.1 CONTRACT CONTEXT  

The inefficient management of water resources results in reduced water 
availability which, in areas of water scarcity and drought, has a direct 
negative impact upon EU citizens and economic sectors such as agriculture, 
tourism, industry, energy and transport.  This may in turn affect 
competitiveness and the internal market.  Climate change will exacerbate 
these negative impacts in the future with more frequent and severe droughts 
expected across Europe and neighbouring countries. 
 
In response, the EC commissioned, in the 2009-2011 period, a series of studies 
to be undertaken across four inter-related themes, all of which would combine 
to inform the future development and implementation of policy to support the 
improvement of water efficiency across the EU.  More specifically, the 
objective of the studies was to inform the development of the ‘Blueprint to 

Safeguard European Waters’ that was due to be published by the EC at the end 
of 2012 (1). The study themes covered water efficiency activities relating to 
agriculture, buildings, water distribution systems (focusing on leakage) and 
measures to halt desertification.   
 

2.1.1 Why Leakage in water distribution systems? (the theme of this contract) 

The unnecessary wastage of water from leaking and inefficient water 
distribution systems results in the increased use of our natural raw water 
resources, which for those locations throughout Europe where the total 
demand for water to meet our socio-economic needs exceeds the long term 
sustainability of the resource results in damage to our natural environment 
and its related ecosystems.   In these circumstances of unnecessary leakage, 
the damage caused to the environment by the unsustainable consumption of 
water resources is also usually associated with the additional wastage of 
energy and materials necessary to transfer and treat the water in a distribution 
system that is subsequently lost. 
 
However, there are many circumstances where the socio-economic demand 
for water does not stress or damage the environment, and in those 
circumstances if we were to invest human, financial and other natural material 
resources to try to achieve a reduction in leakage that was costly, with no real 
benefit to society or the environment, this would also be wasteful of our 
resources. 
 

 
(1) The Blueprint was published in November 2012 (see http://ec.europa.eu/environment/water/blueprint/) 
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For this reason, it was determined that a thorough analysis of all the aspects of 
the problem was needed in order to identify policies to promote efficient 
water distribution systems in the EU, and to facilitate the implementation of 
cost-effective solutions for reducing water losses (leakage) in Europe.  The 
present contract was therefore commissioned for this purpose. 
 
 

2.2 CONTRACT OBJECTIVES 

The overall objectives of the contract were as follows. 
 

2.2.1 Tranche 1 Contract Objectives 

• Provide input to the EC, to feed into the Blueprint consultation process, which 

can assist in developing a policy to improve efficiency in the use of water resources 

by water supply utilities in the EU.   

 
To this aim, the contract developed a series of case studies in different parts of 
Europe.  The case studies analysed and quantified the factors of relevance for 
leakage at a water utility and river basin level within the policy context of the 
EU water acquis. 
 
The results of the first tranche of work, together with its associated report ‘The 
Consolidated Study Findings & Policy Recommendations’ (1), were presented 
to the Commission and Stakeholders in Lisbon in July 2012. This was to 
inform the future development and implementation of policy to support the 
improvement of water efficiency across the EU, and more specifically the 
development of the ‘Blueprint to Safeguard European Waters’ – subsequently 
published in November 2012.  
 
(Draft Report completed in May 2012 & presented at stakeholder meeting in Lisbon in 

July 2012.) 

 
2.2.2 Tranche 2 Contract Objectives (following completion of Tranche 1 & 

Blueprint consultation) 

• Provide 3 ad-hoc briefing notes to the EC, designed to provide insight and/or 

guidance to the Commission on how specific policy recommendations identified 

under tranche 1 policy recommendations could be applied in practice. 

 
(1) Which included the analysis, consolidated findings and policy recommendations of the case studies on leakage and 

resource efficiency of water utilities across the EU, presenting conclusions and recommendations on how these findings 

could be used to inform the development of EU policy to improve efficiency in the use of water resources by water supply 

utilities 

The challenge is to find the balance where our water distribution networks in Europe 

are efficient in the use of our natural water resources and efficient in the use of our 

human, financial and other natural material resources; where this balance is 

sustainable without damage to our water environment. 
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Further to the completion of the Blueprint consultation process in the 3rd 
quarter of 2012 and the subsequent publication of the ‘Blueprint to Safeguard 

European Waters’ in November 2012 the second tranche of the contract work 
included the provision to the Commission by June 2013 of a series of briefing 
notes designed to provide insight and/or guidance to the Commission on how 
specific findings or policy issues identified in Tranche 1 policy 
recommendations could be addressed.   
 
A more detailed discussion of the link between Tranche 1 findings and 
Tranche 2 objectives and activities is presented in Section 7. 
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3 TRANCHE 1 WORKS: CASE STUDY SELECTION AND EXECUTION 

3.1 THE NEED FOR CASE STUDIES 

The main challenge for the development of EU-wide policy recommendations 
for resource and economic efficiency in water distribution networks is that the 
local/national context within which a water service provider (WSP) operates 
in the EU (and candidate countries) varies widely, and this context strongly 
influences the way in which efficiency is perceived, the levels of efficiency that 
result, and the way in which efficiency or leakage is reported. 
 
In order to adequately inform the formation of policy recommendations in this 
area it was considered essential to study individual cases (Case Studies) to 
analyse the contextual issues and quantify where possible the factors of 
relevance for resource and economic efficiency in a water distribution network 
at both a water service provider and a river basin / river body level within the 
policy context of the EU water acquis. 
 
To this aim, the contract developed a series of case studies in different parts of 
Europe. 
 
 

3.2 CASE STUDY SELECTION 

A range of water service providers were selected as contract case studies from 
amongst the larger member and candidate states - from France, Germany, 
Portugal, Spain, Romania, Turkey and the UK - all operating in widely 
different and varying legal, institutional, regulatory and socio-economic 
contexts, and moreover with differing levels of perceived resource use 
efficiency and water stress.     
 
The locations of the case studies that were selected are indicated in Figure 3.1 
and details of river basin district, water service provider, other key 
stakeholders and reason for selection are summarized in Table 3.1.  
 
 
 



 

Figure 1.1 Case Study Locations 

 

 



 

 

Table 3.1  Case Study Stakeholders and Reasons for Selection 

 

Country 

 

Basin / Sub-basin Water Service Provider Other Key Stakeholders Reasons for Selection 

France Adour-Garonne SUEZ - Ministry of Ecology and Sustainable 
Development 

- Basin Committee / Water Agency  (Agence 
de l'Eau) of the Adour-Garonne Basin 

- Urban Community of Bordeaux 
(Communauté urbaine de Bordeaux) 

- Operates with a specific industry design with 6 main water 
agencies managing water at a basin level and the water utility 
sector is dominated by 2 private sector operators 

- Operates in a relatively water scarce environment 
- River Basin Management Plan complete 

Germany Danube  SWM Services Energie und 
Wasser GmbH 
 
Munich City Council  

- SWM Services Energie und Wasser GmbH 
- Munich City Council 

- Operates in a specific industry design (fragmented – mixed 
public/private) with relatively high costs and relatively low 
water losses,  

- Specific legislative context highlighted given the recent  high 
court ruling impacting water pricing and tariff policy 

- River Basin Management Plan complete 
Portugal/ 
Spain  
[see note 1] 

Tagus/Tejo EPAL (Lisbon) 
CAM (Autonomous 
Community of Madrid) and 
Canal de Isabel II (CYII) 

- ARH Tejo 
- Águas de Portugal (AdP) 
- Water and Sanitation Regulatory Authority 

(ERSAR) 

- Water scarcity reported in the basin (Spain and Portugal) 
- River Basin Management Plans drafted 
- International river basin, so transboundary context for study 
- Specific institutional and legal structure of the Portuguese 

water sector 
- Utility (EPAL) at forefront of water efficiency efforts in 

Portugal 
Romania B.H. Banat Timisoara  - Ministry of Environment 

- Romanian Waters 
- Timis County/City of Timisoara 

- A specific industry design in transition – trying to implement 
an Italian-type organizational structure; 

- Specific Affordability (ability-to-pay) issues  
- High technical losses 
- River Basin Management Plan completed 
- Representative of the New Member States 

Turkey Yesilirmak City of Amasya Water 
Utility Department 

- Ministry of Environment 
- SPO 
- DSI 
- City of Amasya 

- Water utilities in the basin are competing with the demands 
for water from irrigation and hydropower projects, 

- Technical network losses in the basin are very high (> 70%)  
- Studies on the basin and the impacts of climate change has 

been recently completed 
- Represents an upcoming challenge in a Candidate Country 

UK  Anglian Region Essex and Suffolk Water - Office of Water (Ofwat) 
- DEFRA 
- Environment Agency 
- Essex and Southern Water 
- East of England Water Partnership 

- Operates in a specific regulated private sector context  
- Selection of South-Eastern England basin on the basis of 

relatively high technical losses in relatively water scarce 
environment 

- River Basin Management Plan complete 

 
[1] The case studies in Portugal and Spain were both located in the Tagus River Basin, which is a transboundary river that flows from Spain into Portugal.   
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3.3 BREADTH AND DEPTH OF CASE STUDY SCOPE 

The case studies aimed to study the physical, financial, legal/institutional/ 
regulatory and socio-economic factors that impacted the water service 
providers’ operations resulting in the current level of efficiency of its 
respective water distribution network; studying both the internal operations 
of the water service provider and (within the context of the EU water acquis) 
the external management and administration of the water resources in the 
river basin district from which it abstracts its raw water resources. 
 
The issues considered in the analysis included inter-alia: 
 
 PHYSICAL 

i  Topography; geology. 

ii Raw water resources -  type, raw water chemistry, availability – quantity and distance; 

abstraction license conditions; level of water treatment required.   

iii Customer base: size, breakdown – (economies of scale). 

iv Length of pipe per customer connection – (economies of density). 

v Level of pumping in the distribution network(s); level of zoning (DMAs) and strategic 

metering in the distribution networks; level of customer metering.  

vi Operating pressures of the distribution network and statutory requirements for 

pressure.  

vii Non-revenue water, technical losses, SELL; long term resource planning and any 

water leakage reduction studies or programmes in place or in planning. 

viii Drinking Water Quality Standards; monitoring, policing & reporting requirements –

non-compliance events. 

ix Demand analysis  - seasonal / climate correlation.  

x History of supply interruptions and / or restrictions. 

FINANCIAL 

xi Cost structure of the water utility: fixed and variable. 

xii Cost and historical cost of electricity (Note: utility networks in some former socialist 

states developed and constructed networks under conditions were the cost of electricity 

was free or negligible resulting in network systems that are energy intensive.). 

xiii Cost of raw water. 

xiv Taxes, fees, levies and the cost of capital. 

xv Historic unit costs for renewals given local planning and construction context (i.e. unit 

construction costs for belowground works vary widely depending upon planning and 

road opening conditions, type of highway, highways specifications and reinstatement 

requirements).  

xvi General asset condition – age, level of renewals, investment plans, and outstanding 

compliance obligations. 

xvii Revenue structure of the water utility; billing and collection. 

LEGAL /INSTITUTIONAL / REGULATORY CONTEXT 

xviii Scope / Mandate of the utility’s core and non-core business operations. 

xix Legal risks and liabilities of the utility and associated costs. 

xx Industry Design and Regulatory context. 

xxi The obligations and associated costs of adopting/implementing the respective RBMP 

for WFD compliance. 

xxii The legal and regulatory structure in place for the management and allocation of water 

resource rights and for the management and development of resources under water 

scarce or drought conditions, and tools available to water managers under drought 

scenarios. 



ERM/SOLVENTA EUROPEAN COMMISSION 

19 

xxiii The competition for (high quality) water resources within the Basin District or Water 

Body of the utility’s operations. 

xxiv The monitoring, policing and enforcement programs in place that influences the utility 

and other water-users behavior.  

SOCIO-ECONOMIC CONTEXT 

xxv Ability-to-pay. 

xxvi National interpretation of the EC WFD principle of disproportionate cost. 

xxvii The extent to which economic analysis has been carried out during the preparation of 

the River Basin Management Plan (for WFD compliance). 

xxviii The extent to which the water utility’s views were taken into account during the 

preparation of the River Basin Management Plans (for WFD compliance). 

xxix The extent to which River Basin Management Plans (for WFD compliance) have been 

harmonized with regional socio-economic development plans, integrated water 

resource management plans and spatial development plans.  

xxx The extent to which River Basin Management Plans (for WFD compliance) have 

considered and planned for changes to the water regime within the basin due to 

projected climate change scenarios. 

xxxi The cost recovery mechanisms included in the River Basin Management Plans (for 

WFD compliance) in order to pay for the programs of measures and actions necessary 

to achieve good water status; and how these will be passed on to water consumers. 

 
 

3.4 STAKEHOLDER CONSULTATION 

Preparation of the case studies involved a long-run process of identifying, 
contacting, visiting and liaising with a variety of stakeholders in each location 
over the course of the study.  Table 3.2 documents the principal methods and 
contacts that were involved in the development of each case study.   A series 
of additional stakeholder meetings (formal and informal) were held 
throughout the course of the study and are documented in Annex K. 
 

Table 3.2 Stakeholder Consultation Process 

 
Case Study:  Bordeaux Metropolitan Area (CUB), France 

WSP: Lyonnaise-des-Eaux 
Method: Questionnaire to Water Service Provider (WSP) Operator followed by 

email exchanges plus 2 on-site visits. One visit to Bordeaux with the on-
site operator and one visit to Paris for data collection and information 
exchange with Lyonnaise-des-Eaux head office in Paris. 
On-site Visit 1: 

- Analysis of water sources, water distribution system (history, 
system design and current operating practices), and water 
losses  

On-site Visit 2: 
- Analysis of water service provider finances and programme of 

future investments 
Main Contacts: Mr. Jean-Jacques MARSALY & Mr. Francois FIGUERES of Lyonnaise-

des-Eaux  
 

Case Study:  City of Munich, Bavaria, Germany 

WSP: M-Wasser  (of Stadtwerke München GmbH (Munich City Utilities) or 
SWM 

Method: Questionnaire to Water Service Provider (WSP) followed by email 
exchanges plus 2 on-site visits to Munich. One visit to SWM with the on-
site operator and one visit to ‘Münchner Stadtentwässerung (MSE)’ the 
separate municipal wastewater service company of the City of Munich. 
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On-site Visit 1: 
- Analysis of water sources, water distribution system (history, 

system design and current operating practices), and water 
losses  

On-site Visit 2: 
- Analysis of wastewater system design, current operating 

practices and compliance 
Main Contacts: Mr Rainer LIST, Manager SWM, list.rainer@swm.de 

 
Case Study:  Essex & Suffolk Water, United Kingdom 
WSP: Essex & Suffolk Water 
Method: Questionnaire to Water Service Provider (WSP) Operator followed by 

email exchanges plus joint meeting in London with OfWat, DEFRA and 
Essex & Suffolk Water. 

Main Contacts: WSP: Mr. Dennis DELLOW & John DEVALL dennis.dellow@nwl.co.uk 
john.devall@nwl.co.uk 
Ofwat: Seema Mistry, European Affairs Coordinator: 
Seema.Mistry@ofwat.gsi.gov.uk 

DEFRA: Mike Walker, Water Supply and  Regulation Department: 
Mike.Walker@defra.gsi.gov.uk 
 

Case Study:  City of Amasya, Turkey 
WSP: Amasya Water Utility Department 
Method: Questionnaire to Water Service Provider (WSP) Operator followed by 

email exchanges plus 3 on-site visits. 2 on-site visits to Amasya with the 
on-site operator and one visit to Ankara for meeting with DSI and the 
Ministry of Environment and ECD. 
On-site Visit 1 to Amasya: 

- Analysis of water sources, water distribution system (history, 
system design and current operating practices), and water 
losses  

On-site Visit 2 to Amasya: 
- Analysis of water service provider finances and programme of 

future investments 
On-site Visit 3 to Ankara: 

- Meeting with DSI, Ministry of Environment and ECD to present 
draft Case Study report and get feedback on draft 

Main Contacts: WSP: Mr. Cafer Ozdemir (Mayor of Amasya: caferozdemir@amaya.bel.tr 
Mr. Nuri KIR – Head of Water Utility Operations) 
DSI: Mr. Sait TAHMİCİOĞLU, Head of Strategy: saitt@dsi.gov.tr 
MoE: Ms. Bahar Sel FEHİM, Water Protection Planning, 
bfehim@ormansu.gov.tr 
ECD Turkey: Ms. Elif TORCU elif.torcu-tas@ec.europa.eu 
 

Case Study:  Timis County, Romania 

WSP: AquaTim S.A. 

Method: Questionnaire to Water Service Provider (WSP) Operator followed by 
email exchanges and 2 on-site visits.  
On-site Visit 1: 

- Analysis of water sources, water distribution system (history, 
system design and current operating practices), and water 
losses  

- Meetings with Banat Sub-Basin Directorate to review Banat 
Basin Plan  

On-site Visit 2: 
- Analysis of water service provider finances and programme of 

future investments 

Main Contacts: WSP: Mr. Alin ANCHIDIN, Head of Water Loss Reduction 
Programme, alin.anchidin@aquatim.ro 
 

Case Study:  Lisbon, Portugal 

WSP: EPAL S.A. 

Method: Questionnaire to Water Service Provider (WSP) Operator followed by 
email exchanges and 3 on-site visits.  
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On-site Visit 1: 
- Analysis of water sources, water distribution system (history, 

system design and current operating practices), and water 
losses  

On-site Visit 2: 
- Analysis of water service provider finances and programme of 

future investments 
On-site Visit 3: 

- Review of preliminary findings of draft Case Study report with 
WSP and meetings with ARH Tejo.  

Main Contacts: WSP: Mr. Andrew Donnelly adonnelly@epal.pt, Advisor to the Board 
& Head of Water Network Monitoring Unit. Mr. Francisco 
SERRANITO, Head of Water Operations: fserrani@epal.pt 
 

Case Study:  Madrid, Spain 

WSP: Canal de Isabel II 

Method: Questionnaire to Water Service Provider (WSP) Operator followed by 
email exchanges.   

Main Contacts: WSP: Mr. Francisco CUBILLO GONZALEZ, Deputy Director of 
Research, Development and Innovation: fcubillo@gestioncanal.es 
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4 TRANCHE 1 IMPLEMENTATION CHALLENGES: THE NEED FOR 

DEFINITIONS AND THE DEVELOPMENT OF NEW METHODS 

4.1 BACKGROUND 

The general rhetoric and background assumptions of policy makers and the 
public in respect of resource and economic efficiency in distribution networks 
encountered during the implementation of this contract can be broadly 
characterised as follows: 
 
• To policy makers (as stated by the EC in its contract terms of reference), 

the inefficient management of water resources by water service providers 
contributes to reduced water availability which, in areas of water scarcity 
and drought (WS&D) has a direct negative impact upon EU citizens and 
economic sectors such as agriculture, tourism, industry, energy and 
transport; and climate change will exacerbate these negative impacts in the 
future with more frequent and severe droughts expected across Europe 
and neighbouring countries. All of which will impact competitiveness and 
the internal market; and 

 
• To the general public, high leakage levels in water distribution networks 

are generally interpreted as waste and inefficiency on the part of the water 
service providers and damaging to the environment; in particular if users 
of those same water distribution systems are asked to reduce their own 
consumption of water in order to maintain continuity of supply during 
times of water scarcity or drought. 

 
On the other hand the general rhetoric received from the water services 
providers were that they are operating as efficiently as they can, given their 
specific circumstances, and that further increases in water resource efficiency 
to reduce levels of leakage would require increased tariffs that are always 
politically unpopular and the investments needed for improved efficiency are 
only one of many investment priorities that are effectively competing for 
funds from revenues. 
 
It was found early in the preparation of the contact case studies that all of the 
water service providers for all of the case studies were familiar with the best 
water utility industry practices of ‘Active Leakage Control’ (ALC), ‘Pressure 
Management’ (PM) and Asset Replacement (AR) for leakage reduction, and all 
had implemented some or all of these best practices to varying degrees and 
with varying results; however the justification for their investments made in 
this area and the actual levels of leakage achieved as a result could only be 
attributed more to a combination of random circumstance, local context and 
local policy rather than as a result of the implementation of EU water policy 
and/or attempts to achieve clear industry targets for resource and economic 
efficiency in water distribution networks. That is to say – the water service 
providers have the technical knowledge and are familiar with industry best 
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practices on how to achieve improved levels of water resource efficiency in 
water distribution networks but there is no clear consensus from policy 
makers (or direction given to water service providers) on how far to go in the 
application of these best practices and at what cost.  
 
 

4.2 DEFINING ‘EFFICIENCY IN A WATER DISTRIBUTION NETWORK’ 

A key issue identified early in the contract was that the interpretation of what 
is ‘efficiency in water distribution networks’ varied greatly. Some used the 
term efficiency to refer only to the technical efficiency of the network (i.e. the 
levels of leakages or real water losses), others to the economic efficiency of the 
network wherein some included externalities in its calculation and others did 
not; and where ecosystem externalities were valued ecosystem services 
valuation techniques were used and the range of valuations varied greatly.  In 
general, the definitions of efficiency and the methods by which it was 
calculated varied widely, and none actually looked at the efficiency in the 
management of the upstream water resource at a basin/water body level and 
how that impacted the resource and economic efficiency of the public water 
distribution networks. 
 
Hence it became clear early in the contact that the term ‘efficiency of a water 
distribution network’ needed to be defined. 
 
Following internal consideration and dialogue with contract stakeholders the 
contract defined the ‘efficiency of a water distribution network’ as follows: 
 
• ‘A water distribution network is considered efficient when the actual 

levels of leakage (LoL) or real water losses equals, or is similar to, its 
Sustainable Economic Level of Leakage (SELL) where environmental, 
resource and social costs are fairly included in the calculation of SELL 
(noting that it must be recognised that both LoL and SELL are not static 
parameters but may vary with time as the components that influence their 
calculation vary). 

 
LoL and SELL are not static parameters: 

 
Levels of Leakage (LoL) can vary over short periods of time (e.g. within a year) and are 
impacted by factors that are outside the control of the WSP such as: high seasonal variation in 
demand  (varying the levels of stress on a network for short periods of time); high seasonal 
variation in the water resource mix available (where the WSP has to change its resource mix 
and operational regime according to its seasonal availability of water resources); and/or where 
freeze-thaw climate impacts are prevalent (resulting in higher levels of leakage in the periods 
following freeze-thaw events).  Leakage can also vary over longer periods where the LoL will 
tend to increase unless efforts to restrain it are maintained. 
 
Sustainable Economic Levels of Leakage (SELL) values can also vary over time depending on, 
for example, changes in the water resource mix available to the WSP, changes in the cost of 
leakage control measures, changes in the WSP costs over time (including inter-alia the cost of 
energy), the development and application of new leakage control technologies, changes in the 
costs of externalities over time, and new costs that may be introduced as a result of local or 
national regulatory changes. 
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4.3 SELECTING/DEVELOPING METHODOLOGIES FOR THE MEASUREMENT & 

REPORTING OF LOL AND SELL 

Having defined the parameters to assess when ‘a water distribution network 
can be considered efficient’, it then became necessary to identify, develop and 
adapt both: 
 
• A consistent methodology for the measurement and reporting of the actual 

physical Levels of Leakage (LoL) in a water distribution network; and 
 
• A consistent methodology for the measurement and reporting of 

Sustainable Economic Level of Leakage (SELL) where environmental, 
resource and social costs are fairly included. 

 
The methodology identified and selected under this contract for the 
measurement and reporting of the actual physical levels of leakage (LoL) in a 
water distribution network is the IWA Water Balance Framework, wherein 
‘real losses’ (i.e. actual physical levels of leakage) can be calculated relative to 
total ‘system input volume’, and can be reported both in terms of simple 
volumetric losses (m3) as well as in a % ratio of the volume of real losses (m3) 
versus system input volume (m3). 

Figure 4.2 IWA Water Balance Framework (1)  

 
 
Other more complicated methods developed for the reporting of real losses 
(leakage) in water distribution networks were considered and included inter-
alia the measurement and reporting of leakage in terms of: ‘litres/customer 
connection/day’ or ‘m3/km of distribution pipe/hour’ etc., all of which 

 
(1) Source: IWA Task Force ‘best practice’ standard approach for water balance calculations (Hirner and Lambert, 2000; 

Alegre et al, 2000) as presented in August 2003 article by Allan Lambert (http://www.iwapublishing.com/pdf/WaterLoss-

Aug.pdf) . 
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generally were developed to facilitate the side-by-side comparisons of the 
leakage performance  or network efficiency of water distribution systems; 
however these more complicated forms of measurement and reporting of 
leakage did not add any value to this contract study in that tended to hide 
(rather than make clear) the simple reporting of real losses (leakage) as a % of 
total system input volume and they did not facilitate side-by-side comparison 
with SELL results. 
 
The general criticism received from water service provider stakeholders and 
some water utility industry professionals of the simple methodology selected 
under this contract (where the % ratio of real losses (m3) versus system input 
volume (m3) is reported) is that, where real losses for a specific water services 
provider are high, then the reporting of this simple % figure may be 
misinterpreted by the public or misused by politicians or environmental lobby 
groups who do not understand (or want to understand) the relatively complex 
water utility specific context behind the figure that may justify those high 
levels of water losses.  
 
The solution to this issue identified and used by the contract is that the level of 
leakage (LoL) would be measured and reported in its most simple terms of ‘% 
ratio of real losses (m3) versus system input volume (m3)’; and that this figure 
would be reported together with the calculated Sustainable Economic Level of 
Leakage (SELL), which would also be reported in its most simple terms of ‘% 
ratio of real losses (m3) versus system input volume (m3)’; hence the two 
figures would be reported together and could easily be compared and 
understood by stakeholders including politicians and members of the general 
public: 
 
• Where the technical level of leakage equals or is similar to the Sustainable 

Economic Level of Leakage (SELL) then the water distribution system can 
be considered efficient; 
 

• Where the technical level of leakage is notably higher than the Sustainable 
Economic Level of Leakage (SELL) then the water distribution system is 
wasteful of water resources and the actual leakage levels need to be 
reduced; and 

 
• Where the technical level of leakage is notably lower than the Sustainable 

Economic Level of Leakage (SELL) then the water distribution system 
operator may be wasteful of financial resources and the level of human, 
financial and other natural material resources invested in achieving levels 
of leakage that are uneconomical (that provide no additional benefit to 
society or the environment) need to be reviewed. 
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4.4 THE SELL METHOD SELECTED FOR USE IN THE EVALUATION OF ELL IN THE CASE 

STUDIES 

Developing and defining a consistent methodology for the measurement and 
reporting of Sustainable Economic Level of Leakage (SELL), where 
environmental, resource and social costs are fairly included, was a significant 
challenge for the implementation of the contract.  By general definition the 
SELL needs to include factors with costs and benefits that are external to the 
cost structure and responsibility/influence of the water service provider - 
most notably the need to include environment and resource costs as referred 
to in Art 9 of the WFD. 
 
Hence, the challenge was to develop a methodology for the measurement and 
reporting of Sustainable Economic Level of Leakage (SELL) consistent with 
the fundamental aims and economic principles of the Water Framework 
Directive, where those fundamental aims and economic principles are: 
 
WFD fundamental aims: 
 
• Restore good ecological and chemical status for all water bodies across the 

Community by 2015; and 
 
• Integrate water management activities at the river basin level. 
 
WFD economic principles: 
 
• The polluter-pays principle, which is enshrined in the cost recovery article 

and the 2010 water pricing requirement with the purpose of achieving 
sustainable water use (Art 1, WFD); 

 
• The principle of cost recovery, including environmental and resource costs 

(Art 9, WFD); 
 

• The principle of cost-effectiveness, to be applied when selecting the 
combinations of measures to achieve the WFD objectives (Art 11, WFD); 
and, 

 
• The concept of disproportionate costs, which in simple terms permits 

exemptions if achieving WFD objectives for good ecological status proves 
disproportionately costly (Art 4, WFD). 

 
4.4.1 The SELL Method Modelling Approaches Reviewed/Considered 

There is a range of modelling approaches available that can be used to 
estimate ELL and Table 4.1 summarises those reviewed/considered 
 



 

Table 4.1 Summary of ELL Calculation Methods Considered for the Project 

Output  
 

 Description  Method  WSP Cost ~ Leakage Relationships  External Cost ~ Leakage Relationships 

Short-run SELL Usually calculated on the basis 
of ALC as the only leakage 
management policy 

Marginal cost models Marginal costs of leak detection e.g. € per 
Ml/d, for a range of leakage levels* 

Marginal costs of carbon associated with leak 
detection for a range of leakage levels 

Marginal costs of leak repairs e.g. € per 
Ml/d, for a range of leakage levels** 

Marginal costs of social and carbon impacts 
associated with leak repairs for a range of 
leakage levels 

Marginal cost of water (MCOW) Marginal cost e.g. € per Ml, of environmental 
and carbon impacts related to the leakage 
component of abstraction 

Total cost models Total Cost e.g. € per property (or length of 
main) of leak detection required to achieve 
and maintain a range of leakage levels 
below current 

Total carbon costs of leak detection required 
to achieve and maintain a range of leakage 
levels below current 

Total Cost e.g. € per property (or length of 
main) of leak repairs required to achieve 
and maintain a range of leakage levels 
below current 

Total social and carbon costs of leak repairs 
required to achieve and maintain a range of 
leakage levels below current 

Cost of water lost through leakage for range 
of leakage levels 

Total environmental and carbon costs 
associated with the leakage component of 
abstraction 

Long-run SELL Usually based on ALC, Pressure 
Management and Asset Renewal 
as policies to reduce leakage 
below SRELL 
within a Least Cost Plan 

Average Incremental 
(and 
Social) Costs 

AIC’s e.g.  € per M/d, for all interventions: 
leak detection, leak repairs, pressure 
management and asset renewal for a range 
of leakage levels 

AIC for social and carbon impacts associated 
with all interventions 

Marginal cost of water 
e.g. € per Ml 

Marginal cost of the environmental and 
carbon impacts associated with a range of 
abstraction and distribution input levels 

Total cost models As for total leak detection and repair above 
plus total costs per property of pressure 
management and total costs per km of asset 
renewal to achieve a range of leakage levels 
below a threshold (usually the SRELL) 

Total social and carbon costs associated with 
all interventions to achieve a range of 
leakage levels below a threshold 

Cost of water abstracted and delivered 
(based on MCOW) for a range of 
distribution input levels 

Total environmental and carbon impacts 
associated with a range of abstraction and 
distribution input levels 
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In brief there are two general approaches to the determination of ELL, the 
Marginal Cost of Water (MCoW) approach and Least Cost Plan (LCP) approach. 
Both approaches are not mutually exclusive but are complimentary and 
elements of both approaches where selected and incorporated in the 
methodology developed and applied under the contract as described in the 
next section.  
 

4.4.2 The Method Selected for Use in the Evaluation of SELL in the Case Studies 

General Overview 

The measure selected to assess the economic efficiency of the water 
distribution networks is the Sustainable Economic Level of Leakage (SELL), 
where the SELL is the level of leakage (measured as real water losses) of a 
water distribution network at which the unit cost of leakage control measures 
for the Water Service Provider equals the unit cost of water – where the unit 
cost of water includes the water service provider’s costs and the 
environmental and resource costs (ERC) external to the water service 
provider. 
 
The approach taken to the calculation of SELL is the Least Cost Plan (1)  (LCP) 
approach (which is consistent with the WFD economic principles of cost 
recovery including ERC and cost-effectiveness) and incorporates the unit or 
incremental elements of the Marginal Cost of Water approach where the SELL 
methodology selected involves the identification and calculation of 3 main 
cost components. 
 
These 3 main cost components are: 
 
Cost Component 1: 
 
• The Unit Cost of Leakage Control Measures required to achieve specific 

levels of leakage using an optimised mix of Active Leakage Control 
(ALC), Pressure Management (PM) and Asset Renewal (AR); calculated 
for a range of leakage targets relative to the current leakage levels.  

 
In practice this means a range of potential leakage targets are set, and a least 
cost plan mix of measures are identified in order to achieve each respective 
target.  

 
(1) The Least Cost Plan (LCP) is the vehicle by which WSPs and River Basin (Water Resource) Managers can determine the 

optimal mix of interventions or Programme of Measures necessary to ensure the long-term balance between supply and 

demand in order to meet their respective water service or water resource management objectives. 
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Table 4.1 The Leakage Target – Cost of Leakage Control Relationship 

WSP Leakage Target LCP Mix of Leakage Control 

Measures to achieve Target 

 

Average Incremental Cost 

(Proxy Marginal Cost) 

(€M/Mm3) 

 
Example targets 
Sustained annual reduction 
in real water loss, relative to 
the current level of water 
losses of: 
+1.0 Mm3 / year 
+2.0 Mm3 / year 
+3.0 Mm3 / year 
+4.0 Mm3 / year 
 

 
 
 
 
 
 
An optimised mix of Active 
Leakage Control (ALC), Pressure 
Management (PM) and / or Asset 
Renewal (AR) for each target 

 
 
 
 
 
 
?? €M/Mm3 
?? €M/Mm3 
?? €M/Mm3 
?? €M/Mm3 

 
 
Table 4.2 shows the link between the calculated Average Incremental Cost 
(AIC) of Leakage Control Measures and a sample range of Leakage Targets.  
In the method applied both the one-off transition (capital investment) cost of a 
measure (e.g. Pressure Management in a stressed area of the network) and the 
associated maintenance costs are calculated as one item. 
 
The ‘Leakage ~ Cost’ Relationships for each of the ALC, PM and AR potential 
mix of measures available to the WSP are described later in this section. 
 
Given that capital investments are involved in the selection of the LCP mix, 
specifically for Pressure Management (PM) or Asset Renewal (AR) measures, 
the whole-of-life costs of the capital investments options are calculated and 
those that achieve the target with lowest PV (1) are selected.  Thereafter the 
Average Incremental Cost of the LCP Mix for each target is calculated.  
 
The Average Incremental Cost (AIC) of the LCP mix of leakage control 
measures is used as a proxy for the Marginal Cost of Leakage Control 

(MCoLC) (2), the term used to describe this cost component. 
 
Cost Component 2: 

 
• The Unit Cost of Water for the Water Service Provider, where this 

represents the Marginal Unit Cost (MUC) of Water for the Water Service 
Provider, and is calculated as the incremental cost of water abstracted and 
distributed by the WSP, based on variable system operating costs plus the 
average incremental cost of any future supply and demand options (with 
associated new capital investments) required over the reference planning 
/ analysis period (20 years), selected using a Least Cost Plan (LCP) 
approach; and for simplicity is referred to under the contract documents 

 
(1) Generally a 25 year reference period with a discount rate of 3.5% has been used throughout 
(2) The difference between “marginal costs” and “incremental costs” is partly one of definition. One distinction is that 

“marginal cost” envisages a continuous cost function, whereas “incremental cost” allows for the existence in increments 
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as the Marginal Cost of Water for the Water Service Provider, 

MCoWWSP. 
 

Note: The average incremental cost of any future supply and demand options 

(with associated new capital investments) required (e.g. to meet growing 

population demands) to be constructed by the WSP in order to provide water 

supply-demand balance (i.e. security of supply) over the planning period is 

distinct from the measures funded at a basin level by an external entity to achieve 

sustainable water use objectives at a basin or water body level and care is taken in 

the analysis to avoid double counting. 

 
Cost Component 3: 

 
• The levelised cost (unit cost) of water for the integrated management 

and protection of the water resources in a river basin district or water 
body (prior to abstraction by the water services provider), where all costs 
for the administration, management, protection and sustainable 
development of water resources at a river basin level are included in the 
cost calculation, and the programme of measures (PoM) and actions 
necessary to meet overall water objectives for quality and quantity 
(sustainable water use Art. 1WFD) are selected using the Least Cost Plan 
approach). This levelised cost of water for the integrated management 

and protection of the water resources to be used as a proxy for the 

Environmental and Resource Cost (ERC) of Water as referred to in Article 

9 of the WFD. 
 

It was envisaged that this unit cost, would be calculated based upon the 
RBMPs for WFD compliance, and would be a flat unit cost for water in 
basin districts or water bodies that are not ‘water scarce’ – but could / 
would have varying or escalating unit costs where actions are necessary 
in a water scarce basin or water body where additional measures are 
required to provide the WSP with security of supply in the form of access 
to new or additional resources.  Again, for simplicity in its presentation, 
where it is envisaged as a levelised cost of water charged (directly or 
indirectly) per volumetric unit of water abstracted by the WSP it is 
referred to in this report as the Marginal Cost of Water for the integrated 
management and protection of the water resource prior to abstraction by 
the water services provider, MCoWIWRM. 

 

 
that are larger than a single additional unit of output. Incremental costs are therefore a pragmatic proxy for strict marginal 

costs 
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Given the above cost components the Sustainable Economic Level of Leakage 
(SELL) can be expressed as the point at which: 
 
Marginal Cost of Leakage Control (MCoLC) = Marginal Cost of Water (MCoW) 

 
Where: The Marginal Cost of Water (MCoW) includes 2 components:  
 

i. The Marginal Cost of Water for the integrated management and 
protection of the water resource prior to abstraction by the water 
services provider, MCoWIWRM  

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP  

 
MCoW = MCoWIWRM + MCoWWSP 

 
The ‘MCoWIWRM’ cost component is calculated from the technical and 
economic analysis of the river basin management plans (RBMPs) and sub-
basin management plans together Case Study specific supporting documents. 
 
The ‘MCoLC’ and the ‘MCoWWSP’ cost components are calculated from the 
technical and economic analysis of the water distribution network and its 
water services provider. 
 
Figure 4.2 shows a sample plot of Marginal Cost of Leakage Control calculated 
for a range of leakage scenarios, indicating the increasing incremental costs of 
leakage control with reduction in leakage. The plot is overlaid with the 
MCoWWSP and MCoWIWRM cost components.  
 

Note:  
 
Using the levelised cost of the integrated management and protection of the water resources in 
a river basin district or water body (prior to abstraction by the water services provider) to be 
used as a proxy for the Environmental and Resource Cost (ERC) of Water is an innovation 

developed under this contract where the Project Steering Committee (in particularly EIB) strongly 
supported a cost based approach to the estimation the environmental and resource cost 
externalities of water versus the traditional Environmental Services Valuation (ESV) techniques 
that are used to try to assign a value to water using value based approaches.  While the 
levelised cost of a utility service to the point of consumption is common in the electricity and 
gas utility sectors, it had not been used in the water sector to assess the cost for the provision of 
water resource services.  This cost-based approach developed for ERC under the contract is also 
consistent with Article 9 of the WFD where the requirement is for cost recovery of 
environmental and resource costs.  
 
This concept of using the levelised cost of the integrated management and protection of the 
water resources in a river basin district or water body is discussed further later in this report. 
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Figure 4.3 Sample Plot of MCoLC & MCoW 
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In this example the water services provider is operating in an area where 
water resources are not scarce and the marginal cost of water for the water 
services provider (MCoWWSP) over the range of scenarios considered is flat, as 
is the marginal cost of water for integrated water resources management 
(MCoWIWRM) where the water bodies from which the WSP is abstracting its 
water resources are not stressed. 
 
In this sample plot the Marginal Cost of Leakage Control (MCoLC) equals the 
Marginal Cost of Water at the point where real losses approximate 
29.2hm3/year. This figure can then be compared to the system input volume 
(SIV) required under that scenario and the real losses as a % of system input 
volume can be calculated.  
 
‘The Leakage Control Cost’ – ‘Leakage’ Relationship 

Central to reliability of any SELL calculation is the confidence in the ability to 
model (forecast) the relationship between the 3 main leakage control measures 
of ‘Active Leakage Control’ (ALC), ‘Pressure Management’ (PM) and ‘Asset 
Renewal’ (AR) together with their associated costs and the resulting impact 
that these measures will yield in terms of leakage reduction.  There is an 
abundance of literature and industry models on the market all of which aim to 
do this. 
 
Active Leakage Control: (Control Cost – Leakage Relationship) 

 
The general theory supported by empirical data, indicates that the cost of ALC 
increases disproportionately as leakage is reduced and that there is a level of 
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leakage at which further reduction in leakage through ALC is not effective / 
practicable.  And this is true in practice if considered in isolation.  
 
In practice, the effectiveness of ALC is strongly impacted by the underlying 
design of the distribution network and the quality or level of degradation of 
specific sections of pipe within the network e.g. in terms of design, where a 
distribution network includes optimised pressure management in its original 
design and has been designed to facilitate maintenance, including inter-alia 
sectorisation and/or the formation of DMAs, then ALC tends to be much 
more effective.  However it must also be noted that water distribution 
networks are rarely homogenous in the quantity of their design and 
installation and have typically evolved over decades or centuries wherein the 
same network system can contain sections where the design facilitates 
effective operation and maintenance and the effective application of ALC, and 
others that are inefficient and difficult to operate and/or maintain and 
difficult to gain effective yields from ALC measures.  Similarly, in terms of the 
underlying quality of pipework, a section of network may be non-responsive 
to ALC for a number of reasons inter-alia: poor materials choice in the initial 
installation for the soil conditions, poor installation, or simply due to the fact a 
section of network is coming to the end of its service life: in these situations 
AR is the only effective option. 
 
For the Case Studies, where possible, and where historical ALC cost and yield 
data were available the costs to maintain ‘steady state’ levels of leakage in 
specific sectors or DMAs were noted together with the general design and 
network characteristics of those sectors of the network.  Also where recent 
‘transition costs’ in a network sector were available they were noted together 
with the respective yield.  These costs were then used to generate the non-
linear relationship between ALC and leakage. 
 
However ALC (in its simplest form of leakage detection and repair) was 
generally not considered in isolation where, as mentioned above, its 
effectiveness can vary substantially within a network, as well as from network 
to network, and was always considered together in the context of an optimal 
mix with PM and AR (see PM and AR section below).  Where it was 
considered in isolation this was because the WSP had already implemented 
best practices in PM and were already maintaining relatively high levels of AR 
in there baseline capital investment plans.  
 
Pressure Management: (Control Cost – Leakage Relationship) 

 
There are various schools of thought on pressure management as a tool for 
leakage reduction.  Some water utility professionals view it as a temporary 
tool that reduces operating pressures in a network in an attempt to 
compensate for poor underlying design, with the objective to reduce water 
losses, but in doing so runs the risk of increasing low pressure problems to 
customers and can adversely impact service quality in terms of pressure. 
Others view it as an essential, permanent component in the optimisation of the 
operation of a modern water distribution network. 
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Essentially the main difference is the degree to which the new measures 
introduced for pressure management on an existing network provide a 

permanent correction or solution to what can be considered with hindsight as 
‘poor design for operating and maintenance’ versus providing a temporary 

solution that reduces pressure in stressed areas of the network achieving loss 

reductions but at the cost of service quality  in terms of pressure (note – service 
pressure at the service connection entering a building is typically a regulatory 
requirement with minimum pre-set requirements in most Member States).  
 
In practice limited interventions for pressure management in some sections of 
an existing network could only be viewed as temporary where the underlying 
design weakness can only be permanently resolved over a longer period via 
asset renewals; however, in many circumstances a limited intervention 
targeting pressure management problems can provide a permanent correction 
to an underlying design problem in a section of network yielding reductions 
in leakage, reductions in burst frequency and improvement and consistency of 
service pressures provided to customers. 
 
The link between leakage and network pressure using the Leakage Index (LI) 
Equation is well established and is applied as part of the methodology under 
this contract; however, the challenge has been in the absence of detailed 
studies identifying where the establishment of new pressure management 
areas would be effective and provide a permanent solution to sections of a 
network with excess pressure problems.  In those cases, ‘assumption’ and the 
‘expert opinion’ of operations staff were used to quantify the number of new 
pressure management areas.  In most cases the PM interventions needed had 
been already identified or implemented. 
 
Asset Renewal: (Control Cost – Leakage Relationship) 

 
As mentioned above there are sections of distribution networks (including 
customer service connections pipework) for which ALC is ineffective due to 
the underlying quality of the pipework, and in these situations Asset 
Renewals is the only effective option.  The key challenge frequently cited with 
asset renewals investments for the purpose of leakage reduction is the 
uncertainty in the effectiveness of the Asset Renewal (AR) investments to 
generate leakage reduction results.  
 
A main reason given where the leakage reduction yield resulting from an AR 
measure is poor is that the increase in localised pressures that results from the 
implementation of the AR measure on one section of the network generated 
increased leakage on other parts of the network. Other reasons may simply be 
that the selection of the section of assets to be renewed was poor, or very 
optimistic estimates for leakage reduction benefit were included in the 
analysis to justify an AR capital investment that would not have gone ahead 
had more realistic estimates of projected yield been used. 
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So the challenge is the selection of the section of network to be replaced that is 
most suitable for yielding a positive leakage result and making a realistic 
assessment of the expected effectiveness of the measure based inter-alia upon 
the leak breakout rates and current levels of ALC required to maintain ‘steady 
state’ levels of leakage.  
 
Sophisticated water distribution network asset management software 
packages are available and widely used by the larger water utility companies 
in the EU (e.g. 3 of the 7 case studies under this contract) for the specific 
purpose of assisting the WSP identify the location and extent of asset renewals 
that will general the maximum benefit for pre-defined AR budget scenarios or 
alternative renewal policy.  
 
These tools are generally very effective but are also frequently criticised for 
allowing WSPs to become very effective at maintaining high levels of service 
quality in the short to medium term at low cost, while deferring AR costs into 
the future which will ultimately accumulate to the point where they can no 
longer be deterred (i.e. allowing WSPs to maintain low costs that can be 
passed on to users in the short term in the form of low tariffs, but where the 
real costs of asset erosion are not recovered at levels necessary for the long-
term sustainably of the water service provided). With this in mind the contract 
also considered specific AR measures for leakage reduction in the context of 
the average annual asset renewals ratio of the WSP.  
 
The Inclusion of Environmental and Resource Externalities 

The key element in the overall methodology for the calculation of SELL that 
was newly developed under the contract is the way in which the externalities 
of environmental and resource costs are calculated. This methodology for 
valuing environmental and resource externalities in the context of the EC 
Water Framework Directive (WFD) is referred to herein as the WFD Target-
based Associated Costs (TBAC) approach where the levelised cost of water for 
the integrated management and protection of the water resources to achieve 
compliance with WFD quality and quantity objectives based on RBMPs is 
used as a proxy for the Environmental and Resource Cost (ERC) of Water as 
referred to in Article 9 of the WFD.  
 
Prior to this TBAC approach developed under this contract only general 
‘Ecosystem Service Valuation Methodologies’ were available for the 
assignment of value to ecosystem externalities which have the main 
limitations of: 
 
• The lack of confidence by which the true future economic consequences of 

the loss of any ecosystem service can be anticipated; 
 

• Humans value benefits of ecosystem services differently in difference 
places at different times (re. we had 7 case studies in 7 countries); and 
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• These values vary significantly with people’s awareness of background 
issues, cultural norms and status; and are highly context specific. 

 
The absence of a method that can reasonably determine the extent of these 
environmental and resource costs has been an underlying reason for the 
general exclusion of environmental and resource costs in the investment 
decision making considerations of water service providers.  For example, it 
was specifically pointed out in the Spanish Case Study by the Chamber of 
Accounts of the Community of Madrid in their ‘Audit Report of the Urban 
Water Cycle in the Community of Madrid’ wherein they state “it is not easy to 
determine the extent of environmental costs. This is a very broad and 
indeterminate term and very difficult to assess”. 
 
The WFD Target-based Associated Cost approach to quantifying ecological 
externalities utilises the key assumption that costs are incurred (and recovered 
either directly or indirectly) for the management of water resources to achieve 
and thereafter sustain good water status under the EC Water Framework 
Directive (including sustainable water use – Art. 1) and that the sum of these 
costs represent the ‘environmental and resource cost of water’. It assumes that 

ecological objectives will be achieved as a result of the PoMs and actions identified in 

the RBMP and that resource allocation is also maximised in the river basin planning 

process where PoMs and their associated costs to balance the water needs for socio-

economic development with those for ecology has been completed for compliance with 

Article 1 for sustainable water use. The TBAC approach assumes that social 
preferences have been accounted for through the participatory component of 
the RBMPs as well as the wider legislative process behind the Water 
Framework Directive – rather than attempting to measure preferences at the 
basin level or water body level through a separate valuation study. 
 
(Note: While the labelling in this report and the contract reports throughout has 

referred to this cost item as the ‘Marginal Cost of Water for the integrated 

management and protection of the water resource prior to abstraction by the water 

services provider, MCoWIWRM’, it is fully recognised by the authors that it is not the 

best of labels.  Specifically, costs related to floods protection for compliance with the 

Floods Directive are not included as they are not considered an environmental and 

resource cost but flood protection is generally a component of integrated water 

resource management.) 

 
The method also assumes a clear separation of responsibilities for integrated 
water resource management versus public water supply which is not the case 
in England & Wales. 
 

Summary of the Pros & Cons of the TBAC Approach developed under the contract to 

quantify ERC 

Pros –  

• Simplicity - the approach does not require additional economic analysis of externalities; 
rather, it makes the assumption that a basin management plan that targets good ecological 
condition as defined in the WFD has internalized those costs into basin management. The 
costs of implementing those policies can then be incorporated into water pricing.  

• Avoids or reduces instances of double-counting – by utilising the economic considerations 
built into the basin management plans, this TBAC approach avoids the problematic aspects 
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of double-counting environmental costs through an additional economic analysis. 
• Since it is grounded in a Least Cost Plan approach, the TBAC approach promotes efficiency 

in both the use of water resources and in the use of society’s financial resources for water 
basin management as a whole.   

• As a result of using scientifically and politically agreed environmental targets to define 
good water status, the TBAC approach does not have the challenge of attempting to 
estimate ‘intrinsic value’ and other particularly challenging aspects of ESV. 
 

Cons -  

The TBAC calculation will only be as sound as the river basin plan that it is based on.  It may 
therefore take a few rounds of 5-yearly RBMP “updates’ before the TBAC can be accurately 
determined.  For example, if a basin plan is fully implemented with the environmental and 
resource costs of water set using the TBAC method and these costs are recovered in accordance 
with Article 9 of the WFD, but the Water Quality Objectives set in the plan are not met, then the 
plans upon which the cost of water has been calculated, including the associated resource and 
environmental costs, was flawed.  Therefore the calculation of the associated resource and 
environmental cost of water will also be flawed.  

 
In summary the TBAC method aims to take advantage of the existing 
requirement in the WFD wherein Member States are already obliged to 
prepare River Basin Management Plans (RBMPs) for each of their river basin 
districts to achieve the aims of the WFD in accordance with its economic 
principles, wherein programmes of measures (PoM) necessary to achieve the 
WFD objectives are identified and quantified which can then be used to 
quantify the environment and resource costs of water, overcoming the 
limitations of the general ‘Ecosystem Service Valuation Methodologies’ 
referred to above.  
 
The Inclusion of Other Externalities (Social / Energy / Carbon: Costs & Benefits) 

The social costs related to leakage reduction measures relate predominantly to 
short term costs to society in the form of traffic disruption due to increased 
ALC, PM and/or AR activities during transition periods versus long term 
benefits that result from reduced leakage e.g. reduced breakout rates with 
reduced unplanned traffic disruption for repairs, improved quality of service 
– if pressure problems are resolved etc.  In addition, in most MSs the 
disruption to traffic for the execution of public works (e.g. for planned 
transition type investment works for leakage control) is strictly regulated and 
works have to be designed to minimise traffic disruption thereby reducing the 
social cost of traffic disruption but increasing the cost of carrying out the 
works (e.g. out of hours working, multiple phasing, etc.). As a result the 
overall net costs or benefit as a result of leakage control measures tends to be 
very small.  It has therefore not been included as a separate item in the 
analysis under this contract. 
 
As with social costs, the net costs or benefit as a result of leakage control 
measures relating to carbon impacts tends to be very small and as a result it 
has not been included as a separate item in the analysis under this contract. 
(Note: energy savings that result from leakage reduction are calculated in the WSPs 

internal costs – the present or absence of a carbon tax on the cost of electricity was not 

considered.) 
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5 TRANCHE 1: CONSOLIDATED CASE STUDY RESULTS 

The following sections summarise the results of the case studies, including a 
description of their context (Section 5.1), the consolidated results in terms of 
calculated values for LoL and SELL (Section 5.2), and a commentary on the 
results (Section 5.3). 
 
 

5.1 CONTEXT FOR CASE STUDIES 

As mentioned in Sections 2 and 3, understanding the specific context within 
which a water distribution network is operated is an important issue prior to 
interpreting the results calculated for the physical level of leakage and 
sustainable levels of leakage. 
 
In this respect, Tables 5.1 and 5.2 provide a summary of both the physical/ 
geographical context as well as the legal, institutional and planning context of 
each case study. 
 
 

5.2 SUMMARY OF CASE STUDY RESULTS FOR LOL & SELL 

The results of the calculation of Level of Leakage (LoL) and Sustainable 
Economic Level of Level (SELL) for each of the 7 case studies are summarised 
in Table 1.3.   Inspection of the table indicates the wide range in SELL values 
from 9% to 48% (for a sample of only 7 case studies) and a range in actual 
levels of leakage from 10% to 72%. 
 
 
 



 

Table 5.1 Physical/Geographical Context for Case Studies 

 

Item 

 

France Germany Portugal/Spain Romania Turkey UK 

Case study 
unit 

Adour-Garonne Basin Bavarian Danube 
River Basin 

Tagus (or Tejo) River 
Basin 

B.H. Banat Basin Yesilirmak River Basin Anglian River Basin District 

Area 116,000 km² 57,000 km2 80,100 km2 18,320 km2 38,387 km2 27,890 km² 
Location The basin is located in the 

south-west of France, and 
is shaped by the geological 
formations of the 
Armorican Massif to the 
north, the Massif Central to 
the east, and the Pyrenees 
to the south. It drains to 
the Atlantic Ocean to the 
west. 

Munich abstracts its 
water from three 
sources: Mangfalltal 
valley; Loisachtal 
valley; and the Munich 
Gravel Plain. The 
former are located in 
the Bavarian Prealps, 
located in the south of 
Bavaria and adjacent 
to the Bavarian Alpine 
Foothills. 

The Tagus is the longest 
river on the Iberian 
Peninsula flowing east-
west from Spain into 
Portugal, where it empties 
into the Atlantic Ocean 
near Lisbon. Roughly two 
thirds of the catchment is 
Spanish territory (69%), 
the remaining one third is 
Portuguese (31%). 

The ‘Banat’ was a 
historical region in 
Central Europe with 
Timișoara as its capital. It 
is a south-eastern part of 
the Pannonian Basin 
bordered by the River 
Danube to the south, the 
River Tisa to the west, the 
River Mureș to the north, 
and the Southern 
Carpathian Mountains to 
the east. The west of the 
Banat presently lies 
within Serbia, and the 
east within Romania. 

The basin is located in 
Northern Turkey, and is 
the 3rd largest by area in 
Turkey. It originates north 
of Sivas at an elevation of 
3050 masl and flows 519 
km to the Black Sea. 

The basin district is located in 
the south-eastern part of the 
UK, and is bordered in the 
North by Lincolnshire, in the 
South by Essex and the 
Thames Estuary, in the West 
by Northamptonshire and in 
the East by the North Sea. It is 
made up of a number of 
different catchments that 
drain from west to east into 
the North Sea. 

Population 6.5- 7.0 million inhabitants; 
living in medium size cities 
like Toulouse and 
Bordeaux, and in a large 
number of smaller towns 
and villages. 

9.4 million inhabitants; 
living in the large city 
of Munich, medium 
size cities like 
Augsburg, and in a 
large number of 
smaller towns and 
villages. 

Approximately 9 million 
inhabitants, which 
includes the populations 
of both Madrid and 
Lisbon.  

Timiş County (the study 
area) has a total 
population of around 
650,000, concentrated 
mainly in the City of 
Timişoara and and Lugoj 
Municipality 

The City of Amasya has 
94,500 inhabitants 
(including the adjacent 
township of Ziyaret). 

5.2 million inhabitants; living 
and working in small or 
medium sized towns and 
cities within the district; no 
extensive metropolitan areas. 

Population 
density 

Approximately 60 
inhabitants per square km 
on average. 

Approximately 173 
inhabitants per square 
km on average 
(Bavarian part of 
Danube basin). 

Approximately 113 
inhabitants per square km 
on average. 

Approximately 75 
inhabitants per square km 
on average. 

The basin is dominated by 
agriculture and forest, with 
low population density 
outside of Amasya and 
villages.  

Approximately 186 
inhabitants per square km on 
average. 

Climate The basin has a 
predominantly oceanic 
climate, mild and humid, 
with continental trends in 

The climate is 
predominantly 
oceanic, but has a 
strong continental 

The climate varies from 
Mediterranean with 
strong continental 
influences in the eastern 

The Banat region has a 
moderate continental 
temperate climate, with 
annual average rainfall 

Snow and artificial storage 
are important factors in the 
regulation of its water 
regime. 

The basin is relatively dry, hot 
and sunny compared with the 
England and Wales as a 
whole. Average annual 
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the east and a 
Mediterranean influence in 
its south-eastern region. 
Average annual rainfall is 
600-700 mm (average in 
Bordeaux is 984 mm). 

influence, increasing 
from north-west to 
south-east. Average 
rainfall in the 
abstraction areas is 
1200 – 2200 mm, 
increasing from north 
to south. 

areas to Atlantic in the 
western areas, 
particularly in the 
Portuguese part of the 
basin. Average annual 
rainfall varies 
significantly, ranging 
from 450 mm in the 
middle reaches to 870 mm 
in the Portuguese part of 
the basin, and 1500 mm in 
the Central Ranges in 
Spain. 

varying between 600 and 
1400 mm. 

rainfall is less than 600 mm. 
Classified as a water stressed 
environment by the UK 
Environment Agency 

Hydrography River network is 
approximately 120,000 
kilometres in length; 
characterised by an oceanic 
pluvial regime – high 
levels in winter and low 
levels in summer. The 
principal rivers are the 
Garonne, the Dordogne 
and the Adour. The 
Garonne and the Adour 
emanate from the 
Pyrenees, whereas the 
tributaries of the Tarn, the 
Lot, the Dordogne and the 
Charente emanate from the 
Massif Central.  

The Bavarian Prealps 
are drained by several 
valleys, lakes and a 
dense river network of 
glacial origin. Major 
lakes include the 
Kochelsee and 
Walchensee in the 
Western part, and the 
Tegernsee and 
Schliersee in the 
Eastern area. The 
biggest river Inn 
originates in the Swiss 
Alps. 
 
The Munich Gravel 
Plain is drained by 
several rivers, flowing 
parallel from South to 
North. The biggest 
one, Isar, originates in 
the Austrian 
Karwendel mountain. 

The Tagus is the longest 
river on the Iberian 
Peninsula at 1,038 km. 
After Almourol it enters a 
vast alluvial valley prone 
to flooding. At its mouth 
is a large estuary on 
which the port city of 
Lisbon is situated. The 
source is the Fuente de 
García, in the Montes 
Universales, Sistema 
Ibérico, Sierra de 
Albarracín Comarca. All 
its major tributaries enter 
the Tagus from the right 
(north) bank. 

The Banat system 
includes seven river 
basins (all sub-basins of 
the Danube river) of 
which the Timiş River 
basin represents the 
largest, with a length of  
240 km. The upper part of 
the river basin is 
mountainous, and the  
lower course of the river 
from the City of Lugoj to 
the Serbian border, has a 
rather lowland character 
and is the most flood-
prone area in Banat 
region.   

The major tributaries to the 
Yeşilırmak River are the 
Kelkit, the Çekerek, the 
Çorum and the Tersakan. 
Their headwaters originate 
in the mountains that form 
the eastern and southern 
boundaries of the basin.  

758 rivers and canals covering 
approximately 7 000 
kilometres in length. 
Approximately 70% of rivers 
and 77% of lakes and 
reservoirs are classified as 
modified water bodies. 

Raw water 
quality 

For the Gironde 
Groundwater body, the 

According to the 
Bavarian Danube 

The water status 
assessment carried out for 

Available data are 
limited, however raw 

Karst spring supplies are of 
high quality. Unconfined 

According to RBMP, 82% of 
surface waters and 35% of 
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Confined Oligocene, 
Eocene and Cretaceous 
aquifers are generally 
suitable for drinking water, 
but with removal of iron.  
Unconfined Plio-
Quaternary and Miocene 
aquifers are affected by 
anthropogenic pollution, 
particularly nitrates and 
pesticides and occasional 
industrial contaminants. 

RBMP, the majority 
(98%) of surface water 
bodies are of good 
chemical status, and 
74% of groundwater 
sources are of good 
status.  Nitrates and 
pesticides from 
agriculture are the 
most widespread 
contaminants. 

the 2011 Tagus RBMP in 
Portugal estimated that 
54% of the surface water 
bodies and 67.7% of the 
groundwater bodies are 
classed as good or higher.  
However, there is 
widespread nutrient (P) 
pollution throughout the 
basin and significant 
eutrophication problems 
in a large number of 
reservoirs.  Widespread 
faecal contamination is 
also evident from 
livestock grazing. 

water quality in the study 
area is poor, with 
significant pressures from 
untreated municipal 
wastewater, and 
widespread nutrient 
runoff from agriculture 
and industrial (eg agri-
processing) sources. 

‘Geldingen Ovasi’ aquifer 
is prone to anthropogenic 
pollution (in particular 
nitrates). 

groundwater bodies fail to 
meet good status. Surface 
water failures generally relate 
to phosphate, fish and 
invertebrate classifications. In 
the case of groundwater, 
nitrate, phosphate and 
pesticide contamination from 
agriculture is fairly 
widespread. 

Water 
abstractions 

Yearly average 2,500 Mm3; 
35% for irrigation, 35% for 
industry and 30% for 
drinking water.  
Predominantly 
groundwater. 

Total abstraction in 
2007 was 3,700 Mm³, 
of which 65% was for 
energy supply, 16% for 
public water supply 
and 19% for industry 
(less than 1% was for 
agriculture). The 
majority (80%) of 
public water supplies 
are from springs and 
aquifers. 

The Tagus is highly 
utilized for most of its 
course.  Several dams and 
diversions supply 
drinking water to most of 
central Spain, including 
Madrid, and Portugal, 
while dozens of 
hydroelectric stations 
create power. Part of the 
flow in Spain is diverted 
to the Segura basin, 
supplying 1.5 million 
people with drinking 
water. 

The B.H. Banat is an 
intensive agricultural area 
with 645,000 hectares of 
irrigated lands and 
irrigated water use 
accounting for 35% of 
total average annual 
abstractions, and 80% of 
total abstractions during 
the low-flow season. 

Yearly average 
approximately 12.8 Mm3, 
primarily (70-75%) from 
mountain springs. 
Irrigation accounts for over 
60% of the water consumed 
annually. 

Yearly average 594 Mm3; 88% 
for drinking water, 9% for 
irrigation and less than 2% for 
industry. Approx. 60% surface 
water 40% groundwater. 

 



 

Table 5.2 Regulatory, Institutional and Planning Context for Case Studies 

  
Item 

 

France Germany Portugal/Spain Romania Turkey UK 

Regulatory 
framework 
for WRM 

Water resources policy is 
set by the Ministry of 
Ecology and Sustainable 
Development, governed 
by the 2006 Law on 
Water and Aquatic 
Environments (LEMA). 
Water resources are 
planned and managed in 
accordance with national 
policy via six Basin 
Committees, established 
in 1964 as multi-
stakeholder decision-
making bodies, and 
operate through Water 
Agencies that fund 
multi-annual investment 
programs, prepared by 
their Boards of Directors 
and approved by the 
Basin Committees. The 
Environment Code 
specifically identifies 
water scarce areas (Zone 
de Répartition des Eaux - 
ZRE) in order to manage 
and regulate ‘water 
resource rights’. 

The management of water 
resources in the Bavarian 
Danube basin is governed by 
the Federal Water Act 
(Wasserhaushaltsgesetz, WHG) 
and the Bavarian Water Act 
(BayWG). The WHG defines 
water policy in order to achieve 
water and environmental 
objectives in accordance with 
the WFD, and was last 
amended in 2010 when water 
management was organized 
into river basins (as opposed to 
previous state-wide borders).  
 
The Federal States’ authorities 
are obliged to coordinate their 
individual plans and measures 
with the WHG (and related EU 
directives) in terms of river 
basin-related water resources 
management.   

The MAOT (Ministry 
of the Environment, 
Regional Development 
and Planning)  is 
responsible for water 
and wastewater policy 
in Portugal, and 
published the Water 
Law (2005).  This law 
established an 
institutional model, 
based on five River 
Basin District 
Administrations 
and a National Water 
Authority.   
 
In Spain, the main legal 
framework for water 
supply and sanitation 
is the 1985 Water Law 
(Ley de Aguas), 
revised in 2001. Policy 
and regulation 
functions are shared 
among various 
Ministries: the Ministry 
of Environment is in 
charge of water 
resources management 
and the Ministry of 
Health is in charge of 
drinking water quality 
monitoring.   

The Ministry of 
Environment and 
Sustainable 
Development is the 
central authority for 
water resources 
planning and 
management at the 
national level. 
 
Local Environmental 
Protection 
Inspectorates (EPIs) 
are responsible for 
issuing 
environmental 
permits as well as for 
inspection and 
control of water 
quality and emissions 
into water bodies. 
 
National Regulatory 
Authority for Public 
Utilities (ANRSC) 
grants licenses to all 
operators of city and 
town water and 
wastewater services 
and approves the 
prices they set. 

 

Water resources management 
policies are specified by the 
Ministry of Environment and 
Forests, as well as by the 
General Directorate of State 
Hydraulic Works (DSİ). DSI 
has divided the country’s 
water resources into 25 river 
basins. 

The water industry in the 
UK (England & Wales) 
was privatised under the 
Water Act (1989) and is 
legislated through the 
Water Industry Acts (1991 
and 1999), as amended by 
the Water Act (2003).  The 
latter incorporated into 
law the requirements of 
the EU WFD.  In England 
and Wales, a license is 
required for anyone to 
abstract more than 20 cubic 
metres per day from a 
river or aquifer. The 
system is run by the 
Environment Agency (EA). 

Planning 
framework 

At the basin level, the 
SDAGE (Schéma 

At the (international) basin 
level, the Danube RBMP sets 

The Tagus basin is 
managed by a basin 

The Romanian Waters 
National 

DSI are responsible for the 
preparation of a ‘Basin Plan’ 

In accordance with the 
Water Act (2003), water 
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for WRM directeur 
d'aménagement et de 
gestion des eaux) Adour 
Garonne 2010-2015 sets 
out the framework plan 
for water in the basin, 
and the Gironde 
Groundwater Body 
SAGE (Schéma 
d'aménagement et de 
gestion des eaux) sets 
out the detailed plans for 
managing water 
resources in the Gironde 
groundwater body used 
by Bordeaux. 

the international framework for 
water policy by defining 
priority objectives that have 
been agreed by all Danube 
member states. 
 
As the sub-basin level, the 
Bavarian Danube RMBP 
published in 2009 by the 
Bavarian environmental state 
office (LfU) defines the priority 
actions and objectives for the 
sub-basin. A second sub-basin 
plan exists for the German 
federal state Baden-
Württemberg, which is 
complementary to the Bavarian 
plan. 

organisation in Spain, 
the "Confederacion 
Hidrografica de Tajo" 
(CHT), and by the 
National Institute for 
Water, INAG in 
Portugal, harmonising 
the management by 
three Regional Water 
Departments 
 
In terms of bilateral 
cooperation in the field 
of transboundary river 
basins, the most 
significant step was 
the signing of the 
Convention for the 
Protection and 
Sustainable Use of 
Water in the 
Shared River Basins of 
Portugal and Spain 
(Albufeira Convention) 
in 1998 and its entry 
into force in 2000. 

Administration 
(Apele Romane), 
created in 2002, is in 
charge of 
management, 
administration and 
exploitation of water 
resources.  It is 
divided into 11 Water 
Directorates, 
corresponding to the 
main river basins of 
Romania (including 
BH Banat).  
 

for each of the 25 basins, 
which must be harmonized 
with the regional socio-
economic development plans.  
The relevant plans in this case 
are the 2010 IWRM Plan, and 
the 2008 Socio-Economic 
Development Master Plan for 
the Yesilirmak River Basin. 

resources are managed at a 
river basin level under a 
hierarchy of plans and 
strategies. The key plans 
that govern WRM in this 
case are the Anglian River 
Basin District Management 
Plan (2010-2015), and a 
series of Catchment 
Abstraction Management 
Strategies (CAMS) for 
determining abstraction 
license conditions within 
individual water resources 
management units.  The 
WSP is also required to 
produce a 5-yearly Water 
Resources Management 
Plan, and 3-yearly Drought 
Management Plan. 

WSS service 
provision 

Municipalities own their 
own WSS infrastructure 
but the majority (>80%) 
is operated by the 
private sector (mainly 
via affermage/lease 
contracts). The WSS 
sector is dominated by a 
few large companies that 
benefit from economies 
of scale. 

Germany’s 16 Federal States 
have a high degree of 
autonomy. Water sector 
organization corresponds to the 
federal and Länder levels of 
administration: Supreme Water 
Authority (ministry), Upper 
Water Authority (region), and 
Lower Water Authority 
(municipality).  
 
According to the German 
Constitution, municipalities 

Responsibility is 
shared between 308 
municipalities; private 
companies; and the 
multi-municipal 
national, public 
holding company, 
Aguas de Portugal 
(AdP) owned by the 
State 
 

Municipalities are 
responsible for water 
supply and 
wastewater services. 
Romania is 
undergoing a process 
of regionalisation of 
water services. 
Municipalities can 
associate themselves 
in Intercommunity 
Development 
Associations (ADI) 

WSS is not managed at the 
basin level in Turkey.  
Instead, local municipalities 
are responsible for providing 
water and wastewater 
services in urban areas. As of 
2009 there were 2,363 
municipalities in Turkey. 

Since 1989, 10 private 
regional companies, 
operating in each of the 
river basins (and 14 
smaller water-only 
companies) provide WSS 
services in E&W (in 
Scotland, WSS services are 
provided by a single 
public company, Scottish 
Water). 
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fulfil the role of WSS provision 
autonomously and 
independently, and are assured 
a monopoly on water supply 
services. Water services 
operators are Water Companies 
organized under public or 
private law. In all cases, capital 
ownership is at least partly help 
by a municipality. 

and transfer their 
responsibility for 
water services to the 
ADI. Some smaller 
utilities are run 
directly by local 
government. 
 
Operators are mostly 
municipally-owned 
Regional Operating 
Companies (ROC) 
operating under a 
management 
delegation contract 
established with the 
ADI on behalf of the 
municipalities.  ROCs 
have responsibilities 
for drinking water 
and wastewater 
services. 

Regulation – 
economic 

Economic regulation of 
WSS providers is carried 
out by contract (within 
the larger body of French 
contract law). 

The public WSPs are subject to 
the Municipal Charges Acts of 
the Federal States as well as to 
municipal supervision. Private 
WSPs are subject to the 
supervision of antitrust 
agencies at the State level. 

The Water and 
Sanitation Regulatory 
Agency (ERSAR) was 
created in 1997 and 
provides economic 
regulation of water and 
wastewater service 
providers. 

Water tariffs are 
endorsed by the 
ANRSC. 

The municipalities are 
responsible for tariff setting, 
billing and collection. 

Economic regulation is 
carried out by Ofwat (The 
Water Services Regulation 
Authority).  Customer 
interests are also 
represented by the 
Consumer Council for 
Water (CCW). 

Regulation – 
environmen
tal 

Environmental 
regulation is carried out 
by the Ministry of 
Ecology and Sustainable 
Development via 
Regional Directorate of 
Environment, Spatial 
Planning and Housing 
(DREAL).   

Largely self-policing, with 
occasional auditing by the 
Bavarian Environmental State 
Office (Bayerisches Landesamt 
für Umwelt, LfU). 

In Portugal the 
monitoring 
programmes 
developed by INAG, 
are implemented by 
three Regional 
Environment and Land 
Use Planning 
Departments (DRAOT) 

Environmental 
regulation is carried 
out by Apele Romane 
and local EPIs. 
 

The Ministry of Environment 
and Forestry sets water 
quality requirements.  The 
General Directorate of State 
Hydraulic Works is 
responsible for assessing 
compliance. 

Environmental regulation 
in E&W is carried out by 
the Environment Agency. 
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sharing the basin's 
management. The 
routine monitoring of 
water-quality 
parameters in the basin 
came into operation in 
the beginning of the 
1990s. In Spain the 
routine monitoring of 
water-quality 
parameters is 
implemented by CHT. 
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Table 1.3 Summary of Case Study Results for LoL & SELL 

Item France Germany Portugal Spain 

 

Romania Turkey UK 

Service Area 
 

Bordeaux Munich Lisbon Madrid Timisoara Amasya Essex & 
Suffolk 

River Basin Adour-
Garonne 

Bavaria -
Danube 

Tagus Tejo Banat Basin 
(Danube) 

Yesilirmak Anglian 

MCoWIWRM 0.3802  
€/m3 

0.1581 
 €/m3 

0.2285  
€/m3 

0.05-0.25  
€/m3 

0.4210 
 €/m3 

0.1085  
€/m3 

0.0469  
€/m3 

MCoWWSP 0.0915  
€/m3 

0.1131 
 €/m3 

0.1492  
€/m3 

0.505 
€/m3 

0.1806  
€/m3 

0.1992/0.00
361 €/m3 

0.46512  
€/m3 

MCoW=MCo
LC 

0.4717  
€/m3 

 

0.2712 
 €/m3 

0.3777  
€/m3 

0.555-
0.755  
€/m3 

0.6016  
€/m3 

0.1121  
€/m3 

0.5120 
€/m3 

SELL Calculated 

 

13% 23% 15% 10% 9% 48% 9% & 
14%3 

Actual LoL 
 

18% 15% 11%4 12% 21%5 & 
26%6 

72% 10% 

Report Annex B C D D E F G 

 
 
Side-by-side comparison of both LoL and SELL values for each case study 
indicates the following: 
 
• The French utility needs to further reduce its levels of leakage (but has 

water pricing limitations as discussed below); 
 

• The UK utility is efficient though with varying results for the SELL 
calculation due to a changing raw water resource mix; 

 
• The German utility is over-performing in terms of the technical level of 

losses it is achieving and may need to review the level of financial 
resources that it is committing; 

 
• The Turkish utility has a high SELL but a much higher LoL and needs to 

reduce losses (a program of works are underway to reduce water losses to 
SELL levels); 
 

 
 (1) Pre/post implementation of leakage reduction programme 

 (2) MCoWWSP - in England & Wales the responsibility and associated costs for resource planning & implementation falls 
on the WSP 

 (3) 2 different values are due to differing raw water resource mix which is about to change 

 (4) Not 7% as originally reported in the Consolidated Analysis Report - July 2012 

 (5) For the main urbanized service area of the City of Timisoara 

 (6) The average LoL for the whole service area. 
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• The Romanian utility has the lowest calculated SELL (reflecting both the 
significant water resource challenges at a basin level and the associated 
high costs to be incurred to manage those resources to achieve WFD 
quantity and quality objectives, and the challenges specific to the 
distribution network and its operation).  Its LoL is 21% and has increased 
as its scope of service area has expanded and it economies of density have 
reduced, but in brief it needs to reduce losses; 

 
• The Portuguese utility, like the German utility, is over-performing in terms 

of the technical level of losses it is achieving and may need to review the 
level of financial resources that it is committing to leakage control; and, 

 
• The Spanish utility is efficient in terms of leakage where SELL and LoL are 

similar (but has some water pricing and demand management challenges). 
 
 

5.3 COMMENTARY ON THE RESULTS FOR EACH CASE STUDY 

5.3.1 French Case Study 

The RBMP for the Adour-Garonne is the most complete of the RBMPs 
reviewed under this contract in that it addresses both the ecological and socio-
economical needs for water (quality and quantity), identifies investments and 
actions that need to be completed during the period of the plan to achieve its 
quantity and quality objectives, estimates the associated costs, and transfers in 
part some of those costs directly to the water users.  The MCoWIWRM of 0.3802 
€/m3 is high but it reflects the level of the challenge to Basin Managers to both 
provide water for socio-economic needs, where in the past there has been 
severe water imbalance due primarily to the intensive development of 
irrigated agriculture for the growth of cereals, and to do so in a sustainable 
way to achieve water quality objectives.  
 
The water service provider for Bordeaux is well organized and effective but 
the actual level of leakage (real losses as a percentage of system input volume) 
in the distribution network are 18% as compared to the estimated sustainable 
economic level of leakage (SELL) of 13%.  The difference is due primarily to 
pricing policy of the Bordeaux Metropolitan Area (CUB) where in the short 
term they are limiting investments in asset renewals in order to keep the 
overall price of water to the consumer low.  However, without the investment 
in asset renewals achieving the SELL of 13% is unlikely.  So the French Case 
Study highlights the positive benefits and results that can be achieved with the 
integrated planning of water resources at a basin level, addressing upfront the 
quality, quantity and costs issues; but, it also shows that even with good basin 
planning and with an effective water service provider, if the price of water is 
kept artificially low, not recovering costs (in this case study – the cost of asset 
renewals to off-set asset erosion), then the service is unlikely to be sustainable 
in the longer term or meet it optimal targets for resource efficiency. 
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5.3.2 UK Case Study (England and Wales) 

The UK Case Study (Essex and Suffolk Water) is an example of a WSP 
operating in a basin with very limited water resources, and in the absence of 
being granted permission to develop its existing access to water resources has 
invested heavily to achieve the low level of leakage of 10%.  However, with 
growing demand in the south-east of England (in the Anglian Basin), due 
primarily to population growth, the projected further reduction in leakage 
would be insufficient to meet the growing demand; and as a result Essex and 
Suffolk Water were granted permission to construct a new reservoir 
(Abberton) for which they had originally applied for 14 years earlier, which 
will satisfy demand in the projected 25-year planning period.  When the new 
water resource comes-on-line in 2014, it will change the mix of raw water 
resources for the WSP, effectively reducing the unit value of the raw resource 
and will also increases the point of Sustainable Economic Level of Leakage 
(SELL) from 9% to 14%, highlighting the importance of the mix of water 
resources that a WSP has access to in the calculation of the Marginal Cost of 
Water and in the resulting SELL. (Note – this is also true for the Turkey Case 
Study and the Portugal Case Study.) 
 
Water quantity in England and Wales is managed/administrated at a 
catchment (sub-basin) level using the Catchment Abstraction Management 
Strategy (CAMS) instrument for evaluating and determining sustainable 
abstraction license conditions (including for the WSP) within an individual 
water resources management unit.  The CAMS are supported by extensive 
hydrodynamic modelling of rivers and aquifers, and the results are 
aggregated in part within the wider RBMP process in support of WFD 
objectives (e.g. the results from the CAMS are used to identify water bodies 
that are at risk of failing to meet good ecological status through over 
abstraction).  However, it does not assess the environmental or resource cost 
of water, and the abstraction fees changed are determined to cover the 
administration costs only of DEFRA/EA and are based on quotas, as opposed 
to actual consumption (i.e. abstraction fees are not consumption based).  In 
addition, there does appear to be an institutional gap in that, while the CAMS 
are effective at administering existing water resources, there is no public entity 
responsible for the development of new water resources when required that 
would benefit multiple users. Also specific to the UK case study is the 
extensive role that the WSP plays in the management of water resources in the 
Basin District. 
 
The methodology developed for the quantification of the MCoWIWRM under 
this contract assumed a clear separation in function and associated cost 
between the WSP and Basin Manager/Water Resource Manager, but this is 
not the case in England and Wales and as a result it was difficult to separate 
the ERC from the WSP’s internal private costs. 
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5.3.3 German Case Study 

In terms of meeting the objectives of the Water Framework Directive, Bavaria 
has adapted a pragmatic strategy towards managing its water resources. From 
the outset Bavaria recognised that the Good Ecological Status of all Water 
Bodies could not be achieved by 2015, and instead planned its measures to be 
realised step-by-step over the planning cycles for 2015, 2021 and 2027.  Its 
specific challenges to the achievement of WFD objectives are: diffuse pollution 
in ground waters and hydro-morphological alterations in surface water 
bodies. The main water management challenges of the water bodies from 
which Munich abstracts its water and discharges its wastewaters are not 
related to insufficient quantity to meet socio-economic needs, or achieving 
high chemical status, but are principally related to the conflicting socio-
economic needs (and historical legacy) for river regulation for flood protection 
and hydropower generation on one hand, and the desire to achieve high 
ecological status on the other, wherein the ecological objective is to ‘re-
naturalise’ the river to a level which is not disproportionately costly. 
 
At a WSP level, Munich is achieving actual levels of leakage of 15% compared 
to the calculated Sustainable Economic Level of Leakage (SELL) of 23%.  
Munich WSP is in a favourable situation in that it does have the benefit of 
economies of scale and density (1.3 million customer base), ready access to 
high quality raw water resources with no water use or abstraction costs, and 
minimal treatment costs (disinfection only) resulting in a low marginal cost of 
water.  This, together with the absence of public affordability or willingness to 
pay constraints, has allowed the City of Munich to invest heavily in asset 
maintenance and replacement beyond the point of SELL.  However, since 
2010, the German Ministry of Economy are demanding higher levels of 
economic efficiency and the pressure and burden is now on German WSPs to 
justify their water prices, costs and investment programmes. This may impact 
the level of investment that the Munich WSP can commit to asset maintenance 
and replacement in the future, beyond the minimum that can be justified 
economically.  Munich WSP actively protects its water resources with the 
promotion and subsidy of organic farming and forestry in the areas of its 
water gathering grounds and in doing so (together with the high level of 
wastewater treatment provided by the City) fully covers its resource and 
environmental cost for water. 
 

5.3.4 Turkey Case Study 

In 2010 the public water distribution network of the Amasya WSP was very 
inefficient with real losses (LoL) of 72.2% of ‘system input volume’; however, 
the WSP has a programme of measures for improved water efficiency under 
implementation that aims to reduce real losses to 46.5% that will be complete 
by December 2013.  The Sustainable Economic Level of Leakage (SELL) for the 
Amasya water distribution network upon completion of its works is 
calculated as 47.7%.  This high level of SELL is because: 
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• The WSP does have reasonable economies of density in that the ‘units of 
infrastructure / connection’ are low, hence low capital maintenance and 
asset replacement costs; 

 
• The WSP has access to abundant raw water resources in its proximately 

that are of high quality, are not stressed, and chlorination is the only 
treatment required; and 

 
• When the WSP reduces it real losses to less than 47%, it eliminates all 

power costs associated with the abstraction and distribution of water, 
hence the variable system operating costs of the WSP at that point become 
negligible. 

 
The Turkey Case Study, with a calculated SELL of 48% is not an exceptional 
outlier, but is fairly representative of a small or medium sized urban 
community, located in the mid or upper regions of a catchment with readily 
available access to good quality mountain water resources gravitating to them 
from above where they incur minimum treatment and distribution costs; 
similar to many small and medium urban communities in the Alps and 
Dinaric Alpine regions of Italy, Austria, Slovenia, Croatia, and Romania, and 
to many small communities in the Pyrenees or in the highlands of Scotland. 
 

5.3.5 Romania Case Study 

The Romania Case study is an example of one of the most challenging 
scenarios in integrated water resources management – managing widely 
conflicting socio-economic and ecological needs. 
 
The City of Timisoara is located in the Banat Basin in the flat reaches of the 
mid Danube and includes wetland areas that have been drained since the 17th 
century.  Socio-economic needs are driven primarily by agriculture (with its 
low-lying fertile soils) and inland waterway transportation (located on the 
Danube-Tiza-Danube Canal System).  However, as a fertile flood plain it is 
highly susceptible to flooding; but drainage and flood defences have reduced 
the natural water table increasing the need for irrigation in growing periods 
and further degradation of remaining wetlands.  
 
The Timisoara WSP does have economies of density in its main urban service 
area of the City of Timisoara however it has now been mandated to expand its 
service area adding the surrounding towns and villages in the County, 
reducing its prior economies of density. It does not have access to high quality 
raw water resources and all water resources require treatment and pumping. 
In addition, the underlying quality of the water distribution network is poor 
increasing the costs related to asset maintenance and replacement hence the 
calculated MCoWWSP is relatively high. 
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Figure 1.4 Map of the General BANAT Area (showing the watershed areas of the Bega & 

Timis Rivers & Serbia/Romania Border) 

 
 
The Banat RBMP prepared to comply with the requirements of the WFD does 
not reflect or address the complex nature of water resource management in 
the basin district nor estimate the environmental and resource cost.  The 
MCoWIWRM estimated under this assignment is high which reflects the water 
resource management challenges of the basin district.   
 
The calculated SELL is 9% but the challenges to the WSP, including the limited 
ability-to-pay of its customer base, are great.  However, despite the scale of the 
challenge the WSP has been very effective at initiating and implementing a 
loss reduction programme, reducing the LoL in its main urban area from 26% 
in 2008 to 21% in 2012. 
 

5.3.6 Portugal Case Study 

The Lisbon WSP, like Munich, is an example of a public WSP operating in a 
Basin where no water user or abstraction fees are applied (i.e. there is no 
external cost of water) and, in a Portuguese regulatory context, has benefited 
significantly from having direct access to its own water resources without the 
existence of an intermediary bulk service provider (where bulk service 
charges for water in Portugal can range from €0.20 to €0.63).   Its internal 
operating costs are low to moderate as it has access to an average mix of raw 
surface water resources (which do require full treatment), has average energy 
inputs in that most of its water resources gravitate towards the City from 
above (from Castelo do Bode) – although this is offset to some extent by the 
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hilly topography of the distribution service area - and it has economies of scale 
and density – i.e. the units of infrastructure assets/customer connection are 
low.  
 
From the above, one would expect a relatively high level of leakage.  
However, its actual level of leakage is very low at 11%.  This is still low when 
compared with the calculated SELL of 15% that included an estimated 
MCoWIWRM of 0.2285 €/m3.   Given its specific context as mentioned above, it 
would be reasonable to expect a much higher SELL than 15; however, the 
specific cost of leakage control is also low for 2 reasons: (i) an underlying 
efficient distribution system design, installed to relatively high standards (i.e. 
longer asset life), and (ii) a very effective leakage reduction and network 
maintenance workforce – hence the lower SELL. 
 

5.3.7 Spain Case Study 

The WSP (CYII) serving the Autonomous Community of Madrid (CAM) is a 
water utility currently in a period of transition.  
 
In its recent past it would have been characterized as a WSP with access to 
water resources that for the greater part gravitated to its customer base with 
low operating costs.  While it had a substantial asset base required to provide 
this water service, it had benefited from state assistance in the construction of 
that asset base in the past and did not fully recover the cost of asset erosion in 
its tariffs.  Therefore, customer tariffs were maintained at unsustainably low 
rates (i.e. the costs of asset renewals necessary for long term sustainability 
have been deferred – not keeping up with asset erosion), which when viewed 
together with deferred costs for UWWD compliance, in turn promoted high 
per capita consumption.  With this background of low unit tariffs and high 
consumption, together with the irregular precipitation patterns of the upper 
Tagus Basin, and a rapidly growing customer base, its ability to balance 
supply and demand was stressed.  
 
In 2002 the WSP had estimated water losses of 13.3% of system input volume 
and that same year it developed a 10 year program of measures for the 
Efficient Use and Demand Management of Water Resources in the CAM, 
which aimed to lower its annual demand volumes by 10% in 2012.  Leakage 
reduction measures undertaken included the application of the standard best 
practices in pressure management, sectorisation/DMA formation, active 
leakage control (ALC), and the asset replacement (AR) of priority areas of the 
distribution mains. These resulted in current levels of leakage in 2012 that are 
in the 7.1% - 15.0% range (7 or 15, depending on the range of data that are 
available).  Notwithstanding the range, maintaining levels of leakage in this 
context is a significant achievement given the increased demands and growing 
service area that took place during the same 10 year period. However, the 
measures applied before 2010 did not appear to be constraining per capita 
consumption and further increases in new resource development (specifically 
for the WSP needs) were justified and included in the preparation of Spain’s 
Tagus River Basin Management Plan for the period to 2015. 
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Notably, in 2010, tariff levels had a significant step increase and by 2012 per 
capita consumption for households dropped to 140 l/c/d – a 15.6% reduction 
from its 2002 level - with combined water and wastewater service cost in 2012 
at approximate €1.60/m3 (still relatively low when compared to other cities in 
the EU).  As consumption has dropped, billed volumes also dropped, 
negatively impacting WSP revenues, and each subsequent year tariffs have 
had to increase further to cover operating and capital maintenance costs.  
 
Despite the current escalation in tariffs, the tariff still does not recover the full 
cost of water, where the costs for asset erosion are still not fully included and 
the resource and environment costs of water are not included.  There are two 
main challenges to recovering the resource and environment costs of water: 
firstly, water pricing in Spain follows complex rules set out in national 
legislation and the price must cover but not exceed the operating and capital 
costs of publically funded water supply infrastructure, as well as 
administrative costs to the extent that they are directly related to the operation 
of the infrastructure – hence environmental costs cannot be included; and 
secondly, as pointed out in the ‘Audit Report of the Urban Water Cycle in the 
Community of Madrid’ carried out by the Chamber of Accounts of the 
Community of Madrid in 2005 that “it is not easy to determine the extent of 

environmental costs. This is a very broad and indeterminate term and very difficult to 

assess”. 
 
The Community of Madrid has and is benefiting from EU Funds to finance 
significant water supply and urban wastewater treatment investments that 
have effectively been subsidising that cost of water. This Case Study 
highlights the need to apply the principle of recovery of the costs of water 
services, including environmental and resource costs, as included in Article 9 
of the WFD in order to promote the sustainable use of water resources in a 
cost effective way. 
 
 

5.4 DISCUSSION OF THE RESULTS AND KEY FINDINGS 

5.4.1 General Conclusion 

A key issue that became apparent from the Case Study works is that the 

sustainable level of leakage (SELL) of a water distribution network is dependent both 

upon the efficiency of the water services provider and upon the efficiency of the 

national or basin administrative body responsible for the administration, 

management, protection and sustainable development of the raw water resources at a 

basin and water body level.  Also, optimal water resource efficiency occurs when 
both the water services provider and the administrative body responsible for 
the management of water resources prior to abstraction are both achieving 
their quantity and quality service objectives most cost effectively (i.e. both 
achieve their respective objectives at least cost.) 
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If the management of water resources by the national or basin administrative 
body is inefficient or ineffective then this inefficiency is passed on to the water 
services providers who then have to compensate for these shortcomings and 
vice versa.   
 
Therefore, improving water resource efficiency in water distribution networks 
is a problem which requires water services providers’ to: 
 
• Implement best practices in leakage reduction through active leakage 

control, pressure management, asset renewals and good system design to 
achieve the Sustainable Economic Level of Leakage for their respective 
distribution networks where environmental, social and resource costs are 
fairly included in the calculation of the sustainable level of leakage; 
 

• Carry out their operations in compliance with limitations / targets 
imposed upon them with respect to abstractions from and discharges to 
water bodies necessary for the overall sustainable management of water 
bodies; and, 

 
• Carry out their investment and operating activities cost effectively in order 

to keep water tariffs fair and reasonable. 
 
It also requires the administrative body responsible for the management of 
water resources prior to abstraction by the water services provider, on its part, 
to: 
 
• Manage water resources well, ensuring that the socio-economic and 

environmental needs for water and the availability of water is balanced 
and that drinking water resources are protected from pollution, providing 
water services providers with reliable, secure and cost effective sources of 
supply; inter-alia preparing RBMPs, as required for WFD compliance, that 
are harmonized with other key socio-economic and land use planning 
documents prior to their adaption, and that financing plans (prepared 
using the principles of polluter-pays, cost-recovery, cost-effectiveness and 
disproportionate cost) to support the implementation of the RBMPs are 
also in place and publicly consulted prior to the adaption of the RBMP; 
and, 
 

• Carry out their operations cost effectively ensuring that the ‘environment 
and resource cost’ (i.e. the cost for the integrated management of water 
resources in order to achieve society’s quantity and quality objectives) is 
reasonable. 

 
In addition, it requires politicians and society, on their part, to allow water 
services providers to recover the cost of water services provision, including 
environmental and resource costs, operating costs and asset renewals costs; all 
of which are necessary to finance and operate an efficient and sustainable 
water distribution network. 
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5.4.2 Key Findings Directly Related to Policy Issues 

The results of the case studies indicated a wide range of Sustainable Economic 
Level of Leakage (SELL) levels, varying from 9% to 48%, hence it is 

recommended that no specific target for water losses in water distribution systems is 

set as part of EU water policy - context is critical. There is no single parameter that 
can indicate resource and economic efficiency in a water distribution network 
for which a target can be set in order to promote efficiency. It is therefore 
recommended to use two, which when compared together could indicate the 
level of resource and economic efficiency - these two parameters being: i. the 
real volumetric water losses in a network reported as a ratio of system input 
volume (LoL); and ii. the SELL - also reported as the real volumetric water 
losses in a network as a ratio of system input volume. Where these two figures 
are similar this would indicate that the network is operating efficiently – 
provided that the environment and resource costs (ERC) are included in the 
calculation of the SELL. 

 
This prompted our first policy recommendation as described further in Section 6. 

In order to fairly calculate the SELL then the ERC must also be calculated. 
However, the conventional methods for the calculation of ERC or 
environmental and resource externalities using Ecosystem Services Valuation 
techniques are value-based and tend to produce widely inconsistent results as 
techniques used differ and the perceived values of water by people from 
differing areas and MSs varies widely. The absence of a method that could 
reasonably determine the extent of these environmental and resource costs has 
been an underlying reason for general exclusion of environmental and 
resource costs in the investment decision making considerations of water 
service providers. 
 
In response to this problem, this contract (under Tranche 1) developed and 
applied a cost-based method for the calculation of ERC based on the RBMPs 
for WFD compliance, where all costs for the administration, management, 
protection and sustainable development of water resources at a river basin 
level are included in the cost calculation, and the programme of measures 
(PoM) and actions necessary to meet overall water objectives for quantity 
(sustainable water use Art. 1WFD) and quality are selected using the Least 
Cost Plan approach).  
 
However, while the method proved robust, the environmental and resource 
cost (ERC) calculated as a result is only as good as the RBMP upon which the 
ERC calculation relies, and in the course of the case studies a main substance 
issue with the RBMPs became evident reflecting underlying water policy 
weakness – i.e. the RBMPs in general did not adequately address quantity for 
‘sustainable water use – Art. 1 WFD’, and therefore did not fully identify costs 
necessary for ‘sustainable water use’.  It also became evident that the 
underlying reason for this omission or partial omission in the RBMPs was the 
absence of consensus, policy and/or guidance for the consistent inclusion of 
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water quantity issues in RBMPs.  Specific EC policy or guidance is required in 
the areas of: 
 
• the reduction or elimination of ‘water scarcity’, 
• the preservation of aquatic ecosystems, their sites and wetlands (via 

setting E-flow methodologies/targets); and, 
• the incorporation of the quantity impacts of climate change. 

 
All of which are quantity issues, and directly contribute to the fulfilment of 
Article 1 of the WFD.  
 
Substantial efforts were made during the analysis to try to address the 
shortfall in data from the RBMPs in order to assess the ERC for inclusion in 
the SELL calculations.  However, adjustments necessary for e-flows and 
climate adaptions impacts that were not identified in the RBMPs could not be 
made, therefore cannot be reflected in the results. 
 
These challenges with the RBMPs prompted 4 policy recommendations (2, 3, 4 and 5 

as described in Section 6) - all of which aim to more effectively implement the WFD, 

and by extension promote water resource and economic efficiency, and specifically 

relate to the need to more effectively address water quantity (for sustainable socio-

economic use) and water pricing/cost recovery (including the effective assessment of 

environmental and resource costs) in the planning and implementation of RBMPs 

prepared under the WFD.  
 

5.4.3 Key Factors Leading to the Wide Range in the Sustainable Economic Levels of 

Leakage (and the resulting impact on investments/actions) 

The Case Study analysis has shown that the factors that most influence the 
outcome of the SELL calculation are: 
 
1.  The SELL will tend to be high and investments that can be justified to 
address high levels of leakage will be low: 

 
• Where the water service provider (WSP) has access to abundant water 

resources of good chemical quality that are located at topographical 

levels above the level of the customer base, then the internal costs to the 
WSP are very low (i.e. low or no treatment costs & low or no electricity 
costs for distribution): and where at a basin level if the water resources 

are abundant with limited measures necessary to achieve the objectives 

of the WFD then the external environmental and resource costs are also 
low. In these cases then the combined Marginal Cost of Water is low, 
hence the marginal cost of Leakage Control measures will also be low and 
by extension the investments for leakage reduction that can be justified are 
low and the level of leakage can be high. Refer to the Turkey and Germany 

Case Studies. 
 
2.  On the other hand, the SELL will tend to be low and investments that can 
be justified to address levels of leakage will be high: 
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• Where a water service provider (WSP) has limited access to water 

resources and the water resources are of poor quality that are located at 

topographical levels below the level of the customer base (or 

underground), then the internal costs to the WSP are very high (i.e. high 
treatment costs & high electricity costs for distribution): and if at a basin 

level the water resources are scarce with extensive measures required to 

improve water status to achieve WFD objectives, then in these cases then 
the combined Marginal Cost of Water is high, hence the marginal cost of 
Leakage Control measures will also be high and by extension the 
investments for leakage reduction that can be justified are high.  Refer to 

the UK and Romania Case Studies. 
 
In addition, there are two dominant factors, specific to the water distribution 
network (or internal to the WSP cost structure) that impact levels of 
background leakage and the cost (and effectiveness) of leakage control 
measures: 
 
3.  Economies of density:  

 
• Where the water distribution network has economies of density (the 

capital asset investment / customer connection is low) then both the asset 
renewals and operating costs relative to revenue water tend to be lower, 
and leakage control investments will tend to produce higher yield relative 
to SIV (i.e. a smaller network to operate and fix with high sales volumes). 
Refer to the Romania Case Study where the impact of losing economies of 
density due to the extension of the service area into semi-rural areas 
increased both the marginal cost of water for the WSP and reduced the 
unit effectiveness of leakage control measures. 

 
4.  The underlying quality of the distribution network in terms of system 
design and installation: 
 
• Where the underlying quality of the network design is good – designed for 

ease of operation and maintenance without pressure stresses - it will 
respond well to ALC leakage control measures and the cost of those 
measures will tend to be lower; and where the quality of the network 
installation is good (with good materials selection and workmanship at the 
time of installation) then background leakage levels will tend to be lower 
and asset life is will be longer. Refer to the Portugal Case Study. 

 
The Lisbon case study highlighted the effectiveness (both technically and 
economically) of fundamental good water distribution system design, 
installed to high standards.  Getting the initial distribution system design 
correct and it installed to a high standard will reduce long term system losses 
as well as reduce operating and asset renewals costs. 

 
This prompted our final policy recommendation (described in Section 6) which aims to 

promote water and resource efficiency in water distribution networks via ensuring 
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that, where EC funds are used to finance the construction or renovation of water 

infrastructure (water abstraction and distribution systems), the EC requires that: 

 

• The resource and environmental cost of water are taken into account in the system 

design; and 

 

• The system is designed for extended asset life, incorporates effective PM and 

facilitates effective ALC. 
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6 TRANCHE 1: POLICY RECOMMENDATIONS 

6.1 POLICY RECOMMENDATIONS 

The Tranche 1 Policy Recommendations proposed under this contract are 
summarised in Table 6.1. 

Table 1.2 Summary of Draft Policy Recommendations & link to Blueprint Challenges 
T
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Issue Relevant 

Blueprint 

‘Challenge’ (see 

footnote) 

Summary policy recommendation 
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1. Water loss 
targets 

1 (water balances) 
5 (networks) 

It is recommended that NO targets for water losses 
in water distribution systems are set - context is 
critical. There is no single parameter that can 
indicate resource and economic efficiency in a 
water distribution network for which a target can 
be set in order to promote efficiency, hence it is 
recommended to use 2 (LoL and SELL) reported 
together in the simple terms of ratio of real losses 
as a % of System Input Value (SIV), which when 
compared can indicate the level of resource and 
economic efficiency 
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2. Quantity 
management 

1 (water balances) 
5 (networks) 
8 (pricing) 

Quantity management should be clearly 
introduced in the RBMPs The WFD at present is 
largely quality driven; this needs to change to an 
IWRM approach.   

3. Water 
pricing (ERC) 

9 (costs and 
benefits) 

The recommendation is that for each basin or 
water body the ERC is calculated and where 
abstraction/water use fees are to be applied that 
they are consumption-based and differentiate 
between water stresses and non-stressed 
resources, and are set at levels that reflect the cost 
of managing water resources (IWRM) to meet 
water quality and quantity objectives.  (Note: It is 
also recommended that the abstraction / water 
use fees charged to WSPs should not exceed the 
ERC where the method to calculate ERCs are cost-
based reflecting real costs and  should NOT be a 
tax, as this leads to distortions. 

4. Water 
Pricing (WSP) 
Cost recovery 

8 (pricing) 
9 (costs and 
benefits) 

Water tariffs for WSP service delivery should be 
set to recover the cost of operations and the cost of 
asset renewals in order to provide a sustainable 
water service. If water tariffs are not set at cost 
recovery levels then they are not likely to include 
sustainable levels of asset renewals, and by 
extension unlikely to achieve optimum levels of 
leakage reduction. 
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Issue Relevant 

Blueprint 

‘Challenge’ (see 

footnote) 

Summary policy recommendation 

5. 
Harmonisation 
of plans 

1 (water balances) 
5 (networks) 
8 (pricing) 

To require the harmonization of RBMPs (for WFD 
purposes) with other strategic physical & socio-
economic planning documents prior to adoption 
and to require that these RBMPs are supported by 
a real Financing Plan.  In general, the quality of 
RBMPs prepared and submitted is poor, and do 
not have the financial resources behind them to 
support their implementation. The costs associated 
with the implementation of the RBMPs should be 
known prior to adoption, and a Financing Plan in 
place.  The EC could also set higher standards for 
Water Resource Management (Quantity) as a 
condition to access to solidarity funds in the 
events of droughts & floods. 
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y 6. Improving 
asset life 

5 (networks) To improve financial efficiency by increasing WSP 
asset life (asset life extension) and performance 
where EC funds water infrastructure.  Given the 
cost structure in the water utility industry, fixed 
assets/fixed costs are the most important cost 
component (60-80%).  The most effective way to 
reduce renewals costs is to install assets that have 
a long asset life: this involves the correct choose of 
materials and a high standard of installation for 
networks (i.e. take your time and get it right first 
time: false deadlines are counterproductive). 

 
Relevant Blueprint challenges: 

[1] Water balances and adequate water allocation mechanisms necessary to achieve them are in 
general poorly implemented at river basin level. 
[5] There is a need to foster sustainable water resource management in distribution networks. 
[8] Current water pricing levels and structures do not provide adequate incentives to increase 
water efficiency. 
[9] Costs and benefits of inaction and of water related measures are not properly understood or 
quantified.   

 
 

6.1.1 Policy Recommendation 1 - Water Loss Targets 

The results of all case studies show values for the SELL varying from 9%- 48% 
where the % refers to the level of water loss (real loss) as a percentage of 
system input volume (SIV).  So, for one water distribution system the measure 
of resource efficiency is real volumetric losses of 9% of total system input 
volume, while for another efficiency is real losses of 48% of system input 
volume.  The reason for this range in SELL is that physical, financial, legal, 
institutional, regulatory and socio-economic context is different for each water 
utility, operating in its specific water body(s) and basin, within its national 
policy and legislative framework. 
 
Both water distribution systems are at their most efficient at these respective 
values, meaning that there is no further benefit to either society or the 
environment to reduce technical levels of leakage below these SELL values, 
and to attempt to do so would simply result in economic inefficiency where 
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the public would have to pay more for less – i.e. additional investments in 
leakage reduction would result in increased costs to the public but would not 
result in additional benefits to either the public or the environment. 
 
However, the perception problem is that the public and many policy makers 
directly correlate high levels of technical losses in water distribution networks 
with high levels of inefficiency which is not always the case.  
In an EU Water Framework Directive context, given the aims and economic 
principles of the WFD, water resource efficiency in water distribution 
networks is more accurately measured by comparing the actual level of 
technical (real) losses with the calculated SELL, and is maximised when water 
resources are managed efficiently by both the water resource manager at a 
basin/water body level, and by the Water Services Provider in charge of the 
water distribution system. 
 
In summary, therefore, it is not recommended that the EC set technical targets 
for water losses in water distribution networks in the EU for the following 
reasons. 
 
• As shown by the project, targets to reduce technical losses are very 

context specific and are best set at a local level by the local stakeholders 
who have full knowledge of the water distribution system and the 
specific context within which it is operating. 

 
• Setting a target to achieve the SELL for water distribution systems 

wherein resource, environmental and social costs are included better 
suits the holistic aims and economic principles of the WFD. 

 
6.1.2 Policy Recommendation 2 - Quantity Management 

Our second policy recommendation is to clearly introduce ‘Quantity 
Management’ into the WFD River Basin Management Plans (RBMPs). 
 
Water stress and water resource efficiency is a quantity issue however the 
WFD in its current form focuses primarily on water quality issues and does 
not adequately address quantity issues.  Given that quality and quantity are 
intrinsically linked to each other it is recommended that ‘Quantity 
Management’ should be clearly introduced into the RBMPs aiming to ensure 
that the water balance between supply and demand in all water bodies in a 
basin is both statically and dynamically in balance. This will require the 
dynamic modelling of water resources prior to the preparation of future 
revisions of the RBMPs. 
 
It has been commented by some of the Environmental Competent Authorities 
from the case study areas that quantity is sufficiently addressed in the WFD 
on the basis that ‘Good Ecological Status’ cannot be achieved in water bodies 
with serious quantity issues, therefore quantity management is an implicit 
requirement of the WFD.   However, the results of the analysis do not readily 
support the position that quantity management that is limited in scope ‘to 
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protect ecology only’ (e.g. ensure minimum ecological flows) can adequately 
address the quantity issue.   
 
For example, in the UK (England and Wales) case study, ESW (the WSP) has 
estimated the Economic Level of Leakage (ELL) of its water distribution 
network to be 68.5 Ml/d (~15%).  Actual leakage (2004-2007 average) is 67.2 
Ml/d.  Per capita water consumption is already low for this utility (125 l/c/d) 
and they have already implemented major investments in water loss 
reduction, including pressure management and formation of DMAs.  
Additional Active Leakage Control is not a cost effective option given low 
levels of distribution losses and the fact that even if all leakage losses were 
eliminated that alone still would not fully provide security of supply of the 
2030 projected demand. 
 
Therefore, if the water users in the basin are dealt with separately and each 
has to solve its own supply problems, the cost effective solution for resource 
management for ESW in isolation is the solution they currently have i.e. the 
Abberton Scheme.  There may be alternative schemes that could be proposed 
that could secure a sustainable supply of resources in the Basin for all users at 
lower cost.  However, an entity other than ESW would have to initiate them, 
eg a strategic water resources planning/development agency. 
 
The River Basin Authorities that originally had this role in England and Wales 
(under the 1973 Water Act) were abolished during privatisation in 1989, and 
their investment planning function was devolved to the water companies, 
whilst environmental regulation and oversight at the basin level was retained 
within the new National Rivers Authority (which subsequently became the 
Environment Agency).  This fundamental separation of infrastructure 
planning and development from resource monitoring and oversight has 
resulted in a situation whereby integrated resource development now relies 
upon close cooperation and coordination between a number of different 
public and private sector bodies with different aims and objectives. 
 
Moreover, this separation has also resulted in a fairly complex hierarchy of 
plans and strategies for water resources management at the local/basin level, 
some focussed on monitoring and protection, others on resource development 
and management.  There are also no explicit links between these various water 
resources plans and strategies and the spatial and economic planning process 
carried out by local government authorities, other than via the EA’s role as a 
statutory consultee in the planning process.  In short, effective integrated 
water resources development in England and Wales now requires close 
linkages and iterative development processes to be established between the 
different plan authors.  
 
In contrast the French Case Study in the Adour- Garonne shows that where 
active quantity management is fully managed within the basin planning 
process, including both the needs of society and the environment, conditions 
of severe water stress can be reversed for the benefit of all. 
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In France, in the Adour-Garonne basin, the development of irrigated 
agriculture between the 1970s and the 1990s had significant adverse 
consequences on the basin’s water resources and produced severe low-water 
levels from the end of spring. These severe low-water levels have had negative 
impacts on the water environment, and conflicts of interests with other water 
users occurred. As a result, concerted measures and actions have been taken at 
national, basin and water body level to promote the sustainable development 
of the basin’s water resources. 
 
The regulation and management of water resources in the Adour-Garonne 
Basin was facilitated by the introduction of legal, regulatory and management 
instruments. The implementation resulted in significant improvements the 
body of knowledge of the water regime within the basin.  It also clarified the 
roles and responsibilities of stakeholders, and promoted real dialogue 
between stakeholders for the sustainable management and sharing of limited 
water resources, improved water resource management practices to determine 
the optimal mix of interventions necessary to ensure the long-term balance 
between supply and demand in order to meet their respective water 
management objectives (i.e. Least Cost Plan), and reduced the frequency of 
crisis due to water scarcity and drought. 
 

6.1.3 Policy Recommendation 3 - Water Pricing (Environmental & Resource Costs) 

Our third policy recommendation is that the environmental and resource cost 
(ERC) of water fairly calculated in the preparation of RBMPs, and these costs 
are recovered from water users (in the form of abstraction fees or user fees) to 
fund water resource management activities.  
 
It is envisaged that the recovery of environmental and resource costs via a 
consumption-based abstraction or user fees would promote resource 
efficiency where the ERC fee would adequately differentiate between stressed 
and non-stressed resources, and would be set at levels that reflect the cost of 
managing water resources (IWRM) to meet water quality and quantity 
objectives.  In the preparation of financing plans to support the 
implementation of the RBMPs, as included in Policy Recommendation 2, data 
on the costs of funding water resource management activities would be 
available to facilitate the calculation of resource cost recovery levels. 
 
It is not recommended that this ‘resource fee’ be set artificially high as this too 
can lead to economic distortions and economic wastage e.g. if a real water 
resource cost is approximately 25 eurocents per m3 but is charged at 70 
eurocents then there is an additional incentive to a water service provider of 
45 eurocents/m3 to reduce its level of leakage below its optimal level. 
Therefore in addition to effectively paying a 45 eurocents/m3 tax to the state, 
the water services provider would be further encouraged to invest another 45 
eurocents/m3 into leakage control measures below the SELL value which have 
no benefit to either society or the environment, resulting in 45 eurocents/m3 
wastefully invested. 
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6.1.4 Policy Recommendation 4 – Water Pricing - Cost Recovery for WSP 

sustainable service provision 

Our fourth policy recommendation it to further promote the principle of Cost 
Recovery in the area of water tariffs necessary to provide sustainable public 
water service delivery: (WFD re Art. 9). 
In general the principle of cost recovery is not implemented across the EC. 
Typically either: the environmental and resource cost (ERC) of water as 
referred to in Policy Recommendation 3 above, or levels of asset renewals 
costs necessary for the long-term sustainability of water service provision are 
not adequately included in user tariffs.  
 
The term ‘cost recovery’ for public water services provision includes: 
 
• Environmental and Resource Costs: where ERCs are calculated as the 

Marginal Cost of Water for the integrated management and protection 
of the water resource prior to abstraction by the water services provider 
(i.e. the cost for the administration, management, protection and 
sustainable development of the raw water resources at a basin level, 
using the Least Cost Plan (LCP) approach, in order to meet overall water 
objectives for quality and quantity).  Note: the ERC should not include the 

cost of pollution. The costs for pollution reduction / mitigation / clean-up are 

assigned separately and paid for by the polluter under the polluter-pays 

principle of the WFD. (Side Note - in some of the Case Studies pollution fees are 

charged which were subsequently used to fund the cost of WFD PoM activities 

(even though the Case Study was fully in compliance with the UWWD and 

permitted discharge requirements) –these revenues were included in the 

calculation of total ERCs as the objective was to calculate environmental costs 
 
• Operating and Capital Costs: where these are calculated as the incremental 

cost of water abstracted and distributed by the Water Services Provider, 
based on variable system operating costs plus the capital and operating 
costs of any future supply and demand options required over the 
planning period, selected using a Least Cost Plan (LCP) approach. 

 
• Asset Renewals Costs: where asset renewals costs are calculated as the 

projected level of erosion of the water infrastructure asset base over the 
planning period, calculated using an infrastructure renewals accounting 
approach based upon the modern equivalent asset value of the core 
water system assets.  

 
As mentioned throughout the report, the SELL is the level of leakage in the 
water distribution network at which the marginal cost of leakage control for 
the Water Services Provider (WSP) equals the Marginal Cost of Water.   
Therefore, if the latter is artificially lowered this also reduces the level of 
investment that a water services provider would invest in leakage control in 
order to find the economic breakeven point.  
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6.1.5 Policy Recommendation 5 - Harmonisation of Plans 

Our fifth policy recommendation is to require the harmonization of RBMPs 
with other strategic physical & socio-economic planning documents prior to 
adoption and to require that these RBMPs are supported by a real Financing 
Plan. 
In general, the RBMPs (as required under the Water Framework Directive) 
prepared, adapted and submitted by Member States to the Commission have 
not been adequately coordinated with other internal strategic physical and 
socio-economic planning documents prior to adaption, and do not have the 
financial resources behind them to support their implementation.   
 
The lack of coordination between socio-economic plans, rural development 
plans, spatial development plans and RBMPs together with the absence of 
supporting financing plans severely hinders the implementation of the RBMPs 
and does not promote the WFD principle of cost effectiveness in order to 
achieve the objectives of the RBMP at the least cost.   
 
In addition, during public consultation processes the public have generally 
not been advised of the costs of measures and the mechanisms by which these 
costs will be recovered.  The costs associated with the implementation of the 
RBMPs should be known prior to adoption in order for the principles of cost 
recovery, cost effectiveness and disproportionate cost and informed public 
consultation to be adequately addressed, and a Financing Plan in place.  
 
In summary, the Commission could in future set higher standards for the 
quality of RBMPs to be prepared and adapted by Member States, whereby the 
plans are required to have a detailed financing plan that has been through a 
formal public consultation process.  Moreover, there should be a demonstrable 
linkage to and coordination with other sector and spatial development plans, 
such as was achieved by the Turkish authorities during the development of 
the Yesilirmak River Basin Plan.  In this case, a Socio-economic Development 
Master Plan was first prepared and (following consultation) adopted for the 
basin in 2008, which included the socio-economic development objectives for 
the basin’s water resources.  Subsequently an integrated water resources 
management (IWRM) plan was prepared in 2010 that incorporated these 
socio-economic development objectives, and provided an interim planning 
document prior to the completion of the RBMP.   Further details on this 
approach are provided in Annex F. 
 

6.1.6 Policy Recommendation 6 - Improving Asset Life 

Our sixth (and final) policy recommendation is to improve the overall 
economic efficiency of a water distribution network by increasing its asset life 
(asset life extension) and system design performance (where EC funds water 
infrastructure). 
 
Public water service provision is a capital intensive industry where fixed 
assets with a long asset life and their maintenance form the largest component 
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(60-80%) of the business cost structure.  Therefore any cost effective way to 
increase the life of assets and improve system performance will have a 
significant impact on the long term cost efficiency of the service.   
 
Given that most assets, such as pipe networks, will need to last from 50 to 100 
years and longer in order to be cost effective, it is important to select the asset 
carefully when purchasing it and to get it right first time.  This involves the 
correct choice of materials and a high standard of installation for networks. 
The Lisbon case study highlighted the effectiveness (both technically and 
economically) of fundamental good water distribution system design, 
installed to high standards.  Getting the initial distribution system design 
correct and it installed to a high standard will reduce long term system losses 
as well as reduce operating and asset renewals costs. 
 
 

6.2 OPTIONS & INSTRUMENTS FOR THE IMPLEMENTATION OF POLICY 

RECOMMENDATIONS 

The implementation of the above policy recommendations to into EC water 
policy could be achieved through the following options and instruments. 
 
‘Voluntary Approach’  
via the development of 
guidance through a 
working group under 
the WFD Common 
Implementation 
Strategy. 

• Promote sustainable water management (including water 
efficiency/leakage reduction) in water stressed/potentially 
water stressed areas by prioritising it in the use of Cohesion 
and Structural Funds. 
 

• Promote sustainable water management (including water 
efficiency/leakage reduction) investment on the basis of 
European Investment Bank loans 

 

• CIS guidance on Best Practice on Leakage Reduction 
 

‘Regulation’  
via the adoption of 
technical annexes to the 
WFD. 

Wherein sustainable water management / efficiency measures are 
defined as eligible as climate adaptation measures. This would 
require the support of: 
 
• A harmonised method for determining the SELL, for use in the 

selection of water efficiency/leakage reduction investment 
planning. 
 

• A harmonised rating /audit method for reviewing or rating the 
water management readiness or sustainability of RBMPs and 
Water Bodies. 
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7 TRANCHE 2: INTRODUCTION AND BRIEFING NOTE 1 

7.1 INTRODUCTION 

Tranche 1 culminated in a number of key findings to be examined and further 
developed during the Tranche 2 contract works, as follows. 
 
• There is no single parameter that can indicate resource and economic 

efficiency in a water distribution network for which a target can be set in 
order to promote efficiency, hence it was recommended to use two, which 
when compared together could indicate the level of resource and 
economic efficiency - these two parameters being i. the real volumetric 
water losses in a network reported as a ratio of system input volume (LoL) 
and ii. the SELL - also reported as the real volumetric water losses in a 
network as a ratio of system input volume. Where these two figures are 
similar this would indicate that the network is operating efficiently – 
provided that the environment and resource costs (ERC) are included in 
the calculation of the SELL, 

 
• Therefore in order to fairly calculate the SELL then the ERC must also be 

calculated. However, the conventional methods for the calculation of ERC 
or environmental and resource externalities using Ecosystem Services 
Valuation techniques are value-based and tend to produce widely 
inconsistent results as techniques used differ and the perceived values of 
water by people from differing areas and MSs varies widely. The absence 
of a method that could reasonably determine the extent of these 
environmental and resource costs has been an underlying reason for 
general exclusion of environmental and resource costs in the investment 
decision making considerations of water service providers. 

 
• In response to this problem this contract under Tranche 1 developed and 

applied a cost-based method for the calculation of ERC based on the 
RBMPs for WFD compliance, where all costs for the administration, 
management, protection and sustainable development of water resources 
at a river basin level are included in the cost calculation, and the 
programme of measures (PoM) and actions necessary to meet overall 
water objectives for quantity (sustainable water use Art. 1WFD) and 
quality are selected using the Least Cost Plan approach).  

 
• While the method proved robust, the environmental and resource cost 

(ERC) calculated as a result is only as good as the RBMP upon which the 
calculation relies, in that the sustainable resource management costs are 
assumed to have been accurately reflected in the RMBP.  In the course of 
the Tranche 1 case studies a main substance issue with the RBMPs became 
evident reflecting underlying water policy weakness – i.e. the RBMPs in 
general did not adequately address quantity for ‘sustainable water use – 
Art. 1 WFD’, and therefore did not fully identify costs necessary for 
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‘sustainable water use’.  It also became evident that the underlying reason 
for this omission or partial omission in the RBMPs was the absence of 
consensus, policy and/or guidance for the consistent inclusion of water 
quantity issues in RBMPs. Specific EC policy or guidance is required in the 
areas of: 

 
- the reduction or elimination of ‘water scarcity’, 
- the preservation of aquatic ecosystems, their sites and wetlands 

(via setting E-flow methodologies/targets); and, 
- the incorporation of the quantity impacts of climate change. 

 
All of which are quantity issues and directly contribute to the fulfilment 
of Article 1 of the WFD.  

 
The above findings thereafter led to the selection by the Commission of two 
key issues to be addressed by the Tranche 2 contract works, as follows: 
 
• Issue 1:  The need for a robust ‘cost-based’ method for the calculation of 

ERC so that the environmental and resource cost of water can be recovered 
(Art 9 WFD) and can be included in the SELL calculation to promote 
resource and economic efficiency in water distribution networks. 

 
• Issue 2:  The need to incorporate quantity issues into the RBMPs that 

directly contribute to the fulfilment of Article 1 of the WFD.   
 
The contract response to Issue 1 (Independent Review of TBAC Method) is 
discussed below, and the response to Issue 2 (Portugal’s Tagus River Basin 
District Pilot Study) is discussed in Section 8. 
 
 

7.2 RESPONSE TO ISSUE 1: INDEPENDENT REVIEW OF TBAC METHOD 

As the TBAC approach to assign monetary price (value) to the environmental 
and resource cost (ERC) of water was a new tool developed under the 
Contract, the EC Contract Manager requested that it be independently 
reviewed by an environmental economist that had not been involved in the 
Tranche 1 Contract works and independent of the Contract team.  The output 
of this review would form contract Briefing Note 1 (Annex H) where the 
specific task of the independent environmental economist was: 
 
 
To provide a comparative assessment of the following two methods for valuing ecological 
externalities in the context of the EC Water Framework Directive (WFD): 

i. The WFD Target-Based Associated Costs (TBAC) approach used for the estimation of 
ERC in the Resource and Economic Efficiency in Water Distribution Networks in the EC 
– ELL Method; and, 

 
ii. Current Ecosystem Service Valuation (ESV) approaches. 
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The following is an overview of both approaches and their respective 
advantages and disadvantages, as described in Annex H. 
 

7.2.1 The WFD Target-Based Associated Costs (TBAC) approach – Consideration 

of Externalities   

The TBAC approach to valuing ecological externalities utilises the key 
assumption that where abstraction and water use fees are charged (either 
directly or indirectly) and include the costs associated with the management 
of water resources to achieve good water status under the EC Water 
Framework Directive (including sustainable abstractions) then the associated 
ecological externalities are deemed already included in their calculation of the 
Marginal Cost of Water.  The TBAC approach assumes that social preferences 
have been accounted for through the participatory component of the basin 
management plans as well as the wider legislative process behind the Water 
Framework Directive – rather than attempting to measure preferences at the 
basin level through a separate valuation study.  
 
Its advantages and disadvantages are as follows. 
 
Advantages: 

 
• Simplicity - the approach does not require additional economic analysis of 

externalities; rather, it makes the assumption that a basin management 
plan that targets good ecological condition as defined in the WFD has 
internalized those costs into basin management. The costs of 
implementing those policies can then be incorporated into water pricing.  

 
• Avoids or reduces instances of double-counting – by utilising the 

economic considerations built into the basin management plans, this 
TBAC approach avoids the problematic aspects of double-counting 
environmental costs through an additional economic analysis. 

 
• Since it is grounded in a Least Cost Plan approach, the TBAC approach 

promotes efficiency in both the use of water resources and in the use of 
society’s financial resources for water basin management as a whole.   

 
• As a result of using scientifically and politically agreed environmental 

targets to define good water status, the TBAC approach does not have the 
challenge of attempting to estimate ‘intrinsic value’ and other particularly 
challenging aspects of ESV. 

 
Disadvantages: 

 
• The TBAC calculation will only be as sound as the river basin plan that it 

is based on.  It may therefore take a few rounds of 5-yearly river basin plan 
“updates’ before the TBAC can be accurately determined.  For example, if 
a basin plan is fully implemented with the environmental and resource 
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costs of water set using the TBAC method and these costs are recovered in 
accordance with Article 9 of the WFD, but the Water Quality Objectives set 
in the plan are not met, then the plans upon which the cost of water has 
been calculated, including the associated resource and environmental 
costs, was flawed.  Therefore the calculation of the associated resource and 
environmental cost of water will also be flawed.  

 
7.2.2 The Ecosystem Services Valuation (ESV) Approaches – Consideration of 

Externalities   

The Ecosystem Service Valuation (ESV) approach assesses the value to society 
of the suite of goods and services provided by a defined ecosystem, in this 
case, river basins managed through river basin management plans. This 
approach draws upon a variety of methods to calculate a monetary value for 
the “direct” “indirect” and “non-use” values associated with an ecosystem 
(see Box 7.1), many of which are overlooked in existing markets, including any 
existing water pricing schemes that do not incorporate externalities. An 
overview of the total economic value (TEV) concept at the centre of the 
economic valuation approach is provided in Box 1.1.  
 
 The most common methodological approaches to economic valuation can be 
divided into the categories of imputed willingness to pay, expressed 
willingness to pay, and value (or benefit) transfer methods.   Different 
approaches tend to be suited to assessing different types of values (e.g. direct, 
indirect, non-use) and a TEV assessment will often include a mixture of 
approaches.   
 
The use of an ESV approach in calculating the ecological and resource value of 
water enables policy makers to directly assess the value placed by society on 
environmental benefits that have traditionally been excluded from water 
pricing.  Theoretically, this should therefore help to establish a water price 
that appropriately incorporates the environmental externalities. 
 
The advantages and disadvantages of utilising an ESV approach are outlined 
below. 
 
Advantages: 

 
• While it is widely acknowledged that economic valuation techniques face 

a number of methodological and philosophical challenges, the core 
argument in favour of ESV tends to be that some attempt to capture the 
value of the more abstract environmental externalities is better than 
nothing, a situation which otherwise results in an “assumed value” of 
zero.    
 

• Survey-based approaches also offer a direct means of measuring the value 
that resource users place on both tangible and intangible services provided 
by water basins; as a result, these surveys also constitute a form of 
stakeholder engagement that, if repeated at different points in time, can 
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help to capture changing preferences relating to environmental protection 
and resource use.  Benefit transfer, which may be the most likely 
methodological approach to ESV for many river basins, can also be 
calibrated by introducing small-scale primary data collection and 
stakeholder engagement to help inform the transfer of values to a local 
context.    

Box 1.1 Total Economic Value (TEV) 

 
 
Disadvantages: 

 
Economic valuation techniques face a number of methodological and 
philosophical challenges: 
 
• “Double-counting” is often a concern for arriving at “clean” value 

estimates using ESV. For example, it can be difficult to fully separate out 

The Total Economic Value (TEV) conceptual framework views ecosystem goods and services as 
the flows of benefits to humans. The values of these benefits are assessed by examining the 
ways in which ecosystem services are directly or indirectly utilised by people (use values) and 
the ways in which they provide intangible benefits to society (non-use values). 
 
Use Values  

 
Use values can be sub-divided into direct use value and indirect-use value:  
 
• Direct use values arise from human use of natural resource systems, including extractive 

use such as timber or fisheries and non-extractive use such as tourism and recreation. These 
values are often captured in existing markets; and 

 
• Indirect use values result from the regulatory or supporting ecological processes that 

contribute to the ecosystem services giving rise to benefits. For example, processes 
occurring in wetlands remove excess nutrients, improve water quality and provide flood 
protection through retaining water.  

 
Non-use values  

 
Non-use values do not involve direct interaction between humans and ecosystems. They 
include:  
 
• Altruistic values, derived from knowing that others can enjoy the goods and services 

from ecosystems; 
 
• Bequest values, associated with knowing that ecosystems are passed on intact to future 

generations; 
 
• Existence values, arising from the knowledge the ecosystem and its services continue to 

exist ; and 
 
• Option values, the benefit from the security of knowing that an ecosystem is being 

preserved for possible but unforeseen future uses, such as a species with possible 
pharmaceutical applications (sometimes categorized as a use value). 

 
Source: UK Houses of Parliament Parliamentary Office of Science and Technology. 2011.   
Ecosystem Service Valuation. POST Note #378. May 2011. London, UK 
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the value people place on “end-use” services such as clear water for 
swimming or high fish abundance and diversity when fishing, from the 
regulating and supporting services that contribute to these services – 
particularly for a service such as erosion control, which may contribute to 
multiple other end-use services. Many of these methodological challenges 
can be overcome in a high quality, technically proficient ESV; however, 
many ESVs do not sufficiently avoid double-counting – including many 
studies that might be relied upon for benefit transfer in the event that 
survey-based ESVs are too cumbersome.  

 
• Ecosystem service valuation approaches often produce value estimates 

with a large margin of error; the high end of the range, especially for non-
use values, can often be extremely high, particularly if the study has not 
been appropriately grounded (e.g. by including opportunity costs).  

 
• There are hazards associated with over-estimating society’s willingness to 

pay for environmental outcomes. Unrealistically high prices for water 
value may lead to inflated water and ecological resource valuations levels 
that if incorporated into the decision-making processes for investments 
would result in  investments would that have much less benefit to society 
than estimated, resulting in the waste of society’s limited financial 
resources that could have been better stent elsewhere, when other options 
are available.  There are also cases, such as the Murray-Darling basin in 
Australia, where an ESV approach produced a value estimate that proved 
much higher than was politically feasible to translate into basin 
management policy. 

 
• It is difficult to include non-anthropocentric environmental benefits (eg the 

intrinsic value of nature in its own right, independent of human welfare) 
in monetary valuations.  As noted by Fisher (2008), this is more 
appropriately a matter for policy makers to determine – as they have in 
specifying the good ecological status (GES) target in the WFD.   The WFD 
sets targets and then puts the onus on polluters to prove that the costs of 
measures to achieve GES are disproportionately expensive. 

 
• Adding an ESV stand-alone valuation exercise into the process for setting 

water prices has some potential to lead to confusion and/or over-
complicate river basin management planning.   

 
7.2.3 Discussion of Both Valuation Approaches (see Annex H for details) 

The TBAC  approach assumes that social preferences, inter-alia the minimum 
ecological standards, have been accounted for at Member State level through 
the participatory component inherent in the enactment of law and in the 
participatory process included in the preparation of the WFD River Basin 
Management Plans (RMBP), wherein the legislative and regulatory targets are 
set both generally in law and specifically within an adapted RBMP; and at and 
EU level the social preferences / targets / objectives of EU society included in 
the EC WFD are the result of the wider participatory and legislative process 
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behind the Water Framework Directive (i.e. in establishing ecological and 
sustainable water use targets).  
 
Arguments in favour of the TBAC approach used in the ‘Resource and Economic 

Efficiency in Water Distribution Networks in the EC – ELL Method’ include its 
simplicity and its integration with the decision-making process established 
under the WFD.  It also runs a lower risk of overestimating the value of water, 
which can lead to inefficient use of limited financial resources and/or delays 
and political hurdles in implementation.  The primary drawback of the 
approach is likewise its reliance on the river basin management planning 
process. Where the planning and implementation of water management is not 
working well, appropriate water pricing may lag worryingly behind the levels 
needed to achieve good ecological status. i.e. water pricing that results from 
using a TBAC approach can only be as good as the River Basin Management 
Plan upon which it is based. 
 
In contrast to the TBAC approach, ecosystem service valuation (ESV) attempts 
to measure user preferences and estimate the value of water at the basin level 
through a separate valuation study.  Ecosystem valuation techniques face 
challenges in terms of precision and accuracy, with more robust results 
typically requiring considerable time and expense.  Large margins of error 
may present a challenge when attempting to use the outputs for something as 
precise as water pricing.  However, ESVs do allow for a fresh analysis of the 
benefits provided by river basins and of stakeholder preferences regarding 
ecological protection – something that may be particularly useful in basins 
that are lagging behind in establishing robust river basin management plans.     
 
Given the above, it is worth carefully considering the drawbacks of ESV 
approaches before utilising them across the board to calculate water resource 
and environmental costs as required under Article 9 of the WFD. Utilising 

ESV in river basin management planning could complement the TBAC 

approach and vice-versa. This could help to improve the robustness of river 
basin management planning and build a broader library of water valuation 
studies, while still encouraging countries to establish least-cost approaches to 
reaching ecological targets and economic efficiency. 
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8 TRANCHE 2: PORTUGAL’S TAGUS RIVER BASIN PILOT STUDY 

8.1 INTRODUCTION 

The objectives of the second stage of Tranche 2 contract works were as 
follows: 
 
• To propose a method and/or targets for water quantity objectives that 

could be used to incorporate the quantity issues into the RBMPs to support 
the fulfilment of WFD Article 1 requirements for sustainable water use. 

 
• To test the application of methods and/or targets for water quantity 

objectives on a pilot river basin district (the Tagus Basin in Portugal) and 
report on the findings. 

 
These activities are described in detail in the technical briefing notes presented 
in Annexes I and J to this report, and summarised in the following sections. 
 
 

8.2 DEFINING WATER QUANTITY OBJECTIVES 

The overall water quantity objective to be addressed by the Tranche 2 work is 
as follows.  
 
• To ensure that the water balance between supply and demand in water 

bodies in the Basin is both statically and dynamically in balance, and in 
doing so contributes to the fulfilment of Article 1 (a) and (b) and (e) of the 
WFD. 

 
The key methodological steps towards achieving this were as follows: 
 

i. Setting the limits for the reduction or elimination of ‘water scarcity’ 
within the Basin to the extent possible given the specific local socio-
economic restraints; where ‘water scarcity’, as defined by the EC, occurs 
where there are insufficient water resources to satisfy long-term average 
requirements. Water scarcity refers to long-term water imbalances defined 
both spatially and temporally, combining low water availability with a 
level of water demand exceeding the supply capacity of the natural 
system. 

 

The key objective set for the test application of the method is that the water 
balance should be achieved in modelled scenarios for quantity on a monthly 
time-step for sub-catchments where the maximum area of any modelled sub-
catchment is 2,500 km2 (providing a stream-flow monitoring density equal to 
the minimum required for water quality under the WFD). 
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ii. Given the spatial and temporal limits have been set as above then the 
socio-economic, environmental flow (E-flow) and climate changes impacts 
are overlaid and the measures necessary to maintain water balance for 
each scenario is quantified in terms of ‘equivalent storage’, which can 
include inter-alia water savings measures, natural water retention 
measures/green infrastructure, new storage in the form of dams, or a 
mixture of all. 

 
The scenarios modelled for the Tagus Pilot Study are shown in Table 8.1. 

Table 1.3 Water Resources Assessment Scenarios 

Scenario Description Assessment objective 

1 Baseline scenario – identification of 
water scarce areas 

We need to know (for each sub-basin or 
sub-basin grouping) if there is a water 
imbalance on a monthly basis that current 
storage/regulation cannot cope with, and 
if so, how much new equivalent volume 
do we need to construct to eliminate the 
water deficit on a monthly time step. 

2 Scenario 1 plus water quantity 
interventions (equivalent storage) to: 
eliminate water scarce areas; and 
achieve E-flow targets 

In addition to the new equivalent volume 
identified in Scenario 1, we need to know 
how much more volume (separated into 
equivalent volume and real volume to 
compensate for loss of storage for HPP by 
sub-basin) we now need to both eliminate 
water imbalance on a monthly time step at 
critical control points and to achieve 
compliance with the E-flow targets. 

3 Scenario 2 plus water quantity 
interventions to achieve local 
short/medium term socio-economic 
development goals 

As above, but overlain by changing water 
demands created by socio-economic 
development scenario for basin as defined 
in Basin Plan.  (In the case of the Tagus 
pilot, negligible difference was found in 
terms of the calculated volume for 
Scenarios 2 and 3.) 

4 Scenario 3 overlain with IPCC climate 
change scenario A1BAverage 

As above, but overlain by chosen climate 
change scenario for basin. 

5 Scenario 3 overlain with IPCC climate 
change scenario A1Bmax 

As above, but overlain by chosen climate 
change scenario for basin. 

 
 
The following sections present the methodologies selected for the modelling 
of E-flows and climate impacts and the resulting outputs of the scenarios 
modelled and the conclusions of their overall impact. 
 
 

8.3 OBJECTIVES OF TAGUS PILOT STUDY 

The Tagus River Basin Management Plan (RBMP) was published for public 
consultation by ARH do Tejo in July 2011. (1)  In general, it is an extensive, 

 
(1) See http://www.arhtejo.pt/web/guest/pgrh-participacao-publica 
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thorough and well-documented plan that has been developed based upon an 
array of hydrological and water quality monitoring data for the river basin.    
 
In broad terms, the objective of the pilot study was to utilise the data available 
for the Tagus basin to provide an outline ‘roadmap’ or framework 
methodology for the development of an integrated water resources 
management (IWRM) plan for a river basin that will support the 
implementation of the policy recommendations described in Section 6.  More 
specifically, the objective of the study is to apply, in a skeletal form, policy 
recommendations 1, 2, 3 and 4 in Table 6.1 to the Tagus Basin Plan, and in 
doing so: 
 
• Test methodologies for: 

o overlaying water quantity management (ie IWRM) objectives to an 
existing Basin Plan; 

o the selection of  design criteria upon which the infrastructure 
‘solution’ or ‘set of measures’ are based; and 

o the calculation / estimation of the water resource cost. 
 
• Review/assess the implications of applying these policy recommendations 

to a specific pilot basin. 
 
 

8.4 STUDY APPROACH 

Our approach to the pilot study involved the following key steps. 
 
1. To review the existing Basin Plan and collect all existing historical 

meteorological, water quantity (stream-flow and groundwater level) and 
water quality raw data available for the Basin, including all data used in 
the preparation of the current Basin Plan. 
 

2. To build a good conceptual understanding of the main characteristics of 
the water regime within the Tagus River Basin, including:  

o atmospheric inputs;  
o surface water resources (and their existing regulation);  
o surface water quality; and 
o overall water balance. 

 
3. To assess and model (in skeletal form) future water management scenarios 

as follows: 
o projected water demands necessary for the implementation of a 

range of socio-economic development profiles for the Basin; 
o feasibility of meeting these demands, including actions necessary 

(e.g. storage, wastewater treatment, and other Blueprint priorities 
such wetlands, buffers etc.), whilst cost effectively achieving/complying 

with environmental flows (E-flows) and WFD water quality objectives at 

selected control points in the basin; and 
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o feasibility of meeting demands under range of projected future 
atmospheric input conditions, including climate change scenarios 
and extreme (drought/flood) events.   

 
4. To use the analysis carried out to prioritise and plan the integrated 

management of water resources in the Tagus River Basin, i.e. to set the 
framework within which a future Basin Plan can be developed to address 
the requirements of the EC Blueprint. 

 
5. To prepare a provisional Least Cost Plan and financing mechanism(s) for 

these actions. 
 

8.5 DEFINITION OF E-FLOWS 

8.5.1 Introduction 

The methodology used to define environmental flow (E-flow) requirements in 
the Tagus River basin is presented in detail in Annex I.  The approach taken 
was based upon a simplified version of the RVA method developed by 
Richter. (1)  The RVA method was chosen since it has been adopted worldwide 
as an industry best practice for determining E-flows.  More particularly, it has 
been extensively used in the United States in regulated systems to maximise 
the benefit of high-flow pulse releases of water from dams at a targeted 
magnitude, frequency, timing, duration and rate-of-change (2) .  Given the 
highly regulated nature of the Tagus river basin (40% of dams by volume are 
private HPPs) this was deemed particularly important in its choice. 
 
However, it is recognised that there are other more sophisticated 
methodologies for defining E-flows that have been developed since the RVA 
method that take account of the inter-annual variability of flow conditions in 
river systems.  Such methods vary releases in different years depending on 
where they fall on the range from drought to wet.  Notwithstanding that this 
is an important characteristic of the flow regime, these methods necessarily 
require continuous monitoring and adjustment of releases within and between 
years in response to conditions as they develop.  Issuing a license (e.g. for a 
dam operator) to meet these fluctuating requirements and verification that the 
license terms had been respected would not be straightforward.  The more 
often a dam operator is required to make releases to meet E-flow 
requirements, the higher will be the economic cost.   It was therefore decided 
that on this occasion a more straightforward method that does not include 
inter-annual flow variability would be more appropriate.  This method is 
further discussed in the next sections. 
 

 
(1)Richter, B.D., J.V. Baumgartner, J. Powell, and D.P. Braun. 1996. A method for assessing hydrologic alteration within 

ecosystems. Conservation Biology 10:1163-1174. 
(2) Mathews, R. and Richter, B. (2007).  Application of the Indicators of Hydrologic Alteration software in environmental 

flow-setting. Journal of the American Water Resources Association (JAWRA), 43 (6): 1400-1413. 
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8.5.2 Governing Principles 

The chosen method for establishing E-flows should satisfy a number of 
criteria, or principles, as follows. 
 
• It should maintain or enhance environmental standards. A corollary of this 

is that no water user should be required to enhance flows beyond those 
that would occur naturally. 
 

• It should form a basis for the licensing of abstractions, discharges and 
impoundments. This in turn implies a degree of stability in the definition 
of E-flows. A water utility (in broadest sense of that phrase) should have 
some degree of certainty of the conditions under which an investment can 
be operated during its lifetime. 

 
• The method should be operable. That is it should be possible for a water 

user to comply with the licensing requirements related to E-flows and for 
this to seen to be the case. Should a water user have committed an 
infraction of the terms of use it should be possible to prosecute. 

 
• The principles should apply to rivers with different combinations of 

abstractions, discharges and impoundments. 
 
The biological health of a river is, other things being equal, a function of the 
variability of the flow in that river.  To satisfy the basic requirement of 
maintaining or enhancing the aquatic environment as much as possible of that 
variation in flow should be reproduced. 
 
In general there are 5 environmental flow components (EFCs) in a flow regime 
(Box 8.1), each of which supports specific ecological functions.   
 

Box 8.1 Environmental Flow Components 

1. Extreme low flows occur during drought. Extreme low flows are associated with 
reduced connectivity and limited species migration. During a period of natural 
extreme low flows, native species are likely to out-compete exotic species that 
have not adapted to these very low flows. Maintaining extreme low flows at their 
natural level can increase the abundance and survival rate of native species, 
improve habitat during drought, and increase vegetation. 

 
2. Low flows, sometimes called baseflows, occur for the majority of the year. Low 

flows maintain adequate habitat, temperature, dissolved oxygen, and chemistry 
for aquatic organisms; drinking water for terrestrial animals; and soil moisture for 
plants. Stable low flows support feeding and spawning activities of fish, offering 
both recreational and ecological benefits. 

 
3. High flow pulses occur after periods of precipitation and are contained within 

the natural banks of the river. High flows generally lead to decreased water 
temperature and increased dissolved oxygen. These events also prevent 
vegetation from invading river channels and can wash out plants, delivering large 
amounts of sediment and organic matter downstream in the process. High flows 
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also move and scour gravels for native and recreational fish spawning and 
suppress non-native fish populations, algae, and beaver dams. 

 
4. Small floods occur every two to ten years. These events enable migration to flood 

plains, wetlands, and other habitats that act as breeding grounds and provide 
resources to many species. Small floods also aid the reproduction process of 
native riparian plants and can decrease the density of non-native species. 
Increases in native waterfowl, livestock grazing, rice cultivation, and fishery 
production have also been linked to small floods. 

 
5. Large floods take place infrequently. They can change the path of the river, form 

new habitat, and move large amounts of sediment and plant matter. Large floods 
also disperse plant seeds and provide seedlings with prolonged access to soil 
moisture. Importantly, large floods inundate connected floodplains, providing 
safe, warm, nutrient-rich nursery areas for juvenile fish. 

 
 
The analysis of the Tagus flow monitoring records revealed that for three of 
the five EFCs shown in Box 5.1 – low flows, small floods and large floods - the 
degree of departure from naturalness due to flow regulation in the basin was 
minimal, and that the two EFCs most impacted are extreme low flows 
(drought) and high pulse flows.  To achieve the above objectives, therefore, 
the regulatory E-flow (extreme low-flow and pulse flow) targets described in 
the next section have been applied.  In addition, for comparison purposes, the 
resulting E-flow hydrograph calculated using the pilot study method (ie 
including all 5 flow components) is shown in comparison to both naturalised 
and observed flows and the E-flow calculated using the standard RVA/IHA 
method in Annex I1.  
 
Importantly, this method has been developed in the absence of any detailed ecosystem 

or flow regime studies in the basin, and therefore could be amended in future to take 

account of any results from such studies.  The aim of the pilot study was to 

demonstrate the principles, method and the impact in quantity terms of taking action 

to improve two of the EFCs that were identified (from the analysis of available data) as 

most affected by regulation in the basin. 

 
8.5.3 Summary of E-flow Calculation Method 

For RVA Step 3: develop hypothesis on how to alter the flow regime to 
promote/ facilitate Good Ecological Status (GES), as follows. 
 
The comparison of the naturalised flows with current flow conditions to assess 
the degree of ‘departure from naturalness’ that has already taken place carried 
out under RVA Step 2 shows that in the Pilot Basin only 2 (the extreme low-
flow EFC and the high pulse flow EFC) of the 5 EFCs depart from natural - the 
remaining 3 EFCs were analysed as occurring naturally and so do not form 
part of the E-flow control regime for the alteration of flows to be implemented 
under Step 5 as described below. 
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The hypothesis is that if the extreme low-flow EFC can be altered at the 
control points, where: 
 

a)  For the extreme low-flow EFC: 

i. the annual extreme low flow EFC is at least 90% (1)  of annual 
minimum naturalised flow or, if less than 20 years of data are 
available, of the 1-in-20 year low flow, whichever is lower, and, 

ii. the monthly extreme low flow EFC is 90% of the monthly minimum 
or the 1-in-3 year low flow, whichever is lower, and, 

iii. the minimum daily flow is a proportion of the monthly flow as 
calculated in (ii) above where the proportion is defined as the ratio 
of the 98% flow divided by the 95% flow, and, 

 

b)  For the high pulse flow EFC: 
iv. the annual flood in the basin is similar to the 1-in-2 year flood, the 

hypothesis is that on one release on average every two years would 
simulate the high pulse flow EFC where dams should be operated to 
achieve (via spillway and/or flood gates) flood pulse releases 
equivalent to the mean annual flood for at least 5 years in every 10. 

 
Then, GES will be achieved/facilitated at all control points. 
 
As this is a test Pilot Study there is no RVA Step 4, hence given the hypothesis 
outlined above together with the basic principles to be applied in the setting of 
specific E-flow targets or strategies the prescribed flow management strategy 
designed to be implemented under RVA Step 5 is summarised below: 
 

i. Naturalised flow is analysed on a water year (defined as October to 
September) basis for a period of at least 20 years.  For Good Ecological 
Status the annual E-flow (extreme low flow) target is at least 90% of 
annual minimum naturalised flow or, if less than 20 years of data are 
available, of the 1-in-20 year low flow, whichever is lower.   For Good 
Ecological Potential the relevant percentage is 70% (2).  In the future the 
statistical methods used to define 1-in-20 should be specified.  The use of 
the alternative methods (either lowest or statistical low flow) will enable 
equivalent flows to be used with varying amounts of data.  (This step is 
designed to support the attainment of extreme low flow EFCs.) 
 

ii. Flow is analysed on a calendar month basis.  For Good Ecological Status 
the monthly E-flow (extreme low flow) target is 90% of the monthly 

 
(1) The selection of the statistical thresholds (1 in 20 or lowest in 20 years) was based on the fact that rivers are well able to 

survive droughts of such frequency where the 90% and 70% figures were preliminary proposals for a first iteration of the 

analysis. The 90% figure, for good ecological status, was chosen to allow for day-to-day variations whilst maintaining a 

prescribed monthly flow. 
(2) The target of 70% was selected as an arbitrary fall-back limit for GEP at the beginning of the analysis in the expectation 

that it would not be possible to achieve the extreme low flow EFC 90% target for GES at all control points. In the analysis it 

was not used as all 11 control points achieved the extreme low flow EFC 90% target with the associated ‘equivalent volume’ 

alterations that resulted. The analysis indicated that the main cost item would not be achieving the extreme low flow EFC 

90% target but it would be alterations necessary to achieve the high pulse flow EFC target. Hence further iterations of the 

model to measure the alterations necessary for the lower GEP threshold for the extreme low flow EFC 90% target were not 

carried out. 
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minimum or the 1-in-3 year low flow, whichever is lower.  In extremely 
dry years this could be lowered to 1-in-10 year. For Good Ecological 
Potential the relevant percentage is 70%. Although not applied here, it is 
recognised that in some circumstances, where natural base flows are very 
low, it may be necessary to define an upper limit to discharges for some 
months. (The use of monthly flow in this step will go some way toward 
maintaining flow variability and is designed to support the attainment of 
extreme low flow EFCs.) 

 

iii. The minimum daily flow is a proportion of the monthly flow as calculated 
in (ii) above. The proportion is defined as the ratio of the 98% flow divided 
by the 95% flow.  This will ensure that there is always some flow in the 
river (unless the monthly low flow happens to be zero). Given the 
difficulties in calculating accurate daily naturalised flows this method of 
calculation is likely to be more stable. (This step is designed to support the 
attainment extreme low flow EFCs). 
 

iv. Where there are impoundments in the river then for Good Ecological 
Status the dams should be operated to achieve (via spillway and/or flood 
gates) flood pulse releases equivalent to the mean annual flood for at least 
5 years in every 10 (1).  For Good Ecological Potential they should spill 3 
years in every 10.   The flood release should be made incrementally over a 
period of several days in order to avoid sudden increase in flow (in the 
case of the Tagus pilot study, flow increments of 25% MAF were chosen).  
For the example of Castelo de Bode (Annex I1) a symmetrical 6-day flood 
was chosen but in other river basins a shorter or longer period might be 
more appropriate.  A smaller flood pulse every 6 months has also been 
included. (This step is designed to attain high-flow pulses.  As described 
earlier, it is projected that the flood EFCs will happen naturally, exceeding 
the capacity of the basin’s regulatory structures to contain it). 

 

v. In addition to points (i)-(iv) above, the regulatory authority would reserve 
the right to make the following amendments if required: 

 
a) To further protect the low flow EFC, if necessary.  The above flow 
requirements (i)-(iv) provide a robust basis for the protection of extreme low 
flows and high-flow pulses identified as sensitive during the analysis, but they 
are less rigorous in the protection of low flows and flood flows as it is 
expected that these EFCs will happen without more restrictive regulatory 
requirements.  However, should future flow records show that the low flow 
EFC is departing from natural, then with notification from the regulatory 
authority the annual and monthly minimum naturalised low flow in (i) and 
(ii) above shall be changed from a 1 in 20 low flow to either the 2nd lowest 
flow in a 20 year record, or the 1-in-10 year low flow, and the daily flow 
amended to match as in (iii). 
 

 
(1) Depending on the statistical distribution used, the annul flood is similar to the 1-in-2 year flood. So the calculation is 

based on one release on average every two years. 
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b) To require reservoir operators to increase the minimum low flow 
requirement for a period of 1 to 10 days if necessary to provide minimum 
localised flushing in the event of a pollution incident. 
 
 

8.6 METHODS OF ASSESSMENT 

8.6.1 Hydrological Modelling 

Hydrological modelling for this study was conducted using the HYSIM 
model. This is a hydrological simulation model (rainfall-runoff model) which 
uses rainfall and potential evaporation data to simulate the hydrological cycle 
(surface runoff, percolation to groundwater and river flow) on a continuous 
basis.  The conceptual basis of the model is shown in Figure 8.1. 
 

8.6.2 Water Quality Modelling 

Water quality modelling for this study was conducted using the United States 
Environmental Protection Agency’s QUAL2K software.   QUAL2Kw (or Q2K) 
is a river and stream water quality model that is intended to represent an 
updated version of the QUAL2E (or Q2E) model (Brown and Barnwell 1987). 
QUAL2Kw is adapted from the QUAL2K model that was originally 
developed by Dr. Steven C. Chapra. (1)  

Figure 8.1 HYSIM Model Components 

 
 
 

 
(1) Pelletier. G. and Chapra. S.,  “A Modeling framework for simulating river and stream water quality” July 2008, 

Environmental Assessment Program Olympia, Washington  98504-7710 
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8.7 MODEL SCENARIO DEVELOPMENT 

The following sections describe the process of selecting and developing the 
climate change and socio-development scenarios for the Tagus basin that 
would be input to the hydrological model in order to determine the impacts 
on the flow regimes in the river basin.  The scenario model results themselves 
are presented in Annex J. 
 

8.7.1 Climate Change Scenarios 

The choice of climate models was based on those listed on Table 6 of the IPCC 
“General Guidelines on the Use of Scenario Data for Climate Impact and Adaptation 

Assessment”, Version 2, June 2007.   
 
The models provide projections for both temperature and precipitation. In the 
case of temperature the values are used to calculate the rate of potential 
evapotranspiration (PET) associated with the temperature. To do his implicitly 
assumes that other variables needed to calculate PET (relative humidity, hours 
of sunshine and wind speed) do not change.  This is reasonable as the 
projections are predicated on most of the increased water vapour staying in 
the atmosphere as greenhouse gases.  Changes in relative humidity or 
cloudiness would violate that assumption. 
 
To enable a range of future development pathways to be analysed, climate 
models use different scenarios. There are four main families of scenarios (Table 

8.2). 

Table 8.2 Families of Climate Change Scenarios 

Ref Description 

A1 The A1 scenarios are of a more integrated world. The A1 family of scenarios is 
characterized by: 
• Rapid economic growth. 
• A global population that reaches 9 billion in 2050 and then gradually declines. 
• The quick spread of new and efficient technologies. 
• A convergent world - income and way of life converge between regions. Extensive 

social and cultural interactions worldwide. 
 

There are subsets to the A1 family based on their technological emphasis: 
• A1FI - An emphasis on fossil-fuels (Fossil Intensive). 
• A1B - A balanced emphasis on all energy sources. This scenario is normally 

considered to be the “business as normal” scenario. 
• A1T - Emphasis on non-fossil energy sources. 

A2 The A2 scenarios are of a more divided world. The A2 family of scenarios is 
characterized by: 
• A world of independently operating, self-reliant nations. 
• Continuously increasing population. 
• Regionally oriented economic development. 

B1 The B1 scenarios are of a world more integrated, and more ecologically friendly. The B1 
scenarios are characterized by: 
• Rapid economic growth as in A1, but with rapid changes towards a service and 

information economy. 
• Population rising to 9 billion in 2050 and then declining as in A1. 
• Reductions in material intensity and the introduction of clean and resource efficient 
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Ref Description 

technologies. 
• An emphasis on global solutions to economic, social and environmental stability. 

B2 The B2 scenarios are of a world more divided, but more ecologically friendly. The B2 
scenarios are characterized by: 
• Continuously increasing population, but at a slower rate than in A2. 
• Emphasis on local rather than global solutions to economic, social and 

environmental stability. 
• Intermediate levels of economic development. 
• Less rapid and more fragmented technological change than in A1 and B1. 

 
We considered three scenarios: A1B, which is often considered to be the 
‘business as normal’ scenario, A2 and B1. In the case of A1B we looked at 
three projections: the average of all models, the combination which gave the 
highest temperature increase and largest fall in precipitation, the combination 
which gave the smallest temperature increase and smallest fall in 
precipitation.  For the other two scenarios we used the average of all models. 
 
The scenario projections in terms of precipitation and temperature are 
presented in Annex J, and Table 8.3 summarises the temperature and 
precipitation change associated with selected scenarios. The difference is 
based on the average modelled values for 1970 to 2010 (the period for which 
we had observations) and for 2030 to 2070. 
 
 
 

Table 8.3 Summary of Climate Change Projections 

Scenario Temperature change  

(annual average) 

Precipitation change  

(annual total) 

 Portugal Spain Portugal Spain 
A1B – average +1.85 °C +2.07 °C +18.9 -91.4 mm 
A1B – maximum change +2.60 °C +3.17 °C -13.5 mm -151.3 mm 
A1B – minimum change +0.90 °C +1.06 °C +38.6 mm 

 
 

-43.1 

A2 – average +3.02 °C +3.19 °C +95.3 mm -10.7 mm 
B1 – average +1.71 °C +2.27 °C +108.3 mm -69.6 mm 

 
The scenarios are based on the CMIP3 models as presented in the IPCC 
Assessment Report of 2007.  Currently results are becoming available from the 
CMIP5 models.  These will be incorporated in the next IPCC report due in 
2014.   Preliminary analysis reported on the newer models suggests that these 
models are not very different from the earlier models. There is however some 
debate on whether the models, even the newer ones, fully reflect the stasis in 
global temperature increases.  A number of recent peer reviewed papers have 
postulated that climate sensitivity to greenhouse gases is likely to be toward 
the lower end of previous forecasts.  There have also been peer reviewed 
papers which suggest that climate models have underestimated the effects of 
natural variations (such as the Atlantic Multidecadal Oscillation) on climate 
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change and consequently may have overestimated the anthropogenic 
component. 
 

8.7.2 Socio-Economic Development Scenario 

The projected future changes in socio-economic water demands for the Tagus 
basin for the year 2021 were taken from the aforementioned Basin Plan.  The 
changes in demand were given in percentage terms in the plan for urban, 
industry, agriculture, livestock and tourism/golf.  The monthly distribution of 
urban, industry and livestock (quite small) demands were taken as the 
average from the data available.  The monthly distribution of the other two 
was based on irrigation demands.  The change in urban use was assumed to 
be proportional to the projected population changes. 
 
 

8.8 HYDROLOGICAL ASSESSMENT 

8.8.1 Introduction 

The detailed hydrological modelling results for the different scenarios are 
presented and analysed for all of the Tagus sub-basins in Annex J.    
 
To analyse the impact of introducing E-flows in the Tagus basin it was 
assumed that the missing EFCs could be provided by extra storage in the 
basin, defined for the purposes of this study as an ‘equivalent volume’.  This 
was done to provide a method of inter-comparison between sub-basins.   The 
concept of ‘equivalent volumes’ are estimated volumes that need to created - 
either through efficiency in the operations of existing infrastructure, or 
through reduction in socio-economic demands, or through the construction of 
new storage (including natural water retention measures), or a combination of 
all of the above - that result in attainment of both water quantity objectives 
and water quality objectives. (1)   
 
This additional storage (or equivalent volume) is needed for two reasons: 
firstly, to maintain yields and hydropower generation under future climate 
scenarios; and secondly, to support improved E-flows, in this case the 
‘extreme low flow’ and ‘high pulse flow’ EFCs as described in the previous 
section.    
 

8.8.2 Outcomes 

Table 8.4 summarises the estimated ‘equivalent storage’ requirements for the 
various sub-basins for the different model scenario runs discussed in the 
previous section. 
 

 
(1) Complying with WFD Art 1. Sustainable water use; Art 4. Achieving good ecological status where possible through 

measures that are physically possible and not disproportionately costly, Art. 9. Ensuring cost recovery where resource and 

environmental costs are included; and Art. 11., doing the above in the most cost-effective way – Least cost Plan). 
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Table 8.4 Equivalent Storage (MCM) Required to Maintain Yields and Meet E-Flow 

Requirements for Various Climate Scenarios 
Basin Yld-

a1bx 
Ef-
ex 

Ef-
nat 

Ef-
a1b 

Ef-
a1bx 

FF-
nat 

FF-
a1b 

FF-
a1bx 

a1b - 
total 

a1bx - 
total 

Bouca  139.6 74.4 0 5.88 11.83 129.5 130.6 124.3 136.48 275.73 

Agroal 0 3.4 0 3.36 6.99 14.1 14.3 13.8 17.66 20.79 

Castelo de 
Bode 

72.1 60.4 0 8.59 19.22 163.2 164.6 157.7 173.19 249.02 

Foz do Cobrao 28.8 2.6 0 0.04 0.61 36.5 36.6 35.4 36.64 64.81 

Pracana  10.5 0 0 2.66 43.3 73.3 71.1 73.3 73.76 

Almourol 600 194.
9 

0 23.18 145.98 555.3 468.2 479 491.38 1224.98 

Ponte Vila 
Formosa 

0 1.5 0 2.89 3.49 20.1 20.3 18.5 23.19 21.99 

Pavia 0 1.2 0 0.67 0.79 13.7 14 13.3 14.67 14.09 

Ponte Coruche 504.4 21.6 0 4.3 6.21 50.6 51.3 47.8 55.6 558.41 

Ponte Santo 
Estevao 

73  0 4.64 10.16 12.6 12.7 12 17.34 95.16 

 
Key: 
Ef - Extreme low flow component of E-flow 
FF- High pulse flow component of E-flow 

 

8.9 WATER QUALITY ASSESSMENT 

8.9.1 Introduction 

The water quality assessment was carried out in two stages: 
 
• Firstly, the observed water quality data was gathered and analysed for the 

whole basin, in order to determine the water quality conditions in each of 
the sub-basins, and to identify the major stresses on water quality, 
potentially including inflows from Spain, nutrient loading from 
wastewater, agricultural, industrial, and in-situ organic sources. 

 
• Secondly, the water quality data were used to calibrate a numerical water 

quality model for selected key sub-basins in order to determine the 
potential impacts on WQ conditions from the changing flow patterns 
resulting from the scenarios developed and described in the previous 
section. 

 
Table 8.5 summarises the physico-chemical criteria that were used for the 
assessment of water quality conditions in the basin.  These were taken from 
the Portuguese standards, and are shown for the two categories of waters 
based upon their physical characteristics and water hardness.  The Tagus 
basin is classified as a ‘southern’ type basin. 
 

Table 8.5 Water Quality Classification Criteria Used in Portugal 

Parameter Limit of Good Condition 

Northern Type Basins Southern Type Basins 
Dissolved Oxygen (1) ≥ 5 mg O

2 
/L ≥ 5 mg O

2 
/L 

Oxygen Saturation (1) Between 60% and 120% Between 60% and 120% 
Biochemical Oxygen Demand 
(BOD5) (1) 

≤ 6 mg O
2 

/L ≤ 6 mg O
2 

/L 

pH Between 6 and 9* Between 6 and 9* 
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Ammoniacal  Nitrogen (1) ≤1 mg NH
4 
/L ≤1 mg NH

4 
/L 

Nitrates (2) ≤25 mg NO
3 

/L ≤25 mg NO
3 
/L 

Total Phosphorous (2) ≤0.10 mg P
 
/L ≤0.13 mg P

 
/L 

(1) 80% of the samples higher than limit in a month 
(2) Average Annual 
* The limits specified may be exceeded if naturally occurring 
 
Source : “Criteria for Classification of State Surface Water Masses- Rivers and Reservoirs”, 
Ministry of Environment, Land and Regional Development, September 2009 

 
There are two important points to note: 
 
• Water quality data was for the most part obtained from the Sistema 

Nacional de Informação (http://snirh.pt) website.  Whilst there was an 
extensive array of water quality monitoring stations listed on the site, the 
data itself was extremely patchy in that many of the stations only had a 
few data points from isolated points in time, and the range of parameters 
was very limited in most cases.  The results of the assessment therefore 
need to be considered on this basis. 

 
• No biological monitoring data was found for the basin itself (only the 

estuarine/coastal zone).  For this reason, the study has necessarily focused 
on physical-chemical characteristics only. 

 
8.9.2 Outcomes 

The detailed water quality assessment results for each sub-basin are presented 
in Annex J.   
 
In summary, the baseline water quality conditions in the Tagus can be broadly 
characterised as follows:  
 
• There are widespread elevated phosphorus levels (usually exceeding 

target values for good quality status) throughout the basin, including in 
cross-border flows from Spain.  In many areas these appear to correlate to 
flow/sediment levels, i.e. the main cause is likely to be diffuse 
erosion/runoff from agricultural fields.  

 
• In several cases, concentrations of phosphorus (and nitrates, albeit at a 

lower level) are reasonably sustained throughout the year. Occasionally 
these concentrations appear to slightly increase over dry months.  This is 
most likely due to accumulation and release of nutrients from the large 
number of eutrophic reservoirs throughout basin (rather than from point 
sources). 

 
• Coliforms frequently correlate to flow in agricultural areas, i.e. this 

appears to be diffuse livestock pollution issue rather than point source. 
 
• In some cases there are periodic spikes (often correlated with ammoniacal 

nitrogen) at different times of year that could relate to localised point 
source discharges (slurry lagoons/sewage outfalls). 
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In addition, the results of the water quality modelling appear to show that 
there will only be minimal impacts on water quality (DO and nutrient) 
conditions in the basin under the potential future climate change flow 
regimes. 
 
It is important to understand that these conclusions are based upon the 
analysis of a very sparse data set, and so cannot be considered as categorical. 
 
 

8.10 PILOT STUDY RECOMMENDATIONS 

Table 8.6 summarises the various different scenarios that were analysed in 
order to determine the water quantity (and quality) interventions, or 
measures, required for the Tagus basin in Portugal.   These measures are 
discussed in the following sections. 
 

Table 8.6 Water Resources Assessment Scenarios 

Scenario Description Assessment objective 

1 Baseline scenario – identification of 
water scarce areas 

We need to know (for each sub-basin or 
sub-basin grouping) if there is a water 
imbalance on a monthly basis that current 
storage/regulation cannot cope with, and 
if so, how much new equivalent volume 
do we need to construct to eliminate the 
water deficit on a monthly time step. 

2 Scenario 1 plus water quantity 
interventions (equivalent storage) to: 
i. eliminate water scarce areas; and 
ii. achieve E-flow targets 

In addition to the new equivalent volume 
identified in Scenario 1, we need to know 
how much more volume (separated into 
equivalent volume and real volume to 
compensate for loss of storage for HPP by 
sub-basin) we now need to both eliminate 
water imbalance on a monthly time step 
at critical control points and to achieve 
compliance with the E-flow targets. 

3 Scenario 2 plus water quantity 
interventions to achieve local 
short/medium term socio-economic 
development goals 

As above, but overlain by changing water 
demands created by socio-economic 
development scenario for basin as defined 
in Basin Plan.  (In the case of the Tagus 
pilot, negligible difference was found in 
terms of the calculated volume for 
Scenarios 2 and 3.) 

4 Scenario 3 overlain with IPCC climate 
change scenario A1BAverage 

As above, but overlain by chosen climate 
change scenario for basin. 

5 Scenario 3 overlain with IPCC climate 
change scenario A1Bmax 

As above, but overlain by chosen climate 
change scenario for basin. 

 
8.10.1 Water Quantity Measures 

The Quantity Challenge: 
 

The basin has become highly regulated, adversely impacting the flows required to 

sustain the natural ecology of the basin.  The environmental flow components most 

impacted are the low-flows and the high pulse flows. 
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Table 8.7 summarises the ‘equivalent volumes’ estimated by the hydrological 
assessment as required in order to achieve E-flow conditions at key control 
points in the various river sub-basins under the different scenarios shown in 
Table 8.6.   As described earlier, these are the estimated volumes that need to 
be created - either through efficiency in the operations of existing 
infrastructure, or through reduction in socio-economic demands, or through 
the construction of new storage, or a combination of all of the above – for the 
attainment of both water quantity objectives and water quality objectives in 
the basin. 
 
The measures available to re-naturalise priority components of the Basin’s 
flow regime are varied but ultimately involve either:  
 
• the reduction of socio-economic water demand that generated the need for 

the current level of water regulation and storage (primarily from 
agriculture or public water supply); 
 

• the release of waters from dams by HPP operators to meet E-flow 
requirements when it is not in their economic interests to do so; or 

 
• to introduce further regulation into the basin specifically to address the 

flow regime needs of the natural ecology in the form of new storage (in the 
form of green infrastructure – wetlands or other). 



 

 
Table 8.7 Equivalent Volume (MCM) Requirements for Tagus River Basin under Various Climate Change Scenarios  

 

Tagus sub-basin 

Scenario 1 Scenario 2 & 3 (similar results) Scenario 4 Scenario 5 

Existing 
Storage 
MCM 

Water 
Scarce 
Area? 

Eq. storage – 
E-flow (ext. 
low flow) 

MCM 

Eq. storage – 
E-flow (pulse 

flow) 
MCM 

Eq. storage – 
Total E-flow 

MCM 

As % 
increase of 

existing 
storage 

Eq. storage – 
Total E-flow 

MCM 

As % 
increase of 

existing 
storage 

Eq. storage – 
Total E-flow 

MCM 

As % 
increase of 

existing 
storage 

Bouca 1,666 No 74.4 129.5 203.9 112.2% 136.48 108.2% 275.73 116.6% 

Agroal 0 No 3.4 14.1 17.5 - 17.66 - 20.79 - 

Castelo de Bode 1,095 No 60.4 163.2 223.6 120.4% 173.19 115.8% 249.02 122.7% 

Foz do Cobrao 372 No 2.6 36.5 39.1 110.5% 36.64 109.8% 64.81 117.4% 

Pracana 1,119 No 10.5 43.3 53.8 104.8% 73.3 106.6% 73.76 106.6% 

Almourol 2,190 No 194.9 555.3 750.2 134.3% 491.38 122.4% 1,224.98 155.9% 

Ponte V. Formosa 0 No 1.5 20.1 21.6 - 23.19 - 21.99 - 

Pavia 0 No 1.2 13.7 14.9 - 14.67 - 14.09 - 

Ponte Coruche 3,816 No 21.6 50.6 72.2 101.9% 55.6 101.5% 558.41 114.6% 

Ponte S. Estevao 521 No 0 12.6 12.6 102.4% 17.34 103.3% 95.16 118.3% 

Total storage 
(MCM) 

10,779  370.5 1,038.9 1,409.4 113.1% 1,039.5 109.6% 2,598.7 124.1% 
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The quantification of the extent of the problem has been determined in terms 
of the ‘equivalent volume’ of flow that needs to be reintroduced into the flow 
regime specifically for ecological needs.  The value calculated as shown in 
Table 8.7 is 1409 million cubic metres. 
 
8.10.2 Water Quality Measures 

Based upon the water quality assessment, the water quality objective (WQO) 
for the basin plan identified by this study is to bring the reservoirs close to a 
mesotrophic status, where it is assumed that this would be synonymous to the 
EU Good Ecological Status (GES).  The first goal is therefore to prevent and 
control hyper– eutrophication. The second goal, carried out contemporarily, is 
to plan for the attainment of the final goal which would be to bring the 
reservoirs close to a mesotrophic status.  
 
In addition, although no biological water quality data were analysed, it is 
assumed for the purposes of this study that if water quality measures are 
introduced to deliver good physical-chemical quality and if the flow regime is 
addressed to achieve E-flows (see above) then GES will follow. 

Programme of “No Regrets” Measures to Address P Problem: 

(1) Watershed management leading to a significant reduction of nutrient loads in 
particular from phosphorus, inter-alia: 
• Control of soil erosion in the steep upper catchment were soil erosion appears 

to be a problem, 
• Ban on phosphate based detergents, 
• Reducing nutrient losses from agriculture by rapidly implementing soil 

conservation best management practices and stopping over fertilization. 
(2) In-reservoir nutrient management of eutrophic or hyper-eutrophic reservoirs 
including, inter-alia: 
• Chemical precipitation of phosphorus.  
• Sediment removal.  
• Aeration.  
• Sediment oxidation - Oxidation of the sediment with a solid granular oxidant.  
• Fish management.  
(3) A large program of buying / leasing riparian land surrounding the reservoirs 
and their tributaries and establishing protective buffer zones (Major Cost Item) where 
vegetated buffer strips or restored wetlands are very effective for removing nitrate-N 
(more than 90 %) and phosphorus (about 50%).  

  
Riparian Buffer Zone Constructed Wetland 
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8.10.3 Basin Plan - Financing Plan & Cost Recovery 

In order to generate revenue from water user charges to help finance the 
measures necessary for the achievement of the above water quality and 
quantity objectives a water pricing mechanism is required. 
 
Table 8.8 shows the outline of a simplified water pricing mechanism used to 
estimate potential revenues in the Basin from Water User Fees.  Three levels of 
water use fee were assumed (low, medium and high) in order to generate a 
range of revenue for comparison. 
 

Table 8.8 Estimates of Potential Revenues from Water User Fees 
Water User 

Group 

Average 

Annual Level 

of Water Use 

Potential User 

Charges & 

Revenues  

(Low charge 

Scenario) 

Potential User 

Charges & 

Revenues 

(Medium 

Charge 
Scenario) 

Potential User 

Charges & 

Revenues (High 

Charge 

Scenario) 

HPP
1 1,550,000  

megawatt-

hours
2
 

 

Tax on HPP 

energy sales of 

10% of total 

(€7.75 million) 

Tax on HPP 

energy sales of 

20% of total3 

(€15.50 million) 

Tax on HPP 

energy sales of  

25% of total 

(€19.375 

million) 

Irrigation
4 881 hm

3 

(145,160 ha) 

Fixed charge of  

€15/ha + 

consumption 

charge of  

€0.005 

(€6.58 million) 

Fixed charge of  

€25/ha + 

consumption 

charge of  

€0.01/m3 

(€12.44 million) 

Fixed charge of  

€35/ha + 

consumption 

charge of  

€0.03/m3 

(€31.51 million) 

Public Water 

Supply5 
182 hm

3
 

 

0.03 €/m3 

(€5.46 million) 

0.05 €/m3 

(€9.10 million) 

0.10 €/m3 

(€18.20 million) 

Industry 

(Direct 

Abstraction) 

80 hm
3
 0.05 €/m3 

(€4.0 million) 

0.08 €/m3 

(€6.4 million) 

0.11 €/m3 

(€8.8 million) 

 

Total Revenues 

  

€23.8 

million/year 

 

€43.4 

million/year 

 

€77.9 

million/year 

 
Table 8.9 Estimated Potential Cost of Measures 

Measures Units  Low Cost 

Scenario 

 Medium Cost 

Scenario 

 High Cost 

Scenario 

Quantity 

Measures 

Equivalent 

Storage Required  

(1409 MCM) 

(€0.5//m
3
) 

 

(€705 million) 

(€0.85//m
3
) 

 

(€1,198 

million) 

(€1.25//m
3
) 

 

(€1,761 

million) 

Quality 
Measures 

Establishing 

protective buffer 

zones @ 

€280/hectare/year 

150,000 

hectares 

 

(€42 million 

/year) 

200,000 

hectares 

 

(€56 million 

/year) 

300,000 

hectares 

 

(€84 million 

/year) 

 

 
1 Average annual energy sales generated in the basin from large HPP 
2 Energy Sale value of 50€/MWh 
3 Similar to Spain 
4 In an average year 
5 4 million residents using an average of 125 l/c/d 
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Inspection of Table 8.8 shows that the level of revenues that can be generated 
by water user fees (even in the high charge scenario) is relatively low; 
generating only a potential €77.9 million/year, and inspection of Tables 8.8 and 
8.9 together indicate that the cost of measures cannot be funded from water 
user tariffs alone and additional financial support from national government 
and the EC would be required. 
 
When these additional costs are added to the ERC cost included in the 
Tranche 1 calculation of for ERC it will reduce the level of SELL. More 
significantly for the Lisbon WSP – the e-flow requirements will have an 
impact on the resource mix for the Lisbon WSP. 
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9 PROJECT ACHIEVEMENTS, CHALLENGES AND NEXT STEPS 

The project has necessarily involved the development and application of a 
number of innovative methods and approaches in order to achieve the various 
study objectives.  Most notable amongst these were: 
 
From Tranche 1: 
 
• The definition of Water Efficiency in water distribution networks in the 

EC, in the context of the WFD. 
 

• A solution to the issue for the calculation and reporting of leakage to 
identify when a water distribution networks is efficient or inefficient, 
whereby:  the level of leakage (LoL) would be measured and reported in 
its most simple terms of ‘% ratio of real losses (m3) versus system input 
volume (m3)’; and that this figure would be reported together with the 
calculated Sustainable Economic Level of Leakage (SELL) (1) , which would 
also be reported in its most simple terms of ‘% ratio of real losses (m3) 
versus system input volume (m3)’; hence the 2 figures would be reported 
together and could easily be compared and understood by stakeholders 
including politicians and members of the general public. 

 

• The development of a cost-based methodology for the calculation of the 
Environmental and Resource Costs (ERC) of water, as required under 
Article 9 of the WFD. 

 

• A series of policy recommendations that fed into the Blueprint 
Consultation process (Table 9.1). 

 
From Tranche 2: 
 
• A demonstration project on the introduction of quantity management into 

the RBMP preparation on a skeletal level (the Portugal Tagus Pilot Study) 
that provides the EC with a worked example of a potential policy target 
for water quantity ‘of long term water balance measured on a monthly time-step 

at a resolution of 2500 km2’ showing its impact on PoM and associated costs 
and additionally, measures the impact: 

o with and without E-flow requirements overlaid, and, 
o with and without CC impacts overlaid. 

 
• The development of the concept of ‘equivalent volume’ to facilitate the 

early scoping of quantity imbalance and running scenario analysis for 
possible least cost solutions. 

 
(1) Where SELL incorporated the Environmental & Resource Costs (ERC) of water, as required under the WFD Article 9. 
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• Tested methodologies for the introduction of E-flow targets, highlighting 
the sensitivity of the method selected with associated programme of 
measures and cost indicating that: 

o the method selected needs to be tailored to the specific Basin 
District to achieve a Least Cost Plan solution, 

o the process needs to be an iterative process in order to achieve GES 
objectives, and, 

o achieving E-flows does not necessary mean GES – the biological 
parameter targets and E-flow targets need to be considered 
together and amended as necessary 

 
• Highlighted the limitations of climate adaptation methods and 

models/tools to assess CC impacts at a Basin Level necessary for the 
identification of a definitive program of measures which could be funded 
and implemented. 

 
In terms of challenges, the general lack of good quality, consistent water 
quality and quantity data at the river basin level proved to be a widespread 
and time-consuming problem that needed to be overcome for all of the case 
studies.  Linked to this, assessing SELL is dependent upon being able to 
reasonably accurately access the resource and environmental cost of water in a 
river basin (i.e. the externalities), and this has been an item that has been quite 
a challenge for two reasons: 
 
• Firstly there was no method to reasonably do this when the study was 

started, so it was necessary to develop one (as described above); and, 
 
• Secondly, the quality of the RBMPs in regards to the quantitative 

assessment of their water quantity and quality issues (as required to 
support the process of determining the SELL), have been (with the 
exception of the Adour- Garonne Basin Plan) quite poor. 

 
However this challenge was addressed by going beyond the RBMPs to 
understand the wider quantity and quality issues in their respective Basins, 
and thereafter estimating a price for the environmental and resource cost of 
water. 
 
Finally, in terms of recommended next steps, put simply these are essentially 
the implementation (via the Blueprint) of the six key policy recommendations 
that have emerged from the study, as reproduced below in Table 9.1.  To this 
end, it is hoped that the aforementioned methodologies (and their 
demonstrated application in the Tagus River Basin pilot) will provide useful 
tools and guidance to the EC and Member States during implementation, for 
example, with regards to the establishment of a methodology for setting 
policy targets and E-flows as part of PR2 (quantity management) and the use 
of the proposed TBAC method in defining ERCs for PR3 (water pricing). 
 



 

Table 9.1 Summary of Contract Policy Recommendations 
 

Theme Issue Summary policy recommendation 

Targets 1. Water loss targets It is recommended that NO targets for water losses in water distribution systems are set - context 
is critical.  There is no single parameter that can indicate resource and economic efficiency in a 
water distribution network for which a target can be set in order to promote efficiency, hence it is 
recommended to use 2 (LoL and SELL) reported together in the simple terms of ratio of real losses 
as a % of System Input Value (SIV), which when compared can indicate the level of resource and 
economic efficiency 

WFD / River Basin 
Management 
Planning Issues 

2. Quantity management: 
WFD Art 1. 

Quantity management should be clearly introduced in the RBMPs. The WFD at present is largely 
quality driven; this needs to change to an IWRM approach in order to consistently apply the 
requirements for ‘sustainable water use” as defined in Article 1 of the WFD.   

3. Water pricing (ERC) WFD 
Art. 9 

The recommendation is that for each basin or water body the ERC is calculated based upon the 
actual costs incurred for the administration and management of water resources in order to 
achieve the quantity and quality objectives of the WFD (as transposed into national legislation) 
and the it is a cost based calculation not a value based calculation; and where abstraction/water 
use fees are to be applied that they are consumption-based and differentiate between water 
stresses and non-stressed resources, and are set at levels that reflect the cost of managing water 
resources (IWRM) to meet water quality and quantity objectives.  (Note: It is also recommended 
that the abstraction/water use fees charged to WSPs should not exceed the ERC where the method 
to calculate ERCs are cost-based reflecting real costs and  should NOT be a tax, as this leads to 
distortions.) 

4. Harmonisation of plans 
(Quantity management: WFD 
Art 1.) 

The socio-economic demand for water needs to be incorporated into the RBMPs in order to 
demonstrate compliance with Art. 1 ‘sustainable water use’. It is therefore recommended to 
require the harmonization of RBMPs (for WFD purposes) with other strategic physical & socio-
economic planning documents prior to adoption and to require that these RBMPs are supported 
by a real Financing Plan wherein the costs associated with the implementation of the RBMPs 
should be known prior to adoption, and the financing/cost recovery mechanism to fund the 
RBMP implementation also defined prior to public consultation and adaption  (i.e. who will pay 
and how much will they have to pay).  In general, the quality of RBMPs prepared and submitted is 
poor, and do not have the financial resources behind them to support their implementation. The 
EC could also set higher standards for Water Resource Management (Quantity) as a condition to 
access to solidarity funds in the events of droughts & floods. 

Cost Recovery at 
WSP Level 

5. Water Pricing (WSP) Cost 
recovery at WSP level: WFD 

Water tariffs for WSP service delivery should be set at levels necessary to recover all costs 
necessary to achieve legislative compliance and sustainable service – including the cost of 



 

Art. 9. operations and the cost of asset renewals and the environmental and resource cost of raw water. 
Where water tariffs are not set at cost recovery levels then they are not likely to include 
sustainable levels of asset renewals, and by extension unlikely to promote resource efficiency by 
the end user and the WSP is unlikely to achieve optimum levels of leakage reduction. 

EC/EIB Funding  
Conditionality 

6. Improving water 
infrastructure design and 
construction for improved 
asset life and efficient 
performance 

To promote water and resource efficiency in water distribution networks via ensuring that where 
EC funds are used to finance the construction or renovation of water infrastructure (water 
abstraction and distribution systems), the EC requires that: 

i. the resource and environmental cost of water are taken into account in the system 
design; and, 

ii. the system is designed for extended asset life, which incorporates effective PM and 
facilitates effective ALC. 

Side Note: Given the cost structure in the water utility industry where the fixed costs (assets) are the most 
important cost component (60-80%) the most effective way to reduce asset renewals costs is to install assets 
that have a long asset life: this involves the correct choose of materials and a high standard of installation for 
networks at the time of initial design and installation. 
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‘Resource & Economic Efficiency in Water Distribution Networks in the EU’ 
 

PREAMBLE 

 

This report forms the ‘Non-Technical Summary Report’ of the ‘Main Report’ provided under EC Service 

Contract 070307/2010/578713/SER/D1 signed between Environmental Resources Management Ltd 

(hereafter referred to as ‘ERM’) and the European Commission (hereafter referred to as ‘the EC’ or the 

‘Commission’) on 22nd December 2010, relating to the contract: ‘Resource and Economic Efficiency of 

Water Distribution Networks in the EU’. 

 

The study theme of the contract was ‘leakage in water distribution systems’ where the underlying 

challenge is to find the balance where our water distribution networks in Europe are efficient in the use of 

our natural water resources and efficient in the use of our human, financial and other natural material 

resources; where this balance is sustainable without damage to our water environment. In the context of 

the EU Water Framework Directive (WFD) this means compliance in particular with: 

 

• Article 1: Sustainable water use; 

• Article 4: Achieving good ecological status where possible through measures that are physically 

possible and not disproportionately costly; 

• Article 9: Ensuring cost recovery where resource and environmental costs are included; and, 

• Article 11: Doing the above in the most cost-effective way – i.e. the Least Cost Plan. 

 

Given the above, the contract included two tranches of work that were designed to be implemented 

consecutively, where the overall objectives of each tranche of work were as follows: 

 

Tranche 1  

To provide input to the EC, to feed into the Blueprint consultation process, which could assist in the 

development of policy to improve efficiency in the use of water resources by water supply utilities in the EU 

(by May 2012); and following completion of this, 

 

Tranche 2 

To provide guidance to the EC on the potential implementation of the EC’s selected priority policy 

recommendations provided under ‘Tranche 1’, designed to provide insight and/or guidance to the 

Commission on how these selected policy recommendations could be applied in practice. 

 

This report provides a summary of the main contract substance issues and describes how the contract 

objectives have been met. The report is structured in three parts, as follows: 

 

Part 1 provides a non-technical summary of the Tranche 1 Contract Works and describes in briefing note 

format (Notes 1 to 7 inclusive): the challenges, the methodologies developed and used, the results of the 

analysis, conclusions and ultimately the policy recommendations provided to the EC to feed into the 

Blueprint consultation process.   

 

Part 2 provides a non-technical summary of the Tranche 2 Contract Works, describing in briefing note 

format (Notes 8 to 10 inclusive) the guidance provided to the EC on how 2 of the policy recommendations, 

selected by the Commission as priority issues, could be applied in practice; and in closing, 

 

Part 3 provides a concise 1-page summary overview of the contribution of this contract to the EC Blueprint 

process and to subsequent water policy consultation.   
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PART 1:  NOTES 1-7 Inclusive 
 

TRANCHE 1:  PROVIDING POLICY RECOMMENDATIONS TO THE EC TO FEED INTO THE BLUEPRINT 

 

Note 1: Defining ‘efficiency’ in a water distribution network’ 

Note 2: Developing a consistent methodology for the measurement & reporting of LoL 

Note 3: Developing a consistent methodology for the measurement and reporting of SELL 

Note 4: Results from the analysis of LoL & SELL on 7 Case Studies 

Note 5: Key findings regarding the factors leading to the wide range in the SELL and the 

resulting impact on investments / actions 

Note 6: General conclusions 

Note 7: Policy recommendations 

 

 

  



4 

ERM-Solventa 

Note 1:  Defining ‘efficiency’ in a water distribution network’ 

 

A key issue identified early in the contract was that the interpretation of what ‘efficiency in water 

distribution networks’ is varied greatly. Some used the term efficiency to refer only to the technical 

efficiency of the network (i.e. the levels of leakages or real water losses), others to the economic efficiency 

of the network wherein some included externalities in its calculation and others did not; and where 

ecosystem externalities were valued and ecosystem services valuation techniques used, the range of 

valuations varied greatly. In general the definitions of efficiency and the methods by which it was 

calculated varied widely, and none actually looked at the efficiency in the management of the upstream 

water resource at a basin and water body level, and how that impacted the resource and economic 

efficiency of the public water distribution networks. 

 

Hence it became clear early in the contact that the term ‘efficiency of a water distribution network’ needed 

to be defined. 

 

Following internal consideration and dialogue with contract stakeholders the contract defined the 

‘efficiency of a water distribution network’ as follows: 

 

 

� ‘A water distribution network is considered efficient when the actual levels of leakage (LoL) or real water 

losses equals or is similar to its Sustainable Economic Level of Leakage (SELL), where environmental, 

resource and social costs are fairly included in the calculation of SELL (noting that it must be recognised 

that both LoL and SELL are not static parameters but may vary with time as the components that influence 

their calculation vary).  

 

 

Having defined the parameters to assess when ‘a water distribution network can be considered efficient’, it 

then became necessary to identify, develop and adapt both: 

 

� A consistent methodology for the measurement and reporting of the actual physical Levels of 

Leakage (LoL) in a water distribution network; and, 

� A consistent methodology for the measurement and reporting of Sustainable Economic Level of 

Leakage (SELL) where environmental, resource and social costs are fairly included. 

 

 

Note 2:  Developing a consistent methodology for the measurement & reporting of LoL  

 

System  

Input  

Volume 

(SIV) 

 

Authorised 

Consumption 

 

Billed 

Authorised 

Consumption 

Billed Metered Consumption 
Revenue 

Water Billed Unmetered Consumption  

Unbilled 

Authorised 

Consumption 

Unbilled Metered Consumption 

Non-

Revenue 

Water 

 

 

Unbilled Unmetered Consumption 

Water Losses 

 

 

 

Apparent 

Losses 

Unauthorised Consumption  

Customer Meter Inaccuracies 

Real Losses 

 

Leakage on Transmission & 

Distribution Mains 

Leakage on Service Connections up to 

the point of Customer Meter 

Leakage and Overflows at Storage 

Tanks  
 

Figure 1: IWA Water Balance Framework
1
 

                                                             
1 Source: IWA Task Force ‘best practice’ standard approach for water balance calculations (Hirner and Lambert, 2000; 

Alegre et al, 2000) as presented in August 2003 article by Allan Lambert 

(http://www.iwapublishing.com/pdf/WaterLoss-Aug.pdf). 
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The methodology identified and selected under this contract for the measurement and reporting of the 

actual physical levels of leakage (LoL) in a water distribution network is the IWA Water Balance Framework, 

wherein ‘real losses’ (i.e. actual physical levels of leakage) can be calculated relative to total ‘system input 

volume’, and can be reported both in terms of simple volumetric losses (m
3
) as well as in a % ratio of the 

volume of real losses (m
3
) versus system input volume (m

3
). 

 

Other more complicated methods developed for the reporting of real losses (leakage) in water distribution 

networks were considered and included, inter-alia, the measurement and reporting of leakage in terms of: 

‘litres/customer connection/day’ or ‘m
3
/km of distribution pipe/hour’ etc., all of which generally were 

developed to facilitate the side-by-side comparisons of the leakage performance or network efficiency of 

water distribution systems.  However, these more complicated forms of measurement and reporting of 

leakage did not add any value to this contract study in that they tended to hide (rather than make clear) 

the simple reporting of real losses (leakage) as a % of total system input volume, and they did not facilitate 

side-by-side comparison with SELL results.  

 

The general criticism received from water service provider stakeholders and some water utility industry 

professionals of the simple methodology selected under this contract (where the % ratio of real losses (m
3
) 

versus system input volume (m
3
) is reported) is that, where real losses for a specific water services provider 

are high, then the reporting of this simple % figure may be misinterpreted by the public or misused by 

politicians or environmental lobby groups who do not understand or want to understand the relatively 

complex water utility specific context behind the figure that may justify those high levels of water losses.  

 

The solution to this issue identified and used by the contract is that the level of leakage (LoL) would be 

measured and reported in its most simple terms of ‘% ratio of real losses (m
3
) versus system input volume 

(m
3
)’; and that this figure would be reported together with the calculated Sustainable Economic Level of 

Leakage (SELL), which would also be reported in its most simple terms of ‘% ratio of real losses (m
3
) versus 

system input volume (m
3
)’; hence the two figures would be reported together and could easily be 

compared and understood by stakeholders including politicians and members of the general public: 

 

� Where the technical level of leakage equals or is similar to the Sustainable Economic Level of 

Leakage (SELL) then the water distribution system can be considered efficient, 

� Where the technical level of leakage is notably higher than the Sustainable Economic Level of 

Leakage (SELL) then the water distribution system is wasteful of water resources and the actual 

leakage levels need to be reduced, and, 

� Where the technical level of leakage is notably lower than the Sustainable Economic Level of 

Leakage (SELL) then the water distribution system operator may be wasteful of financial 

resources and the level of human, financial and other natural material resources invested in 

achieving levels of leakage that are uneconomical (that provide no additional benefit to society 

or the environment) need to be reviewed. 

 

 

Note 3:  Developing a consistent methodology for the measurement and reporting of SELL 

 

Developing and defining a consistent methodology for the measurement and reporting of Sustainable 

Economic Level of Leakage (SELL) where environmental, resource and social costs are fairly included was a 

significant challenge for the implementation of the contract. By general definition the SELL needs to include 

factors with costs and benefits that are external to the cost structure and responsibility/influence of the 

water service provider - most notably the need to include environment and resource costs as referred to in 

Art 9 of the WFD. 

 

Hence, the challenge was to develop a methodology for the measurement and reporting of Sustainable 

Economic Level of Leakage (SELL) consistent with the fundamental aims and economic principles of the 

Water Framework Directive, where those fundamental aims and economic principles are: 
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WFD fundamental aims: 

� Restore good ecological and chemical status for all water bodies across the Community by 2015; and, 

� Integrate water management activities at the river basin level. 

 

WFD economic principles: 

i. the polluter-pays principle, which is enshrined in the cost recovery article and the 2010 water pricing 

requirement with the purpose of achieving sustainable water use (Art 1, WFD) 

ii. the principle of cost recovery, including environmental and resource costs (Art 9, WFD) 

iii. the principle of cost-effectiveness, to be applied when selecting the combinations of measures to achieve 

the WFD objectives (Art 11, WFD); and, 

iv. the concept of disproportionate costs, which in simple terms permits exemptions if achieving WFD 

objectives for good ecological status proves disproportionately costly (Art 4, WFD). 

 

 

The measure selected to assess the economic efficiency of the water distribution networks is the 

Sustainable Economic Level of Leakage (SELL), where the SELL is the level of leakage (measured as real 

water losses) of a water distribution network at which the unit cost of leakage control measures for the 

Water Service Provider equals the unit cost of water – where the unit cost of water includes the water 

service provider’s costs and the environmental and resource costs (ERC) external to the water service 

provider. In more simple terms the SELL is the point at which the cost of reducing water losses exceeds the 

‘cost of water’ where the ‘cost of water’ includes the environmental and resource costs of water
2
. 

 

The approach taken to the calculation of SELL is the Least Cost Plan (LCP) approach (which is consistent 

with the WFD economic principles of cost recovery including ERC and cost-effectiveness) and incorporates 

the unit or incremental elements of the Marginal Cost of Water approach. The Least Cost Plan (LCP) is the 

vehicle by which WSPs and River Basin (Water Resource) Managers can determine the optimal mix of 

interventions or Programme of Measures necessary to ensure the long-term balance between supply and 

demand in order to meet their respective water service or water resource management objectives.  

 

The SELL methodology selected involves the identification and calculation of 3 main cost components and 

these 3 main cost components are: 

 

Cost Component 1: 

- The Unit Cost of Leakage Control Measures required to achieve specific levels of leakage using an 

optimised mix of Active Leakage Control (ALC), Pressure Management (PM) and Asset Renewal (AR); 

calculated for a range of leakage targets relative to the current leakage levels. 

 

Cost Component 2: 

-  The Unit Cost of Water for the Water Service Provider, where this represents the Marginal Unit Cost 

(MUC) of Water for the Water Service Provider, and is calculated as the incremental cost of water 

abstracted and distributed by the WSP, based on variable system operating costs plus the average 

incremental cost of any future supply and demand options (with associated new capital investments) 

required over the reference planning / analysis period (20 years), selected using a Least Cost Plan (LCP) 

approach; and for simplicity is referred to under the contract documents as the Marginal Cost of Water 

for the Water Service Provider, MCoWWSP. 

 

Side Note: The average incremental cost of any future supply and demand options (with associated 

new capital investments) required (e.g. to meet growing population demands) to be constructed by the 

WSP in order to provide water supply-demand balance (i.e. security of supply) over the planning period 

is distinct from the measures funded at a basin level by an external entity to achieve sustainable water 

use objectives at a basin or water body level and care is taken in the analysis to avoid double counting.

                                                             
2
 The SELL is calculated based on actual costs incurred or necessary to achieve water quantity & quality objectives and 

does not include taxes. 
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Cost Component 3: 

- The levelised cost (unit cost) of water for the integrated management and protection of the water 

resources in a river basin district or water body (prior to abstraction by the water services provider), 

where all costs for the administration, management, protection and sustainable development of water 

resources at a river basin level are included in the cost calculation, and the programme of measures 

(PoM) and actions necessary to meet overall water objectives for quality and quantity (sustainable 

water use, WFD Art. 1) are selected using the Least Cost Plan approach). This levelised cost of water for 

the integrated management and protection of the water resources is to be used as a proxy for the 

Environmental and Resource Cost (ERC) of Water as referred to in Article 9 of the WFD. 

 

It was envisaged that this unit cost, would be calculated based upon the RBMPs for WFD compliance, 

and would be a flat unit cost for water in basin districts or water bodies that are not ‘water scarce’ – 

but could/would have varying or escalating unit costs where actions are necessary in a water scarce 

basin or water body where additional measures are required to provide the WSP with security of 

supply in the form of access to new or additional resources.  Again, for simplicity in its presentation, 

where it is envisaged as a levelised cost of water charged (directly or indirectly) per volumetric unit of 

water abstracted by the WSP it is referred to in this report as the Marginal Cost of Water for the 

integrated management and protection of the water resource prior to abstraction by the water services 

provider, MCoWIWRM. 

 

 

Side Note:  

Using the levelised cost of the integrated management and protection of the water resources in a river basin 

district or water body (prior to abstraction by the water services provider) to be used as a proxy for the 

Environmental and Resource Cost (ERC) of Water is an innovation developed under this contract where the 

Project Steering Committee strongly supported a cost based approach to the estimation of the environmental 

and resource cost externalities of water versus the traditional Ecosystems Services Valuation (ESV) techniques 

that are used to try to assign a value to water using value based approaches. While the levelised cost of a 

service to the point of consumption is common in the electricity and gas utility sectors, it had not been used in 

the water sector to assess the cost for the provision of integrated water resource management services. This 

cost-based approach developed for ERC under the contract is also consistent with Article 9 of the WFD where 

the requirement is for cost recovery of environmental and resource costs.  

 

The cost based approach developed assumes that social preferences, inter-alia the minimum ecological 

standards have been accounted for at Member State level through the participatory component inherent in the 

enactment of law and in the participatory process included in the preparation of the WFD River Basin 

Management Plans (RMBP), wherein the legislative and regulatory targets are set both generally in law and 

specifically within an adapted RBMP; and at and EU level the social preferences / targets / objectives of EU 

society included in the EC WFD are the result of the wider participatory and legislative process behind the 

Water Framework Directive (i.e. in establishing ecological and sustainable water use targets) – hence is a 

Target Based Associated Costs (TBAC) approach. While this approach has many advantages over the traditional 

Ecosystems Services Valuation (ESV) techniques its weakness is that the levelised cost calculated is only as 

reliable as the RBMP (or equivalent integrated water resource management (IWRM) plan) upon which it is 

based. 

 

 

 

Note 4:  Results from the analysis of LoL & SELL on 7 Case Studies 

 

 

Level of Leakage: real losses ranged from 10% to 72% of system input volume 

 

SELL:  ranged from 9% to 48% of system input volume 
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Note 5: Key findings regarding the factors leading to the wide range in the Sustainable Economic 

Levels of Leakage and the resulting impact on investments / actions  

 

The Case Study analysis has shown that the factors that most influence
3
 the outcome of the SELL 

calculation are: 

 

1. The SELL will tend to be high and investments that can be justified to address high levels of leakage 

will be low: 

� Where the water service provider (WSP) has access to abundant water resources of good 

chemical quality that are located at topographical levels above the level of the customer 

base, then the internal costs to the WSP are very low (i.e. low or no treatment costs & low or 

no electricity costs for distribution): and where at a basin level if the water resources are 

abundant with limited measures necessary to achieve the objectives of the WFD then the 

external environmental and resource costs are also low. In these cases then the combined 

Marginal Cost of Water is low, hence the marginal cost of Leakage Control measures will also 

be low and by extension the investments for leakage reduction that can be justified are low 

and the level of leakage can be high. Refer to the Turkey and Germany Case Studies. 

 

2. On the other hand, the SELL will tend to be low and investments that can be justified to address 

levels of leakage will be high: 

� Where a water service provider (WSP) has limited access to water resources and the water 

resources are of poor quality that are located at topographical levels below the level of the 

customer base (or underground), then the internal costs to the WSP are very high (i.e. high 

treatment costs & high electricity costs for distribution): and if at a basin level the water 

resources are scarce with extensive measures required to improve water status to achieve 

WFD objectives, then in these cases then the combined Marginal Cost of Water is high, hence 

the marginal cost of Leakage Control measures will also be high and by extension the 

investments for leakage reduction that can be justified are high.  Refer to the UK and Romania 

Case Studies. 

 

In addition, two dominant factors, specific to the water distribution network (or internal to the WSP cost 

structure) that impact levels of background leakage and the cost (and effectiveness) of leakage control 

measures: 

 

3. Economies of density:  

� Where the water distribution network has economies of density (the capital asset investment / 

customer connection is low) then both the asset renewals and operating costs relative to 

revenue water tend to be lower, and leakage control investments will tend to produce higher 

yields relative to SIV.  (i.e. a smaller network to operate and fix with high sales volumes).  Refer 

to the Romania Case Study where the impact of losing economies of density due to the 

extension of the service area into semi-rural areas increased both the marginal cost of water 

for the WSP and reduced the unit effectiveness of leakage control measures. 

 

4. The underlying quality of the distribution network in terms of system design and installation: 

� Where the underlying quality of the network design is good – designed for ease of operation 

and maintenance without pressure stresses - it will respond well to ALC leakage control 

measures and the cost of those measures will tend to be lower; and where the quality of the 

network installation is good (with good materials selection and workmanship at the time of 

installation) then background leakage levels will tend to be lower and asset life is will be longer. 

This prompted our 6
th

 (and final) policy recommendation (see note 7 below), which aims to 

promote water and resource efficiency in water distribution networks via ensuring that where 

EC funds are used to finance the construction or renovation of water infrastructure (water 

abstraction and distribution systems), the EC requires that: 

                                                             
3
 Other factors also impact the SELL calculation. 
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i. the resource and environmental cost of water are taken into account in the system 

design; and, 

ii. the system is designed for extended asset life, incorporates effective PM and facilitates 

effective ALC. 

 

 

Note 6:  General Conclusions 

 

A key issue that became apparent from the Case Study works is that the sustainable level of leakage (SELL) 

of a water distribution network is dependent both upon the efficiency of the water services provider and 

upon the efficiency of the national or basin administrative body responsible for the administration, 

management, protection and sustainable development of the raw water resources at a basin and water 

body level, and optimal water resource efficiency occurs when both the water services provider and the 

administrative body responsible for the management of water resources prior to abstraction are both 

achieving their quantity and quality service objectives most cost effectively (i.e. both achieve their 

respective objectives at least cost.) 

 

If the management of water resources by the national or basin administrative body is inefficient or 

ineffective then this inefficiency is passed on to the water services providers, who then have to 

compensate for these shortcomings and vice versa.   

 

Therefore, improving water resource efficiency in water distribution networks is a problem, which requires 

water services providers’ to: 

 

� Implement best practices in leakage reduction through active leakage control, pressure 

management, asset renewals and good system design to achieve the Sustainable Economic 

Level of Leakage for their respective distribution networks where environmental, social and 

resource costs are fairly included in the calculation of the sustainable level of leakage; 

� Carry out their operations in compliance with limitations / targets imposed upon them with 

respect to abstractions from and discharges to water bodies necessary for the overall 

sustainable management of water bodies; and, 

� Carry out their investment and operating activities cost effectively in order to keep water 

tariffs fair and reasonable. 

 

It also requires the administrative body responsible for the management of water resources prior to 

abstraction by the water services provider, on its part, to: 

 

� Manage water resources well, ensuring that the socio-economic and environmental needs 

for water and the availability of water is balanced and that drinking water resources are 

protected from pollution, providing water services providers with reliable, secure and cost 

effective sources of supply; inter-alia preparing RBMPs, as required for WFD compliance, 

that are harmonized with other key socio-economic and land use planning documents prior 

to their adaption, and that financing plans (prepared using the principles of polluter-pays, 

cost-recovery, cost-effectiveness and disproportionate cost) to support the 

implementation of the RBMPs are also in place and publicly consulted prior to the adaption 

of the RBMP, and, 

� Carry out their operations cost effectively ensuring that the ‘environment and resource 

cost’ (i.e. the cost for the integrated management of water resources in order to achieve 

society’s quantity and quality objectives) is reasonable. 

 

In addition, it requires politicians and society, on their part, to allow water services providers to recover the 

cost of water services provision, including environmental and resource costs, operating costs and asset 

renewals costs; all necessary to finance and operate an efficient and sustainable water distribution 

network. 
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The other main finding of the contract was that the quality of the RBMPs in regards to the quantitative assessment 

of water in order to achieve compliance with Art. 1 of the WFD, and thereafter to identify the cost of compliance 

both for quantity and quality measures (with the sole exception of the Adour- Garonne Basin Plan) was poor. 

Therefore: 

 

- By extension as the RBMPs were very poor in their dealings with quantity management (Art 1. WFD) and 

cost recovery (Art. 9) it was therefore very difficult to accurately calculate Environmental & Resource Costs 

(ERC) from the RBMPs for inclusion of the ERC in the SELL calculation; and, 

- Specific to the WFD Art 1 requirement for ‘sustainable water use’ there was no consistent methodology 

applied for the inclusion of ‘long term water balance’, the integration of E-flow requirements, and the 

inclusion of climate variability/change impacts, which also would be expected to significantly impact the 

scope and scale of a Programme of Measures necessary to address these issues. 

 

 

 

Note 7:  Policy Recommendations 

 

Based upon the Tranche 1 Findings and Conclusions the Tranche 1 Policy Recommendations proposed 

under this contract for inclusion into the Blueprint are summarised below in Table 1. 

 

The policy recommendations are included in the following main groupings: 

- EC wide targets for water losses in water distribution networks, 

- Improvements necessary in the preparation of RBMPs for the implementation of the WFD,  

- Implementing the principle of cost recovery at a WSP level, and, 

- Improving EC/EIB funding conditionality where EC/EIB will be used in the water distribution sector 

to promote good fundamental system design & installation 

 

Table 1: Summary of Contract Policy Recommendations (May 2012)  

T
h

e
m

e
 

Issue Summary policy recommendation 

T
a

rg
e

ts
 

1. Water loss targets It is recommended that NO targets for water losses in water distribution 

systems are set - context is critical.  There is no single parameter that can 

indicate resource and economic efficiency in a water distribution network 

for which a target can be set in order to promote efficiency, hence it is 

recommended to use 2 (LoL and SELL) reported together in the simple 

terms of ratio of real losses as a % of System Input Value (SIV), which when 

compared can indicate the level of resource and economic efficiency 

W
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P
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e
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2. Quantity 

management: WFD 

Art 1. 

Quantity management should be clearly introduced in the RBMPs The WFD 

at present is largely quality driven; this needs to change to an IWRM 

approach in order to consistently apply the requirements for ‘sustainable 

water use” as defined in Article 1 of the WFD. 
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3. Water pricing (ERC) 

WFD Art. 9 

The recommendation is that for each basin or water body the ERC is 

calculated bases upon the actual costs incurred for the administration and 

management of water resources in order to achieve the quantity and 

quality objectives of the WFD (as transposed into national legislation) and 

the it is a cost based calculation not a value based calculation; and where 

abstraction/water use fees are to be applied that they are consumption-

based and differentiate between water stresses and non-stressed 

resources, and are set at levels that reflect the cost of managing water 

resources (IWRM) to meet water quality and quantity objectives.  (Note: It 

is also recommended that the abstraction / water use fees charged to WSPs 

should not exceed the ERC where the method to calculate ERCs are cost-

based reflecting real costs and  should NOT be a tax, as this leads to 

distortions. 

4. Harmonisation of 

plans (Quantity 

management: WFD 

Art 1.) 

The socio-economic demand for water needs to be incorporated into the 

RBMPs in order to demonstrate compliance with Art. 1 ‘sustainable water 

use’. It is therefore recommended to require the harmonization of RBMPs 

(for WFD purposes) with other strategic physical & socio-economic 

planning documents prior to adoption and to require that these RBMPs are 

supported by a real Financing Plan wherein the costs associated with the 

implementation of the RBMPs should be known prior to adoption, and the 

financing/cost recovery mechanism to fund the RBMP implementation also 

defined prior to public consultation and adaption  (i.e. who will pay and 

how much will they have to pay).  In general, the quality of RBMPs 

prepared and submitted is poor, and do not have the financial resources 

behind them to support their implementation. The EC could also set higher 

standards for Water Resource Management (Quantity) as a condition to 

access to solidarity funds in the events of droughts & floods. 
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5. Water Pricing (WSP) 

Cost recovery at WSP 

level: WFD Art. 9. 

Water tariffs for WSP service delivery should be set at levels necessary to 

recover all costs necessary to achieve legislative compliance and 

sustainable service – including the cost of operations and the cost of asset 

renewals and the environmental and resource cost of raw water. Where 

water tariffs are not set at cost recovery levels then they are not likely to 

include sustainable levels of asset renewals, and by extension unlikely to 

promote resource efficiency by the end user and the WSP is unlikely to 

achieve optimum levels of leakage reduction. 
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6. Improving water 

infrastructure design 

and construction for 

improved asset life 

and efficient 

performance 

To promote water and resource efficiency in water distribution networks via 

ensuring that where EC funds are used to finance the construction or 

renovation of water infrastructure (water abstraction and distribution 

systems), the EC requires that: 

i. the resource and environmental cost of water are taken into 

account in the system design; and, 

ii. the system is designed for extended asset life, which 

incorporates effective PM and facilitates effective ALC. 

Side Note: Given the cost structure in the water utility industry where the 

fixed costs (assets) are the most important cost component (60-80%) the 

most effective way to reduce asset renewals costs is to install assets that 

have a long asset life: this involves the correct choose of materials and a 

high standard of installation for networks at the time of initial design and 

installation. 
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PART 2:  NOTES 8, 9 & 10  
 

TRANCHE 2:  PROVIDE GUIDANCE TO THE EC ON HOW SPECIFIC POLICY RECOMMENDATIONS 

IDENTIFIED UNDER TRANCHE 1 COUND BE APPLIED IN PRACTICE 

 

Note 8: Explanation of the specific Tranche 2 contract objectives (that were defined on 

completion of Tranche 1 & Blueprint consultation) 

Note 9: Non-Technical Summary of ‘ Review by an independent environmental economist of 

the Contractor’s TBAC approach developed in Tranche 1 to assign monetary price to 

the environmental & resource cost (ERC) of water’ 

Note 10: Non-Technical Summary of ‘Portugal’s Tagus River Basin District – (Pilot Study)’ 

 

 

 

  



13 

ERM-Solventa 

Note 8: Explanation of the specific Tranche 2 contract objectives (that were defined on 

completion of Tranche 1 & Blueprint consultation) 

 

 

 

The Link between Tranche 1 Findings & Tranche 2 Contract Works 

 

In summary, Tranche 1 highlighted specific issues, two of which (i. the need for a robust method for the calculation 

of ERC, and ii. the need to provide guidance to MSs on the inclusion of quantity into the preparation of RBMPs) the 

Commission selected as the priority topics for the series of technical briefing notes to be prepared under Tranche 2. 

The specific findings of Tranche 1 related to the Tranche 2 contract works are summarised below. 

 

The Tranche 1 findings relevant to the Tranche 2 contract works: 

 

� There is no single parameter that can indicate resource and economic efficiency in a water distribution 

network for which a target can be set in order to promote efficiency, hence it was recommended to use 

two, which when compared together could indicate the level of resource and economic efficiency - these 

two parameters being i. the real volumetric water losses in a network reported as a ratio of system input 

volume (LoL) and ii. the SELL - also reported as the real volumetric water losses in a network as a ratio of 

system input volume. Where these two figures are similar this would indicate that the network is 

operating efficiently – provided that the environment and resource costs (ERC) are included in the 

calculation of the SELL, 

 

� Therefore in order to fairly calculate the SELL then the ERC must also be calculated. However, the 

conventional methods for the calculation of ERC or environmental and resource externalities using 

Ecosystem Services Valuation techniques are value-based and tend to produce widely inconsistent results 

as techniques used differ and the perceived values of water by people from differing areas and MSs varies 

widely. The absence of a method that could reasonably determine the extent of these environmental and 

resource costs has been an underlying reason for general exclusion of environmental and resource costs 

in the investment decision making considerations of water service providers. 

 

� In response to this problem this contract under Tranche 1 developed and applied a cost-based method 

for the calculation of ERC based on the RBMPs for WFD compliance, where all costs for the 

administration, management, protection and sustainable development of water resources at a river basin 

level are included in the cost calculation, and the programme of measures (PoM) and actions necessary to 

meet overall water objectives for quantity (sustainable water use Art. 1WFD) and quality are selected 

using the Least Cost Plan approach).  

 

� While the method proved robust, the environmental and resource cost (ERC) calculated as a result is 

only as good as the RBMP upon which the ERC calculation relies, in that the sustainable resource 

management costs are assumed to have been accurately reflected in the RMBP.  In the course of the 

Tranche 1 case studies a main substance issue with the RBMPs became evident reflecting underlying 

water policy weakness – i.e. the RBMPs in general did not adequately address quantity for 

‘sustainable water use – Art. 1 WFD’, and therefore did not fully identify costs necessary for 

‘sustainable water use’. It also became evident that the underlying reason for this omission or 

partial omission in the RBMPs was the absence of consensus, policy and/or guidance for the 

consistent inclusion of water quantity issues in RBMPs. Specific EC policy or guidance is required in 

the areas of: 

 

- the reduction or elimination of ‘water scarcity’, 

- the preservation of aquatic ecosystems, their sites and wetlands (via setting E-flow 

methodologies/targets); and, 
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- the incorporation of the quantity impacts of climate change. 

All of which are quantity issues and directly contribute to the fulfilment of Article 1 of the WFD.  

 

The two specific issues, selected by the Commission, to be addressed in Tranche 2 were: 

 

Issue 1: 

 

The need for a robust ‘cost-based’ method for the calculation of ERC so that the environmental and 

resource cost of water can be recovered (Art 9 WFD) and can be included in the SELL calculation to 

promote resource and economic efficiency in water distribution networks. 

 

Response to Issue 1: Independent Review of TBAC Method 

 

 As the target based associated cost (cost-based) method for the calculation of ERC based on the RBMPs 

was a new tool developed under Tranche 1 of the contract, the EC Contract Manager requested that it be 

independently reviewed by an environmental economist that had not been involved in the Tranche 1 

Contract works, and independent of the Contractor’s project team. The output of this review would form 

the first in a series of briefing notes produced during Tranche 2, where the specific task of the independent 

environmental economist was to provide a comparative assessment of both the cost-based approach 

developed under Tranche 1 and current Ecosystem Service Valuation (ESV) approaches for valuing 

ecological externalities in the context of the EC Water Framework Directive (WFD). 

 

A non-technical summary of ‘Tranche 2 – Independent Review of TBAC Method’ is provided in Note 9 

below. 

 

Issue 2: 

The need to incorporate quantity issues into the RBMPs that directly contribute to the fulfilment of 

Article 1 of the WFD.   

 

Response to Issue 2:  Portugal’s Tagus River Basin District (Pilot Study) 

 

The objective of Portugal’s Tagus River Basin District (Pilot Study) was to propose, set and test (on a real 

river basin district) methods and targets for the incorporation of water quantity objectives into a Pilot 

Study to support the fulfilment of WFD Article 1 requirements for sustainable water use, and thereafter 

report to the Commission on the findings. The key water quantity items to be investigated were: 

 

- the reduction or elimination of ‘water scarcity’, 

- the preservation of aquatic ecosystems, their sites and wetlands (via setting E-flow 

methodologies/targets); and, 

- the incorporation of the quantity impacts of climate change 

 

A non-technical summary of the ‘Tranche 2 - Portugal’s Tagus River Basin District (Pilot Study)’ is provided 

in Note 10 below. 
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Note 9: Non-Technical Summary of ‘Review by an independent environmental economist of the 

Contractors TBAC approach developed in Tranche 1 to assign monetary price to the 

environmental & resource cost (ERC) of water’  

 

As the Target Based Associated Cost (TBAC) Approach to assign monetary price to the environmental & 

resource cost (ERC) of water was a new tool developed under the contract in Tranche 1 the EC Contract 

Manager requested that it be independently reviewed by an environmental economist that had not been 

involved in the Tranche 1 Contract works and independent of the Contract team. The output of this review 

forms Contract Briefing Note 1 - BN1 where the specific task of the independent environmental economist 

was: 

 

 

To provide a comparative assessment of the following two methods for valuing ecological externalities in 

the context of the EC Water Framework Directive (WFD): 

 

i. The WFD Target-Based Associated Costs (TBAC) approach developed and used for the estimation 

of ERC in Tranche 1 of this Contract, and, 

ii. The current Ecosystem Services Valuation (ESV) approaches. 

 

 

The overview of both approaches and their respective advantages and disadvantages as described in 

Contract Briefing Note 1 are included below: 

 

The WFD Target-Based Associated Costs (TBAC) approach – Consideration of Externalities   

 

The WFD Target-based Associated Cost approach to valuing ecological externalities utilises the key 

assumption that where abstraction and water use fees are charged (either directly or indirectly) and 

include the costs associated with the management of water resources to achieve good water status under 

the EC Water Framework Directive (including sustainable abstractions) then the associated ecological 

externalities are deemed already included in their calculation of the Marginal Cost of Water.  The TBAC 

approach assumes that social preferences have been accounted for through the participatory component 

of the basin management plans as well as the wider legislative process behind the Water Framework 

Directive – rather than attempting to measure preferences at the basin level through a separate valuation 

study. Its advantages and disadvantages are: 

  

TBAC Approach Advantages –  

� Simplicity - the approach does not require additional economic analysis of externalities; rather, it makes the 

assumption that a basin management plan that targets good ecological condition as defined in the WFD has 

internalized those costs into basin management. The costs of implementing those policies can then be 

incorporated into water pricing.  

� Avoids or reduces instances of double-counting – by utilising the economic considerations built into the basin 

management plans, this TBAC approach avoids the problematic aspects of double-counting environmental costs 

through an additional economic analysis. 

� Since it is grounded in a Least Cost Plan approach, the TBAC approach promotes efficiency in both the use of 

water resources and in the use of society’s financial resources for water basin management as a whole.   

� As a result of using scientifically and politically agreed environmental targets to define good water status, the 

TBAC approach does not have the challenge of attempting to estimate ‘intrinsic value’ and other particularly 

challenging aspects of ESV. 

TBAC Approach Disadvantages -  

� The TBAC calculation will only be as sound as the river basin plan that it is based on.  It may therefore take a few 

rounds of 5-yearly river basin plan “updates’ before the TBAC can be accurately determined.  For example, if a 

basin plan is fully implemented with the environmental and resource costs of water set using the TBAC method 

and these costs are recovered in accordance with Article 9 of the WFD, but the Water Quality Objectives set in 

the plan are not met, then the plans upon which the cost of water has been calculated, including the associated 

resource and environmental costs, was flawed.  Therefore the calculation of the associated resource and 

environmental cost of water will also be flawed.  
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The Ecosystem Services valuation (ESV) approaches – Consideration of Externalities   

 

The Ecosystem Service Valuation (ESV) approach assesses the value to society of the suite of goods and 

services provided by a defined ecosystem, in this case, river basins managed through river basin 

management plans. This approach draws upon a variety of methods to calculate a monetary value for the 

“direct” “indirect” and “non-use” values associated with an ecosystem, many of which are overlooked in 

existing markets, including any existing water pricing schemes that do not incorporate externalities. An 

overview of the total economic value (TEV) concept at the centre of the economic valuation approach is 

provided in the text box below.   

 

Total Economic Value (TEV) 

The Total Economic Value (TEV) conceptual framework views ecosystem goods and services as the flows of benefits 

to humans. The values of these benefits are assessed by examining the ways in which ecosystem services are directly 

or indirectly utilised by people (use values) and the ways in which they provide intangible benefits to society (non-

use values). 

 

Use Values  

Use values can be sub-divided into direct use value and indirect-use value:  

Direct use values arise from human use of natural resource systems, including extractive use such as timber or 

fisheries and non-extractive use such as tourism and recreation. These values are often captured in existing markets. 

Indirect use values result from the regulatory or supporting ecological processes that contribute to the ecosystem 

services giving rise to benefits. For example, processes occurring in wetlands remove excess nutrients, improve 

water quality and provide flood protection through retaining water.  

 

Non-use values  

Non-use values do not involve direct interaction between humans and ecosystems. They include:  

• altruistic values, derived from knowing that others can enjoy the goods and services from ecosystems  

• bequest values, associated with knowing that ecosystems are passed on intact to future generations  

• existence values, arising from the knowledge the ecosystem and its services continue to exist  

• option values, the benefit from the security of knowing that an ecosystem is being preserved for possible but 

unforeseen future uses, such as a species with possible pharmaceutical applications (sometimes categorized as a 

use value). 

 

Source: UK Houses of Parliament Parliamentary Office of Science and Technology. 2011.   Ecosystem Service 

Valuation. POST Note #378. May 2011. London, UK.  

 

The most common methodological approaches to economic valuation can be divided into the categories of 

imputed willingness to pay, expressed willingness to pay, and value (or benefit) transfer methods.   

Different approaches tend to be suited to assessing different types of values (e.g. direct, indirect, non-use) 

and a TEV assessment will often include a mixture of approaches.   

 

The use of an ESV approach in calculating the ecological and resource value of water enables policy makers 

to directly assess the value placed by society on environmental benefits that have traditionally been 

excluded from water pricing.  Theoretically, this should therefore help to establish a water price that 

appropriately incorporates the environmental externalities. 

 

The advantages and disadvantages of utilising an ESV approach are outlined below. 

 

ESV Approach Advantages: 

� While it is widely acknowledged that economic valuation techniques face a number of methodological and 

philosophical challenges, the core argument in favour of ESV tends to be that some attempt to capture the value 

of the more abstract environmental externalities is better than nothing, a situation which otherwise results in an 

“assumed value” of zero.    

� Survey-based approaches also offer a direct means of measuring the value that resource users place on both 

tangible and intangible services provided by water basins; as a result, these surveys also constitute a form of 

stakeholder engagement that, if repeated at different points in time, can help to capture changing preferences 
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relating to environmental protection and resource use.  Benefit transfer, which may be the most likely 

methodological approach to ESV for many river basins, can also be calibrated by introducing small-scale primary 

data collection and stakeholder engagement to help inform the transfer of values to a local context.    

ESV Approach Disadvantages: 

Economic valuation techniques face a number of methodological and philosophical challenges: 

� “Double-counting” is often a concern for arriving at “clean” value estimates using ESV. For example, it can be 

difficult to fully separate out the value people place on “end-use” services such as clear water for swimming or 

high fish abundance and diversity when fishing, from the regulating and supporting services that contribute to 

these services – particularly for a service such as erosion control, which may contribute to multiple other end-

use services. Many of these methodological challenges can be overcome in a high quality, technically proficient 

ESV; however, many ESVs do not sufficiently avoid double-counting – including many studies that might be relied 

upon for benefit transfer in the event that survey-based ESVs are too cumbersome.  

� Ecosystem service valuation approaches often produce value estimates with a large margin of error; the high 

end of the range, especially for non-use values, can often be extremely high, particularly if the study has not 

been appropriately grounded (e.g. by including opportunity costs).  

� There are hazards associated with over-estimating society’s willingness to pay for environmental outcomes. 

Unrealistically high prices for water value may lead to inflated water and ecological resource valuations levels 

that if incorporated into the decision-making processes for investments would result in  investments would that 

have much less benefit to society than estimated, resulting in the waste of society’s limited financial resources 

that could have been better stent elsewhere, when other options are available.  There are also cases, such as the 

Murray-Darling basin in Australia, where an ESV approach produced a value estimate that proved much higher 

than was politically feasible to translate into basin management policy. 

� It is difficult to include non-anthropocentric environmental benefits (e.g. the intrinsic value of nature in its own 

right, independent of human welfare) in monetary valuations.  As noted by Fisher (2008), this is more 

appropriately a matter for policy makers to determine – as they have in specifying the good ecological status 

(GES) target in the WFD.    The WFD sets targets and then puts the onus on polluters to prove that the costs of 

measures to achieve GES are disproportionately expensive. 

� Adding an ESV stand-alone valuation exercise into the process for setting water prices has some potential to lead 

to confusion and/or over-complicate river basin management planning.   

 

The discussion of both approaches to value ERC as described in Contract Briefing Note 1 is summarized 

below: 

 

The TBAC  approach assumes that social preferences, inter-alia the minimum ecological standards have 

been accounted for at Member State level through the participatory component inherent in the enactment 

of law and in the participatory process included in the preparation of the WFD River Basin Management 

Plans (RMBP), wherein the legislative and regulatory targets are set both generally in law and specifically 

within an adapted RBMP; and at and EU level the social preferences / targets / objectives of EU society 

included in the EC WFD are the result of the wider participatory and legislative process behind the Water 

Framework Directive (i.e. in establishing ecological and sustainable water use targets).  

 

Arguments in favour of the TBAC approach used in the ‘Resource & Economic Efficiency in Water 

Distribution Networks in the EC – SELL Methodology’ include its simplicity and its integration with the 

decision-making process established under the WFD.  It also runs a lower risk of overestimating the value of 

water, which can lead to inefficient use of limited financial resources and/or delays and political hurdles in 

implementation.  The primary drawback of the approach is likewise its reliance on the river basin 

management planning process. Where the planning and implementation of water management is not 

working well, appropriate water pricing may lag worryingly behind the levels needed to achieve good 

ecological status. i.e. water pricing that results from using a TBAC approach can only be as good as the 

River Basin Management Plan upon which it is based. 

 

In contrast to the TBAC approach, ecosystem service valuation (ESV) attempts to measure user preferences 

and estimate the value of water at the basin level through a separate valuation study.  Ecosystem valuation 

techniques face challenges in terms of precision and accuracy, with more robust results typically requiring 

considerable time and expense.  Large margins of error may present a challenge when attempting to use 

the outputs for something as precise as water pricing.  However, ESVs do allow for a fresh analysis of the 

benefits provided by river basins and of stakeholder preferences regarding ecological protection – 
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something that may be particularly useful in basins that are lagging behind in establishing robust river basin 

management plans.     

 

Given the above, it is worth carefully considering the drawbacks of ESV approaches before utilising them 

across the board to calculate water resource and environmental costs as required under Article 9 of the 

WFD. Utilising ESV in river basin management planning could complement the TBAC approach and vice-

versa. This could help to improve the robustness of river basin management planning and build a broader 

library of water valuation studies, while still encouraging countries to establish least-cost approaches to 

reaching ecological targets and economic efficiency. 

 

 

Note 10: Non-Technical Summary of ‘Portugal’s Tagus River Basin District – (Pilot Study)’ 

 

10.1. Introduction 

 

EC policy or guidance is required in the area of incorporating quantity management into the preparation of 

the RBMPs in order to promote compliance with Article 1 of the WFD; that specifically need to address the 

water quantity issues related to: 

 

- the reduction or elimination of ‘water scarcity’, 

- the preservation of aquatic ecosystems, their sites and wetlands (via setting E-flow 

methodologies/targets); and, 

- the incorporation of the quantity impacts of climate change 

 

This ‘Portugal Tagus River Basin District - Pilot Study’ specifically attempts to set water quantity objectives 

and test the resulting impact on the Pilot Study Area (as shown in Figure 2 below), aiming, through this 

Pilot Study, to provide the Commission with an indication of the challenges and potential impacts of setting 

and including water quantity objectives in the RBMP / WFDCIS process. 

 

 
Figure 2: Pilot Study Area: Portugal’s Tagus River Basin District 

 

 

10.2. The Selection of a Test Water Quantity Target for inclusion into the RBMP Preparation Process 

 

The fundament objective of the WFD is the achievement of ‘Good Ecological Status (GES)’ of Europe’s 

waters; and of the three water quantity issues listed above, the issue most directly related to the 

achievement of GES is the water quantity needs for the preservation of aquatic ecosystems, their sites and 

wetlands (i.e. e-flows necessary to facilitate GES).  
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There is no requirement in the WFD to set and achieve E-flows, however the absence of E-flows may be a 

cause for the failure to achieve GES, where GES is defined using the biological quality parameters in order 

to meet the minimum obligatory parameters and frequency of monitoring required in the WFD (Annex V) 

with respect to species composition, abundance and age structure of populations. 

 

Given this link between GES and E-flows it was decided that the quantity targets should be set and 

monitored at the same spatial density as that included in the WFDCIS guidance for water quality monitoring 

i.e. a minimum of 1 (audit) monitoring station per 2500 km
2
. 

 

In terms of a water quantity target for the reduction or elimination of ‘water scarcity’ - where water 

scarcity is defined as ‘long term water imbalance’ - it is necessary to set both a spatial and temporal 

parameter in order to define a target for long term water balance. A monthly time-step is considered a 

reasonable temporal parameter hence the boundary limits necessary to set a water quantity objective are 

set as: 

 

- Water resources should be managed to aim to achieve long term water balance on a monthly 

time step for catchments of not greater than 2500 km2. 

 

 

Side Note:  The water balance target could just as easily be set at a spatial resolution for areas not greater than 

1,000 km
2
 or 500 km

2
 but obviously the finer the spatial resolution the more localised imbalances 

will be detected and a larger Programme of Measures (PoM) would by extension be needed to 

address those additional localised imbalances. While the 2,500 km
2
 spatial resolution was selected 

to match the monitoring density for water quality for WFD purposes, a finer resolution may be 

better to identify the local water imbalance needs. Refer to a further comment on this issue in the 

conclusions and recommendations. 

 

 

With this key target set:  

 

• socio-economic demands (extracted from the draft RBMP for the Basin District) for water were 

overlaid and the Programme of Measures (PoM) needed to achieve long term water balance 

identified (quantified in terms of equivalent volume’– see explanation below in Text Box 1); 

 

 

Text Box 1 - Explanation of the concept of ‘equivalent volumes’ 

 

The concept of ‘equivalent volume’ was developed under this contract as a tool to facilitate the early scoping of 

quantity imbalance and running scenario analysis for possible least cost solutions, where: 

 

‘equivalent volumes’ are estimated volumes that need to be created - either through efficiency in the operations of 

existing infrastructure, or through reduction in socio-economic demands, or through the construction of new storage 

(including natural water retention measures), or a combination of all of the above - that result in attainment of both 

water quantity objectives and water quality objectives” 

 

The intrinsic assumption is that the higher the ‘equivalent volumes’ required to achieve the water quality and 

quantity objectives then the higher the cost will be to design and implement a Programme of Measures to achieve 

those objectives.  

 

In the calculation of ‘equivalent volumes’ for this Pilot Study it is implicitly assumed that the dams were operated at 

close to optimum – which is not an unreasonable assumption in the Tagus Basin. Hence any changes to the operating 

regime would have a financial cost. To calculate such a cost would have been an onerous task and required data not 

available. When additional water is released from a dam there may be two costs; for example hydropower might be 

generated at a time when it has little value and water for irrigation, which would have a higher value, is not available. 

The method adopted was to assume that to compensate for the volume of water released to meet E-flows additional 

volume (equivalent volume) is required.  
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e.g. Example taken from the Pilot Study Results to demonstrate the purpose of the concept of ‘equivalent volume’ 

which is expressed in more detail in later sections in this report. 

 

The ‘Equivalent Volume’ required for the water quality & quantity E-flow objectives set in this Pilot Study (see sections 

below for further explanation) is 393 MCM in the Castelo do Bode sub-basin using a simplified E-flow approach, and 

1736 MCM for E-flow requirements in the same sub-basin using the IHA/RVA Method to achieve E-flows that would 

most probably facilitate GES at these control points – where it is known from a basket of costs that the cost of the 

PoM in this Basin will range from between PV2012 €0.5 m
3
 - €1.25 m

3
: resulting in an estimated cost for this 

component in the range of PV2012 €196.5 million to €491.25 million using the simplified method, and PV2012 €868 

million to €2.170 billion using the IHA/RVA Method – where the Castelo do Bode sub-basin accounts for less than a 

quarter of the Basin District needs.  

It is also known from the scoping of potential revenues in the Basin District from water user/abstraction fees that 

even under the lowest cost scenario assumptions using the simplified method exceed the potential revenues from 

the highest level from water user/abstraction fees that are considered reasonable (when compared to other EC MSs). 

 

Therefore, using the concept of ‘equivalent volume’ – it could be quickly deduced that implementing E-flow 

requirements based upon the IHA/RVA Method would not be reasonable; leaving instead the options to either 

implement a more simplified low cost method that would most probably facilitate GES at all 11 control points but 

would require significant state subsidy; or alternatively to reduce the E-flow interventions further where GES would 

be achieved at some of the control points and GEP would be achieved at the remainder.  

 

Hence the concept of ‘equivalent volume’ is a tool to facilitate the early scoping of quantity imbalance and running 

scenario analysis for possible least cost (reasonable and affordable) solutions. 

 

 

• the method for E-flows was set and E-flow demands for water were overlaid and the PoM needed 

to achieve long term water balance identified (quantified in terms of equivalent volume’);  

 

• the method for CC was set and CC impacts on water balance were overlaid and the PoM needed to 

achieve long term water balance identified (quantified in terms of equivalent volume’); 

 

– All aiming to achieve the water quantity objective of long term water balance measuring on a monthly 

time-step at a resolution of 2500 km2. 

 

 

10.3. The Determination of E-flows for Portugal’s Tagus Basin Pilot Study 

 

There are 2 main approaches for the setting of E-flows as summarised in Box 2 below: 

 

 

Text Box 2 - The 2 main approaches to setting E-flows 

 

In terms of river management, the ultimate role of E-flows is to enable water use permits to be issued for a 

water resource which achieve the optimum balance between economic and environmental value.  The 

approaches set out in the scientific literature fall into two main groups:  

 

• those which define flow patterns resembling natural flow; and  

 

• those which examine what flows are appropriate to preserve specific aspects of the ecosystem  

 

The two groups of approach are, of course, not exclusive. 

  

 

As mentioned above, there is no requirement in the WFD to set and achieve E-flows, where Good 

Ecological Status is defined using the biological quality parameters in order to meet the minimum 
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obligatory parameters and frequency of monitoring required in the WFD (Annex V) with respect to species 

composition, abundance and age structure of populations. 

 

Therefore, in the context of the WFD, modifying the flow regime of a river is only necessary to facilitate the 

achievement of GES or GEP for water bodies that currently do not achieve GES, or are not expected to after 

planned non-flow modification measures are completed. 

 

Given the above the second approach to E-flows (those which examine what flows are appropriate to 

preserve specific aspects of the ecosystem) is probably most suited to the EC WFD context where MSs have 

already implemented measures and are fully aware of where water bodies are failing to meet GES. 

 

In Portugal’s Tagus Basin no data on biological quality parameters were available and the approach 

selected for the Tagus pilot study uses the first approach which aims to define flow patterns resembling 

natural flow. 

 

This first approach builds on the general principle that the biological health of a river is, all other things 

being equal, a function of the variability of the flow in that river; and to satisfy the basic requirement of 

maintaining or enhancing the aquatic environment as much as possible of that natural variation in flow 

should be reproduced (or where possible the "departure from naturalness" should be reduced) - noting the 

specific importance of the 5 EFCs in the flow regime (see Box 3 below).   

 

Text Box 3 - The 5 Environmental Flow Components of Flow Regime 

 

1. Extreme low flows occur during drought. Extreme low flows are associated with reduced connectivity and 

limited species migration. During a period of natural extreme low flows, native species are likely to out-

compete exotic species that have not adapted to these very low flows. Maintaining extreme low flows at 

their natural level can increase the abundance and survival rate of native species, improve habitat during 

drought, and increase vegetation 

 

2. Low flows, sometimes called base E-flows, occur for the majority of the year. Low flows maintain adequate 

habitat, temperature, dissolved oxygen, and chemistry for aquatic organisms; drinking water for terrestrial 

animals; and soil moisture for plants. Stable low flows support feeding and spawning activities of fish, 

offering both recreational and ecological benefits 

 

3. High flow pulses occur after periods of precipitation and are contained within the natural banks of the river. 

High flows generally lead to decreased water temperature and increased dissolved oxygen. These events also 

prevent vegetation from invading river channels and can wash out plants, delivering large amounts of 

sediment and organic matter downstream in the process. High flows also move and scour gravels for native 

and recreational fish spawning and suppress non-native fish populations, algae, and beaver dams. 

 

4. Small floods occur every two to ten years. These events enable migration to flood plains, wetlands, and other 

habitats that act as breeding grounds and provide resources to many species. Small floods also aid the 

reproduction process of native riparian plants and can decrease the density of non-native species. Increases 

in native waterfowl, livestock grazing, rice cultivation, and fishery production have also been linked to small 

floods. 

 

5. Large floods take place infrequently. They can change the path of the river, form new habitat, and move 

large amounts of sediment and plant matter. Large floods also disperse plant seeds and provide seedlings 

with prolonged access to soil moisture. Importantly, large floods inundate connected floodplains, providing 

safe, warm, nutrient-rich nursery areas for juvenile fish. 

 

 

However, it has proven difficult for river ecologists to describe or define the range of flow variability 

necessary to support a healthy river ecosystem, and to do so in a manner that can be practically 

implemented by water managers. 
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As a result the best practices in E-flow method selection and target setting typically involve a Range of 

Variability approach (RVA) which has 6 steps and is an iterative process as follows: 

 

• Step 1: Characterising the naturally varying flow that existed in a river prior to significant human 

induced changes to the flow regime; 

 

• Step 2: Comparing the naturalised flows with current or projected flow conditions to assess the 

degree of "departure from naturalness" that has already taken place or is projected in the future; 

 

• Step 3: Develop hypotheses about impacts to species or ecosystem processes associated with 

hydrologic alterations  

 

• Step 4: Work with water managers, dam operators, or water rights holders to identify opportunities 

and approaches for modifying water and land management to restore or protect natural flow 

conditions; 

 

• Step 5: Implement flow management strategies and design and implement an ecosystem monitoring 

programme capable of tracking biotic responses to flow restoration or degradation; and, 

 

• Step 6: Evaluate data collected in step 5, and revisit Steps 3-5 as feasible and necessary. 

 

Steps 3-4 ultimately result in the development and agreement with stakeholders and water managers of E-

flow targets or prescriptions or flow management strategies based upon the 5 EFCs which are subsequently 

implemented under Step 5. 

 

In this Tagus Pilot Study, it was necessary to develop hypotheses (Step 3) about impacts to species or 

ecosystem processes associated with hydrologic alterations and set E-flow targets in the absence of 

specific data on biological quality parameters at the selected control points (regarding which are already 

achieving GES and which are not) and in the absence of specific ecosystem-flow regime studies for the 

Tagus River (refer to Box 5 below for the Step 3 hypotheses developed and selected for this Pilot Study). 

 

 

Side Note:          A specific characteristic and challenge for setting & implementing E-flows Regulatory 

Targets in the Tagus River Basin: ‘Natural High Inter-Annual Variability of Flow’ 

 

One of the central drivers in the management of water resources in the Tagus basin district is the degree of 

inter-annual variation in precipitation patterns as shown in Figure 3 below which plots Standardized 

Precipitation Index (SPI) versus time for Spain’s Tagus Basin for the period 1943-2003. 

 

 

 
Figure 3. Plot of Standardized Precipitation Index (SPI) versus time for Spain’s Tagus Basin 1943-2003 

 

This inter-annual variation in precipitation drives the necessity for the regulation of river flows in order to 

provide security of water supply to support socio-economic development needs. 
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The Tagus Basin is a highly regulated river basin in order to address the high inter-annual variation in flows 

and as such the E-flows that tend to be most impacted (i.e. deviate most from natural) are the lower and 

higher environmental flow components - therefore the prescribed E-flow targets must require water 

managers to release water from dams to attain targeted high-flow pulses and floods at the desired 

magnitude, frequency, timing, duration, and rate-of-change, in addition to achieving the extreme low flow 

EFCs. 

 

Given that the general aim of setting specific E-flow targets is to reduce the level of ‘departure from 

naturalness’ of the flow regime, and in itself this has limited use in managing water resources, a number of 

basic principles need to be applied in the setting of specific E-flow targets or strategies. The principles set 

for the purposes of the Pilot Study and also for general application are included in Box 4 below: 

 

 

Text Box 4: Basic principles to be applied in the setting of specific E-flow targets or strategies 

 

• E-flow targets or strategies should reproduce to the extent possible, given practical physical and 

socio-economic limitations, the natural variation in flow. A corollary of this is that no water user 

should be required to enhance flows beyond those that would occur naturally; 

 

• E-flow targets or strategies should form a basis for the licensing of abstractions, discharges and 

impoundments. This in turn implies a degree of stability in the definition of E-flows. A water 

manager, utility or user (in the broadest sense of that phrase) should have some degree of certainty 

of the conditions under which an investment can be operated during its lifetime; 

 

• The method should be operable. That is, it should be possible for a water user to comply with the 

licensing requirements related to E-flows and for this to be seen to be the case (i.e. it can be 

independently audited); and 

 

• The principles should apply to rivers with different combinations of abstractions, discharges and 

impoundments. 

 

 

Given the ‘Basic Principles’ it was then necessary to apply the RVA Method to set E-flow targets, and to 

apply it to the Tagus river basin district with its high inter-annual flow variation. 

Three specific methods were considered, all based upon the RVA (Range of Variability Approach) method 

developed by Richter. The RVA method was chosen since it has been adopted worldwide as an industry 

best practice for determining E-flows.  More particularly, it has been extensively used in the United States 

in regulated systems to maximise the benefit of high-flow pulse releases of water from dams at a targeted 

magnitude, frequency, timing, duration and rate-of-change.  Given the highly regulated nature of the Tagus 

river basin (40% of dams by volume are private HPPs) this was deemed particularly important in its choice. 

 

The three methods considered are: 

 

1. A simplified version of the RVA (Range of Variability Approach) method developed by Richter 

(Selected for this Pilot Study and described below in more detail in Box 5), 

 

2. Flow simulation using the IHA/RVA Method (using the Indicators of Hydrologic Alteration (IHA) 

software program – a standard well known IHA approach), and, 

 

3. A modified IHA/RVA Method that disaggregates each of the EFCs into the type of years that they 

fall with regard to ‘very dry’, ‘dry’, ‘normal’, ‘wet’ and ‘very wet’ years with the aim of addressing 
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the issue of inter-annual variability, proposed to the EC by R. Sánchez-Navarro
4
. This 3rd method 

was disregarded as fundamentally inoperable as it requires operators and regulators to know in 

advance what type of year (i.e. normal, dry or very dry etc.) they are operating in prior to the time 

of operation.  

 

i.e. this 3
rd

 method considered is not operable – but with hindsight over a multi-annual period it is 

possible to tell the operator how it would have been possible to minimise uneconomic releases for 

E-flows. Inspection of Figure 3 above shows how difficult it would be to try to predict the type of 

year in advance. 

 

 

Text Box 5 - The METHOD SELECTED:  A simplified version of the RVA Method 

(including RVA Step 3 Hypothesis about impacts to species or ecosystem processes associated with hydrologic 

alterations) 

 

For RVA Step 3: Develop Hypothesis on how to alter the flow regime to promote / facilitate GES  

 

The comparison of the naturalised flows with current flow conditions to assess the degree of "departure from 

naturalness" that has already taken place carried out under RVA Step 2 shows that in the Pilot Basin only 2 (the 

extreme low-flow EFC and the high pulse flow EFC) of the 5 EFCs depart from natural - the remaining 3 EFCs were 

analysed as occurring naturally and so do not form part of the E-flow control regime for the alteration of flows to be 

implemented under Step 5 as described below. 

 

The hypothesis is that if the extreme low-flow EFC can be altered at the control points so that if: 

 

For the extreme low-flow EFC 

i. the annual extreme low flow EFC is at least 90%
5
 of annual minimum naturalised flow or, if less than 20 years 

of data are available, of the 1-in-20 year low flow, whichever is lower, and, 

ii. the monthly extreme low flow EFC is 90% of the monthly minimum or the 1-in-3 year low flow, whichever is 

lower, and, 

iii. The minimum daily flow is a proportion of the monthly flow as calculated in (ii) above where the proportion 

is defined as the ratio of the 98% flow divided by the 95% flow, and, 

For the high pulse flow EFC 

iv. Where the annul flood in the basin is similar to the 1-in-2 year flood, the hypothesis is that on one release on 

average every two years would simulate the high pulse flow EFC where dams should be operated to achieve 

(via spillway and/or flood gates) flood pulse releases equivalent to the mean annual flood for at least 5 years 

in every 10. 

 

Then GES will be achieved / facilitated at all control points.  

 

As this is a test Pilot Study there is no RVA Step 4, hence given the hypothesis outlined above together with the basic 

principles to be applied in the setting of specific E-flow targets or strategies the prescribed flow management 

strategy designed to be implemented under RVA Step 5 is summarised below: 

 

i. Naturalised flow is analysed on a water year (defined as October to September) basis for a period of at least 

20 years.  For Good Ecological Status the annual E-flow (extreme low flow) target is at least 90% of annual minimum 

naturalised flow or, if less than 20 years of data are available, of the 1-in-20 year low flow, whichever is lower.   For 

Good Ecological Potential the relevant percentage is 70%
6
.  In the future the statistical methods used to define 1-in-20 

                                                             
4
 R Sánchez Navarro et al. Environmental Flows as Tool to Achieve the WFD Objectives – Discussion Paper (Draft, June 

2012). 
5
 The selection of the statistical thresholds (1 in 20 or lowest in 20 years) was based on the fact that rivers are well 

able to survive droughts of such frequency where the 90% and 70% figures were preliminary proposals for a first 

iteration of the analysis. The 90% figure, for good ecological status, was chosen to allow for day-to-day variations 

whilst maintaining a prescribed monthly flow. 
6
 The target of 70% was selected as an arbitrary fall-back limit for GEP at the beginning of the analysis in the 

expectation that it would not be possible to achieve the extreme low flow EFC 90% target for GES at all control points. 

In the analysis it was not used as all 11 control points achieved the extreme low flow EFC 90% target with the 

associated ‘equivalent volume’ alterations that resulted. The analysis indicated that the main cost item would not be 
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should be specified.  The use of the alternative methods (either lowest or statistical low flow) will enable equivalent 

flows to be used with varying amounts of data.  (This step is designed to support the attainment of extreme low flow 

EFCs.) 

 

ii. Flow is analysed on a calendar month basis.  For Good Ecological Status the monthly E-flow (extreme low 

flow) target is 90% of the monthly minimum or the 1-in-3 year low flow, whichever is lower.  In extremely dry years 

this could be lowered to 1-in-10 year. For Good Ecological Potential the relevant percentage is 70%. Although not 

applied here, it is recognised that in some circumstances, where natural base flows are very low, it may be necessary 

to define an upper limit to discharges for some months. (The use of monthly flow in this step will go some way toward 

maintaining flow variability and is designed to support the attainment of extreme low flow EFCs.) 

 

iii. The minimum daily flow is a proportion of the monthly flow as calculated in (ii) above. The proportion is 

defined as the ratio of the 98% flow divided by the 95% flow.  This will ensure that there is always some flow in the 

river (unless the monthly low flow happens to be zero). Given the difficulties in calculating accurate daily naturalised 

flows this method of calculation is likely to be more stable. (This step is designed to support the attainment extreme 

low flow EFCs). 

 

iv. Where there are impoundments in the river then for Good Ecological Status the dams should be operated to 

achieve (via spillway and/or flood gates) flood pulse releases equivalent to the mean annual flood for at least 5 years 

in every 10
7
.  For Good Ecological Potential they should spill 3 years in every 10.   The flood release should be made 

incrementally over a period of several days in order to avoid sudden increase in flow (in the case of the Tagus pilot 

study, flow increments of 25% MAF were chosen).  For the example of Castelo de Bode (Annex I1) a symmetrical 6-day 

flood was chosen but in other river basins a shorter or longer period might be more appropriate.  A smaller flood 

pulse every 6 months has also been included. (This step is designed to attain high-flow pulses.  As described earlier, it 

is projected that the flood EFCs will happen naturally, exceeding the capacity of the basin’s regulatory structures to 

contain it). 

 

v. In addition to points (i)-(iv) above, the regulatory authority would reserve the right to make the following 

amendments if required: 

 

a) To further protect the low flow EFC, if necessary.  The above flow requirements (i)-(iv) provide a 

robust basis for the protection of extreme low flows and high-flow pulses identified as sensitive 

during the analysis, but they are less rigorous in the protection of low flows and flood flows as it is 

expected that these EFCs will happen without more restrictive regulatory requirements.  However, 

should future flow records show that the low flow EFC is departing from natural, then with 

notification from the regulatory authority the annual and monthly minimum naturalised low flow in 

(i) and (ii) above shall be changed from a 1 in 20 low flow to either the 2nd lowest flow in a 20 year 

record, or the 1-in-10 year low flow, and the daily flow amended to match as in (iii). 

b) To require reservoir operators to increase the minimum low flow requirement for a period of 1 to 10 

days if necessary to provide minimum localised flushing in the event of a pollution incident.  

 

 

 

10.4. Comparison of the application of the selected simplified version of the RVA Method with the 

IHA/RVA Method on one sub-catchment area monitored at ‘Castelo do Bode’ 

 

10.4.1.  Flow Simulations Using the Study Method (i.e. the simplified version of the RVA Method) 

 

This flow simulation method has been designed to maintain a 1 in 3 year minimum flow but during a very 

dry year could maintain the 1 in 10 year dry flow for a particular month.  This was programmed as 

calculating a running annual natural inflow for the preceding year up to the date of deciding on releases.  If 

it was drier than a 1 in 10 year drought then the lower release would be used.  

 

                                                                                                                                                                                                          

achieving the extreme low flow EFC 90% target but it would be alterations necessary to achieve the high pulse flow 

EFC target. Hence further iterations of the model to measure the alterations necessary for the lower GEP threshold for 

the extreme low flow EFC 90% target were not carried out. 
7
 Depending on the statistical distribution used, the annul flood is similar to the 1-in-2 year flood. So the calculation is 

based on one release on average every two years. 
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A flood every two years is roughly equal to the average annual flood; this is approximately what occurs in 

nature.  This was programmed by recording the time since a flood of that magnitude occurred either by the 

dam spilling or by an artificial release.  If that time exceeded 24 months then a flood was released. 

 

A second smaller flood, based on the average of the second highest flood in each year was released if not 

such flood had occurred for 6 months. 

 

It was assumed that the dam had been operated at optimum. Releases were only made if the observed 

flows downstream of the dam did not satisfy the E-flow criteria. 

 

10.4.2.  Flow Simulations Using the IHA/RVA method 

 

This flow simulation method used two bands for flows based on the upper and lower limits from the RVA 

method using the IHA software program.  This gives two values which represent the top of the lower third 

and the bottom of the upper third.  A running average of the annual flow was maintained as above.  The 

upper and lower limits were adjusted pro-rata based on the ratio of the current annual flow divided by the 

long term annual flow.  The upper flow limit was about 2.5 times the lower limit.  If observed flows were 

below the lower limit, then water was released to maintain that value.  If flows were above the upper limit 

then water would be stored for later release. 

 

The IHA/RVA method also specifies monthly releases. The flood release was based on the median flood 

pro-rate the average inflow for that month.  To minimise releases the flood was centred on the highest 

flow in that month. 

 

It should be noted that this is a simplified RVA approach and other factors, for example minimum daily 

flows have not been considered. 

 

10.4.3.  Comparison of Methods 

 

 
Chart 1: Castelo de Bode – Flow duration Curves for Observed, Naturalised, IHA/RVA & E-flow Study Method 

 

Chart 1 above shows the flow duration curve compiled from monthly flows for 4 flow records at Castelo de 

Bode: observed, naturalised, the E-flows (Efl) as calculated using the simplified RVA study method 
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(including all 5 Environmental Flow Components) and those calculated using the above IHA/RVA method 

(RVA). 

 

For flows lower than the 20% percentile both methods are similar though the simpler study method, which 

allowed for less year-to-year variation in flow criteria, shows a stepped approach.  Neither method 

accurately represents the myriad of small floods in the higher part of the flow spectrum. 

 

 
Chart 2: Castelo de Bode – Flow duration Curves for Observed, Naturalised, IHA/RVA & E-flow Study Method (average daily flows) 

 
Chart 3: Castelo de Bode – Flow duration Curves for Observed, Naturalised, IHA/RVA & E-flow Study Method (average monthly) 

 

Chart 2 (above) shows average daily flows based on the average over the period of record.  In this chart the 

IHA/RVA method appears to provide a better fit for low flows, but is not as good for the higher flows, 

probably from trying to replicate RVA pulse flows. 
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Chart 3 (above) shows the average monthly flows for the whole period. This shows that both methods do 

not fully represent the small floods. 

 

With both methods the difference between the natural flow and either method is greater than the 

differences between the methods. 

 

10.4.4.  Analysis 

 

In both cases it was implicitly assumed that the Castelo de Bode dam was being operated at its optimum, 

and that any changes to flow would have an economic cost.  In the case of the simplified RVA method used 

for the Pilot Study, the cost was in releasing water at times when there was little demand for electricity.  In 

the case of the IHA/RVA method, the cost was both extra releases, when optimum discharges were too 

low, and not being able to release, when optimum discharges were too low.  There is also a cost when 

flows are adjusted to make good a deficit or to reduce additional storage.  To avoid ‘charging’ twice only 

the ‘cost’ when a change was made specifically to meet E-flow requirements was considered, not the later 

changes that this imposed on releases. 

 

The following table summarise the costs expressed in MCM/year and the number of days when flows were 

non-optimal. 

 

 Study Method 

E-flows 

IHA/RVA Method 

E-flows 

Changed release MCM/year 393 1736 

Number of days per year with changes 172 341 

 

Given the point above, that with both methods the difference between the natural flow and either method 

is greater than the differences between the two methods, it is likely that either method would result in E-

Flows that would facilitate good ecological status.  It would of course be possible to get closer to the 

optimum ecological flow but to do so would lead to even more days when discharges were not at an 

optimum. 

 

 

10.5. The Incorporation of the Quantity Impacts of Climate Change for the Tagus Pilot Study (Method) 

 

Model Scenario Development 

The following sections describe the process of selecting and developing the climate change and socio-

development scenarios for the Tagus basin that would be input to the hydrological model in order to 

determine the impacts on the flow regimes in the river basin.   

Climate Change Scenarios 

Climate Models 

The choice of models was based on those listed on Table 6 of the IPCC “General Guidelines on the Use of 

Scenario Data for Climate Impact and Adaptation Assessment”, Version 2, June 2007.  In general the latest 

version of a model was chosen from the same centre but also took account of the number of scenarios and 

the length of the simulation period. The Guidelines also suggest using the results from an ensemble of 

models rather than relying on any one model. 

The models provide projections for both temperature and precipitation. In the case of temperature the 

values are used to calculate the rate of potential evapotranspiration (PET) associated with the temperature. 

To do his implicitly assumes that other variables needed to calculate PET (relative humidity, hours of 

sunshine and wind speed) do not change. This is reasonable as the projections are predicated on most of 
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the increased water vapour staying in the atmosphere as greenhouse gases.  Changes in relative humidity 

or cloudiness would violate that assumption. 

 

Scenarios 

To enable a range of future development pathways to be analysed, climate models use different scenarios. 

There are four main families of scenarios (Table 2). 

 

Table 2 Families of Climate Change Scenarios 

Ref Description 

A1 The A1 scenarios are of a more integrated world. The A1 family of scenarios is 

characterized by: 

• Rapid economic growth. 

• A global population that reaches 9 billion in 2050 and then gradually declines. 

• The quick spread of new and efficient technologies. 

• A convergent world - income and way of life converge between regions. Extensive 

social and cultural interactions worldwide. 

A2 The A2 scenarios are of a more divided world. The A2 family of scenarios is 

characterized by: 

• A world of independently operating, self-reliant nations. 

• Continuously increasing population. 

• Regionally oriented economic development. 

B1 The B1 scenarios are of a world more integrated, and more ecologically friendly. The 

B1 scenarios are characterized by: 

• Rapid economic growth as in A1, but with rapid changes towards a service and 

information economy. 

• Population rising to 9 billion in 2050 and then declining as in A1. 

• Reductions in material intensity and the introduction of clean and resource 

efficient technologies. 

• An emphasis on global solutions to economic, social and environmental stability. 

B2 The B2 scenarios are of a world more divided, but more ecologically friendly. The B2 

scenarios are characterized by: 

• Continuously increasing population, but at a slower rate than in A2. 

• Emphasis on local rather than global solutions to economic, social and 

environmental stability. 

• Intermediate levels of economic development. 

• Less rapid and more fragmented technological change than in A1 and B1. 

 

Three scenarios were considered: A1B, which is often considered to be the ‘business as normal’ scenario, 

A2 and B1. In the case of A1B three projections were considered: the average of all models, the 

combination which gave the highest temperature increase and largest fall in precipitation, the combination 

which gave the smallest temperature increase and smallest fall in precipitation. For the other two scenarios 

the average of all models was used. 

 

Projections 

 

The net result if that we have 5 different sets of projections, 3 for A1B and one each for A2 and B2, each 

one is for precipitation and temperature and each one has separate projections for Spain and Portugal.  

Some of the models were run more than once, with slightly different assumptions.  Table 3 summarises the 

models and the number of runs of each model.  Not all models covered all scenarios. 

 

Table 3 Number of Model Runs 

Model SRESA1B SRESA2 SRESB1 

CCCMA 5 1 5 

CSIRO 1 1  

GDFL 1  1 

MIROC 3 3 3 
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MPI 4 3 3 

NCAR 4 1  

UKMO 1 1 1 

 

 

The scenario projections in terms of precipitation and temperature are presented in Annex L1 of the main 

contract report, and Table 4 summarises the temperature and precipitation change associated with 

selected scenarios. The difference is based on the average modelled values for 1970 to 2010 (the period for 

which we have observations) and for 2030 to 2070. 

 

Table 4 Summary of Climate Change Projections 

Scenario Temperature change  

(annual average) 

Precipitation change  

(annual total) 

 Portugal Spain Portugal Spain 

A1B – average +1.85 °C +2.07 °C +18.9 -91.4 mm 

A1B – maximum change +2.60 °C +3.17 °C -13.5 mm -151.3 mm 

A1B – minimum change +0.90 °C +1.06 °C +38.6 mm 

 

 

-43.1 

A2 – average +3.02 °C +3.19 °C +95.3 mm -10.7 mm 

B1 – average +1.71 °C +2.27 °C +108.3 mm -69.6 mm 

 

Whilst all model projections were downloaded at a monthly time step for presentation purposes we show 

on annual average values and one run of each model on the chart. In general the runs of a single model 

were closer to each than to those of other models. The mean is based on the average all model runs.  

 

The A1B scenario covers the whole of the 20th century. On the charts with scenarios we also show the 

observed value based on data downloaded for the hydrological model. These are given for comparison only 

and a more complete sub-set of meteorological data might differ somewhat from the values presented.  

 

The scenarios are based on the CMIP3 models as presented in the IPCC Assessment Report of 2007. 

Currently results are becoming available from the CMIP5 models. These will be incorporated in the next 

IPCC report due in 2014.  Preliminary analysis reported on the newer models suggests that these models 

are not very different from the earlier models. There is however some debate on whether the models, even 

the newer ones, fully reflect the stasis in global temperature increases.  A number of recent peer reviewed 

papers have postulated that climate sensitivity to greenhouse gases is likely to be toward the lower end of 

previous forecasts. There have also been peer reviewed papers which suggest that climate models have 

underestimated the effects of natural variations (such as the Atlantic Multi-decadal Oscillation) on climate 

change and consequently may have overestimated the anthropogenic component. 

 

Socio-Economic Development Scenario 

The projected future changes in socio-economic water demands for Portugal’s Tagus basin for the year 

2021 were taken from the Basin Plan.  The changes in demand were given for urban, industry, agriculture, 

livestock and tourism/golf, and were in 5 ranges: <-25%, -5% to –25%, –5% to +5%, +5% to + 25% and 

>+25%.   

 

The monthly distribution of urban, industry and livestock (quite small) demands were taken as the average 

from the data available.  The monthly distribution of the other two was based on irrigation demands. The 

change in urban use was assumed to be proportional to the projected population changes. 

 

Table 5 shows the ratio of projected to observed annual demands.   

 

Table 5 Ratio of projected to current demands in Portugal’s Tagus Sub-Basins 

Sub-basin Ratio – projected/current demand 
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AGROAL 1.000 

ALMOUROL 1.001 

BOUCA -EDP 0.998 

CASTELO DE BODE 0.999 

FOZ DO COBRAO 1.001 

OMNIAS -SANTAREM 1.000 

PAVIA 1.012 

PONTE CORUCHE 1.019 

PONTE SANTO ESTEVAO 1.000 

PONTE VILA FORMOSA 1.005 

PRACANA 1.002 

 

As can be seen, the changes, overall, are negligible.  This therefore means that, when considering projected 

climate change, it is not necessary to include projected socio-economic changes since the relative impacts 

are projected to be negligible. 

 

 

10.6. Modelling Quantity & Quality to achieve Water Quality & Quantity Objectives under Projected 

Scenarios 

 

10.6.1. Tools: 

 

• Hydrological modelling for this study was conducted using the HYSIM model. This is a hydrological 

simulation model (rainfall-runoff model) which uses rainfall and potential evaporation data to 

simulate the hydrological cycle (surface runoff, percolation to groundwater and river flow) on a 

continuous basis.   

• Water quality modelling for this study was conducted using the United States Environmental 

Protection Agency’s QUAL2K software.   QUAL2Kw (or Q2K) is a river and stream water quality 

model that is intended to represent an updated version of the QUAL2E (or Q2E) model (Brown and 

Barnwell 1987). 

 

10.6.2. Hydrological Modelling: 

 

The figure below shows the Tagus basin and the principal flow stations that were used for the hydrological 

analysis. 

 

 
Principle Stream-flow Stations used for the hydrological analysis 

 

i. Climate data covering the period 1971 to 2009 were prepared for sub-catchments in Portugal and 

Spain. The climate data included precipitation and the variables needed to calculate potential 

evapotranspiration (PET): temperature, relative humidity, wind speed and hours of sunshine. 
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ii. Data were collected on observed flow. 

iii. Abstraction and reservoir storage data were analysed to calculate the naturalised flow for 4 stations in 

Spain and 11 in Portugal. 

iv. HYSIM was calibrated to the naturalised flow record. 

v. Using the climate data a flow record from 1971 to 2009 was produced at each site. 

vi. Climate projections were downloaded for the A1B, A2 and B1 scenarios. These projections were used 

to calculate projected potential evapotranspiration.  

vii. HYSIM was run with projected precipitation and PET to calculate projected river flows. 

 

Table 6: The Study ‘Quantity Scenarios’ 

Scenario Description Assessment objective 

1 Baseline scenario – identification of water scarce 

areas 

We need to know (for each sub-basin or sub-basin 

grouping) if there is a water imbalance on a monthly 

basis that current storage/regulation cannot cope 

with, and if so, how much new equivalent volume 

do we need to construct to eliminate the water 

deficit on a monthly time step. 

2 Scenario 1 plus water quantity interventions 

(equivalent storage) to: 

i. eliminate water scarce areas; and 

ii. achieve E-flow targets 

In addition to the new equivalent volume identified 

in Scenario 1, we need to know how much more 

volume (separated into equivalent volume and real 

volume to compensate for loss of storage for HPP by 

sub-basin) we now need to both eliminate water 

imbalance on a monthly time step at critical control 

points and to achieve compliance with the E-flow 

targets. 

3 Scenario 2 plus water quantity interventions to 

achieve local short/medium term socio-economic 

development goals 

As above, but overlain by changing water demands 

created by socio-economic development scenario 

for basin as defined in Basin Plan.  (In the case of the 

Portugal Tagus pilot, negligible difference was found 

in terms of the calculated volume for Scenarios 2 

and 3.) 

4 Scenario 3 overlain with IPCC climate change 

scenario A1BAverage 

As above, but overlain by chosen climate change 

scenario for basin. 

5 Scenario 3 overlain with IPCC climate change 

scenario A1Bmax 

As above, but overlain by chosen climate change 

scenario for basin. 
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10.6.3. Results of the Quantity Analysis  

TABLE 7: RESULTS OF QUANTITY ANALYSIS (in Equivalent Volume): Equivalent Volume (MCM) Requirements for the Portugal Tagus River Basin under Various 

Quantity Scenarios (Note: the Equivalent Volume figures are cumulative – i.e. Scenario 4 volumes include volumes required for Scenario 3 as explained 

in Table 6 above) 

Tagus sub-basin 

Scenario 1 Scenario 2 & 3 (similar results) Scenario 4 Scenario 5 

Existing 

Storage 

MCM 

Water Scarce 

Area
8
? 

Eq. volume – 

E-flow (ext. low 

flow) 

MCM 

Eq. volume – 

E-flow (pulse 

flow) 

MCM 

Eq. volume – 

Total E-flow 

MCM 

As % increase 

of existing 

storage 

Eq. volume – 

Total E-flow 

MCM 

As % increase 

of existing 

storage 

Eq. volume – 

Total E-flow 

MCM 

As % increase 

of existing 

storage 

Bouca 1,666 No 74.4 129.5 203.9 112.2% 136.48 108.2% 275.73 116.6% 

Agroal 0 No 3.4 14.1 17.5 - 17.66 - 20.79 - 

Castelo de Bode 1,095 No 60.4 163.2 223.6 120.4% 173.19 115.8% 249.02 122.7% 

Foz do Cobrao 372 No 2.6 36.5 39.1 110.5% 36.64 109.8% 64.81 117.4% 

Pracana 1,119 No 10.5 43.3 53.8 104.8% 73.3 106.6% 73.76 106.6% 

Almourol 2,190 No 194.9 555.3 750.2 134.3% 491.38 122.4% 1,224.98 155.9% 

Ponte V. Formosa 0 No 1.5 20.1 21.6 - 23.19 - 21.99 - 

Pavia 0 No 1.2 13.7 14.9 - 14.67 - 14.09 - 

Ponte Coruche 3,816 No 21.6 50.6 72.2 101.9% 55.6 101.5% 558.41 114.6% 

Ponte S. Estevao 521 No 0 12.6 12.6 102.4% 17.34 103.3% 95.16 118.3% 

Total storage (MCM) 10,779  370.5 1,038.9 1,409.4 113.1% 1,039.5 109.6% 2,598.7 124.1% 

 

                                                             
8
 When analysed on a monthly time step at a 2500 km2 spatial resolution (if you do not consider the E-flow demands for water included in this pilot study necessary to achieve target 

extreme low flow and high pulse flow EFCs selected) 
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10.6.4. Water Quality Modelling: 

 

The water quality monitoring stations that were selected for time-series analysis, based upon the availability 

of data and their proximity to the control points used for the hydrological analysis. 

 

 
Water Quality Assessment Points 

 

10.6.5. Results of Water Quality Modelling & Assessment 

 

In summary, on the basis of the detailed raw water quality data assessment, the baseline water quality 

conditions in the Portugal Tagus can be broadly characterised as follows:  

 

• There are widespread elevated phosphorus levels (usually exceeding target values for good quality 

status) throughout the basin, including in cross-border flows from Spain.  In many areas these 

appear to correlate to flow/sediment levels, i.e. the main cause is likely to be diffuse erosion/runoff 

from agricultural fields.  

• In several cases, concentrations of phosphorus (and nitrates, albeit at a lower level) are reasonably 

sustained throughout the year. Occasionally these concentrations appear to slightly increase over 

dry months.  This is most likely due to accumulation and release of nutrients from the large number 

of eutrophic reservoirs throughout basin (rather than from point sources). 

• Coliforms frequently correlate to flow in agricultural areas, i.e. this appears to be diffuse livestock 

pollution issue rather than point source. 

• In some cases there are periodic spikes (often correlated with ammoniacal nitrogen) at different 

times of year that could relate to localised point source discharges (slurry lagoons/sewage outfalls). 

 

However, it is important to understand that these conclusions are based upon the analysis of a very sparse 

data set, as discussed earlier, and so cannot be considered as categorical. 
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10.7. Scoping out a Programme of Measures (PoMs) to address the Quality & Quantity Challenges  

 

Water Quality PoM: 

 

In summary, the water quality analysis concluded: 

 

• there are no priority DO problems to address; 

• there are no priority pH problems to address; 

• for nutrients, approximately 67% of the main reservoirs are hyper-eutrophic, but there is no 

eutrophication in the estuary – indicating that conditions are limited by P as opposed to N. This is 

supported by a high level of P throughout the basin; and 

• there are no data on Annex X Priority Substances. 

 

Therefore, the water quality objective (WQO) for the basin plan identified by this study is to bring the 

reservoirs close to a mesotrophic status, where it is assumed that this would be synonymous to the EU Good 

Ecological Status (GES).  The first goal is therefore to prevent and control hyper– eutrophication. The second 

goal, carried out contemporarily, is to plan for the attainment of the final goal which would be to bring the 

reservoirs close to a mesotrophic status.  

 

In addition, although no biological water quality data were analysed, it is assumed for the purposes of this 

study that if water quality measures are introduced to deliver good physical-chemical quality and if the flow 

regime is addressed to achieve E-flows (see above) then GES will follow.   

 

Programme of “No Regrets” Measures to Address P Problem: 

 

(1) Watershed management leading to a significant reduction of nutrient loads in particular from 

phosphorus, inter-alia: 

• Control of soil erosion in the steep upper catchment were soil erosion appears to be a problem, 

• Ban on phosphate based detergents, 

• Reducing nutrient losses from agriculture by rapidly implementing soil conservation best 

management practices and stopping over fertilization. 

(2) In-reservoir nutrient management of eutrophic or hyper-eutrophic reservoirs including, inter-alia: 

• Chemical precipitation of phosphorus.  

• Sediment removal.  

• Aeration.  

• Sediment oxidation - Oxidation of the sediment with a solid granular oxidant.  

• Fish management.  

(3) A large program of buying / leasing riparian land surrounding the reservoirs and their tributaries and 

establishing protective buffer zones (Major Cost Item) where vegetated buffer strips or restored 

wetlands are very effective for removing nitrate-N (more than 90 %) and phosphorus (about 50%).  

  

Water Quantity Measures 

The Quantity Challenge: 

The basin has become highly regulated, adversely impacting the flows required to sustain the natural ecology 

of the basin.  The environmental flow components most impacted are the low-flows and the high pulse flows. 

Table 7 summarises the ‘equivalent volumes’ estimated by the hydrological assessment as required in order 

to achieve E-flow conditions at key control points in the various river sub-basins under the different 

scenarios shown in Table 6.   As described earlier, these are the estimated volumes that need to created - 

either through efficiency in the operations of existing infrastructure, or through reduction in socio-economic 
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demands, or through the construction of new storage, or a combination of all of the above – for the 

attainment of both water quantity objectives and water quality objectives in the basin. 

To reiterate, the concept of ‘equivalent volumes’ is defined for the purposes of this study as estimated volumes that 

need to created - either through efficiency in the operations of existing infrastructure, or through reduction in socio-

economic demands, or through the construction of new storage, or a combination of all of the above - that result in 

attainment of both water quantity objectives and water quality objectives (complying with WFD: 

• Art 1: Sustainable water use; 

• Art 4: Achieving good ecological status where possible through measures that are physically possible and not 

disproportionately costly; 

• Art. 9: Ensuring cost recovery where resource and environmental costs are included; and 

• Art. 11: Doing the above in the most cost-effective way – the Least Cost Plan). 

 

 

10.8. Basin Plan Scoping - Financing Plan & Cost Recovery 

 

In order to generate revenue from water user charges to help finance the measures necessary for the 

achievement of the above water quality and quantity objectives a water pricing mechanism is required. 

Table 8 shows the outline of a simplified water pricing mechanism used to estimate potential revenues in 

the Basin from Water User Fees.  Three levels of water use fee were assumed (low, medium and high) in 

order to generate a range of revenue for comparison. 

 

Table 8  Estimates of Potential Revenues from Water User Fees 

Water User Group Average Annual 

Level of Water Use 

Potential User Charges 

& Revenues  

(Low charge Scenario) 

Potential User Charges 

& Revenues (Medium 

Charge Scenario) 

Potential User Charges 

& Revenues (High 

Charge Scenario) 

HPP
9
 1,550,000  

megawatt-hours
10

 

 

Tax on HPP energy sales 

of 10% of total 

(€7.75 million) 

Tax on HPP energy sales 

of 20% of total
11

 

(€15.50 million) 

Tax on HPP energy sales 

of  25% of total 

(€19.375 million) 

Irrigation
12

 881 hm
3 

(145,160 ha) 

Fixed charge of  €15/ha 

+ consumption charge 

of  €0.005 

(€6.58 million) 

Fixed charge of  €25/ha 

+ consumption charge 

of  €0.01/m3 

(€12.44 million) 

Fixed charge of  €35/ha 

+ consumption charge 

of  €0.03/m3 

(€31.51 million) 

Public Water Supply
13

 182 hm
3
 

 

0.03 €/m
3 

(€5.46 million) 

0.05 €/m
3 

(€9.10 million) 

0.10 €/m
3 

(€18.20 million) 

Industry 

(Direct Abstraction) 

80 hm
3
 0.05 €/m

3 

(€4.0 million) 

0.08 €/m
3 

(€6.4 million) 

0.11 €/m
3 

(€8.8 million) 

 

Total Revenues 

  

€23.8 million/year 

 

€43.4 million/year 

 

€77.9 million/year 

 

Table 9  Estimated Potential Cost of Measures 
Measures Units  Low Cost Scenario  Medium Cost 

Scenario 

 High Cost Scenario 

Quantity Measures Equivalent Storage 

Required  

(1409 MCM) 

(€0.5//m
3
) 

 

(€705 million) 

(€0.85//m
3
) 

 

(€1,198 million) 

(€1.25//m
3
) 

 

(€1,761 million) 

Quality Measures Establishing protective 

buffer zones @ 

€280/hectare/year 

150,000 hectares 

 

(€42 million /year) 

200,000 hectares 

 

(€56 million /year) 

300,000 hectares 

 

(€84 million /year) 

 

Inspection of Table 8 shows that the level of revenues that can be generated by water user fees (even in the 

high charge scenario) is relatively low; generating only a potential €77.9 million/year, and inspection of 

                                                             
9
 Average annual energy sales generated in the basin from large HPP 

10
 Energy Sale value of 50€/MWh 

11
 Similar to Spain 

12
 In an average year 

13
 4 million residents using an average of 125 l/c/d 
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Tables 8 and 9 together indicate that the cost of measures cannot be funded from water user 

abstraction/user fees alone and additional external financial support would be required.  

 

 

10.9. Conclusions and Recommendations based on the Portugal Tagus Pilot Study Analysis: 

 

Conclusions (based upon the data available, the targets set, the assumptions made, the analysis & the 

results of the analysis): 

 

• There is no water scarcity in Portugal’s Tagus River Basin District when analysed on a monthly time step 

at a 2500 km
2 

spatial resolution either under current socio-economic demands for water (if you do not 

consider the E-flow demands for water included in this pilot study necessary to achieve target extreme 

low flow and high pulse flow EFCs selected). 

• Layering the impacts of varying socio-economic demands – relative to those projected for 2021 – has no 

significant impact. 

• Layering the environmental flow requirement (determined by setting E-flow targets as defined herein) 

will have a significant impact on water management operations and will impact, inter-alia, EPAL, who 

use the Castelo do Bode water resources as a primary raw water resource for the supply of water to 

Lisbon and its surrounding municipalities. The analysis of layering on E-flow requirements indicated that 

the main cost item would not be achieving the extreme low flow EFC 90% target, but instead it would be 

alterations necessary to achieve the high pulse flow EFC target, and,  

• Layering the quantity-related impacts of climate change for the Tagus Pilot Study has no significant 

impacts under the A1BAverage CC Scenario 

 

The Contract Team’s Reservations on the Results and Conclusions: 

 

The Contract Team has reservations on results regarding the E-flow requirements necessary to achieve the 

high pulse flow EFC target. These reservations are not related to the target set or the ‘equivalent volume’ 

calculated to achieve the target BUT relate to: 

- Whether it is ‘physically possible’ to achieve the high pulse flow EFC target (refer to WFD Art 4: 

achieving good ecological status through measures that are physically possible and not 

disproportionately costly) i.e. In a river basin such as the Tagus, which is typical of any river with 

impounding storage, a main element is the reduction in the number and frequency of floods. Unless 

special engineering provisions are made for flood releases at the time of dam construction, floods 

only occur when a reservoir is full and is spilling. During this Pilot Study not enough data was 

available to the Contract Team about the technical characteristics of the dams to be able to assess 

whether it is physically possible to make the flood releases necessary to achieve the high pulse flow 

EFC target, and, 

- Given the associated costs necessary to achieve the high pulse flow EFC target, if it is physically 

possible, the key question is whether it will result in the achievement of Good Ecological Status – i.e. 

given the costs involved how much confidence is there in the hypothesis that introducing a high 

pulse flow EFC target will result in GES. 

 

The other main reservation regarding the analysis and results relate to ‘how will the Spanish (upstream) 

alter their flows for WFD compliance?’ i.e. Whilst the substantive provisions of the Albufeira Convention are 

very much in line with the requirements of the EU WFD; however, when the minimum flows to cross the 

Spanish border monitoring station (under normal conditions), as defined in the Albufeira Convention CADC 

2008, are compared to the average naturalised flows in the same location, then the implementing provisions 

of the Convention appear to be inconsistent with the aims of the EU WFD in respect of facilitating WFD Art. 

1compliance for ‘sustainable water use’ and the broader objective for the achievement of Good Ecological 

Status. 
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So what does the ‘Portugal’s Tagus River Basin District – (Pilot Study)’ tell us in terms of ‘Policy & 

Strategy’? 

 

The Pilot Study shows that: 

 

1. Quantity management is essential to achieve long term water balance – a number of areas within 

Portugal’s Tagus Basin District have been blaming ‘water scarcity’, ‘drought’ and ‘climate change’ for 

current recurring water deficits – The analysis shows that the basin district when analysed on a monthly 

time step with 2500 km
2
 spatial resolution is NOT water scarce (not considering the E-flow demands of 

this Pilot study).  The pilot study results indicate that the reported problems are due to poor or 

ineffective localised water management as opposed to intrinsic long term water imbalance. 

 

The Tagus Pilot Study also tells us that from an administrative or planning burden perspective the 

exercise of quantity management and quantity modelling (once policy targets and method have been 

agreed) is not a challenging exercise provided reasonable records of stream flow are available at 

strategic points – and that water quality monitoring stations are located near or adjacent to the stream 

flow monitoring stations.  Building the body of knowledge related to quantity and quality in a river basin 

district is fundamental to facilitate effective water management.  Specifically the Contract Team 

recommend that the Commission in its WFD CIS Guidance Documents requests/requires MSs to 

implement the following minimum monitoring programme: 

 

In the design and operation of the ‘audit’, ‘surveillance’ and ‘investigative’ water quality monitoring 

programme for each River Basin District, the minimum requirements for ‘audit’ monitoring and reporting of 

surface waters should require that: 

• Stream-flow Monitoring Stations (for audit purposes) are located with a density of at least 1 station 

per 2500 km
2
 where each stream-flow audit station is located at a strategic point in the lower parts of 

a sub-catchment or reach, and stream-flow is monitored and recorded at a minimum on a monthly 

basis (and ideally on a daily basis); 

• Water Quality Monitoring Stations are located with a density of at least 1 station per 2500 km
2
 (as 

already included in CIS documents), where each water quality audit station is located at a strategic 

point in the lower parts of a sub-catchment or reach, located in the same stream, adjacent or near to 

a stream-flow audit station, and shall: 

i. Monitor all mandatory physicochemical quality elements specified in WFD Annex V.1.2, (ideally 

on a monthly basis where water quality samples are taken at the same time as adjacent stream-

flow data is monitored and recorded), 

ii. Monitor biological quality parameters in order to meet the minimum obligatory parameters and 

frequency of monitoring required in the WFD (Annex V) with respect to species composition, 

abundance and age structure of populations, and, 

iii. Monitor Annex X substances where they have been identified in ‘surveillance’ and/or 

‘investigative’ monitoring of the Basin district. 

• All data from audit Stream-flow Monitoring Stations and audit Water Quality Monitoring Stations is 

made publically available in its raw format so that it can be easily accessed and reviewed by members 

of the public. 

Note: The above is in addition to the quantity monitoring required for ground waters. 

 

In the Tagus River Basin (specifically) on the Spanish side – more knowledge of the groundwater bodies, 

abstractions, storage and sustainable yields is required in order to achieve optimal water balance 

(sustainable water use, as per WFD Article 1) at least cost (without disproportionate cost) on both sides 

of the border. 

 

2. In a heavily regulated basin district (in particular one with high natural inter-annual variation in flows) 

the implementation of E-flow requirements can have significant adverse economic impacts and 

associated costs, and trying to find a balance that satisfies both the socio-economic needs and the 

needs of ecology is challenging and sensitive. 

 

As stated, there is no requirement in the WFD to set and achieve E-flows; however, the absence of E-

flows may be a cause for the failure to achieve GES, where GES is defined using the biological quality 
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parameters in order to meet the minimum obligatory parameters and frequency of monitoring required 

in the WFD (Annex V) with respect to species composition, abundance and age structure of populations. 

 

The Contract Team recommend that before E-flow measures are designed for a river basin district that 

MSs and their respective Basin Managers are fully informed from their biological monitoring 

programmes, as required under Annex V of the WFD, of where and why failure to achieve GES is 

occurring if water bodies are failing to achieve GES. With this as a reference point E-flow measures can 

then be considered. 

 

In the Pilot Study the Contract Team selected a set of basic principles which they believe are the 

minimum required upon which E-flows should be set. 

 

Basic principles to be applied in the setting of specific E-flow targets or strategies 

 

• E-flow targets or strategies should reproduce to the extent possible, given practical physical 

and socio-economic limitations, the natural variation in flow. A corollary of this is that no 

water user should be required to enhance flows beyond those that would occur naturally; 

• E-flow targets or strategies should form a basis for the licensing of abstractions, discharges 

and impoundments. This in turn implies a degree of stability in the definition of E-flows. A 

water manager, utility or user (in the broadest sense of that phrase) should have some degree 

of certainty of the conditions under which an investment can be operated during its lifetime; 

• The method should be operable. That is, it should be possible for a water user to comply with 

the licensing requirements related to E-flows and for this to be seen to be the case (i.e. it can 

be independently audited); and 

• The principles should apply to rivers with different combinations of abstractions, discharges 

and impoundments. 

 

Proviso: 

Both methods  tested in this pilot study as outlined below ‘created the environmental flows that 

should facilitate the achievement of good ecological status as required by the WFD – i.e. it ‘re-

naturalised’ the 5 EFCs at the 11 strategic control points in the Basin District but it does not 

guarantee that GES will be obtained where GES is defined using the biological quality parameters in 

order to meet the minimum obligatory parameters and frequency of monitoring required in the WFD 

(Annex V) with respect to species composition, abundance and age structure of populations. This is 

why the process must be iterative (as outlined in the RVA steps) and why specific ecological/flow 

regime studies are required. 

 

 

The Contract Team developed the new concept of ‘equivalent volume’ in order to assess early on in the 

analysis the extent and possible impact of implementing differing E-flow methods or strategies. 

 

The concept of ‘equivalent volumes’ 

 

“The concept of ‘equivalent volumes’ are estimated volumes that need to be created - either through 

efficiency in the operations of existing infrastructure, or through reduction in socio-economic demands, 

or through the construction of new storage (including natural water retention measures), or a 

combination of all of the above - that result in attainment of both water quantity objectives and water 

quality objectives” 

 

 

2 methods were compared for the selection and setting of E-flows: 

 

1. A simplified version of the RVA (Range of Variability Approach) method developed by Richter, 
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2. Flow simulation using the IHA/RVA Method (using the Indicators of Hydrologic Alteration (IHA) 

software program) 

 

It was concluded that either of the 2 methods would produce satisfactory E-flow results as indicated 

in the 2 charts below: 

 

 
Castelo de Bode – Flow duration Curves for Observed, Naturalised, IHA/RVA Method & Simplified E-flow Study Method 

 
Castelo de Bode: Flow duration Curves for Observed, Naturalised, IHA/RVA Method & Simplified E-flow Study Method (ave. 

monthly) 

 

But, very importantly, the Pilot Study showed that a tailored simplified E-flow method (as applied in 

the Pilot Study) with a built-in regulatory mechanism for course correction resulted in the least cost 

plan and addressed in part the challenge of high inter-annual flow variation. 

  

 Pilot Study Method 

Simplified tailored RVA E-

flow Method 

IHA/RVA E-flow 

Method 

 

Changed release MCM/year 393 1736 

Number of days per year with changes 172 341 
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The Simplified tailored RVA E-flow Method used in the Pilot Study satisfies the ‘basic principles to be 

applied in the setting of specific E-flow targets or strategies’ criteria that were set.  The one problematic 

factor is related to extreme droughts – defined as the 1-in-20 year return period low flow.  In such 

conditions the dam operator could apply to satisfy less stringent E-flows.  This would be based on 

reservoir storage levels and the time of year. This type of operation is already common practice. 

Reservoirs typically have what are known as control rules, or control curves, which define how much 

waters can be released for different purposes based on storage and the time of year.  

 

Behind this, the important question is: “How much of a natural flow regime is it necessary to reproduce 

to attain the pre-existing ecological status?”  It is probably not possible to develop a universal answer to 

this question.  At the one end of the spectrum it may be that the inevitable loss of sediment in the river 

might make it impossible to attain good ecological status: in some rivers a simple E-flow requirement 

might be adequate: at the other end of the spectrum it might indeed require frequent E-flow releases. 

 

The Commission will be developing a guidance document on E-flows with MSs in the context of the 

CIS.  The advantages and disadvantages of different methodologies will be discussed in this context. 

 

3.  The Climate Models currently available result in a range of error that limits their usefulness as a tool 

for the incorporation of the quantity impacts of climate change into RBMPs upon which the significant 

investment of public funds could or would be committed. 

 

To put this in context - three Climate Change / Water Regime studies have been carried out on the Tagus 

Basin District: 

-  The first by Newcastle University, using one model, with a result that showed very significant 

impacts, 

-  The second, by the University of Lisbon et al, running IPCC A2 and B2 climate scenarios, with a result 

that showed little or no significant impacts, and, 

-  Thirdly, this Pilot Study, under IPCC climate change scenario A1BAverage concluded no significant 

impacts, but under IPCC climate change scenario A1Bmax, the impacts are quite notable. 

 

i.e. In essence when one chooses which model and IPCC scenario to use for the analysis, one chooses 

the result. 

 

A key question facing the EC in respect to the allocation of CC funding is therefore: 

 

Whether to select a water balance target at a finer resolution than currently used for WFD monitoring 

purposes (i.e. finer than 2500 km
2
 on a monthly time-step) and provide funds to solve the quantity 

imbalances that exist at a local level, or whether to only fund projects to resolve imbalances at 2500 

km
2
 and higher for CC problems that we anticipate will occur in the future but cannot yet quantify 

because the CC tools have such a high level of uncertainty? 

 

Notwithstanding the above, MSs are signatories to the Kyoto Protocol and have committed to the 

development of their respective National Climate Adaptation Plans within which MSs are selecting 

models and IPCC scenarios which they feel is the ‘best fit’ for their specific circumstances and needs.  

 

Given the above the Contract Team recommend that in the preparation of their RBMPs, MSs run 

reference CC scenarios upon which the results between RBMPs and between MSs can be compared 

(given the general requirements of the EU financing regulations that require consistency in the 

methodologies by which funding is calculated and allocated).  We recommend that the reference 

scenarios to be used in the next RMBPs should be agreed between the Commission and the Member 

States. 
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PART 3:  SUMMARY REVIEW: 

 

CONTRIBUTION OF THE CONTRACT TO THE EC BLUEPRINT PROCESS 

& WATER POLICY CONSULTATION 
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TRANCHE 1: 

 

• The definition of Water Efficiency in water distribution networks in the EC, in the context of the 

WFD 

• A solution to the issue for the calculation and reporting of leakage to identify when a water 

distribution networks is efficient or inefficient:   

o the level of leakage (LoL) would be measured and reported in its most simple terms of ‘% 

ratio of real losses (m
3
) versus system input volume (m

3
)’; and that this figure would be 

reported together with the calculated Sustainable Economic Level of Leakage (SELL), which 

would also be reported in its most simple terms of ‘% ratio of real losses (m
3
) versus system 

input volume (m
3
)’; hence the 2 figures would be reported together and could easily be 

compared and understood by stakeholders including politicians and members of the 

general public; where SELL incorporated the Environmental & Resource Costs (ERC) of 

water, as required under the WFD Article 9. 

•  The development of a cost-based methodology for the calculation of the Environmental & 

Resource Costs (ERC) of water, as required under Article 9 of the WFD. 

• Policy recommendations that fed into the Blueprint Consultation process: 

 

Group 1 Linked to efficiency 

targets  

No absolute leakage targets recommended –  

Eff. determined by comparison of LoL and SELL (inc. ERC) 

Group 2 Basin Level  - at RBMP 

level 

- The need for the clear introduction of quantity 

management into the RBMPs, 

- Clarity in the determination of ERC and Art 9 

implementation for cost recovery at Basin Level, 

- Requirement for harmonisation of RBMPs with 

sector plans and support of a Financing Plan 

Group 3 Cost recovery at WSP 

level: WFD Art. 9. 

- The need for the Art 9 implementation for cost 

recovery at WSP level 

Group 4 Using EC/EIB Funding 

Conditionality 

- To promote the design and construction of water 

networks that facilitate water efficiency 

 

TRANCHE 2: 

 

• Provided a demonstration project on the introduction of quantity management into the RBMP 

preparation on a skeletal level: 

The Portugal Tagus Pilot Study provides the EC with a worked example: 

o a potential policy target for water quantity ‘of long term water balance measured on a 

monthly time-step at a resolution of 2500 km
2’

 showing its impact on PoM and associated 

costs: and additionally, measures the impact of this target, 

o With & without E-flows requirements overlaid, and, 

o With & without CC impacts overlaid. 

• The development of the concept of ‘equivalent volume’ to facilitate the early scoping of quantity 

imbalance and running scenario analysis for possible least cost solutions, 

• Tested methodologies for the introduction of E-flow targets, highlighting the sensitivity of the 

method selected with associated programme of measures and cost indicating that,  

o the method selected needs to be tailored to the specific Basin District to achieve a Least 

Cost Plan solution, 

o the process needs to be an iterative process in order to achieve GES objectives, and, 

o achieving E-flows does not necessary mean GES – the biological parameter targets and E-

flow targets need to be considered together and amended as necessary 

• Highlighted the limitations of climate adaptation methods and models/tools to assess CC impacts at 

a Basin Level necessary for the identification of a definitive program of measures which could be 

funded and implemented. 



 

Annex B 

Case Study - France  
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Abbreviations 

 

AEAG Agence de l'Eau Adour Garonne  Adour-Garonne Water Agency 

AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

BRGM Office of Geological and Mining Research 
(Bureau de Recherches Géologiques et 
Minières) 

 

CARL Current Annual Real Losses As related to the IWA NWR framework 

CUB Urban Community of Bordeaux (Communauté 
urbaine de Bordeaux) 

 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

ETBE Ethyl tert-butyl ether (primarily a petroleum 
additive) 

 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LEMA Loi sur l’Eau et les Milieux Aquatiques Law on Water and Aquatic Environments 

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

MTBE Methyl tert-butyl ether  Primarily a petroleum additive 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
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network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  

PRV Pressure Reducing Valves   

SAGE Scheme for the development and management 
of water resources (Schéma d'aménagement et 
de gestion des eaux)  

The scheme / plan for the development and 
management of the water of each hydrographic 
unit, system or aquifer or water body. 

SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SDAGE General framework plan for the development 
and management of water resources (Schéma 
directeur d'aménagement et de gestion des eaux) 

The main subjects addressed by the SDAGE are: 
- preservation of aquatic ecosystems, their 

sites and wetlands, 
- protection against any pollution and 

restoration of the quality of the water, 
- development and protection of the resource 

as drinking water 
- exploitation of water as an economic 

resource and sharing that resource. 
The SDAGE scheme was drawn up together by 
the national, regional and département 
governments and is managed by the agence de 
l'eau (water agency). 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study Suez Environment / 
Lyonnaise des eaux 

ZRE Zone de Répartition des Eaux  (Water Scarce 
Area / Zone) 
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1. Introduction 
 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves the Bordeaux Metropolitan Area. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates, and specifically focuses on the assessment of 
the technical and economic efficiency of the largest public water distribution system within the 
Bordeaux Metropolitan Area that serves 22 of its 27 Communes and provides water to approximately 
700,000 residents as well commercial and government entities.  
 
In addition to the analysis of the water distribution network and its operator (the water services 
provider), the availability and management of water resources in the Adour-Garonne Basin and the 
Gironde Water district are analysed and assessed in order to provide context and to assign value to the 
raw water resource prior to abstraction by the water services provider (MCoWIWRM), to be used in the 
calculation of the Sustainable Economic Level of Leakage as described in the text box below.  
 

 
Method selected to assess the economic efficiency of the public water distribution network 

  
� The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  
 
 

� The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
� The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 

 

                                                             
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers / Water Agencies can determine the optimal 

mix of interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective 
water management objectives. 
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2. The Study Area 
 
2.1. The Bordeaux Metropolitan Area 
 
The Bordeaux Metropolitan Area (CUB), covering 3,875 km2, is composed of 27 Communes and is 
the sixth-largest urban area in France with a combined population of 1,105,000 2008 data and an urban 
population of 832,605. It is the capital of the Aquitaine region, as well as the prefecture of the 
Gironde ‘département’. The City of Bordeaux, within the Metro Area, is a port city accessible to 
ocean vessels and is located on the Garonne River just upstream of its confluence with the Dordogne.  
 

 
Spatial development of the Bordeaux Metropolitan Area is regulated by its Urban Development Plan 
[Plan Local d’Urbanisme (PLU)] which was adopted in August 2006 and remains valid until 2016.  
 
2.2. The Adour-Garonne Basin & the Gironde Water District 
 
From a water resource management perspective, the Bordeaux Metropolitan Area is located in the 
Gironde Water Management District of the Adour-Garonne Basin, and water resources are managed 
at basin level by the Adour Garonne Water Agency via the General Framework Plan for the 
Development and Management of Water (SDAGE) in the Adour Garonne Basin 2010-2015, and at 
Gironde level by the Scheme for the Development and Management of Water (SAGE) of the Gironde 
Groundwater Body  (SAGE Nappes Profondes de Gironde).  
 

 
Map of the Gironde ‘Département’ Map of the Adour-Garonne Basin 
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3. Calculation of the MCoWIWRM 
 
3.1. General Overview of the Adour-Garonne Basin  
 
The Adour-Garonne Basin is an intensive agricultural area with 645,000 hectares of irrigated lands 
and irrigated water use accounting for 35% of total average annual abstractions but more importantly 
accounting for 80% of total abstractions during the low-flow season.  
 

 

 

Key Geographical Features of the Adour-Garonne Basin 
 

• Area: 116,000 km² 

• Location: The basin is located in the south-west of France, accounting for approximately 20% 
of France’s total land area, and is shaped by the geologic formations of the Armorican Massif 
to the north, the Massif Central to the east, and the Pyrenees to the south; draining to the 
Atlantic Ocean to the west.  

• Population: 6.5- 7.0 million inhabitants; living in medium size cities like Toulouse and 
Bordeaux, and in a large number of smaller towns and villages. 

• Population density: Approximately 60 inhabitants per square kilometre 

• Climate: The basin has a predominantly oceanic climate, mild and humid, with continental 
trends in the east and a Mediterranean influence in its south-eastern region. Average annual 
rainfall is: 600 to 700 mm (average in Bordeaux: 984 mm) 

• Hydrographical network: A river network of approximately 120,000 kilometres in length; 
characterised by an oceanic pluvial regime – high levels in winter and low levels in summer. 
The principal rivers are the Garonne, the Dordogne and the Adour. The Garonne and the 
Adour flow from their sources in the Pyrenees, whereas the tributaries of the Tarn, the Lot, 
the Dordogne and the Charente source from the Massif Central. The average volume of water 
transported annually is 40 billion m3. 

• Volume of water stored in dams & reservoirs: 2.5 billion m3. 

• Volume of water stored in low-water level support structures and in impounding reservoirs: 
700 million m3 

• Volumes of water used / abstracted: Yearly average 2.5 billion m3; 35% for irrigation, 35% 

for industry and 30% for drinking water. 

• Annual water abstractions for irrigation: 875 million cubic metres, that is 35% of the total 
volume abstracted for all water uses. 

• Water abstractions for irrigation during low-water level period: 800 million cubic metres, 
that is 80% of the total volume abstracted for all water uses 

• Agricultural land in use (SAU): 5 million hectares, of which 2 million hectares are used for 
cereals, accounting for 40% of the French corn production 

• Farms in the basin: 175,000 

• Irrigating farmers: 35,000 

• Irrigated areas: 645,000 hectares irrigated, accounting for 40% of the total area of irrigated 
lands in France 

 
 

 
 

Agricultural is a key component of the economy of the basin and farmers in the water scarce areas of 
the basin must irrigate in the summer when snow storage / runoff reserves are exhausted and rainfall 
is rare or occasional. However, the development of this irrigated agriculture between the 1970s and 
the 1990s has had significant consequences on the basin’s water resources and has in the past 
produced severe low-water levels from the end of spring. These severe low-water levels have had 
negative impacts on the water environment, and conflicts of interests with other water users occurred. 
 
In addition, longer term climate variability is a concern in the basin where warmer winters with 
reduced snowfall / snow storage results in earlier low water periods that can have a significant impact 
upon low water levels in the growing season when irrigation is most required. 
 
As a result, concerted measures and actions have been taken at national, basin and sub-basin level to 
promote the sustainable development of the basin’s water resources. 
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3.2. Regulation & Management of Water Resources in the Adour-Garonne Basin & Gironde 

Groundwater Body - General 

 
The regulation and management of water resources in the Adour-Garonne Basin and the Gironde 
Groundwater Body has been facilitated by the following legal, regulatory and management 
instruments: 
 

� Regulatory Planning Tools (LEMA, Environment Code, Adour-Garonne SDAGE, 
Gironde SAGE), 

� The Identification & Regulation of Water Scarce Areas, 
� The Regulation of Water Resources during Drought Conditions,  
� The implementation of the concepts of ‘Low-Water Target Flow (DOE)’ & ‘Low-

Water Management Scheme (PGE)’, and 
� Monitoring & Modelling. 

 
These instruments have:  
 

� Greatly improved the body of knowledge of the water regime within the Adour-
Garonne Basin, 

� Clarified the roles and responsibilities of stakeholders, and promoted real dialogue 
between stakeholders for the sustainable management and sharing of limited water 
resources, 

� Improved water resource management practices within the Basin and assisted the 
Adour-Garonne Water Agency together with stakeholders determine the optimal mix of 
interventions necessary to ensure the long-term balance between supply and demand in 
order to meet their respective water management objectives (i.e. Least Cost Plan), and 

� Reduced the frequency of crisis due to water scarcity and drought.  
 
3.2.1. Regulatory Planning Tools: 

 
Water resources are managed at a basin level and the hierarchy of the laws and planning documents in 
place to facilitate this in the Adour-Garonne Basin are summarised in Table 3.1. 
 
Table 3.1:  The Hierarchy of Laws / Planning Documents in the Adour Garonne Basin 

Level Law / Legal  

Planning Document 

Purpose 

National  - August 2009 Grenelle de 
l’Environnement law 

- December 30, 2006 Law on Water 
and Aquatic Environments 
(LEMA); 

- Environment Code 

Defines water policy at a national level in order to achieve 
water and environmental objectives (wherein the 
requirements of the EC WFD Directive have been 
transposed). 

Adour 
Garonne 
Basin 

- SDAGE (Schéma directeur 
d'aménagement et de gestion des 
eaux) Adour Garonne 2010-2015 
i.e. The General Framework Plan 
for the Development and 
Management of Water resources in 
the Adour Garonne Basin 2010-
2015. (A new version for the 
period 2016-2021 will be 
published in 2015.) 

The main subjects addressed by the SDAGE are: 
- The preservation of aquatic ecosystems, their sites 

and wetlands, 
- The protection against any pollution and the 

restoration of the quality of waters, 
- The development and protection of the resource for 

drinking waters 
- The exploitation of water as an economic resource 

and the sharing of that resource. 
The SDAGE scheme was drawn up together by the 
national, regional and département governments and is 
managed by the Agence de l'Eau Adour Garonne AEAG 
(Adour Garonne Water Agency). 

Gironde 
Ground-
water 
Body 

Gironde SAGE (Schéma 
d'aménagement et de gestion des 
eaux) Scheme for the development 
and management of water resources 
of the Gironde Groundwater Body 

The SAGE is the scheme / plan for the development and 
management of the water of each hydrographic unit, 
system or aquifer or water body. For Gironde’s 
groundwater resources its SAGE was published in 2003 
and a new version is currently being finalised (mid-2012).  

 



7 

 

3.2.2. The Identification & Regulation of Water Scarce Areas: 

 
The French Environment Code specifically identifies water scarce areas (Zone de Répartition des 

Eaux - ZRE) in order to manage and regulate ‘water resource rights’ in these ‘water scarce areas’. 
Specifically related to the Adour Garonne Basin, 70% of the Basin and 100% of the Bordeaux 
Metropolitan Area has been designated as a ‘water scarce area’ (ZRE). In these ‘water scarce areas’ of 
the Adour-Garonne Basin, the regulatory control and permitting of  water abstractions are more 
stringent and any abstraction of greater than 8 m3/h is subject to the approval the Adour-Garonne 
Water Agency and the issuance of an abstraction permit. Abstraction permits generally take the form 
of quotas and include restrictions on abstractions during the sensitive period from June to August. 
 
3.2.3. The Regulation of Water Resources during Drought Conditions: 

 
The Environment Code defines the legal and regulatory structures in place for the management and 
allocation of water resources under drought conditions, where in times of crisis the préfet (the state’s 
representative in a ‘département’) can decide upon exceptional measures for the management and 
allocation of water resources. These measures are coordinated at a basin level by a ‘basin coordinator 
préfet’, are progressive, set for a defined period and water uses are prioritized: health, civil safety and 
drinking water distribution. In order to facilitate the management of water resources in these times of 
drought a framework ordinance, having taken into account the SDAGE, has been adopted for the 
Adour Garonne Basin wherein the threshold values are defined for the progressive levels of severity 
for:  
 

Level of Severity Action 

Low-water target flow  
(Débit d’Objectif d’Etiage DOE) 

Threshold of vigilance 

Alert flow (80% of DOE)  Water resources to support low-flow can be mobilized 

Heightened alert flow  
(DCR+ (DOE-DCR)/3) 

At least 50% of abstractions are suspended (either a ban of 4 days in 
7 or a 50% volume reduction) 

Critical flow rate (DCR) All abstractions are prohibited (except for priority uses) 

 
3.2.4. ‘Low-Water Target Flows (DOEs)’ & ‘Low-Water Management Schemes (PGEs)’: 

 
In order to maintain acceptable flows during low-water periods the 1996 SDAGE for the Adour 
Garonne implemented the concepts of ‘Low-Water Target Flow (DOE)’ and ‘Low-Water 
Management Scheme (PGE)’.  
 
The ‘Low-Water Target Flows (DOEs)’ are the flows above which it is calculated that all water uses 
can function and coexist in a sustainable manner and are set at strategic points of the basin each year 
for low-water periods. The values and specific tolerance levels for these DOEs are identified in the 
SDAGE and are the result of the hydrological analysis of low-water flows taking into account water 
quality objectives and the needs of downstream users.  
 
The ‘Low-Water Management Schemes (PGEs)’ aim to regulate at catchment scale the sharing of 
limited water resources in water deficient areas. They establish limits for water abstraction and 
distribution for users and typically include inter-alia: plans for the use and optimisation of existing 
water control structures such as dams, conditions/limits for the progressive abstraction and 
release/discharge of waters during crises, water-saving measures, plans for the development of 
additional resources; and collective management arrangements for the financing of measures and the 
recovery of costs.  The preparation of these PGEs aims to involve the participation all the stakeholders 
and are prepared in three phases: i. an inventory of available resources and consumption in the area 
concerned by the PGE, ii. the drafting and selection of water resource management scenarios, and iii. 
the drafting and approval of the PGE, which is a contractual document which binds all who have 
signed it. 
 
The implementation of DOEs and PGEs have had overall positive results so far since their 
introduction in 1996.  
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3.2.5. Monitoring & Modelling: 

 
Surface water flow-rates are monitored daily for all critical points defined in the SDAGE while 
aquifers levels, reservoir levels and precipitation are monitored on a 10 days basis and results are 
published online by the Regional Directorate of Environment, Spatial Planning and Housing 
(DREAL). 
 
The monitoring and modelling of hydrological conditions (quality & quantity) across the Adour-
Garonne Basin is a major tool used by water managers to develop and adapt their policies and 
facilitate the LCP management of water resources. 
 

3.3. Regulation & Management of the Gironde Groundwater Body - Specific  

 

3.3.1. Status of Water Resources in the Gironde Groundwater Body  

 
 Quantity: 

 
A hydrodynamic model was developed specifically for the Gironde Groundwater Body (Modèle Nord 

Aquitain, BRGM) and the quantitative status of the water resources (the aquifers) was determined by 
comparing the actual abstractions in 1998 (as shown in Table 3.2) with abstractions computed by the 
model necessary to maintain the aquifers in good (equilibrium or no deficit) quantitative status.  
 
Table 3.2:  1998 Abstractions by user group and groundwater resource (in Mm

3
/y) 

GIRONDE 

SAGE-1998 
 

 
   

Total % 

Agriculture Communities Drinking water Geothermal Industry 

Plio-Quaternary - - - - - - - 

Miocene 
14.59 0.11 3.02 - 0.68 18.4 

12.5% 
79% 1% 16% - 4% 100% 

Oligocene 
7.99 0.63 52.25 0.65 1.22 62.74 

42.7% 
13% 1% 83% 1% 2% 100% 

Upper Eocene 
0.59 - 2.92 0.04 0.45 4 

2.7% 
15% - 73% 1% 11% 100% 

Lower Eocene 
1.76 0.63 46.23 1.57 4.04 54.23 

36.9% 
3% 1% 85% 3% 7% 100% 

Cretaceous 
- - 3.43 2.5 1.6 7.53 

5.1% 
- - 46% 33% 21% 100% 

Jurassic - - - - - - - 

Total 24.93 1.37 107.85 4.76 7.99 146.9 - 

% 17.0% 0.9% 73.4% 3.2% 5.4% - 100% 

  

Drinking water represented 77% of Gironde’s groundwater abstraction in 2008 (73.4% in 1998), 

agriculture 16% (17% in 1998) and industry 2.7% (5.4% in 1998) and 4.3% by others (4.2% in 1998). 
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The main issues identified are that the EOCENE and CRETACEOUS aquifers, as shown in the image 
above, are in deficit and measures needed to be taken to bring them back into equilibrium. 
 
 Quality: 

 
The authors of the 2003 Gironde Groundwater SAGE characterized the geochemical makeup of the 
water-body (from the upper Plio-Quaternary aquifer to the lower Jurassic) using the analytical results 
available of samples from 600 observation / abstraction boreholes. This geochemical characterization 
of the aquifers as included in the 2003 SAGE is summarized in Table 3.3 together with a comparison 
of the water quality issues observed by the Bordeaux Metropolitan Area’s Water Services Provider. 
 
Table 3.3: Water Quality Status in the Gironde Groundwater Body 
Aquifer General Water Quality (WQ) as 

characterized by the SAGE 2003 

WQ Issues as observed by the WSP in 2010/2011 

Plio-Quaternary 
 
(Unconfined) 

� Waters are generally acidic, 
� The average iron content exceeds 

the drinking water quality standard 
(0.2 mg/l) in most of these aquifers,  

� These waters are also the most 
sensitive to anthropogenic pollution 
(nitrates and pesticides) in the body 

Not considered suitable as a raw drinking water resource 
however: 
� A system of infiltration wells along the Garonne with 

additional treatment is under consideration as an option to 
compensate for the recent loss of raw water resources in the 
Oligocene aquifer due to an industrial pollution incident. 

Miocene 

 

(Unconfined) 

� Waters are the least mineralized 
waters in the water body,  

� Are generally of good quality, and 
� At risk of anthropogenic pollution. 

Suitable as a raw drinking water resource but: 
� Has the associated risk of anthropogenic pollution 

Oligocene 

 

(Unconfined) 

& 

(Confined) 

� Oligocene aquifers contain 
generally high quality waters.  

� Naturally high iron content can 
occur to the west of Bordeaux,  

� Abnormalities of calcium are 
present south of the city, and 

� Significant natural concentrations 
of fluoride, sulphate and sodium 
are recorded in the south-east 

Suitable as a raw drinking water resource but: 
� Generally requires the removal of iron in the west of 

Bordeaux, and 
� Has the associated risk of anthropogenic pollution in the 

springs and unconfined regions of the Oligocene (along the 
Garonne and in areas near outcrops) where the infiltration of 
high levels of nitrates and iron from surface waters and 
waters from the overlying unconfined aquifer occurs, and 
pesticides have been occasionally detected in these waters.  

� This anthropogenic pollution risk has been confirmed by the 
accidental industrial pollution of Ammonium perchlorate of 
this unconfined part of the Oligocene aquifer at Thil, 
Gamarde area that represents the contamination of up to 25% 
of the raw water resources available for drinking water.  

Eocene 

 

(Confined) 

� Eocene aquifers are generally 
excellent with very low levels of 
nitrates but iron content almost 
always implies treatment needs. 

Suitable as a raw drinking water resource but: 
� Generally requires the removal of iron 

Cretaceous 

 

(Confined) 

� In the top and the bottom of the 
Cretaceous aquifers, water is 
generally good.  

Suitable as a raw drinking water resource but: 
� Waters from localized areas, on the right bank, and the 

northern part of the left bank contain concentrations of iron, 
fluoride, sulphate and potassium that exceed standards for 
drinking water; requiring treatment and/or blending. 

Jurassic � Jurassic waters are generally hot 
and highly mineralised. 

Not suitable as a raw drinking water resource  
 

 
3.3.2. Water Management Issues in the Gironde Groundwater Body: 
 
Quantity: 

As mentioned, the EOCENE and CRETACEOUS aquifers, with limited recharge potential, are in 
deficit and measures needed to be taken to bring them back into equilibrium. 
 
Quality: 

The unconfined aquifers of the Plio-Quaternary, Miocene, and portions of the Oligocene are sensitive 
to anthropogenic pollution from human development / urbanization, agriculture and industry.  
 
The key issues of concern are: 
 
- The pollution by agriculture of the unconfined aquifers of the Plio-Quaternary, Miocene, and 

Oligocene, where high levels of nitrates are consistently detected in these aquifers and pesticides 
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have been occasionally detected in Oligocene waters. (Note: Plio-Quaternary waters are not 
tested regularly for pesticides / herbicides as, at present, it is not used for drinking water.)  

- The pollution by industry of the unconfined area of the Oligocene aquifer at Thil, Gamarde by 
Ammonium Perchlorate detected in July 2011. 

- The pollution by urban wastewaters of the unconfined aquifers of the Plio-Quaternary, Miocene, 
and Oligocene from the incomplete collection of urban wastewaters in urban areas. 

 
3.3.3. Water Management Actions taken in the Gironde Groundwater Body: 

 

� The regulation of abstractions, calculated using the hydrodynamic model, to achieve 

a balance or rebalance between abstractions and natural recharge 

 

Using the hydrodynamic model for the Gironde Groundwater Body abstraction limits were set to 
promote a rebalance of aquifers that are in deficit. Table 3.4 indicates the impact as of 2008 where 
overall abstractions from the Eocene and Cretaceous aquifers has been reduced, with agricultural and 
industrial abstractions notably reduced from aquifers as these users do not need high quality 
groundwater resources. 
 

Table 3.4: Impact of actions to reduce abstractions from the Gironde Groundwater Body (1998-2008) 
Abstractions Agriculture Drinking Water Industry Other Abstractions 

1998 

Abstractions 

2008 

Miocene 85% (2008) 9% (2008_3.2Mm3) 3% (2008) 3% (2008) 18.4 Mm3 

 

26.0 Mm3 

79% (1998) 16% (1998_1.6Mm3) 4% (1998) 1% (1998) 

Oligocene 16% (2008) 81% (2008_40.0Mm3) 2% (2008) 1% (2008) 62.7 Mm3 

 

61.5 Mm3 

13% (1998) 83% (1998_41.7Mm3) 2% (1998) 2% (1998) 

Eocene 

(IN DEFICIT) 

2% (2008) 93% (2008_9.9Mm3) 3% (2008) 2% (2008) 58.2 Mm3 

 

40.0 Mm3 

4% (1998) 84% (1998_9.9Mm3) 8% (1998) 2% (1998) 

Cretaceous 

(IN DEFICIT) 

tbc Tbc (0.5Mm3) tbc tbc 7.5 Mm3 

 

tbc 

0% (1998) 46% (1998_0.2Mm3) 21%-1998 33%-1998 

 
� The promotion, by the Bordeaux Metropolitan Area, of measures specifically targeted to 

firstly reduce drinking water abstractions from the Eocene aquifer, and secondly to promote 

the reduction of losses in their water distribution networks (for general abstraction reduction)  

 
Within the management / affermage contract between Bordeaux Metropolitan Area (CUB) and their 
largest Water Services Provider, the following contractual commitments are included:  
 

Commitment n°1 
Objective:    To reduce Eocene water abstraction as much as possible.  
Penalty for non-compliance:  A penalty of 0.20€/m3 applied for volumes of water 

abstracted above the abstraction limits set for these waters.  
Commitment n°20 
Objective:    To reduce overall water abstraction as much as possible.  
Measure: To reduce total technical water losses by 4% by 2010 and 

13% by 2013; as compared to 2005  
Bonus / Penalty Incentive: +/- 0.20 €/m3 applied for performance +/-5% above or below 

the total technical water loss target.  
Commitment n°54 
Objective:    To reduce overall water abstraction as much as possible.  
Measure: To achieve a distribution network efficiency of: 

� 82.1% and 83.6% by 2010 
� 83.4% and 85.0% by 2013 
� 87% by the end of the contract (2021). 

Bonus / Penalty Incentive: +/- 50 000 €/0.1% point achieved above or below the target 
 

� The funding, by the Bordeaux Metropolitan Area, of a Measure to reduce abstractions from 

the Eocene and Cretaceous aquifers by industrial consumers  
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The Bordeaux Metropolitan Area (CUB) has funded an engineering project designed to supply 

industrial quality water to industry on the Ambès peninsula. This project will abstract and treat water 

from the Garonne. As soon as the project is complete these industries on the Ambès peninsula will no 

longer be permitted to abstract waters from the Eocene and Cretaceous aquifers.  

 
� The implementation of measures for improvements in urban wastewater collection networks 

to reduce the pollution of ground waters from urban wastewaters 

 
Measures have been completed and are under implementation to improve urban wastewater networks 
throughout the Adour-Garonne Basin area in order to reduce the pollution of ground and surface 
waters from untreated urban wastewaters. These measures are funded from a special fee added to the 
cost of public drinking water supply and are administered by the Adour-Garonne Water Agency. 
(Note: The Bordeaux Metropolitan Area is already (2011) fully in compliance with the EC Urban 
Wastewater Directive and associated national criteria for the collection and treatment of urban 
wastewaters.) 
 
3.4. Water User Charges & Overall level of Cost Recovery in the Adour-Garonne Basin 
 
3.4.1. Water User Charges: 

 
The Water Agency of the Adour Garonne Basin (AEAG) collects a series of fees to fund measures 
and actions necessary to manage water resources in the Basin to achieve the water quality objectives 
as set out in its Basin Management Plan (SDAGE 2010-2015). The three fees are: 
 

� The Resource Conservation Fee (Environment Code Art L 213-10-9) 
� The Water Pollution Fee (Environment Code Art L 213-10-2,3), and 
� The Improvement to Wastewater Collection Networks Fee (Environment Code Art L 213-10-

5,6) 
 
The values of these fees are set by AEAG in collaboration with various stakeholders and experts, but 
they must not exceed the limit values for each fee defined at national level in the Environment Code.  
 
The Resource Conservation Fee: 

 
The Resource Conservation Fee is set at a water body level, so in this case it is set within the Gironde 
Groundwater Body SAGE. The level of this fee is limited in the Environment Code for each category 
of user. For drinking water abstraction, it is limited to 0.08 €/m3 in a water scarce area (ZRE) and 0.06 
€/m3 elsewhere. Given that the Gironde Groundwater Body has been designated as a water scarce 
area, the legal limit for the Resource Conservation Fee in the case study area is 0.08 €/m3. 
 
Within the Gironde SAGE the fee is set depending on the type of use and the status of the 
groundwater resource and Table 3.5 presents the values set for the 2010-2012 period.  
 
Table 3.5:  Resource Conservation Fee for the Gironde Groundwater Body (€/m3 abstracted) 

User Status of the 

resource  

2010 2011 2012 Legal 

Limit 

WSP No deficit 0.0526 0.0542 0.0558 0.08 

Equilibrium 0.0565 0.0582 0.0599 

Deficit 0.0643 0.0662 0.0682 

Industry No deficit 0.03572 0.03751 0.03938 0.04 

Equilibrium 0.03837 0.04 0.04 

Deficit 0.03960 0.04 0.04 
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Agriculture  

Non gravity based irrigation 

No deficit 0.00896 0.01022 0.0117 0.03 

Equilibrium 0.00962 0.01098 0.01258 

Deficit 0.01094 0.01249 0.01430 

Agriculture - Gravity based 

irrigation 

- 0.0015 0.0015 0.0015 0.0015 

 

 
The Water Pollution Fee: 

 
For domestic users, the Water Pollution Fee is charged according to the water consumed. For non-
domestic users, it is charged based on the content of the water discharged. The AEAG sets fees for a 
list of compounds set by the Environment Code. Tables 3.6 presents the values set by AEAG for the 
‘Water Pollution Fee’ for the 2010-2012 period. 
 

Table 3.6:  The Water Pollution Fee (€/m
3 
sales) 

Year 2010 2011 2012 Legal Limit 

WSP  0.223 0.255 0.293 0.5 

Industry Charged depending on discharge content 

Agriculture Charged depending on discharge content  

 

The Improvement to Wastewater Collection Networks Fee: 

 

The Improvement to Wastewater Collection Networks Fee is charged to all the public wastewater 
network users. Tables 3.6 presents the values set by AEAG for the ‘Improvements to Networks Fee’ 
for the 2010-2012 period.  

 

Table 3.7:  The Improvement to Wastewater Collection Networks Fee (€/m
3 

sales) 

Year 2010 2011 2012 Legal Limit 

0.174 0.196 0.220 0.3 

Industry first 50 000 m3/y 0.087 0.097 0.110 
0.15 

over 50 000 m3/y 0.009 0.011 0.012 

Agriculture NA 

 
 
The total fees to be collected by the Water Agency AEAG for the 2010-2015 planning period (see 

Table 3.8) are budgeted at 99 million euro per year, with 79.2% of the total fees coming from public 

water service providers, 17.3% from industry (with direct abstractions/discharges), and only 3.5% 

from agriculture. 

 

Table 3.8:  Annual Revenues (received-budgeted) of the Basin Agency AEAG from fees 

(2010-2015) 

 Households 
(by WSP) 

Small Businesses 
/ APAD (by WSP) 

Industry Agriculture Total 

Fees received by AEAG (in 
Million € per year) excluding 
improvement in wastewater 
network fee 

48.9 17.1 3.5 69.5 

% 70.4% 24.6% 5.0% 100% 

Total Fees received by 
AEAG (in Million € per year) 

62.7 15.7 17.1 3.5 99.0 
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 Households 

(by WSP) 

Small Businesses 

/ APAD (by WSP) 

Industry Agriculture Total 

% of total  63.4% 15.8% 17.3% 3.5% 100% 

 

 

3.4.2. The Cost of Measures Included in the SDAGE & the Overall Level of Cost Recovery: 

 
The cost of measures included in the Adour-Garonne SDAGE for the 2010-2015 planning period is 
681 million euro per year and is broken down by sector in Table 3.9. 
 
Table 3.9:  The Planned Annual Cost of Measures / Investments in the Basin 2010-2015 (by 

sector) 

 Households 
(by WSP) 

Small Businesses 
/ APAD (by WSP) 

Industry Agriculture Total 

Annual Cost of Measures 371.0 108.0 163.0 39.0 681.0 

 
 
Table 3.10 indicates the planned redistribution of fees received from user groups to fund the measures 
identified by user group.  This redistribution of fees by the Water Agency results in net transfers from 
domestic users and small businesses (APAD) served by public water service providers to industry and 
to agriculture.  
 

Table 3.10: The Planned Redistribution of fees by the Basin Agency (AEAG) 2010-2015 (by sector) 

 Households 

(by WSP) 

Small Businesses 

/ APAD (by WSP) 

Industry Agriculture Total 

Fees received by AEAG (in 
Million € per year) 

62.7 15.7 17.1 3.5 99.0 

% of total  63.4% 15.8% 17.3% 3.5% 100% 

Fees redistributed by AEAG 
(in Million € per year) 

49.7 14.4 24.8 10.2 99.0 

% of total 50.2% 14.5% 25.0% 10.3% 100% 

Net loss  / gain (in Million € 
per year) 

-13.0 -1.3 +7.6 +6.7 - 

 

 

Table 3.11 indicates the overall level of cost recovery (by sector) of water resource management 
measures in the Adour-Garonne Basin to be carried out during the 2010-2015 period. The costs 
generated by each user category are indicated in the columns; and the costs borne by each user 
category are shown in the rows.  
 
 
Table 3.11: The Overall Level of Cost Recovery of Water Resource Management Measures in the 

Adour-Garonne Basin 2010-2015 (by sector) 

  Costs generated by (in Million € per year) 

  Households 

(WSP) 

Small Businesses 

/ APAD (WSP) 

Industry 

(self- abstraction) 

Agriculture 

C
o

st
s 

b
o

r
n

e 
b

y
 

Households (funded directly 
through their WSP water bills or 
indirectly from contributions via  
the charges paid to AEAG) 

326.8  6.8 6.0 

Tax transfer 58.4 17.0 15.9 7.4 

Small businesses /APAD (funded 
directly through their WSP water 
bills or indirectly from 
contributions via  the charges paid 
to AEAG) 

 91.0 0.8 0.7 

Industry    139.5  

Agriculture    24.9 

Total investment / year 371.0 108.0 163.0 39.0 
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  Costs generated by (in Million € per year) 

  Households 
(WSP) 

Small Businesses 
/ APAD (WSP) 

Industry 
(self- abstraction) 

Agriculture 

Annual transfers from others (Conseils 
régionaux & Conseils généraux) 

58.4 17.0 23.5 14.1 

Cost recovery / year from user fee 
 (by sector) - total 

84 % 84 % 86 % 64 % 

Cost recovery / year from user fee for 
WSP users when adjusted to eliminate 
AEAG transfer to industry & agriculture 

90.2%  
 

  

Cost recovery / year from user fee for 
WSP users when special fee for network 
improvements and their associated 
investments are deducted 

114%   

 
In summary, the overall level of cost recovery received in the form of fees from public water service 
providers in the basin is 90.2%, where the level of cost recovery from industry and agriculture is 86% 
and 64% respectively.  
 
When the revenues from the special fee to WSPs for ‘Improvement to Wastewater Collection 
Networks’ and costs associated of measures funded for the ‘Improvement to Wastewater Collection 
Networks’ for the benefit of WSPs are deducted, then the level of cost recovery from WSP users is 
114%; indicating that all of the external annual transfers plus some of their own fees from water 
pollution and water conservation fees are used to subsidize the cost of measures for ‘Improvement to 
Wastewater Collection Networks’.  
 

3.5. Overall Assessment of the MCoWIWRM 
 
The Marginal Cost of Water for the integrated management and protection of the water resource 
prior to abstraction by users (including inter-alia water services providers), MCoWIWRM, is 
considered as the unit cost for the administration, management, protection and sustainable 
development of the raw water resources at a basin or water body level, using the Least Cost Plan 
(LCP) approach, in order to meet the overall water objectives for quality and quantity for that basin 
or water body. 
 
Where water abstraction / user fees are charged at a basin or water body level to fund the integrated 

management and protection of the water resource prior to abstraction by users, and those fees are set: 

 

i. To include the costs associated for the management of water resources to achieve good water 

status (quality and quantity), and  

ii. At a level for full cost recovery. 

 

Then the water abstraction / user fees charged equates to the MCoWIWRM and associated ecological 

externalities are deemed already included. 

 
3.5.1. Key Components of Assessment: 

 
The current water abstraction/user fees paid by the Bordeaux Metropolitan Area Water Services 

Provider are shown in Table 3.12.  

Table 3.12: Combined Water Pollution & Resource Conservation Fee for the WSP (€/m3 sales) 

Year 2010 2011 2012 

Water Pollution Fee (€/m3 sales) 0.223 0.255 0.293 

Resource Conservation Fee (€/m3 sales) – adjusted to allow for 2010 
level of total losses and abstraction mix 

0.0822 0.0846 0.0872 

Combined Water Pollution & Resource Conservation Fee (€/m3 sales) 0.3052 0.3396 0.3802 

Note: The level of the Resource Conservation Fee is adjusted from (€/m3 abstracted) to (€/m3 sales), using 

the 2010 level of total losses, in order to maintain consistency in the calculations. 
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In the assignment of a value for the MCoWIWRM to be used in the calculation of the Sustainable 
Economic Level of Leakage (SELL) for the water distribution network of the Bordeaux 
Metropolitan Area, the following key questions are then considered in relation to the above: 
 
 

Question 1: Will the measures and actions in place or planned (in the SDAGE/SAGE), that are fully or 

partly funded from water abstraction/user fees, result in full compliance / achievement of the 

water objectives for quality and quantity for the AG basin and the Gironde water body? 

 
Quantity 

The measures and actions taken, and the management instruments in place at Adour-Garonne Basin level have 

provided a very effective framework for sustainable water resource quantity management, and specifically 

within the Gironde Groundwater Body the mix of measures and actions taken will result in the medium term in a 

rebalance of abstractions and recharge in the Eocene and Cretaceous aquifers to achieve good quantitative 

status. 

Quality 

From the analysis of the information available, it is considered unlikely that good quality status within the basin 

and its water bodies will be achieved upon completion of the measures and actions planned in the SDAGE in 

2015. While measures are completed and /or under implementation to reduction of pollution due to urbanization 

and urban agglomerations and achieve full compliance with the urban wastewater directive (including 

improvements to networks), the measures taken or planned do not appear to include actions necessary to rectify 

/ prevent environmental degradation due to nitrates and herbicides / pesticides from agriculture and from 

pollutants (in particular priority pollutants) from industry (i.e. the full implementation of the EC directives with 

regard to nitrates, pesticides, and EQS.) 

 

 
Question 2: Are the current water abstraction / user fees set to fully recover the costs of integrated water 

resource management? 

 
In indicated in Table 3.11 above, the overall level of cost recovery received in the form of fees from public 

water service providers in the basin is 90.2%, where the level of cost recovery from industry and agriculture is 

86% and 64% respectively and when the revenues from the special fee to WSPs for ‘Improvement to 

Wastewater Collection Networks’ and costs associated of measures funded for the ‘Improvement to Wastewater 

Collection Networks’ for the benefit of WSPs are deducted, then the level of cost recovery from WSP users is 

114%. However the water abstraction / use fees applied to industry and agriculture are insufficient to cover the 

costs that can be allocated to industry and agriculture (in terms of the application of the polluter pays principle). 

The pie charts below indicate the comparison of water use and water fees for each user group at both Adour-

Garonne Basin and Gironde Groundwater Body levels. 
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3.5.2. Conclusion: 

 
Given the above it is considered that the water use fees (water pollution and resource conservation 
fees) currently paid by the WSP fairly represent the true Marginal Cost of Water for the integrated 
management and protection of the water resource prior to abstraction by the WSP. It is expected that 
additional fees will have to be applied to fund measures necessary to rectify / prevent environmental 
degradation due to agriculture and industry but if the principle of the ‘the polluter pays’ is applied 
then these additional costs will not be charged to WSP users. Therefore the value assigned for the 
MCoWIWRM to be used in the calculation of the Sustainable Economic Level of Leakage for the 
water distribution network of the Bordeaux Metropolitan Area is: 0.38 €/m3 (as shown in Table 3.12) 

30.0%

30.0%

40.0%

Average Annual Water Use in the AG 

Basin: 
2.5 billion m3 (based on abstraction 

quotas)

Public Water Service Providers

Industry (direct abstraction)

Agriculture (irrigation)

70.4%

24.6%

5.0%

Average Annual Water Fees Paid in the 
AG Basin by User Groups (adjusted to 

remove sewerage network improvement 

fees)

Public Water Service Providers

Industry (direct abstraction)

Agriculture (irrigation)

77%

2.70%

16.00%

4.30%

Water Abstractions from the Gironde 

Groundwater Body 2008

Public Water Service Providers

Industry (direct abstraction)

Agriculture / Irrigation

Other

90%

6%
3%1%

Water Fees from the Girone 

Groundwater Body 2008

Public Water Service Providers

Industry (direct abstraction)

Agriculture / irrigation

Other
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4. Calculation of the MCoW, MCoLC and SELL 
 
4.1. Overview of Bordeaux’s Water Supply Infrastructure & Service 
 
As noted in Section 1 (Introduction), this case study specifically focuses on the assessment of the 
technical and economic efficiency of the largest public water distribution system within the Bordeaux 
Metropolitan Area that serves 22 of its 27 Communes and provides water to approximately 700,000 
residents as well commercial and government entities.  
 
This public water distribution system is operated by a private operator (Lyonnaise des Eaux) under a 
concession / affermage contract for the 30 year period from January 1992 to December 2021. 
 
The total annual sales volumes of water in 2010 was approximately 40 Million m3 and total annual 
revenues from this sale of water was approximately 70 €Million, of which approximately 10 €Million  
were water user fees collected on behalf of the Adour-Garonne Water Agency (AEAG).  
 
The network system has approximately 230,000 customer connections of which 97.5% are households 
that account for approximately 85% of sales volume, and small businesses and commercial entities 
(APAD) account for the remaining 15%. 
 

Figure 4.1: Projected Water Demand (Sales) 2010-2030 

 
Figure 4.2: Projected Per Capita Water Demand (Sales) 2010-2030 
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Total water demand is projected to grow, as indicated in Figures 4.1 and 4.2, by an additional 7 
million m3/year by 2030; mainly due to the population growth projections for the Bordeaux 
Metropolitan Area. This projection assumes that demand management measures will reduce per capita 
consumption from the current level of 50 m3/year (137 l/c/d) to 44 m3/year (120 l/c/d) by 2016 and 42 
m3/year (115 l/c/d) by 2030. 
 
The quality of drinking water service is provided in full compliance with drinking water standards 
regarding water quality, and is monitored internally by the Water Services Provider and audited by the 
Regional Agency for Health (ARS).  Wastewater services are provided in full compliance with the 
UWWD; however, with average water consumption per household at 120 m3/household/year this 
represented an average bill for water supply and wastewater services of 416.38 € per household in 
2010 (see Table 4.1), and accounts for 1.21% of the average household income and 1.45% of median 
household income). Water bills have increased steadily since 1992 (see Figure 4.3) and the 
‘improvement to network fee’ was added in 2007. The cost for water and wastewater services is a 
sensitive issue with the public in the service area.  
 
Table 4.1: Average household water & wastewater bill (120m3) for 2010  

 Unit price (€/m3) Price (€) Beneficiary 

Fixed -  60.90 WSP 

Proportional    

Drinking water (first 50 m3) 0.9671 48.355 WSP 

Drinking water (above 50 m3) 1.0746 75.222 WSP 

Resource conservation fee 0.0839 10.068 AEAG 

Water pollution fee 0.2230 26.760 AEAG 

Sanitation (Operations) 0.6497 77.964 WW Operations 

Sanitation (Renewals) 0.6210 74.520 CUB 

Improvement of networks fee 0.1740  20.880 AEAG 

Total excluding tax  394.67  

VAT  21.71  

Total including tax  416.38  

 
Figure 4.3: Breakdown of the Cost of an average household W&WW bill (120m3) 1992-2009 

 
 
4.2. The Physical Water Abstraction, Treatment and Distribution System 
 
As shown in Figure 4.4, the water abstraction, treatment and storage facilities that serve the Bordeaux 
Urban Area are a complex system of:  
 
- Springs (11 no.) and abstraction wells (90 no.);  
- 202 kilometres of abstraction pipework, 
- Treatment facilities at the points of abstraction (16 iron removal units, 6 disinfection units, 1 UV 

disinfection unit, 2 soda pH balancing units, 1 orthophosphate treatment unit, 1 clarification unit, 
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1 sand filtering unit, 1 coagulation unit, 2 activated carbon filtering units and 1 ETBE stripping 
unit);  

- Treatment facilities on the distribution network (36 iron removal units, 40 disinfection units, 12 
soda pH balance units, 6 aerated pH balance units, 1 orthophosphate treatment unit, 1 sand 
filtering unit and 2 activated carbon filtering units); 

- 2942 kilometres of distribution complete with water storage facilities with 24 reserve hour 
storage capacity, and  

- 233,000 metered customer delivery points. 
 

Figure 4.4: Bordeaux Urban Area: Water Abstraction, Treatment and Storage Facilities  

 
 
The system has evolved over a long period of time, resulting in a decentralised system that is notably 
efficient.  The system abstracts the best quality raw water available in its proximity, using springs and 
artesian wells as much as possible to reduce pumping requirements, then carries out the minimal level 
of treatment necessary to meet drinking water standards, including the blending of waters to avoid 
treatment were possible, prior to storage and distribution. 
 
As the Eocene and Cretaceous aquifers are in deficit the WSP has reduced its abstractions from these 
aquifers, and with a mix of demand management and network efficiency measures has reduced overall 
abstractions (refer to Table 4.2). The primary demand management tool employed has been ‘increased 
tariffs’ which has resulted in a reduction in per capita consumption 
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Table 4.2:  WSP Abstractions by groundwater resource (in Mm
3
/y)  

Aquifer  / Year 

 

Abstraction Assets 1995 
2003 

(SAGE 

Published) 
2010 

CUB 
Abstraction 

Limit  

Miocene (Unconfined) 

NO DEFICIT 

2 springs, 
1 abstraction well 1.917 (3.26%) 

3.086  
(5.1%) 

3.099 
 (6.0%) 

7.5 

Oligocene (Unconfined) 

EQUILIBRIUM  9 springs, 
42 abstraction well 

40.488 
(68.8%) 

42.043  
(70%)  

19.39 
(75.6
%) 

46.3 

Oligocene (Confined)  

EQUILIBRIUM 
19.26 23.5 

Eocene  

DEFICIT 
46 abstraction wells 

16.385 
(27.9%) 

14.304  
(23.8%) 

8.986  
(17.6%) 

27.0 

Cretaceous 

DEFICIT 
1 abstraction well 

0.031  
(0.04%) 

0.647  
(1.1%) 

0.403  
(0.8%) 

0.876 

Total  58.821 60.080 51.139 105.176 

 
4.3. Leakage Control in the Water Distribution Network 
 
4.3.1. Calculation of 2010 level of system losses 

 
Using the IWA Water Balance Framework as shown in Figure 4.5, ‘Water Losses’ is calculated as 
‘System Input Volume’ minus ‘Authorized Consumption’.  
 
Figure 4.5: IWA Water Balance Framework 

 
 
In 2010 total water abstractions / ‘System Input Volumes’ were: 51.139 Mm3, and total invoiced 
water sales (Billed Authorized Consumption) was 39.989 Mm3, which equates to 11.15 Mm3 losses. 
 
Unbilled Authorized Consumption for the system in 2010 was: 
 

� Backwashing of sand filters = 250,000 
� Water quality analysis = 30,000 m3 
� Fire hydrant testing & consumption = 38,339 m3 (for 5,500 hydrants) 

 
Therefore, Water Losses for 2010 = 10.03 Mm

3 using the IWA Definition of Water Losses. 
 
‘Apparent losses’ in the Bordeaux system is limited to ‘Customer Meter Inaccuracies’ and customer 
meters in the public water sector are typically under-read by a factor of 3% - 6%. Given the feedback 
from the calibration of meters in the service area and the frequency of meter replacement included in 
the WSP’s overall plan of measures, a ‘Customer Meter Inaccuracy Factor of ‘-3.920%’ is selected 
which would adjust 2010 sales to 41.620 Mm3. 
 
Therefore, 2010 Real losses = 9.200 Mm3 = 17.99%; equates to a Distribution Network Efficiency 

of 82.01% 
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4.3.2. Loss Reduction Performance versus Contractual Incentive Structures 

 
When the actual 2010 performance is compared with the incentive / penalty mechanism included in 
the WSP’s contract it would indicate that a bonus would be paid to the WSP under Commitment n°20 
and a penalty would be paid by the WSP to the CUB under Commitment n°54. 
 

 Commitment n°20 
Bonus / Penalty Incentive: 

+/- 0.20 €/m3 applied for performance 
+/-5% above or below the total technical 

water loss target 

Commitment n°54 
Bonus / Penalty Incentive: 

+/- 50 000 €/0.1% point achieved above or below 
the target 

Parameter Volumetric Water Loss 
(Mm3) 

Distribution Network Efficiency 
(%) 

Year Target Actual Target Actual 

2005 Reference Year 12.20 - - 

2010 Less than 11.7 11.15 
& 

10.03 
Inferring a bonus 

is due 

82.1%-83.6% 82.01% 
(9.200 Mm3 or 17.99% 

distribution network losses) 

Inferring a penalty is due 

2013 Less than 10.6  83.4%-85.0%  

2021   87%  

 
4.3.3. The WSP LCP of Measures for the Reduction of Network Losses 

  
The WSP has adopted a mix of measures in order to reduce network losses. These measures include 
the standard mix of: Active Leakage Control (ALC), Pressure management; and Asset Renewals. 
 
Active Leakage Control (ALC) & Pressure management (PM): 

 
The WSP has invested in the formation of District Metering Areas (DMAs) in the distribution 
network, where 15 Primary DMAs are formed with another 10 secondary DMAs within the primaries; 
with facility to temporary form an additional 9 during annual or seasonal leakage reduction 
campaigns. The only sector of the water distribution network that cannot be easy formed into a typical 
DMA is the Paulin-Bréquet sector which is located in Bordeaux’s historic city centre and has a very 
dense network of distribution pipework. This sector is monitored permanently by 150 hydrophones 
and was the target of four leak detection campaigns during 2010. 
 
In addition to the formation of DMAs and the leak detection campaigns, the WSP has divided the 
network into 8 pressure management areas, 7 of which are modulated: 
 
- Left Bank: Modulated Level 75, Modulated Level 60, 
- Right Bank: Modulated Level 100, Modulated Level 76, Modulated Level 50, Modulated Level 

40, and the Ambès peninsula which has its own distribution network (Level 43) 
 
Pressure is managed to minimise losses while respecting the statutory obligation to maintain a 
pressure of 2 Bar at ground level of each building served. 
 
Asset Renewals (AR): 

 
The contract between the water services provider and Bordeaux Metropolitan Area (CUB) limits 
average annual asset renewals in water assets (for all purposes) to 2.275 M€/year between 2006 and 
2021. This equates to an annual asset renewal rate of 0.35% (equivalent to an expected average asset 
life of 286 years – which is clearly not sustainable in the long term). This contractual cap on asset 
renewals limits the WSPs ability to reduce losses with increased asset renewals.  
 
The WSP uses an asset management model to forecast the long term impact of various assets renewal 
scenarios on water losses in order to optimise its limited asset renewals budget. The current general 
asset renewals policy is:  



22 

 

 
- Customer connections are replaced at their third break,  
- Mains distribution pipes are replaced when two breaks occur over a 200 m long section;  
- Customer meters are renewed on a 10 to 25 years basis depending on their size. Meters less than 

15 mm diameter, accounting for more than 93% of the meters in the service area, are replaced 
every 25 years, those between 20 and 40 mm are replaced every 10 years, and those larger than 
50 mm every 5 years.  

 
4.4. Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
Given that in the service area there is not a security-of- supply issue, there will not be any future 
supply and demand management options required over the planning period. Hence the MCoWWSP is 
the incremental cost of water abstracted and distributed by the WSP, based on variable system 
operating costs. 
 
The variable system operating costs are: 
 
- Electricity = 0.0404 €/m3, and 
- Treatment Costs = 0.0511€/m3 
- Total variable system operating costs = 0.0915 €/m3 
 
Therefore, MCoWWSP is 0.0915 €/m3,  

 
And, MCoW = MCoWIWRM + MCoWWSP  

Therefore, MCoW = MCoWIWRM (0.38 €/m3 + MCoWWSP (0.0915 €/m3) = 0.4715 €/m3 
 
 
4.5. Calculation of the MCoLC 
 
Bordeaux WSP has already made major investments into water loss reduction wherein all of the basic 
measures for pressure management, the formation of DMAs and active leakage control have all been 
implemented and have resulted in the current distribution network water loss of 17.99% (18%).  
 
The options for which the Marginal Cost of Leakage Control has been calculated are summarized in 
Table 4.3 below together with the annualized cost and marginal cost for leakage control for each 
option respectively: 
 
Table 4.3:  Leakage Control Options, Benefit / Yields, and Unit Costs 

Option Benefit  / Yield Annualised 
Cost 

(€Million) 

Marginal 
Cost 

(€M/Mm3) 

New surface water supply scheme: N/A N/A N/A 

Current Generic Mains Renewals Ratio 
0.35%); current levels of PM & ALC 

PLUS 
Additional Active Leakage Control 
(ACL) 
- Reduce leakage 2% below current 
- Reduce leakage 4% below current 
- Reduce leakage 6% below current 
- Reduce leakage 8% below current 

 
 
 
 
 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 

 
 
 
 
 

0.71 
1.41 
3.96 

12.60 

 
 
 
 
 

0.48 
0.71 
1.32 
3.15 

Applying a new Generic Mains Renewals 
Ratio of 0.6%; current levels of PM & 
ALC  
PLUS 

The Generic Mains Renewals Ratio 
of 0.6% from the current level of 
0.35% is expected to generate a base 
+1.0 Mm3 / year saving in water 
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Additional Active Leakage Control 
(ACL) 
- Reduce leakage 2% below current 
- Reduce leakage 4% below current 
- Reduce leakage 6% below current 
- Reduce leakage 8% below current 

loss: The additional ALC is expected 
to add a further: 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 

 
 

0.58 
1.70 
4.75 

15.12 

 
 

0.58 
0.85 
1.58 
3.78 

Applying a new Generic Mains Renewals 
Ratio of 1.0%); current levels of PM & 
ALC  

PLUS 
Additional Active Leakage Control 
(ACL) 
- Reduce leakage 2% below current 
- Reduce leakage 4% below current 
- Reduce leakage 6% below current 
- Reduce leakage 8% below current 

The Generic Mains Renewals Ratio 
of 1.0% from the current level of 
0.35% is expected to generate a base 
+2.0 Mm3 / year saving in water 
loss: The additional ALC is expected 
to add a further: 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 

 
 
 
 
 
 

0.65 
2.11 
5.94 

18.60 

 
 
 
 
 
 

0.65 
1.05 
1.98 
4.65 

 
 
4.6. Calculation of the Sustainable Level of Economic Leakage (SELL) 
 
As discussed in Section 1, the Sustainable Economic Level of Leakage (SELL) is the measure that 
has been selected to assess the economic efficiency of the WSP.  The SELL is the level of leakage in 
the public water distribution network at which the marginal cost of leakage control (MCoLC) for the 
WSP equals the marginal cost of water (MCoW). 
 
 

 
 
Comparison of Leakage Parameters: 

(Note: Each further 1 % reduction in losses equates to 500,000 m3/year reduction in losses) 
Leakage in Million m

3
/ year 4.0 5.0 6.0 7.0 8.0 9.0 

Distribution Network Losses (%) 8% 10% 12% 14% 16% 18% 

Distribution Network Efficiency (%) 92% 90% 88% 86% 84% 82% 

 

 

 
 
Where MCoW = 0.4715 € /m3 as shown in Figure 4.6, then the SELL is 
 

� Under the current general Asset Renewal Ratio of 0.35% is: a network leakage of 8.0 Million m3/ 
year, which equates to Distribution Network Losses of 16%, or Distribution Network Efficiency 

of 84%. 
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� Under an Asset Renewal Ratio of 0.6% is: a network leakage of 7.6 Million m3/ year, which equates 
to Distribution Network Losses of 15.2%, or Distribution Network Efficiency of 84.8%. 

� Under an Asset Renewal Ratio of 1.0% is: a network leakage of 6.6 Million m3/ year, which equates 
to Distribution Network Losses of 13.2%, or Distribution Network Efficiency of 86.8%. 
 

 
The result of SELL is sensitive to the assignment of value to MCoWIWRM. . The value assigned erred 
on the high side but if for example the assigned value of 0.38 €/m3 was reduced by 14% to 
compensate for the level of current cross-subsidy from WSP users to agriculture and industry, then 
the new value would be 0.333 €/m3 resulting in a MCoW of 0.4245. If this were the case then the 
WSP would have already achieved the SELL of ‘Distribution Network Losses’ of 18% for their 
Asset Renewal Ratio of 0.35%. 
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5. Results & Conclusions of the Case Study 
 
This Case Study confirms the following: 
 

i. Effective Water Quantity Management in the water scarce Adour-Garonne Basin 

 
Resulting in:  

� Greatly improved the body of knowledge of the water regime within the Adour-
Garonne Basin, 

� Clarified roles and responsibilities of stakeholders, and promoted real dialogue between 
stakeholders for the sustainable management and sharing of limited water resources, 

� Improved water resource management practices within the Basin and assisted the 
Adour-Garonne Water Agency together with stakeholders determine the optimal mix of 
interventions necessary to ensure the long-term balance between supply and demand in 
order to meet their respective water management objectives (i.e. Least Cost Plan), and 

� The reduced frequency of crisis due to water scarcity and drought.  
 

ii. Effective quantity management at the Gironde Groundwater Body level 

 
Resulting in:  

� The regulation of abstractions and the rebalancing of the confined aquifers in the 
Gironde that are ‘in deficit’ so that they can be brought back to a point of equilibrium 
(good quantitative status) in the medium term. 

 
iii. Effective quantity management (loss reduction) at a water distribution network level serving 

the Bordeaux Metropolitan Area. 

 
The WSP has adopted a mix of measures in order to reduce network losses including: Active 
Leakage Control (ALC), Pressure management; and Asset Renewals; reducing losses in the 
distribution network to a current level of 18%. 
 
The Sustainable Economic Level of Leakage (SELL) is dependent upon the background level 
of asset renewals carried out on the Bordeaux water distribution system, and is: 
 
 SELL = 16% for distribution network losses for an asset renewals ratio of 0.35% 

SELL = 15.2% for distribution network losses for an asset renewals ratio of 0.60% 
SELL = 13.2% for distribution network losses for an asset renewals ratio of 1.00% 

 
The contract targets set for loss reduction for the Bordeaux water distribution network in the 
concession contract between the Bordeaux Metropolitan Area and the WSP are set at 
appropriate levels specific to the local context: (i.e. distribution network losses of 17.9% by 
2010; 15%-16.6% by 2013 and ultimately 13% by 2021), but the 2021 targets can only be 
achieved if the Bordeaux Metropolitan Area implements an asset renewals ratio that is 
sustainable e.g. 1.0%. 
 
Given that the three main tools available to reduce the level is leakage are ‘Active Leakage 
Control’, ‘Pressure Management’, and ‘Asset Renewals’, it is not a surprise to see the 
variation in value for the SELL relative to level of asset renewals. If the background level of 
asset renewals is not set at a long term sustainable level, then the long term sustainable 
economic level of leakage cannot be attained. 
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Abbreviations 

 

AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

CARL Current Annual Real Losses As related to the IWA NWR framework 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  

PRV Pressure Reducing Valves   
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SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study: (SWM - M-Wasser) 
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1. Introduction 

 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves the City of Munich. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates. 
 
In addition to the analysis of the water distribution network and its operator (the water services 
provider (Stadtwerke München GmbH (Munich City Utilities) or SWM), the availability and 
management of water resources in  Germany’s Danube River Basin District and the specific water 
bodies from which the WSP abstracts its water resources are analysed and assessed in order to provide 
context and to assign value to the raw water resource prior to abstraction (MCoWIWRM), to be used in 
the calculation of the Sustainable Economic Level of Leakage as described in the text box below.  
 

 
Method selected to assess the economic efficiency of the public water distribution network 

  
§ The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  

 
 

§ The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
§ The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 

 

                                                           
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers can determine the optimal mix of 

interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective water 
management objectives. 
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2. The Study Area 

 
2.1. The City of Munich  

 
The City of Munich is the capital and the largest city of the German State of Bavaria. It is located on 
the River Isar north of the Bavarian Alps, and with a resident population of approximately 1.4 million 
is the third largest City in Germany, behind Berlin and Hamburg.  
 

 
 

2.2. Germany’s Danube River Basin District (DE1000) 
 
From a water resource management perspective, the City of Munich is located within Germany’s 

Danube River Basin District (DE1000) which in turn lies within the territories of the 2 Federal States 
(Länder) of Bavaria and Baden-Wuerttemberg, each of which developed their water management 
plans for their territorial share of Germany’s Danube River Basin District (DE1000).  
 
Specific to this Case Study the water bodies from which the City of Munich abstracts their water 
resources and discharges their wastewaters are located within the Bavarian territories of Germany’s 

Danube River Basin District. 
 

 
Figure 2.1. Map of Germany’s Danube River Basin District and the Water Planning Areas of the State of Bavaria 
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3. Calculation of the MCoWIWRM 

 
3.1. The Legal & Regulatory Arrangements for Water Management in Germany and 

Bavaria 

 

Germany’s main law on water, the Federal Water Resources Act (Wasserhaushaltsgesetz, WHG) was 
enacted in 1957 and (with its amendments) remains the centrepiece of water legislation in Germany.   
 
The WHG traditionally acted as a federal framework for the complementary state water laws and in 
2002 was amended for the seventh time to transpose the requirements of the European Water 
Framework Directive. This amendment introduced a shift in water management in Germany requiring 
the management of waters within river basin (watershed) districts as opposed to the management of 
water resources within political/territorial boundaries of Germany’s individual states (as previously 
practiced).   
 
The autonomy of the federal states was reduced in 2006 when the WHG was renewed for the 8th time 
following a reform of the federal system in Germany wherein more autonomy in decision-making was 
allocated to the federal level. Its most recent amendment in 2010 required all federal states’ water 

laws to be consistent with the WHG.  Hence, many federal states in Germany (including Bavaria) 
have passed new versions of their water laws since 2010. 
 
At a federal level Germany has 10 River Basin Districts, as shown in Figure 3.1 below, one of which 
is the Danube. Germany’s Danube River Basin District (DE1000). As Bavaria and Baden-

Wuerttemberg each developed their own water management plans for their respective territorial share 
of Basin District (DE1000) no common plan exists but both Federal States coordinated their 
respective plans through a coordination group - 'Co-ordination Group upper Danube' 
 

 
Figure 3.1. Map of Germany’s River Basin Districts 

 
Germany’s Danube River Basin District has an area of 56,259 km2 which represents approximately 
7% of the total area of the international Danube River Basin, and of this 56,259 km2 approximately 
85% lies within the territories of the State of Bavaria, within the remaining 15% to the west of the 
Basin District is located in the State of Baden-Wuerttemberg. 
 
Water management within the State of Bavaria is the responsibility of the Bavarian Environmental 
State Office (Bayerisches Landesamt für Umwelt, LfU) and the State of Bavaria amended its water 
law (Bayerisches Wassergesetz, BayWG) in 2010 and passed a series of water management plans 
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(divided by the river basin districts Danube, Rhine, Elbe and Weser) to, inter-alia, meet the 
requirements of the environmental objectives given in the WFD. Each water management plan has a 
corresponding Action Plan where the current action plans are to be completed by the end of 2012. 
 

 
Figure 3.2. Bavaria’s Organization Structure for Water Planning  

 
The Bavarian Environmental State Office has divided it’s territories into 10 planning areas, as shown 

in Figure 2.1 and Figure 3.2 above, of which 5 are located within Germany’s Danube River Basin 

District and the water resources and wastewater discharges related to the City of Munich lie within its 
Inn and Isar water planning areas. 
 
The importance of Hydropower in the Danube River Basin District (DE1000) 

 

Hydropower is an important element in the Basin District where Germany’s hydropower use is 
concentrated within the Federal States of Bavaria and Baden-Wuerttemberg and in particular in the 
Danube River Basin District (DE1000) as a result of its alpine climate, topography and hydrology. 
 
Historically Germany has actively supported the hydropower industry and under the “Regulation on 
the Favourable Tax Treatment of Hydropower Plants Insurance Agreement (WasKwV)” hydropower 
plants received preferential treatment in conjunction with corporate taxes, income taxes, property 
taxes and business taxes benefits for 20 years after the start of HPP operations. Specifically this was 
intended to benefit plants that went into operation by 1990. In addition, the enactment of the 
Electricity Feed-in Act (StrEG) 1991/1994 provided the central incentive that drove the plant 
construction in the small hydropower sector with the result that at present Bavaria has, in addition to 
its large HPP Bavaria, over 10,000 micro hydropower stations with an average capacity of 14 kW per 
station (operated for the most part by farmers and small enterprises). 
 
Looking forward, Germany has committed to phase out nuclear power by 2022 and has committed to 
[in the latest revision of its Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz – EEG) 
that took effect in January 2012] progressively step up the proportion of electricity generated from 
renewable energies – to at least 35 % by 2020 and then incrementally to at least 80 % by 2050. As a 
result Germany will continue to promote and support the hydropower industry.  
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Figure 3.3. Organogram of the Regulatory Structure for HPP to balance the needs of Renewable Energy Sources Act  

and the Environmental Requirements of the Water Resources Management Act 
 
In order to balance the needs between hydropower and the environment the 2004 revision of the 
Renewable Energy Sources Act linked higher payments for HPP to the fulfilment of environmental 
requirements but the link between ‘the environmental criteria set out in art. 6 of the EEG’ and the 

‘permitting provisions under the water legislation’ was missing. Subsequently in 2005 the Federal 

Ministry for the Environment published a guideline on the link between higher payments for HPP to 
the fulfilment of environmental requirements and used the Farndau HPP on the Fils River in Baden-
Wuerttemberg as a demonstration project showing how the construction and modernization of HPP 
can be compatible with the environmental requirements to meet the water regime-ecological criteria 
though implementing appropriate measures. 
 
3.2. The Water Bodies supplying the City of Munich with Water Resources and receiving 

Munich’s wastewater discharges 

 

The City of Munich, with an average annual demand for water of approximately 117 hm3 (320 MLD), 
obtains its water from 3 sources: 
 

1. The "Upper Mangfalltal", on the River Mangfall, upriver of Lake Tegernsee, a sub-
catchment of the River Inn in the foothills of the Bavarian Alps approximately 40 km south of 
Munich; where waters from the Mangfalltal provide approximately 80% of the City’s 

drinking water resources, and were first developed in the 1880s. 
2. The “Loisachtal”, in the Upper Loisach River, a tributary of the River Isar, also located in the 

foothills of the Bavarian Alps, south of Munich, which when water demand in Munich 
continued to increase in the early 1950s and 1960s, artesian wells were developed along the 
aquifers located in the narrowing Loisach valley basin capable of supplying artesian well 
water with a yield from 1.0 to 2.5 m3/s,  and, 

3. The “Munich Gravel Plains”, known as the “Schotterebene” located in the geological 
formations (moraine deposits) to the east of the City where these water resources are kept as 
reserves to cover demand peaks and emergency reserves. 

 
The locations of the "Upper Mangfalltal" and “Loisachtal” water resources are shown in Figure 3.3 
below. 
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Figure 3.3 Map showing the Location of the “Loisach and Upper Mangfalltal Water  

Resources in the foothills of the Bavarian Alps  supplying the City of Munich 

 

All of Munich’s wastewaters are discharged fully treated into the River Isar. 

 

3.2.1. General Description of the Mangfall and Water Management Issues 

 

The Mangfall is a left tributary of the River Inn in Upper Bavaria and its stream-flows are measured at 
five points: i. Schmerold (in its headwaters), ii. Valley (just before the Mangfallknie); iii. Feldolling 
(after the confluence of the Leitzach Tributary), iv. Bad Aibling (after the confluence of Glonn 
Tributary) and v. Rosenheim (at its confluence with the River Inn).  
 
The Tegernsee Lake divides the Upper Mangfall and the lower Mangfall and is considered one of the 
cleanest lakes in Bavaria. The Upper Mangfall is located in the eastern part of the Alps between the 
Isar and Inn is also known as Mangfallgebirge and is the primary source of water for Munich where 
the chemical status of waters is very high.  
 
The catchment area of the Mangfall is 1,099 km2 and with average annual precipitation of 1200 mm 
the average basin input is 41.8m3/s. However the river discharge at its confluence with the Inn 
averages 17.5 m³ /s. Approximately 3.0 m3/s are diverted to the City of Munich for public water 
supply and 7.5m3/s are redirected to a HPP that discharges separately to the River Inn via an 
engineered channel.  
 
Following heavy rains in the mountains the Mangfall turns into a raging river and it has a history of 
serious floods with disastrous consequences for local residents, hence the protection of life and 
property from floods is a priority issue in its management. 
 
The 1 in 100 year flood has a calculated discharge flow of 480m3/s and is expected to flood a  
populated area of 3.41 km2.  The most severe floods have occurred in 1899, 1901, 1930, 1940, 1946, 
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1954 and 1999, and the worst flood recorded was in 1899 when the estimated discharge flow was 
600m3/s and it flooded a populated area of 8 km2.  
 
The specific flood protection needs of the Mangfall River include inter-alia: the increase of the levels 
of existing dams, the construction of drainage pumping stations along the levees, the expansion and 
rehabilitation of 33km of levees, the realignment of 18 km of levees, the removal of 15 km of levees 
and the creation of large open areas as flood plains in the form of polders.  
 
However in recent years the planning and development of flood control measures in Bavaria have 
been very controversial and most alternatives developed by experts have been rejected during the 
spatial planning and consultation process.  
 
In general the water resources of the Mangfall are abundant in quantity and chemical water 

quality is good. The main water management issues of the Mangfall relate to the conflicting needs 

for river regulation for flood protection and HPP on one hand, and the desire to achieve high 

ecological status on the other wherein the ecological objective is to ‘re-naturalize’ the river. 

 
Extensive river restoration measures have been carried out in recent years in order to facilitate river 
continuity and fish migration.  
 

3.2.2. The River Isar and the Management of its Water Resources  
 
The headwaters of the River Isar are located in the Hinterau Valley in the Karwendel mountains in 
Tyrol, Austria at an elevation of 1,160 mASL and it enters Germany near Mittenwald Bavaria, and 
flows through Bad Tölz and onwards through the plains and City of Munich (at an elevation of 
approximately 520 mASL), and past Landshut before discharging into the Danube near Deggendorf.  
It has a basin area of approximately 9,000 km2 and drains a substantial part of the Alps and parts of 
the Karwendel mountains northeast towards the Danube with an average discharge of 175m3/s. 
 
The Isar leaves the Bavarian Alps at Bad Tölz, first flowing through the glacial morainic landscape 
and then onwards through the Munich plains of Upper Bavaria, about 50 km north of the northern 
edge of the Alps. It has many small tributaries but its 2 largest tributaries are the Amper and the 
Loisach (which provides water resources for Munich).  
 
Munich is situated in the Northern Alpine Foreland where the northern part of this sandy plateau 
includes a highly fertile flint area which is no longer affected by the folding processes of the Alps, and 
the southern part is covered with morainic hills. Between these are fields of fluvio-glacial out-wash, 
including those in the vicinity around Munich, and where these deposits get thinner groundwater can 
permeate the gravel surfaces and cause localised flooding leading to marshes as in the north of 
Munich. 
 
During the winter most precipitation in the Alps falls as snow resulting in an increased water flow 
during the spring meltdown. 
 
Water Management Issues 

 
Flooding has been a frequent historical issue where as early as 1813 a bridge in Munich collapsed 
during a flood killing more than 100 people and from 1806 the banks of the river were reinforced and 
the river was trained which in turn led to the river carving a deeper incision into the river bed.  
 
Since the 1920s the waters of the Isar have been used for the generation of electricity and at present 
there are 28 medium/large HPPs on the river where the river’s water is diverted several times and 

almost the whole of the river has been fully trained or canalized, hence its water are highly regulated 
and flows depart significantly from natural. 
 
The Isar was dammed for the first time between Mittenwald and Krün in 1923 where all of its waters 
were directed into Lake Walchensee for hydropower generation. The Walchensee high pressure 
storage power plant, with an installed capacity of 124 MW, remains one of the largest of its kind in 
Germany. Further downriver, 12 km south of Lenggries, the much-disputed large Sylvenstein Dam 
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was built between 1954 and 1959, wherein the village of Fall was submerged for the purposes of HPP 
and flood control/mitigation. While controversial the Sylvenstein Dam has been instrumental in the 
protection of Munich from floods (most notably in 1979, 1999 and in 2005).   
 
Relatively recently there have been attempts to bring the Isar back towards its natural character.  
 
Since 1990 a small portion of the water, a minimum e-flow of 4.0 m/s is retained in the river to keep 
the natural river bed from running dry. This e-flow varies depending on the time of year resulting in 
higher flows in the Isar in the summer and lower flows in the winter.  
 

 
Figure 3.4 Map showing the ISAR River Basin District 

 
In addition all of the communities situated on the Isar, from Mittenwald to Freising, including the City 
of Munich, have completed the process of upgrading their urban wastewater treatment plants to 
include the application of disinfection with UV in order to comply with the bacteriological 
requirements for Bathing Waters.  
 
Also of note is the “Isar-Plan”, completed in 2011 after an 11-year construction phase where the 
river has been re-naturalized in its passage through the City for an 8 km stretch, between 
Großhesseloher Brücke and Reichenbachbrücke where the riverbed has been widened, the banks are 
flattened and small gravel islands are built along with near-natural ramps to slow the flow of waters in 
combination with the enlargement in width and height of embankments for flood protection resulting 
in an improved recreational use of the river within the City of Munich and compliance with the new 
flood protection requirements.  

 

The “Isar-Plan” was jointly implemented by the State of Bavaria and the City of Munich where the 
project costs of the flood protection and re-naturation measures amounted to approximately €35 
million of which 55% were paid by the State of Bavaria and the 45% by the City of Munich. 
 

As with the Mangfall the water management challenges of the Isar are not related to insufficient 

quantity to meet socio-economic needs but are principally related to the conflicting needs for river 
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regulation for flood protection and hydropower generation on one hand, and the desire to achieve 

high ecological status on the other wherein the ecological objective is to‘re-naturalize’ the river. 
 

3.2.3. Munich’s Gravel Plains and its Groundwater Management Issues 
 
The “Munich Gravel Plains”, located in the geological formations in the immediate vicinity of the 
City of Munich as shown in Figure 3.5 below provide water reserves for the City of Munich in the 
event of drought or other emergency when they may be required. 
 

 

 
Figure 3.5. A Simplified Map of the Geology of the Wider Munich Area2 

 
The Quaternary gravel deposits represent a shallow unconfined homogeneous aquifer with abundant 
water resources in the immediate vicinity of Munich. The groundwater flow direction is to the north 
and northeast with the Isar acting as a receiving stream. The gravel plain is wedge-shaped and thins 
out to the north leading to groundwater outcrops and the subsequent formation of peat and bog lime in 
this region of the plain. In the last decades a general recession of the ground-water level can be 

                                                           
2
 IAEG 2006-Markus Bauer: The geology of Munich (Germany) and its significance for ground modelling in 

urban areas. 
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observed in the wider area and due to the construction of the major storage reservoirs in the upper 
course, the Isar lacks bedload with the effect of increasing fluvial incision downstream. 
 
Unlike the PreAlp resources of the "Upper Mangfalltal", and the “Loisachtal”, described above, the 
ground water resource of the “Munich Gravel Plains” has 2 distinct disadvantages as a water resource 
for the City of Munich:  

· The requirement for pumping – for abstraction, and, 

· The inferior water quality as compared to the PreAlp sources. [Nitrate concentrations in the 

Munich gravel plain were mostly below 25 mg/l but can vary between 25 – 50 mg/l, 

representing a moderate to strong level of nitrate contamination.  Pesticide concentrations 

detected in 2007 in the Munich gravel plain were below 1µg/l and therefore were not 

considered to represent a critical level.] 
 
Hence, the Munich Gravel Plain is used primarily as a reserve water resource for the City of Munich. 
 

3.3. Water User Charges & Overall level of Cost Recovery in the Basin 

 
General Context: 

 

Water Abstraction Fees/Levies in Germany 

 
In Germany, water abstraction charges have been introduced since the end of the 1980s and are now 

in place in 11 of the 16 Federal States. Bavaria, Hesse, Rhineland-Palatinate and Thuringia are 4 
States that do not have legal provisions in their water law to charge water abstraction fees or 
taxes, and Saxony-Anhalt while it has the facility in its law has not yet exercised it. Where 

applied, while the original objective was mainly the decrease of abstractions, the implementation of 
the Water Framework Directive is also taken today as justification for the charge. Revenues are 
collected by regional administrations and usually go to the state budgets where it is earmarked for 
water/environmental purposes. These revenues are generally used for the restoration and maintenance 
of surface waters, the protection of groundwater and the promotion of water efficiency.  
 
Wastewater Fees/Levies in Germany 

 
Wastewater discharge levies were first introduced in Germany in 1981 (refer to Annex 3 for 
further background information) and the level of fees charged is calculated according to the 
quantity and polluting impact of substances discharged to receiving waters.  
 

Specific to the Germany’s Danube River Basin District (DE1000): 

 
The State of Baden-Württemberg, with just over 20% of its lands in the west of Germany’s 

Danube River Basin District charges a water abstraction fee of approximately 5.1 
eurocents/m3 generating total water abstraction revenue for Baden-Württemberg of €85 
million/annum, however the State of Bavaria does not charge water abstraction or user fees and its 

cost of water management and associated environmental and resource costs of water are generally not 
included directly in water user tariffs or fees but instead are charged indirectly in the form of taxes.  
 

Bavaria does charge a wastewater discharge levy but given the high level of treatment of urban 
wastewaters already in place its revenues are small. While it is possible for WSPs to improve 
the level of treatment of urban wastewaters below the permitted discharge criteria the level of 
the fee itself is not a financial incentive to do this.  
 
Bavaria is managing its water resources and is planning and implementing projects for the 
achievement of good ecological status of its waters that are funded from revenue sources other than 

from water abstraction or wastewater discharge fees and levies as demonstrated by: 
 

§ the application of UV treatment by all of the communities situated on the Isar from 
Mittenwald to Freising to achieve Bathing Water status,  
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§ the Isar-Plan Project and its implementation, and, 
§ The SWM (City of Munich) Scheme to protect its Drinking Water Resources by promoting 

organic agriculture and the sustainable management of forests in its Drinking Water 
Gathering Areas (described in detail in Annex 1) 

 

3.4. Overall Assessment of the MCoWIWRM 
 
The hydrographical regime of the Bavarian Alpine rivers is ruled by snow pack melting and in the 
River Inn also by glacier melting where downstream flows are lower in winter than in summer. 
 
The Bavarian Alps act like a barrier for the low pressure systems that frequently arrive from the north-
west resulting in relatively levels of mean annual precipitation in the Alps (from 1,000 - > 2,000 mm 
in some regions). Consequently the availability of surface and groundwater resources is rather high. 
So droughts or water scarcity don’t play a role in southern Bavaria except in exceptional years like 
2003. But even then the negative consequences were very limited. 
 
Instead natural hazards caused by too much water (storms and floods) are a predominant water 
management issue. After the disastrous flood in 1999 the so called “Action Programme 2020” was 

launched in Bavaria where this programme is an integral approach for flood risk management and 
compliance with the EC Flood Directive. It consists of 3 fields of action namely technical measures, 
natural retention and prevention and over a period of 20 years will require the investment of €2.3 

billion. Hence the cost of flood protection is very high. 
 
In terms of meeting the objectives of the Water Framework Directive, overall Bavaria has adapted a 
very pragmatic strategy towards managing its water resources. From the outset Bavaria recognised 
that the Good Ecological Status of all Water Bodies could not be achieved by 2015 and instead 
planned its measures to be realised step-by-step over the planning cycles for 2015, 2021 and 2027: 

§ To spread the compliance costs and financial burden of compliance over a longer period, 
§ To introduce flexibility allowing for the adjustment of measures from new developments 

and/or knowledge gained from earlier cycles; 
§ To prioritise the measures necessary dividing the pressures into the 4 categories of 

hydromorphology, point pollution, diffuse (nutrient) pollution und chemical pollution 
The majority (57%) of surface water streams and rivers in the southern Alpine foothills in Bavaria 
already demonstrate good ecological status, with 35% achieving moderate status and 8% poor.  All 
have generally good chemical status and relatively low nutrient loads. The main reason that surface 
watercourses fail to achieve good ecological status is because of a lack of diverse habitats and free 
passage for aquatic fauna. The habitats in and around the water body must be improved to tangibly 
raise the quality of the water body where planned measures include the dismantling bank 
reinforcements and promoting gravel spawning beds or restoring continuity at dams and HPPs. 
 
The specific challenges to the achievement of WFD objectives, as the water bodies described above 
confirm are: diffuse pollution in ground waters and hydromorphological alterations in surface 

water bodies 
  
Given that: 

· Bavaria does not charge water use or abstraction fees in order to recover the costs of water 
management, and 

· The cost of measures to achieve compliance planned over the 3 RBMP planning cycles (2015, 
2021 and 2027) have not yet been identified, and, 

· No consistent policy has been agreed within the EC on target and methods for e-flows where 
PoMs will be necessary to address hydromorphological alterations in surface water bodies. 

The Marginal Cost of Water for the integrated management and protection of the water resource 
cannot be calculated directly.  
 
Therefore in the absence of any other viable alternatives it is estimated by using the costs calculated 
for a similar basin with similar water management challenges – i.e. the French Alpine water 
management basin of ‘Rhône Méditerranée et Corse’ where the MCoWIWRM is estimated as 0.1582 

€/m
3
. 
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4. Calculation of the MCoW, MCoLC and SELL 

 

4.1. Overview of the City of Munich’s Water Infrastructure & Services 

 
4.1.1. Sales Volumes, Tariffs & Revenues 

 
Drinking water for the City of Munich is provided by the City’s wholly owned multi-utility service 
provider “Stadtwerke München” (SWM), which is responsible not only for water, but also for gas, 

energy, public transport, telecoms and swimming pools. Urban wastewater and stormwater services 
on the other hand are provided by ‘Münchner Stadtentwässerung (MSE)’ or in English ‘Munich 

Wastewater Authority’, a separate municipal service company of the City of Munich. 
 
SWM provides public water supply to the 1.378 million3 residents of the City of Munich as well as to 
the City’s commercial and government entities.  
 

 
Figure 4.1. SWM Water Sales by Volume 2012 

 
Water demand is stable with water sales having dropped slightly from 91 hm3 in 2006 to 88 hm3 in 
2011 and increasing slightly to its current value of 89 million m3 in 2012; of which approximately 
72% (64.4 hm3) was consumed by Munich households (with an average per capita consumption of 

128 l/c/d), and the remaining 28% (24.6 hm3) by other consumers.  
 
The 2012 water sales generated total water revenues of € 144.1 million.  
 
The structure of the water supply tariff is a combination of a fixed fee per metered service connection 
(determined by the size of the meter provided) plus a variable water consumption based fee and table 
4.1.1 below shows the 2012 water tariff structure and levels. For a typical residential service 
connection the fixed fee would be €6.87/month plus a water consumption fee of €1.5836 / m

3. The 
variable (consumption based) tariff is the same regardless of user type. 
 
Table 4.1.1: Water Tariffs:  2012 – Munich (charged by SWM) 

FIXED Tariff 

(€/m3/month) 

Customer 
Meter  
Size 

2.5  
m³/hr 

6.0 
m³/hr 

10.0 
m³/hr 

15.0 
m³/hr 

40.0 
m³/hr 

60.0 
m³/hr 

150.0 
m³/hr 

Net  
of VAT 

6.42 10.90 17.94 34.67 46.22 61.61 92.42 

With  
VAT @ 7% 

6.87 11.66 19.20 37.10 49.46 65.92 98.89 

VARIABLE Tariff 

(Consumption Based) 

(€ / m3) 

Net  
of VAT 

€1.48 / m3 

With  
VAT @ 7% 

€1.5836 / m3 

 

                                                           
3
 2011 Data – German Statistics Office 

64.4 

24.6 

SWM Water Sales by Volume (hm3) 2012 

Munich Households

Other Consumers
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In addition to water supply tariffs/fees charged by SWM, water users/residents of the City of Munich 
must pay a wastewater fee and a stormwater fee. 
 
The wastewater fee is calculated based on the variable consumption of drinking water measured by 
SWM, less a general deduction of 10 m3, charged at €1.56 / m

3 and is exempt from VAT. This fee is 
billed/collected by SWM on behalf of Munich Wastewater Authority (MSE). 
 
The stormwater fee is charged to the property owner of all properties/plots from which rainwater is 
discharged into the sewerage system (a combined wastewater/stormwater system) of the City of 
Munich. The fee is calculated based upon the multiple of a set drainage fee of €1.30 /m

2
/year by the 

applicable run-off area (the details of which are included in the Land/Property Register regarding the 
proportion of built-up and paved areas of the site from which the rain water flows into the municipal 
sewer in the total area of the property), and adjusted with a factor for the type of property: (e.g. 0.35 
for single family homes and low density terraced housing, 0.5 for dense terraced housing; 0.6 for 
denser development in the border zones of the City; and 0.9 for densely populated inner city areas and 
fully paved industrial areas).  
 

Table 4.1.2: Sample Calculation of Stormwater Fee (charged by MSE) 
Billing Period Land Register 

Applicable 

Run-off Area 

(m
2
) 

Applicable 

Property 

Factor 

Applicable 

 Chargeable 

Area  

(m
2
) 

Fee/ m
2
/year 

(€/m
2
/a) 

Total Fee/year 

(€/a) 

 

2012 

 

 

e.g. 2000 

 

e.g. 0.5 

 

e.g. 1000 

 

 

1.30 

 

e.g. 1,300 

 
So a typical Munich household (with an average household size of 2.14 persons) will pay 
approximately €240.80 / year for water supply to SWM (of which 7% is VAT) plus approximately 
€140.40 / year for wastewater services to MSE, plus a Stormwater Fee that can vary widely 
depending upon the type and location of their residential property. The combined revenues of ‘Munich 

Wastewater Authority MSE’ from ‘Wastewater Fees’ and ‘Stormwater Fees’ are not publicly available 
for recent years but in 2006 totalled €228 million.   
 

Table 4.1.3: Estimate of Annual Average Household Water Supply, Wastewater & Stormwater Costs 

Service Calculation Annual Cost 

Water Supply Fixed Fee: €82.44 / year 

Consumption Fee: €158.36 

(based upon 128 l/c/d = 100 m3/year) 

Sub-total: €240.80 / year 

Wastewater Water Consumption of 100 m3/year less deduction 
of first 10 m3 =90 m

3 at €1.56 / m
3 

Sub-total: €140.40 / year 

Stormwater 
 

Estimated based on 2006 published data Sub-total: €208.11 / year  

(median value) 

 

Total 

 
 €589.31 / year 

 

4.1.2. Annual Household Expenditure on Water Services & Affordability 
 

Based upon the published tariffs and consumption data together with estimates of the costs for water, 
wastewater and stormwater services for an average household in the City of Munich, together with the 
City of Munich’s 2011 Income Report, it is estimated that the costs for water, wastewater and 
stormwater services account for just under 2% of Median Household Income, which when compared 
to other European cities is moderate to high. 
 
Table 4.1.4: Water, Wastewater & Stormwater Services & Public Affordability 

Annual Average Household Water Supply, Wastewater & Stormwater Costs €589.31 / year 

City of Munich Median Household Income per month €2,500 / month
4 

Munich’s Water, Wastewater, Stormwater Bills as a % of Median Household 

Income 
1.96% 

                                                           
4
 City of Munich: Income Report 2011 
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4.1.3. Projected Water Demand  

 

The City of Munich’s per capita water consumption as mentioned is 128 l/c/d which is relatively low 

and unlikely to reduce significantly. The population projections of the Munich Statistical Office 
provide population projections for the City of Munich in 2015 of 1.505 million under a projected 
immigration scenario, and 1.38 million under a projected stagnation scenario. 
 
On a longer term planning horizon the published Eurostat Statistics in Focus projections5 indicate a 
projected increase in the population of the Upper Bavaria Region (which includes Munich) from its 
2010 level of 4.409 million to a 2030 level of 5.145 million, equating to a population increase of 
16.7% by 2030. In this rate of population growth projection were applied to the City of Munich and 
its demand for water it would equate to an estimated demand for raw water resources of 136.3 hm3, as 
compared to the current demand of 116.8 hm3 (320 MLD). 
 
Given the abundance of the City’s raw water resources, as shown in Table 4.1.5 below, this additional 
demand would not be a particular challenge. 
 

Table 4.1.5: City of Munich’s Raw Water Resources: Licensed Limits and Tested Yields 
- Maximum Licensed Annual Abstraction Limit:  250 hm3/year 

- Maximum Licensed Daily Abstraction Limit:  1.05 hm3/day 

- Reliable annual yield of resources: (estimated annual reliable yield of 
water resources under adverse (drought) conditions (i.e. the value used in 
supply/demand balance evaluation) 

149 hm3/year 

- Reliable daily yield of resources:  1.05 hm3/day 

 

4.2. The Physical Water Abstraction, Treatment and Distribution Systems 

 
4.2.1. The water abstraction, treatment and distribution system that serves the City of Munich  

 
The water abstraction, treatment and distribution system that serves the City of Munich includes: 
 
Raw water resources: 3 sources: 

 

§ The Mangfall Valley (Mangfalltal): Approximately 80 % of Munich’s water is sourced 

from the Mangfall valley.  
§ The Upper Loisach Valley (Loisachtal): Approximately 20 % of Munich’s water is 

sourced from the upper Loisach valley, and, 
§ The ‘Munich Gravel Plains’, an area of moraine deposits east of Munich known as the 

“Schotterebene” to cover only demand peaks and emergency reserves. 
 

Water Treatment Facilities: Disinfection only   

 

Water Service Reservoirs: 3 no. with total capacity of 306,000 m3 (Forstenrieder Park, 
Kreuzpullach and Deisenhofen) 

 

Water Distribution Network Mains and Customer Connections: 

§ 3,400 km of distribution mains (with approximately 27,000 fire hydrants and 31,000 
valves), and 

§ 133,500 water service connections (all metered) 
 
Fundamental System Design:  

 
The 2 fundamental system design principles that have driven the design and current operation of the 
water supply and distribution system are: 
 

                                                           
5
 Eurostat Statistics in Focus - 1/2010 - http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-SF-10-

001/EN/KS-SF-10-001-EN.PDF, Table 3: Regional Population DE21 Oberbayern 
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§ The water resources in the Mangfall Valley and the Loisach Valley just to the south of the 
City of Munich are of very high quality and do not require treatment, and, 

§ These Mangfall Valley and Loisach Valley water resources are located at an altitude that is 
approximately 100 metres above Munich city centre, hence can gravitate to consumers 
without the need for pumping. 

 

4.2.2 The City of Munich’s urban wastewater/stormwater collection & treatment system 

 
The Munich Wastewater Authority (MSE) is responsible for operating and maintaining a sewerage 
network with a length of around 2,400 kilometres as well as two wastewater treatment plants treating 
160 million cubic meters of wastewater annually.  
 
The main design characteristic of the wastewater/stormwater system is that it is a combined 

wastewater / stormwater system. 
 
The system includes: 
 

§ 2,377 km of sewerage network,  
§ 2 wastewater treatment plants (with UV disinfection),  
§ 1 waste sludge incineration plant where 32,000 tonnes/d of dry sludge. 
§ 13 stormwater detention tanks with a capacity of 706,000 m3 for intermediate storage of 

wastewater during heavy rain to protect the River Isar;  
§ 128 pumping stations,  
§ 70,000 street drains,  
§ 142,000 household connections,  
§ 6 sewerage network operation stations,  

 

4.3. Leakage Control in the Water Distribution Network 

 

4.3.1. Calculation of 2011 level of system losses 

 
System losses in 2011 are calculated using the IWA Water Balance Framework and shown in Figure 
4.3 below. 
 
Figure 4.3: IWA Water Balance Framework: City of Munich WSP 2011 

System  
Input  
Volume 

(115 hm
3
) 

Authorised 
Consumption 

(92 hm
3
) 

Billed 
Authorised 
Consumption 

(88.0 m
3
) 

Billed Metered Consumption 

(88 hm
3
) Revenue Water 

(88 hm
3
) Billed Unmetered Consumption  

(0) 

Unbilled 
Authorised 
Consumption 

(4.0 hm
3
) 

Unbilled Metered Consumption 

(0) 

Non-Revenue 
Water 

(27 hm
3
) 

 

Or 23.5% of 

system input 

volume 

Unbilled Unmetered Consumption 

(4.0 hm
3
 – Fire-fighting / Flushing / 

WQ Analysis) 

Water Losses 

(23 m
3
) 

 

 

Apparent 
Losses 

(5.62 hm
3
) 

Unauthorised Consumption  

(0) 

Customer Meter Inaccuracies 

(5.62 hm
3
 – 6.0%) 

Real Losses 

(17.38 hm
3
) 

Or  

15.1% of SIV 

Leakage on 
Transmission & 
Distribution Mains 

(9.23 hm
3
) 

 

Leakage on Service 
Connections up to 
the point of 
Customer Meter (8.15 hm

3
) 

Leakage and 
Overflows at 
Storage Tanks  
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The total water abstracted (System Input Volumes – SIV) in 2011 was: 115 hm3, and total invoiced 
water sales (Billed Authorized Consumption) was 88 hm3, which equates to 27 hm3 or 23.5% in Non-
Revenue Water.  
 
Unbilled Authorized Consumption for the system in 2011 was made up of: 

§ Localised flushing of mains / WQ / hydrants /internal operations = 4.0 hm3  
 

Therefore: 
‘Water Losses’ for 2011 = 23 hm

3 or 20.0% of System Input Volume 
 
‘Apparent losses’ in the system is limited to ‘Customer Meter Inaccuracies’ and it is estimated that 
customer meters are under-reading by 6.0% on average.  Therefore: 

 

‘Real Losses’ for 2011 = 17.38 hm
3 or 15.1%

6
 of System Input Volume 

 
4.3.2. The WSP LCP of Measures for the Reduction of Network Losses 

  
The WSP has adopted a mix of measures in order to reduce network losses. These measures include 
the standard mix of: Active Leakage Control (ALC), Pressure management; and Asset Renewals. 
 
Asset Renewals (AR), Pressure management (PM) & Active Leakage Control (ALC): 

 
As water gravitates from its mountain sources to the City its pressure and distribution are managed 
within three different pressure zones (high, medium and low) utilizing its 3 main  service reservoirs at 
at Forstenrieder Park, Kreuzpullach and Deisenhofen .  The high pressure zone receives its water from 
the service reservoirs at Forstenrieder Park and Kreuzpullach, and the low zone from the service 
reservoir of Deisenhofen.  The middle zone functions as an intermediate zone; fed from the high zone 
and in turn releases water to the lower zone.  The Service Reservoir at Deisenhofen can also pump up 
to 1.0 m/s back to the high pressure zone.   
 
Pressure in the distribution lines is regulated to maintain it between 3 – 4 Bars from using nine major 
pressure regulating stations and six small stations.   
 
Asset renewals can vary widely from year-to-year and SWM don’t disaggregate investments in water 

from their investments in their energy operations in their consolidated reports but it is estimated that 
the annual investments in 2011 and 2012 in asset maintenance and replacement averaged €23 million 

per year with an assets renewal ratio of approximately 1.3%.  
 
4.4. Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
Given that in the service area there is not a security-of- supply issue, there will not be any future 
supply and demand management options required over the planning period. Hence the MCoWWSP is 
the incremental cost of water abstracted and distributed by the WSP, based on variable system 
operating costs where that variable system operating cost is 0.1131 €/m

3 
 

                                                           
6
 Note: The Bavarian State Office of Statistics & Data Processing 2007 refers to water losses of 8% from Munich’s water 

distribution pipelines, and the IGES/TU Berlin study carried out for BDEW in 2010 report ‘real water losses’ of 0.23 

m3/km*h for Bavarian Metropolitan WSPs which with 3400 km of distribution mains would result in a real loss of 6.85 hm3 
i.e. less than 6% of SIV. However these values cannot be reconciled with the calculated water losses carried out using the 
IWA Water Balance Framework. It is possible that the system loss results of 0.23 m3/km*h and 8% refer only to the losses 
in the distribution mains and do not take into account transfer losses from the resources and losses in customer service 
connections.   
 



20 

 

Therefore, MCoWWSP is 0.1131 €/m
3
,  

 

And, MCoW = MCoWIWRM + MCoWWSP  

Therefore, MCoW = MCoWIWRM (0.1582 €/m
3 
+ MCoWWSP (0.1131 €/m

3
) = 0.2715 €/m

3 
 

4.5. Calculation of the MCoLC 
 
Munich WSP has already made major investments into water loss reduction wherein all of the basic 
measures for pressure management and active leakage control have all been implemented and have 
resulted in the current distribution network water loss.  As asset renewal levels are already quite high 
the options for further leakage control are limited to further ALC measures for which the Marginal 
Cost of Leakage Control has been calculated and is summarized in Table 4.5.1 below together with 
the annualized cost: 
 
Table 4.5.1:  Leakage Control Options, Benefit / Yields, and Unit Costs 

Option Benefit  / Yield Annualised 
Cost 

(€Million) 

Marginal 
Cost 

(€M/Mm
3) 

Current Generic Mains Renewals Ratio 
1.3%); current levels of PM & ALC 

PLUS 
Additional Active Leakage Control 
(ACL) 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 
+5.0 Mm3 / year saving in water loss 
+10 Mm3 / year saving in water loss 

 
 
 
 
 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 
+5.0 Mm3 / year saving in water loss 
+10 Mm3 / year saving in water loss 

 
 
 
 
 

0.71 
1.58 
2.64 
3.92 
5.5 

19.0 

 
 
 
 
 

0.71 
0.79 
0.88 
0.98 
1.10 
1.90 

 

4.6. Calculation of the Sustainable Level of Economic Leakage (SELL) 
 
As discussed in Section 1, the Sustainable Economic Level of Leakage (SELL) is the measure that 
has been selected to assess the economic efficiency of the WSP.  The SELL is the level of leakage in 
the public water distribution network at which the marginal cost of leakage control (MCoLC) for the 
WSP equals the marginal cost of water (MCoW). 
 

 
SIV (hm

3
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Real Losses in hm
3
/year 37 32 29.2 
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27 22 17 
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The SELL occurs when the MCoW = MCoLC = 0.2715 € /m3, which as indicated in Figure 4.6 
above is 23% of System Input Volume. This means that the current levels of real losses of 15% of 
SIV are lower than the calculated SELL.  
 
This is not surprising given that Munich has abundant water resources of good quality that can be 
distributed to consumers with low operating costs. 
 

 

 

 

5. Results & Conclusions of the Case Study 

 

In terms of meeting the objectives of the Water Framework Directive Bavaria has adapted a pragmatic 
strategy towards managing its water resources. From the outset Bavaria recognised that the Good 
Ecological Status of all Water Bodies could not be achieved by 2015 and instead planned its measures 
to be realised step-by-step over the planning cycles for 2015, 2021 and 2027. Its specific challenges to 
the achievement of WFD objectives: diffuse pollution in ground waters and hydromorphological 
alterations in surface water bodies. The main water management challenges of the water bodies from 
which Munich abstracts it waters and discharges its wastewaters are not related to insufficient 
quantity to meet socio-economic needs or achieving high chemical status but are principally related to 
the conflicting socio-economic needs (and historical legacy) for river regulation for flood protection 
and hydropower generation on one hand, and the desire to achieve high ecological status on the other 
wherein the ecological objective is to‘re-naturalize’ the river to a level which is not disproportionately 
costly. 
 
At a WSP level, Munich is achieving actual levels of leakage of 15% compared to the calculated 
Sustainable Economic Level of Leakage (SELL) of 23%.  Munich WSP is in a favourable situation in 
that it does have the benefit of economies of scale and density (1.3 million customer base), ready 
access to high quality raw water resources with no water use or abstraction costs, and minimal 
treatment costs (disinfection only) resulting in a low marginal cost of water.  This, together with the 
absence of public affordability or willingness to pay constraints, has allowed the City of Munich to 
invest heavily in asset maintenance and replacement (beyond that required for SELL).  However, 
since 2010, the German Ministry of Economy (refer to Annex 2) are demanding higher levels of 
economic efficiency and the pressure and burden is now on German WSPs to justify their water 
prices, costs and investment programmes which may impact the level of investment that the Munich 
WSP can commit to asset maintenance and replacement in the future beyond the minimum justified 
economically.   Notably Munich WSP actively protects its water resources with the promotion and 
subsidy of organic farming and forestry in the areas of its water gathering grounds and in doing so 
(together with the high level of wastewater treatment provided by the City) covers its resource and 
environmental cost for water. 
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ANNEX 1: The SWM (City of Munich) Scheme to protect its Drinking Water Resources by 

promoting organic agriculture and the sustainable management of forests in its Drinking 

Water Gathering Areas 

 
Overview:  The City of Munich secures it water provision through sustainable management of its own 

forest and support to organic agriculture;  

 

Maturity of the Scheme:  since 1993, on-going.  

 

Driver:  The City of Munich (SWM) driver for the development and implementation of the Scheme is 
to secure its drinking water resources in the Mangfall Valley and to reduce the need for 
treatment of the raw water resource prior to distribution to consumers.  

  

The current coverage of the drinking water protected area is 6,050 ha of which:  

i. 2,900 ha are managed forestry 

§ the City of Munich owns 1,600ha, in the immediate neighbourhood of the water 
collection points, and maintains its own forestry service, and 

§ 1,300 ha private forest owners  
 

ii. 3,150 ha are agricultural land 

§ Farmers: 2,300 ha agricultural land, organic farming: 2,000 ha cultivated by 110 
farmers+ 300ha conventional agriculture  

§ 850 ha other areas (infrastructure and settlements)  

Intermediaries:  
§ Forests management is certified according to Forest Stewardship Council 

specification and Naturland.  
§ Organic producers‘ association / independent agencies control agricultural production 

(Demeter, Bioland, Naturland)  
 

MARKET DESIGN  
 

Service:  The scheme aims to secure water quality where no treatment is necessary before delivery to 
customers: no filtration, no chlorination.  

Commodity:  Improved management practices  
§ Forestry:  

The aim of the city‘s forestry service is to maintain or improve the water quality. 

Practices: organic forestry: no chemical substances. Creation of undisturbed 
reference plots, preservation of dead wood and hollow trees. No clear cutting and 
harvesting on small scales, natural regeneration and silvicultural thinning on 5 or 6 
years rotational basis, mixed species (spruce, beech, fir, maple, ash). Forest works are 
made in winter, when the soil is frozen in order to reduce soil perturbation by 
engines.  

§ Agriculture:  
The basis for the payments to the farmers is a contract with the SWM including the 
following requirements:  
a. A contract with a certifying agency that controls the compliance  
b. Membership within an organic farming association (for full members)  
c. No use of pesticides or herbicides nor mineral fertilizer  
d. Restricted fertilization in regards to amount per application and application 

period  
e. Low stocking rate and limited purchase of feed and manure from outside the 

farm  
f. No ploughing of grassland  
g. Farmers take part in the Scheme voluntarily and are able to withdraw from the 

contract each year.  
SWM on the other hand is bound to the whole contract period (18 years for contracts 
from 1993 - 2010, 15 years for contracts from 2011 on).  

 

Payment mechanism:  The total budget of the ecological farming project in 16 years 1993-2008 amounted 
€7.8 Millions, allotted as follows:  
§ Payments to the farmers: 95.2%  
§ Payments for soil monitoring (starting 2004): 1.5 %  
§ Marketing promotion of the farmers products (several projects): 1.5%  
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§ Benefits for certification costs (only for certain farmers): 1.34% (Note: The 
control costs are normally paid up to a certain limit by the State of Bavaria, if 
farmers are members of the organic agriculture scheme of the KULAP1)  

§ Other (advisory services, cooperation partners meetings, benefits for 
membership fees in the organic agriculture associations): 0.44 %  

According to activity:  
§ Forestry: no payment, since the City owns the forest (but payment of forestry 

corps, maintenance of machines...)  
§ Agriculture: each farmer becomes between 250 and 310 €/ha/year if organic 

agriculture, regardless of EU payments, or others. A contract is exchanged 
between the farmers and SWM.  

The budget 2011 has been increased to 700,000 €, since the activity area has been 

extended to 2,400 ha.  
Terms of payment:  Direct payments to bank account of the farmers, at the beginning of the following 

year.  
Monitoring:  SWM monitors water quality (1200 samples / month) http://www.swm.de/english/m-

wasser.html and publishes results. 5% of the farmers receiving KULAP-payments are 
controlled each year by the state.  If they did not comply with the requirements, they 
would have to pay back the payments of the previous years.  Farmers contracting 
with a certification agency for organic agriculture are controlled at least once a year. 
In the worst case they lose their certification resulting in the loss of the additional 
price they can realize with organic products.  

Legislation issues:  Public Water Suppliers in Bavaria are able to contract with the farmers directly under 
private law.  

 

Summary of Costs & Benefits:  

 

Benefits: 

Environmental Benefits: 

§ SWM has no water treatment cost.  
§ The quality of the water resource has improved. The trend to increasing nitrate concentrations has been 

stopped and reversed. E.g. in the most affected catchment‘s nitrate content fell from 15mg/l on average 
at the end of the 80s to 11mg/l average in 2009. There are no pesticides in the water. The current nitrate 
level in Munich’s drinking water is 7.6 mg/l (2011). 

Social:   

§ The number of farms within the Scheme has not declined since the beginning in 1993. From the initial 
111 farmers, only 1 returned to conventional farming; the other 110 keep going on organic farming.  

 

Additional market value of organic agricultural produce: 

§ The farmers benefit from higher market prices for organic products: e.g. in March 2011 farmers were 
paid 41.9 c/kg for organically produced milk as compared to 33.8 c/kg for conventionally produced 
milk. For organically grown meat, the additional market price in the region amounted to 25c/kg on 
average by 2009 (but this additional price could be realized only if the animals were well-fattened and 
the demand for organic meat was sufficient). 

However this additional income from increased market value of organic agricultural produce does not cover the 
additional costs of the organic management and subsidies are necessary to sustain it. 
 

Costs: 

 

i.  Additional Costs of Organic Farming and Forestry over Conventional Practices 
ii.  Payments from SWM to Farmers: 250 and 310 €/ha/year for organic agriculture (500,000-

700,000€/year) 

Payments from EU to Farmers: (KULAP7 contract: 285 €/ha/year in the 1st 2 years, then 200 

€/ha/year in the following years).  
iii.  Cost of Land Purchase by SWM (City of Munich) in the areas of its Drinking Water Resources 

 

Conclusions / Comments: 

The annual operating cost to SWM approximates €700,000 / year to provide approximately 110 hm3 of water 
resource which equates to a unit cost of approximately 0.63 eurocents/m3. The cost of treatment would be in the 
region of 2-3 eurocents/m3 hence SWM payment is justified from an operating perspective. However no 
information on the land costs or the total EC grant payments made available.  

                                                           
7
 Kulturlandschaftsprogramm, co funded by Germany and the EU  
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ANNEX 2 German High Court Case on Water Regulation (February 2010) 

 
Water Regulation & Pricing in Germany 

 

According to a 2008 study, Germans pay more than any other European country for their water.  Average water 
prices in 2004 and 2007 were €1.81 and €1.50 per cubic meter, respectively, and water charges by the country’s 

6,200 suppliers can vary by up to 300%8.  The rates charged in Germany cover all costs associated with water 
abstraction, treatment and distribution, as well as other taxes9.  According to a report published by water 
industry associations in Germany, fixed costs account for approximately 70 to 80 per cent of total costs, while 
volume-dependent costs (including electricity for pumping, water treatment and water abstraction costs, etc.) 
account for a smaller portion of the total10.  
 
In Germany, water is either supplied by private corporations or by municipal enterprises. Approximately 40% of 
all German water utilities are private. Whereas municipal water works are controlled by local authorities, water 
prices raised by private utilities are regulated by municipal antitrust commissions. The 2008 independent study 
asserts that because water rates are controlled at the municipal level, municipalities are able to abuse the system, 
financing other projects by drawing on funds from inflated water taxes11.  State governments in Germany set the 
framework for municipal management, but have traditionally refrained from regulating the behaviour of the 
municipalities.  Tariffs and prices raised by private corporations do not need to be authorised by the state 
authorities, but can be reviewed and ordered to be revised if an abuse of monopoly power is likely or proven12.  
 

Envag Court Ruling 

 
Water companies in Germany argue that water tariffs have remained stable in real terms over the last ten years, 
that water quality and service levels are higher than in other European countries, and that, perhaps because of 
higher prices, the average household uses less water in Germany.  A 2006 industry study showed that the 
average household water bill was €82 per year - lower than in France or England - due to lower water usage 
rates13.  
 
In May 2007 water supplier Enwag was ordered by the economics ministry in the state of Hesse to cut prices by 
roughly 29% (from €2.52 to €1.66 per cubic metre).  Acting in the role of a ‘competition authority,’ the 

economics minister in Hesse argued that Enwag was abusing its monopoly powers, citing a detailed study 
showing that Enwag's tariffs were 40-140% above those of 18 broadly similar firms14.  In 2008 a Frankfurt court 
ruled in favour of the decision, requiring the company to repay up to €1 million to its customers15.  
 
In February 2010, the German constitutional court backed the 2008 ruling, effectively extending the powers of 
state competition authorities to regulate water prices.  The ruling backs the power of competition authorities to 
use price comparisons with other water suppliers as a basis for market abuse charges, switching the burden of 
proof from the regulator to the firms concerned16 .  

                                                           
8 “Germany: Water Charges Hit.” Utility Week. 19 March 2010. Online at: http://www.allbusiness.com/legal/legal-services-

litigation/14171001-1.html. Accessed 22 January 2011. 
9 According to the provisions of the Local Tax Laws, the following principles have to be adhered to for the calculation of 

prices and charges…. the cost coverage principle, i.e. all costs incurred by water supply and wastewater disposal must be 

covered by the price or the charge, respectively; neither is a long-term surplus cover admissible (ATT et al. Profile of the 

German Water Industry 2008). 
10 ATT et al. Profile of the German Water Industry 2008. 

http://www.bdew.de/bdew.nsf/id/DE_Profile_of_the_German_Water_Industry/$file/Profile_German_Water_Industry_2008.

pdf.  
11 de Quetteville, H. 2008. « German water is the most expensive on the planet. The Telegraph. 18 August 2008. Online at:  

http://www.telegraph.co.uk/news/newstopics/howaboutthat/2580762/German-water-is-most-expensive-on-the-planet.html. 

Accessed 22 January 2011. 
12 Kraemer, R.A., B. Pielen and C. de Roo. 2007. Regulation of Water Supply in Germany. CESifo DICE Report 2/2007. 

Online at:  

http://www.cesifo.de/pls/guestci/download/CESifo%20DICE%20Report%202007/CESifo%20DICE%20Report%202/2007

%20/dicereport207-forum4.pdf   
13

 Metropolitan Consulting Group: 2006. VEWA - Vergleich europäischer Wasser- und Abwasserpreise 
14

 “Germany: Water Charges Hit.” Utility Week. 19 March 2010. Online at: http://www.allbusiness.com/legal/legal-services-

litigation/14171001-1.html. Accessed 22 January 2011. 
15

 “Water companies fear federal interference after German court rules on tariffs.” Utility Week. 3 December 2008.  Online 

at. http://www.utilityweek.co.uk/news/news_story.asp?id=45552&.  Accessed 26 January 2011. 
16

 “Germany: Water Charges Hit.” Utility Week. 19 March 2010. Online at: http://www.allbusiness.com/legal/legal-services-

litigation/14171001-1.html. Accessed 22 January 2011. 
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Impacts of the Ruling on Water Pricing 

 
The Enwag case attracted nationwide attention and led to additional scrutiny upon water suppliers. As of 
summer 2010, the Hesse economics ministry was pursuing eight water suppliers for overcharging customers, 
including six municipal utilities and the Frankfurt firm Mainova.  The latter was found to be charging 50% more 
than 14 comparable suppliers in a price comparison study by the ministry17.  
 
In Lower Saxony potential abuse of water prices was initially scrutinized in 2006 by the state’s antitrust 

commission. However, it has not resulted in sanctions against individual suppliers as yet.  A second scrutiny is 
scheduled for 2011, focusing in particular on companies whose water prices were comparably high in 2006, 
such as E.ON Avacon or the Water Association Peine. This time, penalties are expected to be likely by members 
of the state ministry18. 
 
In the state of Brandenburg antitrust related investigations of water prices have recently been carried out, solely 
affecting water prices fixed by private law corporations. The antitrust commission is planning to also include 
wastewater in future inspections19. 
 
An innovative approach was pursued by the economics ministry in North Rhine-Westphalia (NRW). In 2009, 
80% of the private water suppliers in NRW took part in a voluntary benchmarking project, resulting in an 
evaluation of tariffs and potential cost savings for all suppliers. The approach was approved by the regional 
water suppliers and the German Energy and Water Association (BDEW) and as a result avoided engagement 
with antitrust commissions following the 2010 ruling20. 
 
In response to the 2010 BGH ruling, municipalities have begun shifting from private to public water supplies for 
several reasons, mainly:  (1) dropping water prices have begun sending private suppliers into bankruptcy; and 
(2) public fees for water supply are subject to control by local authorities but are not susceptible to antitrust 
regulations 21.  This development might put an end to a formerly popular model of partially privatising 
municipal water suppliers. In 1999, Berlin sold 49,9% of its water utilities to RWE and Veolia, resulting in a 
significant profit increase as the public water fees had previously not included profit calculations22. 
 
Paradoxically, nationalization of water supplies does not necessarily result in lower fees for the consumers. Fees 
may be increased in some municipalities to make them economically viable (3), depending on the highly variable 
regional costs for supply (1). 
 
A possible solution for the water debate has been suggested by the Federation of German Consumer 
Organisations (VZBZ), claiming that water costs should be generally regulated by the Federal Network Agency, 
guaranteeing nationwide consistent efficiency standards. This type of regulation has already been enforced for 
energy and gas costs and would impact both public and private water utilities, as it is applicable to both (private) 
prices and (public) fees (3). 
 
 

  

                                                           
17

 “Germany: Water Charges Hit.” Utility Week. 19 March 2010. Online at: http://www.allbusiness.com/legal/legal-services-

litigation/14171001-1.html. Accessed 22 January 2011. 
18  “Wasserpreise sind unterschiedlich hoch.” Ad hoc news. 28 January 2011. Online at: http://www.ad-hoc-
news.de/wasserpreise-unterschiedlich-hoch--/de/News/21882017. Accessed 03 February 2011. 
19 “Kartellbehörde prüft Trinkwasserpreise in Brandenburg.” Ad hoc news. 13 August 2010. Online available at: 
http://www.ad-hoc-news.de/kartellbehoerde-prueft-trinkwasserpreise-in-brandenburg--/de/News/21545290. Accessed 03 
February 2011. 
20  “Wer darf den Wasserpreis bestimmen?“ Uptown. June 2010. Online at: http://www.uptown-online.de/urban-econy/stadt-

und-wasser/archiv/2010/06/wer-darf-den-wasserpreis-bestimmen/. Accessed 03 February 2011. 
21  “Wasserpreis sinkt tröpfchenweise.“ Financial Times Deutschland.   05 January 2011. Online at: 
http://www.ftd.de/politik/deutschland/:trinkwasser-kartell-wasserpreis-sinkt-troepfchenweise/50211553.html. Accessed 02 
February 2011. 
22

 “Wer darf den Wasserpreis bestimmen?“ Uptown. June 2010. Online at: http://www.uptown-online.de/urban-econy/stadt-

und-wasser/archiv/2010/06/wer-darf-den-wasserpreis-bestimmen/. Accessed 03 February 2011. 
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ANNEX 3: Economic Instruments & Clean Water: Why Institutions & Policy Design Matter OECD 2001 

  

Extract: Wastewater Levies in Germany – Application of the Polluter-Pays-Principle 
 
Germany is a federal state, a situation that penetrates the policy-making process in general (von Beyme and Schmidt, 1990). 
With regard to water pollution, the constitution delegates competence to the Länder level -- a delegation that until 1972 also 
applied to other pollution control areas. For that reason, the federal level has only recently exerted influence over 
environmental protection. 
 
The first Water Household Act passed in 1957 was a very broad framework act, based on the lowest common denominator. 
It capped more than fifty years of efforts to enact a national water act. Since the late 19th century, local legislation had 
applied to different stretches of the same rivers, e.g. more than 70 different regulations to the river Rhine (Wey, 1982). Other 
acts followed. Following Willy Brandt's Environmental Programme of 1971, the Water Household Act was amended in 
1976, introducing a coherent system of industrial branch guidelines. A Waste Water Levy Act was also passed in 1976. 
 
The federal level has thus assumed framework legislative competence, although federal law has to be incorporated in Länder 
legislation, causing delays and differences in the legal text as well as in practical implementation. The cornerstone of the 
new regulatory system that was introduced in 1976 was the branch guideline system, and the waste water levy was seen as a 
supplement to this (Freige, Henning 1984). The guidelines prescribe specific technological standards to be achieved in each 
industrial branch, and firms that cannot meet these requirements are faced with a waste water levy. Because of opposition to 
the levy from Bavaria, a land especially keen on Länder competence in this matter, the levy was first introduced in 1981 and 
in some Länder even later. 
 
The significance attributed to the waste water levy is thus substantially smaller than envisaged in the first draft of the new 
water pollution control legislation. In its 1974 report, the independent Council of Experts on the Environment had warned 
against the use of administrative policy instruments, and stressed the efficiency of economic instruments: 
"The Polluter-Pays Principle and the following charges would not only provide the missing incentives for pollution control. 

If correctly applied they would also make it possible to reduce total costs"(Rat von Sachverständigen fur Umweltfragen, 

1974). 

 
The federal government had intended to give the levy more prominence, but was forced to surrender to Länder reluctance. 
Furthermore, because of the constitutionally prescribed Länder competence in water pollution control matters, revenue from 
the levy is controlled by the Länder, even though the rate is uniform for all of Germany. Unlike France and the Netherlands, 
the Länder do not offer subsidies for industrial pollution control. Instead, revenue from the German waste water levy is used 
to subsidise the construction of public sewage plants by local authorities. Except for three City Länder (Hamburg, Bremen, 
Berlin), there are two levels of local government in the Länder: counties (Kreise) and municipalities (Gemeinden). Larger 
cities are typically county-less municipalities (Kreis-freie Städte). Local governments in Germany have had a long and 
changeable history since reform in the early 19th century gave them basic autonomy (Gunlicks, 1986). 
 
In pollution control matters, municipalities are responsible for the construction of sewage plants, and German local 
authorities were already quite active at the turn of the century. Sewage plants have been subsidised, to some extent by 
municipal revenue, but more importantly by Land and Federal sources. These subsidies, although violating the Polluter-Pays 
Principle, follow from the fiscal equalization principle (Finanzausgleich Prinzip) of the German Constitution, which intends 
to secure citizens in all of Germany approximately the same level of public services. As a consequence of local, Land and 
federal subsidies, it is estimated that German user fees for waste water treatment cover only 65-75% of the true costs of 
pollution control, relieving industries that discharge to public works of some of their costs. 
 
Only industries that discharge directly to surface waters are required to pay the waste water levy. Payment is made on the 
basis of the amount of pollution discharged, but varies according to compliance with technological standards, that is, 
industries in compliance with branch guidelines can escape the levy. 
 
In 1986, the technological criteria were changed from a Generally Accepted Technological Standard to one of Best 
Available Technology (Mindestanforderung). Public sewage plants also have to pay the levy if they do not comply with 
emission guidelines. 
The branch guidelines are negotiated in a special committee with Länder and federal environmental authorities. Because of 
constitutional delegation of authority to the Länder, guidelines then have to be approved in the Bundesrat. Thus, Germany is 
probably the only country where politicians actually approve technical standards.  
 
It is difficult to assess the effects of the effluent charge in Germany, despite the very detailed waste water statistics available. 
Emissions actually began to decline in 1981, the same year as the levy was introduced and five years after the act was passed 
(see Figure 5). However, the economic instrument is a supplementary instrument to the system of branch guidelines, and 
because of the lengthy negotiation procedures on the branch guidelines, the first of these were also introduced in 1980-81. It 
makes little sense to separate the effects of the effluent charges and of the guidelines, since these have in practice been 
combined. 
 
German water policy has become a hybrid of command-and-control regulations and economic incentives. The main reason is 
that regulations had to go through the wringer of German federalism, and became subject to the general power struggle 
between Länder and Federation. Although national authorities preferred more extensive use of economic instruments, they 
had to accept the sector guidelines approach to reach agreement with the Länder. Furthermore, the importance of 
countervailing institutionalised practices, such as the fiscal equalisation principle, was not understood, and ultimately they 
undermined the Polluter-Pays principle in the implementation phase. 
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Abbreviations 
 
AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

CARL Current Annual Real Losses As related to the IWA NWR framework 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  

PRV Pressure Reducing Valves   
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SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study: Canal de Isabel II (CYII), 
which serves the Autonomous Community of 
Madrid CAM). 

 



3 

 

1. Introduction 
 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves the Autonomous Community of Madrid. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates. 
 
In addition to the analysis of the water distribution network and its operator (the water services 
provider –the WSP - CYII), the availability and management of water resources in the Tagus River 
Basin and the specific water bodies from which the WSP abstracts its water resources are analysed 
and assessed in order to provide context and to assign value to the raw water resource prior to 
abstraction (MCoWIWRM), to be used in the calculation of the Sustainable Economic Level of Leakage 
as described in the text box below.  
 

 
Method selected to assess the economic efficiency of the public water distribution network 

  
� The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  
 
 

� The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
� The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 

 

                                                             
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers can determine the optimal mix of 

interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective water 
management objectives. 
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2. The Study Area 
 
2.1. The Autonomous Community of Madrid (Comunidad Autónoma de Madrid) 
 
The Autonomous Community of Madrid (CAM) is one of the seventeen autonomous 
communities (regions) of Spain located in the centre of the country on the Castilian Central 
Plateau (Meseta Central). It covers an area of 8,030.1 km2 and has the same common boundaries 
and area as the ‘Province of Madrid’ making it a community with only one province. It has a 
population of 6,489,680 (2011) of which approximately 5.9 million are concentrated in the 
Madrid Metropolitan Area which has an area of 4,609.7 km². The Madrid Metropolitan Area is 
comprised of the City of Madrid, covering an area of 604.3 km2 and with a population of 
3,269,830 (2011), together with its surrounding municipalities and is the largest metropolitan 
area in Spain (followed by Barcelona and Valencia) and the third largest in the EU after Greater 
London and the Paris Metropolitan Area. The GDP of the CAM region was estimated to be 
194.9 billion euros in 2009, equating to an average GDP per capita of 30,453 euros, with an 
estimated GDP of 37,758 euros per capita for the City of Madrid. 
 

  
Map showing the location of the CAM Map showing Metropolitan & Sub-metropolitan Areas 

 
2.2. Spain’s Tagus River Basin District 
 
From a water resource management perspective, the CAM is located in the upper reaches of the 
Tagus River Basin (an international river basin) and all water resources that supply the CAM 
are managed within the framework of Spain’s Tagus River Basin District. 
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3. Calculation of the MCoWIWRM 

3.1. General Overview of the Tagus Basin  
 
3.1.1. Background 

 
The Tagus river basin is an international river basin, shared by Spain and Portugal, and is located on 
the Iberian Peninsula with a total area of approximately 80,700 km2, of which 55,870 km2 are located 
in Spain (69%) and 24,800 km2 (31%) in Portugal.  
 

 
Figure 3.1.1. Map of the Tagus Basin 

 

The Tagus River, with a total length of 1,100 km, is the longest river on the Iberian Peninsula, with 
827 km in Spain, 43 km along the border between Portugal and Spain and 230 km in Portugal, where 
it empties into the Atlantic Ocean near Lisbon.  
 
The source of the Tagus is the Fuente de García in the Sierra de Albarracín in eastern Spain. All its 
major tributaries (the Jarama, Guadarrama, Alberche, Tietê and Alagon) enter the Tagus from the 
right (north) bank with high natural flow rates, whereas the left tributaries (the Guadiela, Almonte and 
Salor) are generally short with low flow.  
 

 
Figure 3.1.2. Spain’s Tagus & its Principal Tributaries 

 
The upper Tagus cuts through limestone formations and generally flows south-westward through 
narrow valleys with deep canyons but near Trillo (in Guadalajara province) and just before the town 
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of Bolarque it is retained by the dams of Entrepeñas and Buendía, forming an artificial lake known as 
the Sea of Castile, which covers an area of 132 km2. Also located at Trillo is a nuclear power plant 
(1066MWe) which uses Tagus water for cooling. Continuing south-westward, the river flows past the 
cities of Aranjuez, Toledo (with cooling provided for the Aceca oil-fired plant – 629 MWe) and 
Talavera de la Reina until it reaches the province of Cáceres (with cooling water provided for the 
Almaraz nuclear power plant – 2018 MWe). Here it again flows through narrow, steep-edged trenches 
formed by quartzites and shales, and at Puente de Alcántara the river is once again retained by another 
dam, the Alcántara Dam, forming the 2nd largest reservoir in Europe with a length of 92 km and a 
storage capacity of 3,160 hm3. A further16 km downstream the river becomes the frontier between 
Spain and Portugal for 43 km until it enters Portugal at Beira. 
 

 
Figure 3.1.3. Spain’s Tagus River Basin District - General 

 
Climate 
 

The Tagus river basin is strongly influenced by the continental climate and tends to be semi-arid and 
sub-humid in the south, with wet areas in the north. Average annual precipitation, as shown in Figure 
3.1.4 below, is highest to the mountains in the north-west, and lowest in the vicinity of the city of 
Toledo. The average annual rainfall for the basin district for the period 1940-2006 is 623 mm.  
 

 
Figure 3.1.4 Spatial Distribution of Average Annual Precipitation in Spain’s Tagus Basin 
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However, one of the central drivers in the management of water resources in the basin district is the 
degree of inter-annual variation in precipitation patterns as shown in Figure 3.1.5 below which plots 
Standardized Precipitation Index (SPI) versus time for Spain’s Tagus Basin for the period 1943-2003. 
 

 
Figure 3.1.5  Plot of Standardized Precipitation Index (SPI) versus time for Spain’s Tagus Basin 1943-2003 

 
This inter-annual variation in precipitation drives the necessity for the regulation of river flows in 

order to provide security of water supply to support socio-economic development needs. 

 
 
3.1.2. The Regulation of Flows for Socio-economic Development 

 

Government efforts from the 1960s to the 1980s were dedicated to developing the Tagus’s water 
resources for socio-economic use, increasing the areas of lands irrigated, providing additional 
resources and security of water supply to the growing area of Madrid, generating hydroelectric power, 
exporting waters from the Tagus basin to the more water scarce areas of the Segura Basin to the 
south-east, and using its waters for cooling thermo/nuclear power generation plants. Figure 3.1.6 
below shows the location of the principal reservoirs of Spain’s Tagus which have a combined storage 
capacity of just over 12,000 hm3. 
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Figure 3.1.7. Principal Reservoirs of Spain’s Tagus Basin District 

 

 
Figure 3.1.7. Evolution of reservoir storage volume in Spain’s Tagus Basin District 

 
As a result, by 1980 the Tagus had become a highly regulated river for most of its course where the 
river follows a very constricted course between dams.  
 

 

3.1.3. Water Resources & their Use 
 

The average annual volume of surface runoff from Spain’s Tagus River Basin District is 11,235 
hm

3 and the volume of water stored in dams & reservoirs is just over 12,000 hm
3 of which most is 

held in 87 large dams of which approximately 44% are privately operated. However the estimates 
available for groundwater storage and recharge vary significantly. Groundwater storage estimates 
range from 4,700 hm

3
– 11,000 hm

3 and recharge estimates range from 1,565 hm
3
 to 2,400 hm

3. 
 
In terms of water use, the 2010 estimates for water use are included in Table 3.1.1 below: 
 

Consumptive  

Use 

Irrigation 1,700 hm3 (Surface water 1,551 hm3/Groundwater 135 

hm
3
)

2
-2000 hm3

3; irrigating areas in the range of 204,220
4
 

hectares – 231,000
5 with irrigation efficiencies ranging from 

0.6-1.0
6 

Public Water Supply 900-1,000 hm3 to inhabitants of Spain’s Tagus Basin District 

Industry(direct) 300 hm3 

Trans-basin export An annual average of 351 hm3 over the period 1978 to 2008 

Non-consumptive 

Use 

Cooling Water 1,400 hm3(Trillo & Almaraz Nuclear PPs and Aceca Oil-
fired PP) 

Hydropower multiples of f(12,235 hm3) 

Table 3.1.1 Estimates of Water Use in Spain’s Tagus Basin District 
 
 

Groundwater Storage in Aquifers 4,700 hm37– 11,000 hm38 

                                                             
2
 Ministry of Environment, Rural & Marine Affairs of Spain – General Directorate for Water 2012 

3
 Striver Task Report No.5.1, September 2008 

4
 Ministry of Environment, Rural & Marine Affairs of Spain – General Directorate for Water 2012  

5
 Striver Task Report No.9.2, September 2008 

6
 Striver Task Report No.9.2, September 2008 

7
 Ministry of Environment, Rural & Marine Affairs of Spain – General Directorate for Water 2012 

8
 A. SANCHEZ, M.VARELA, MOPU. Servicio Geolôgico (DGOH) 1989 
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Groundwater Runoff 1,565 hm39- 2,400 hm310 (Madrid-Talavera Aquifer: 401 hm3)11 

 
Figure 3.1.8. Principal Groundwater Bodies/Aquifers in Spain’s Tagus Basin District 

 
Consumptive Uses 
 
The major consumptive water use is irrigation where the estimated areas of lands irrigated range 
from 204,220 to 231,000 hectares. Irrigation efficiency ranges from 0.6 in some of the older public 
irrigated systems to 1.0 in some of the highly advanced new private sector systems.  Figure 3.1.9 
below highlights the concentration of irrigated areas in areas with abundant water resources on the 
right bank tributaries i.e. on the Tajuna, Henares, Jarama and Guadarrama to the east and on the 
Tietar, Alagon and the Arrago to the west. In addition to these there is a concentration of irrigation 
in the fluvial terraces of the Tagus downstream of Toledo. 
 

 
Figure 3.1.9.  Plot of irrigated areas in Spain’s Tagus Basin 

 

The 7.4 million inhabitants of Spain’s Tagus Basin (of which 6.49 million live within the 
Autonomous Community of Madrid) plus an additional 2 million in the southeast of Spain 
(supplied from the Tagus-Segura trans-basin transfer) get their drinking water from the Tagus. The 
resource and economic efficiency of the use of waters by the Madrid system is the subject of this 
case study and is discussed in detail in sections 4 and 5 but in addition to the resource (quantitative) 
efficiency issues associated with water use to supply the Autonomous Community of Madrid, this 
use has the significant issues related to the pollution of downstream receiving waters due to 

                                                             
9
 Ministry of Environment, Rural & Marine Affairs of Spain – General Directorate for Water 2012 

10
 INAG 2001 

11
 Hydrological Plan of the Tagus Basin (existing- i.e. not the one in consultation) 
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insufficient treatment together with the impact on flow regime (e-flows) due to the inter sub-basin 
transfers (Alberche, Jarama and Guadarrama) of water and its storage and regulation.  
 
The estimate of direct water use by industry of 300 hm

3
 is fairly unreliable as the level of 

knowledge, policing and enforcement of direct abstractions is limited. 

 
The trans-basin export of water from the Tagus to the Segura via the Tagus-Segura Aqueduct 
completed in 1978 averages approximately 351 hm3 per year. This trans-basin transfer is politically 
very sensitive where the original plans for the Tagus-Segura Aqueduct envisaged an annual transfer of 
up to 1000 hm3 but the volume of water transferred must be approved year by year and month by 
month by central government and is largely determined by the level of waters stored in the Entrepenas 
and Buendia reservoirs. So when the reservoirs are low water cannot be exported. In practice the 
volumes transferred only exceeded 500 hm3 in the water years 1998/9-2003/4 and never exceeded 600 
hm3. However its impact is significant in particular on the e-flows in the Tagus downstream of the 
Entrepenas and Buendia reservoirs, and in the fact that it is 100% consumptive, unlike the large 
proportion of water consumed for urban water supply within the basin which returns to river system 
somewhere downstream of it use point in the form of wastewater discharges.  
 

 
Figure 3.1.10: Historical volume of the headquarters of the Tagus and water transfer to the Segura basin 

 
Non-Consumptive Uses 

 

 
Figure 3.1.11: Map of Spain’s hydropower resources by basin(s) 2011 
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The largest impact of the ‘Non-Consumptive Users’ is the hydropower industry. As mentioned above 
the flow regime is highly regulated where the observed flows depart significantly from the natural 
flows. While hydropower is a non-consumptive use it is very important in the regulation and 

management of surface waters in the Basin district and was the dominating factor in the setting of 

minimum flows to cross the border into Portugal as included in the flow regime requirements of 2008 

included under the provisions of the Albufeira Convention (refer to discussion in section 3.5 below).  

 
The impact of the use of 1,400 hm

3
 / year for cooling at the Trillo and Almaraz nuclear power plants 

and at the Aceca oil-fired power plant is essentially limited to the impact of increased water 

temperature upon downstream ecosystems. 

 
It is also of note that both hydropower and nuclear power are baseline strategic components within 
Spain’s energy generation and security mix where the Trillo and Almaraz nuclear power plants 
together provide 40% of Spain’s total nuclear generation capacity, and HPP and pumped storage 
capacity of the hydropower plant in the Tagus basin are strategically important both in isolation but 
also in combination with the HPP on the Portuguese side of the basin. 
 
The Protection of Life and Property against Floods 
 

Flash floods due to intense rainfall events are an issue generally limited to the upper sub-basin 
catchments of the Spain’s Basin district but large flood risks and events are a concern for Portugal just 
downstream of the Alcantara dam.  Dams and their operation play an important role in flood 
management in the basin and in particular in the operation of the Alcantara dam to limit flood events 
in Portugal. 
 

3.1.4. Water Resource Monitoring & Modelling and Protected Areas 

 

Monitoring & Modelling: 

 
Water quantity (i.e. precipitation, surface water stream-flows, reservoir levels and aquifer levels) and 
water quality are monitored at strategic points across the basin district as shown in Figure 3.1.12, 
Figure 3.1.13 and Figure 3.1.14 below and the quantitative results are published online by the Tagus 
basin authority. An Automatic Hydrological Information System (AHIS) currently being implemented 
aims to rationalize and streamline water resource management in the basin district in order to both 
facilitate the effective planning of investments and the real time integrated management of reservoirs, 
pipelines and canals via real-time system knowledge.  
 

 
Figure 3.1.12: Automatic Hydrological Information System (AHIS): (includes 53 Stream-flow stations) 
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Figure 3.1.13: Monitoring network of underground water quality  

 

 

Figure 3.1.14: Automatic System of Water Quality Information (SAICA network) continuously controls (15 

min time resolution) surface water quality parameters  

 
The monitoring network is supported by modelling tools such as the AQUATOOLDMA used to 
model the upper Tagus areas.  
 
Protected Areas 
 

Protected areas, in accordance with the habitats directive, and areas of community interest have been 
identified (as shown in Figure 3.1.15 below) in the Basin district and included in the Basin District 
Plan currently in public consultation. 
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Figure 3.1.15: Map of Natura 2000 Areas 

 

 

3.1.5. Water Quality & E-flow Issues in the Basin district and Plans/Programmes to address them 
 

Water Quality & Quantity Issues – Ground waters 

 
Spain’s draft Tagus River Basin District Plan divides the basin aquifers into 24 ground water bodies 
with an associated groundwater body area of 21,866 km2 (i.e. approximately 40% by area of Spain’s 
Tagus Basin District) and classifies the current chemical status of those groundwater bodies as shown 
in Figure 3.1.16 below. As indicated as number of the ground water bodies, including the Madrid-
Talavera aquifer (i.e. the Madrid-Talavera Miocene Detritic Aquifer) do not currently achieve good 
chemical status. The main cause of the failure to achieve good chemical status is high nitrates levels. 
 

 
Figure 3.1.16: Map of Current Ground Water Body Status for Spain’s Tagus Basin District 

 

In addition to the chemical status of ground waters there are 2 key issues with ground waters in the 

basin district:  

i. the lack of quantitative knowledge of them in order to facilitate their effective management, 

and, 
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ii. the lack of control of unauthorized/illegal abstractions, in particular in the Madrid-Talavera 

aquifer that adversely impacts their quantitative status (see Figure 3.1.17 below). 
 

This lack of knowledge in the areas of aquifer storage capacity, flow dynamics, interface with 

surface water bodies and sustainable recharge rates, together with the current limited capacity to 

enforce and control abstractions is one of the main weaknesses in the planning and management 

of water resources in the basin district given that ground water resources form a notable portion of 

the basin districts total water resources. 
 

 
Figure 3.1.17: Piezometric Map of the Madrid-Talavera Miocene Detritic Aquifer 

 

 

Water Quality & Quantity Issues – Surface waters 

 
Figure 3.1.17 below shows a map of the Water Quality Objectives (WQOs) for surface water bodies 
in Spain’s Tagus Basin District as indicated in its draft Tagus Basin District Plan. 
 

 
Figure 3.1.17: Map of Surface Water Quality Objectives (WQOs) for Spain’s Tagus Basin District 
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The main issues that currently adversely impact the quality and sustainable use of surface waters in 
the basin district are: 
 

 

Problem 1 (General): The quantitative pressures for water resources and the extensive regulation of 

waters for multiple socio-economic uses, in particular for HPP, irrigation and 

water supply to the Community of Madrid, and its impact on ecological flow 

requirements i.e. in WFD terms achieving sustainable water use (Art. 1) and 

achieving good ecological status where possible through measures that are not 

disproportionately costly (Art. 4) 

 
As described above Spain’s Tagus Basin District, with 87 large dams (where the storage capacity exceeds 

average annual runoff) together with 4 trans-sub-basin transfers and the Tagus-Segura trans-basin transfer is 

highly regulated where the flow regime in the Tagus and its main tributaries has departed significantly from 

natural in order to meet beneficial socio-economic development objectives; resulting in a large number of 

heavily modified water bodies (HMWBs) where the water quality objective for these water bodies is the 

achievement of good ecological potential (GEP). The challenge for the basin managers in Spain’s Tagus Basin 

District is to develop and manage the water resources to achieve sustainable water use and achieve good 

ecological potential for those water bodies that are heavily modified through measures that are not 

disproportionately costly; and be able to demonstrate that the socio-economic ‘beneficial objectives served by 

the artificial or modified characteristics of the water body cannot, for reasons of technical feasibility or 

disproportionate costs, reasonably be achieved by other means, which are a significantly better environmental 

option.’ 

 

Comment: 

In terms of sustainable water use, the options for the further regulation of surface water resources in Spain’s 

Tagus basin district are very limited given both the environmental impact of more dams would/could further 

degrade the ecological status of water bodies and with the existence of 87 large dams already within 55,870 km
2
 

the optimal locations (both in terms of cost and physical characteristics) have already been used, hence the 

main routes available for water resource managers in terms of  water balance are to either more effectively 

utilise available ground water resources and/or to improve the effective and efficient use of the existing 

surface water resources. 

 

 

Plans/Programmes of Measures to resolve the problem: 

 

At a basin district level studies are on-going to improve the body of knowledge related to ground-waters with 
the basin district. 
 
The largest water consumers are irrigation, followed by water supply for the CAM, followed by export of waters 
in via the Tagus-Segura Trans-basin Aqueduct, and in terms of improvements in the efficient use of existing 
surface water resources: 

• The National Hydrological Plan: Plan AGUA (Actuaciones para la Gestión y la Utilización del Agua) 

has included components for the improvement in the efficiencies of irrigation systems, both in the 

Tagus Basin district and in the Jucar and Segura Basin Districts which receive water from the 

Transbasin transfer, however data on the impacts of these measures within the Tagus basin district or 

in the Segura system was not available during the preparation of this report, and, 

• Measures to reduce per capita consumption and system losses in the Madrid water supply system are 

discussed specifically in Problem 2 below. 

 

E-flows & the River Basin Management Plan for Spain’s Tagus Basin District 

The current Hydrological Plan for Spain’s Tagus Basin considers waters necessary for the maintenance of river 

ecosystems as equivalent to a demand, and as environmental demands set the volumes needed in the allocation 

of resources. The general rule it uses for the determination of the e-flows required is that the monthly e-flow 

volumes should not be less than 50% of the average contributions of the summer months.  This Hydrological 

Plan had also set as its goal “the study of each section of river from the hydraulic point of view, biological, etc. 

to clarify the environmental demand in each season, especially downstream of reservoirs in areas of concern”.  

 

The current Hydrological Plan also refers to an estimated annual environmental demand of 765 hm
3
/year for 

the basin district which equates to (765/11,235) less than 7% of average annual run-off. (– refer also to the 

minimum transboundary flows, discussed in Section 3.5 below, to cross the border to Portugal included in the 

flow regime provisions agreed under the Albufeira Convention. 
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The River Basin Management Plan for Spain’s Tagus Basin District, as required under the WFD is still in 

consultation but it is not clear from the draft how e-flows are calculated or how sustainable water use in terms 

of long term water balance will be achieved. 

 

Also of note is eutrophication problems in the chain of reservoirs located downstream of Talavera de la Reina 

aggravated by the modified flow regime which need to be resolved. 

 

 
 

 

Problem 2 (Specific): The adverse water quality and quantity impacts of the water supply and urban 

wastewater treatment systems that supply the Autonomous Community of Madrid 

 

Water quality:  

The insufficient treatment of urban wastewaters prior to discharge from the CAM region causes extensive 

pollution of the waters downstream aggravated further by the lack of base flow volumes in the receiving waters 

which could provide dilution due to the storage and regulation of waters upstream . 

 

Water quantity:  

The impact of the storage and regulation of surface waters to supply the CAM region has significant adverse 

impacts upon both the flow regime (e-flows) with inter sub-basin transfers (Alberche, Jarama and Guadarrama) 

of water and its regulation and storage of surface waters.  

 

The sustainable water use problems attributable to the supply of potable waters to the CAM will be aggravated 

further by proposals within the draft Tagus Basin district Plan to increase the CAM water allocation from its 

2005 level of approximately 600 hm3/year to 742 hm3/year by 2015 which includes an increased water 

allocation right to divert an additional 100 hm
3
/year of waters from the Alberche tributary sub-basin  (from 

119.8 hm
3
/year to 219.8 hm

3
/year); and in addition the Tagus Basin District Plan includes the  requirement for 

the exclusive use for urban water supply of ground waters from the Madrid Detritic Aquifer within an 

established protective perimeter, effectively increasing further the water allocation rights of the CAM for public 

water supply and requiring that other uses within the region of this new protective perimeter use surface waters 

instead. 

 

Plans/Programmes of Measures to resolve this problem: 

 
The main  Plans/Programmes of Measures in place or under implementation attempting  to resolve this problem 
are: 

- The completion of the ‘Plan Madrid Dpura’, which includes the improved treatment  of urban 
wastewaters and the construction of facilities to reuse 30-40 hm3 of the treated urban wastewaters to 
supply waters for public parks, golf courses, some industry and street cleaning, in order to reduce the 
demand on raw water resources by an equivalent volume.   

- Investments by the WSP (CYII) for the limitation of pollution of receiving waters due to storm water 
overflows as required by the Urban Waste Water Treatment Directive, 

- Investments related to the construction and operation of new WWTPs within the Metropolitan Area 
identified within the National Plan for Water Quality 

- The Emergency Plan Zero Tolerance discharges 
This Plan aims to ensure compliance with the urban wastewater treatment directive for all urban 
agglomerations of 2000 population equivalent (p.e.) or greater in a first phase, and in a second phase 
urban wastewater discharges from agglomerations of less than 2000 p.e. will be addressed. 

 
Comment: While the proposed plans and investments will/should address the physio-chemical water issues it 

does not appear to address the quantity issues. i.e. while the Basin district Plan does mention e-flows and the 

allocation of waters for e-flow requirements it is not clear how these allocations are calculated and if they 

address the environmental flow components of e-flows. (i.e. with the exception of the plan to reuse 30-40 

hm3/year, the Plans/Programmes of Measures to resolve this problem are essentially a plan to comply with the 

requirements of the Urban Wastewater Directive) 

 

This is discussed further in section 3.5 and 5 below. 
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Problem 3 (Specific): The export of waters from the Tagus basin district via the Tagus-Segura aqueduct 

 
The solution of the problem associated with the export of waters from the Tagus basin district via the Tagus-

Segura aqueduct is dependent upon the solution to Problem 1 above. If water managers can manage the water 

resources of the Tagus Basin District for sustainable water use achieving good ecological status of waters 

where possible (in compliance with the requirements of the Water Framework Directive and the provisions of 

the Albufeira Convention) with the export of some of the Tagus water resources then it is possible. Note: While 

possible it is not demonstrated in the draft River Basin Management Plan for Spain’s Tagus Basin District. 

 

 
 

3.2. The Legal/Institutional Regulation & Management of Water Resources in Spain’s Tagus 
Basin District 

 
3.2.1. The role of regional governments and the Tagus river basin authority 

 
The territorial area of Spain’s Tagus River Basin District lies within the territorial administrative 
boundaries of 5 of Spain’s autonomous regions (i.e. the Autonomous Communities of Castilla-La 
Mancha, Extremadura, Madrid, Castilla-Leon and Aragon), and these regional governments are in 
charge of natural resources including water, agricultural policy and land-use planning; subject to 
central government guidelines and international commitments (e.g. European Union directives and the 
provisions of the Albufeira Convention), and regional governments participate in some cases in the 
urban water supply as well as in the collection and treatment of urban wastewaters, as in the case of 
the Autonomous Communities of Madrid.  
 
However, Spain’s constitution makes central government responsible for all water policy concerning 
resources shared by more than one autonomous community where central government oversees those 
river basin authorities (RBAs) which straddle the boundaries of two or more autonomous 
communities. In these cases, as for the Tagus Basin District it funds transport and supply 
infrastructure, in part through the RBAs. It sets policy priorities, which are subject to EU directives, in 
the national hydrological plans covering multi-year periods. Note: ‘Some autonomous regions have 
developed statutes which claim water resources from shared river basins, which run counter to this 
assignment of responsibilities. Since the statutes are approved through legislation at the central 
government level, there is a risk that such provisions encourage regional decisions on water use which 
do not take into account the impact on other regions.’12 
 
The river basin authority (RBA) responsible for the planning and management of the water resources 
in Spain’s Tagus river basin district is the Tagus Basin Authority (Confederación Hidrográfica del 
Tajo - CHTajo) and the Tagus Basin Water Authority has the following functions within the Basin 
District: 

a. the preparation of the Hydrological Plan (River Basin Management Plan) for the 
catchment area as well as the monitoring and review thereof,  

b. the administration and control of publicly-owned water resources,  
c. the administration and control of the exploitations of general interest or which 

involve more than one autonomous community,  
d. the planning, construction and operation of works built and funded by the TBA and 

those works that are entrusted to it by the State and those that derive from 
agreements with the Autonomous Communities, local Corporations and other public 
and private entities or those signed with private individuals.  
 

Water Users play an important role in the TBA, mostly through user associations, as their 
representatives (the users’ assembly) directly participate in some management tasks and elect 
members of TBA decision-making boards, contributing a third of their members. The dominate users 

                                                             
12

 OECD Fuentes, A. (2011), “Policies Towards a Sustainable Use of Water in Spain”, Working Paper No. 840 
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represented in the TBA, reflecting their large weight in consumptive water use, are the irrigators and 
urban water supply to the CAM.  
 
The TBA activities are, to a considerable extent, overseen and funded by central government but they 
partly finance themselves through the revenues from water service fees and charges (see section 3.3 
below).  
 
3.2.2. The legislative framework for Water Resource Planning 

 
Water resources are managed at a basin level and the hierarchy of the laws and planning documents in 
place to facilitate this in the Spanish Tagus Basin are summarised in Table 3.2.1 below: 
 

Table 3.2:1  Hierarchy of Laws / Planning Documents in Spain’s Tagus Basin District 

Level Law / Legal  

Planning Document 

Purpose 

International - The EC Water Acquis 
- The Albufeira Convention 

- The EC Water Acquis sets water policy at the EU level, 
- The Albufeira Convention sets water policy and provisions for 

shared waters between Spain and Portugal. 

National  - The Water Law (1985/1999) 
- Amendments to the Water Law 

(RD1/2001) by Law 62/2003) 
The 2001 and 2004 Laws of the 
National Hydrological Plans 

- The Water Planning Regulations 
(RD 907/2007) 

- RD 126/2007 for the creation of 
Competent Authorities (CA), and 
RD 125/2007 for the creation of 
river basin districts, 

- Water Planning Instruction 
(ARM/2656/2008) 

- Water legislation in Spain defines water policy at a national 
level in order to achieve water and environmental objectives 
(wherein the requirements of the EC WFD Directive have been 
transposed). 

- The purpose of the Instruction of Water Planning is to establish 
the technical criteria for the standardization and systematization 
of the work of preparation of river basin management plans. 

Tagus Basin - Royal Decree 1664/1998, by 
approving the first Basin 
Hydrological Plan (currently in 
force).  

- RBMP Tagus 2010-2015 (currently 
in public consultation). This new 
water management plan adopts the 
requirements of the EC WFD 
Directive 

- Drought Management Plan (DMP)  

The General Framework Plan for the Development and 
Management of Water resources in the Spanish Tagus Basin. The 
main subjects addressed by the RBMP are: 
- The preservation of aquatic ecosystems, their sites and 

wetlands, 
- The protection against any pollution and the restoration of 

the quality of waters, 
- The development and protection of the resource for drinking 

waters 
- The exploitation of water as an economic resource and the 

sharing of that resource. 
The DMP was approved by Ministerial Order in March 2007 
wherein the specific objectives of the DMP are as follows: a) to 
guarantee water availability required to sustain human life and 
health, b) to avoid or minimize the negative impacts of drought on 
the status of water bodies, especially upon environmental flows 
for the avoidance of permanent negative effects, c) to minimize 
the negative impacts on public water supply and on economic 
activities. 

Autonomous 
Community of 
Madrid (CAM)  

CYII Supply Manual   The Supply Manual was developed by Canal de Isabel II (WSP) in 
the limited context of water supply to the CAM.  It covers 
resource planning criteria including the establishment of operating 
procedures with a clear orientation toward ensuring security of 
supply. It was first published in 1999 and new versions are 
periodically updated.  

 
In terms of Spain’s international commitments, Spain’ Tagus Basin is an international river basin, 
shared with Portugal, and in addition to complying with the requirements of the EC Water Framework 
Directive it must comply with the bilateral agreement with Portugal. 
 
In 1993 the Spanish Government disclosed its National Hydrological Plan where a new transfer of 
1000 hm3 with origin in the Douro River towards the Mediterranean region was announced, with an 
impact on the environment and on Portuguese interests, without consultation. The Portuguese 
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Government reacted and negotiations followed that led to the signature of a new water treaty in 1998, 
the so-called Albufeira Convention. 

 
The purpose of the Albufeira Convention is “the protection of surface waters and ground waters and 

the aquatic and terrestrial ecosystems that directly depend upon them and for the sustainable use of 

the water resources of the hydrographic basins [Art. 2(1)]”, and in accordance the Albufeira 
Convention recognises the right of each of the parties to the sustainable use of water resources, as 

well as their obligation to protect such waters and implement measures to prevent, eliminate, mitigate 

and control trans-boundary impacts [Art. 15(1)].  
 

The Convention obliges the parties to define “the flow regime necessary to guarantee the satisfactory 

conditions of the waters [Art 16(1)]”. In addition the parties must “adopt, individually or jointly, the 

technical, legal, administrative and other measures” necessary to, inter-alia, achieve satisfactory 
conditions of the waters; prevent degradation of the waters and control pollution; prevent, eliminate, 
mitigate, or control transboundary impacts; ensure that the use of water resources are sustainable; 
promote rational and economic use.  
 

Hence, the substantive provisions of the Convention are very much in line with the requirements of the 

EC WFD. However, in 2008 the Commission for the Application and Development of the Convention 

(CADC) defined “the flow regime necessary to guarantee the satisfactory conditions of the waters 

[Art 16(1)]” under normal conditions which is summarised in Table 3.2.2.1 below. When the 

minimum flows to cross the Spanish border monitoring station, as defined in the Albufeira Convention 

CADC 2008, are compared to the Average Naturalised flows in the same location, as shown in Table 

3.2.3 below then the implementing provisions of the Convention appear to be inconsistent with its 

substantive provisions and inconsistent with the requirements of the EC WFD. 
 

Table 3.2:2  Monitoring Stations & minimum flows as defined in the new flow regime of the Albufeira 

Convention (CADC, 2008b), under normal (non-drought conditions) 

River Basin Monitoring Station 

Flows (hm3) (in a water year – 1st October – 30th September) 

Annual 
1st  

Trimester 

2nd 

Trimester 

3rd 

Trimester 

4th 

Trimester 
Weekly 

Minho Frieira dam(a) 3700 440 530 330 180  

Douro 

Miranda dam(a) 3500 510 630 480 270 10 

Bemposta dam 3500 510 630 480 270 10 

Saucelle dam + 
Agueda HS(a1) 

3800 580 720 520 300 15 

Crestuma dam(b) 5000 770 950 690 400 20 

Tejo / Tagus 
Cedillo dam (a) 2700 295 350 220 130 7 

Ponte Muge HS (b) 4000* 445* 530* 330* 190* 10* 
(a) upstream bordering section; (a1) common stretch intermediate section; (b) section by the mouth of the river; (*) sum of 
minimum flows at Cedillo and minimum required flows in the Portuguese River basin. NOTE: HS stands for Hydrometric 
Station 

 

Table 3.2:3: Comparison of average naturalized flows at the Cedillo dam monitoring station with the minimum 

flows as defined in the Albufeira Convention under normal (non-drought conditions) 

 

Cedillo Dam Monitoring Station 

Flows (hm3) (in a water year – 1st October – 30th September) 

Annual 
1st 

Trimester 

2nd 

Trimester 

3rd 

Trimester 

4th 

Trimester 
Weekly 

Minimum flows as defined in the 
Albufeira Convention  
(normal conditions) 

2700 295 350 220 130 7 

Average Naturalised flow using 
flow data 1943-2008 

11,235 4,845 2,174 1,154 3,063 216 

Average Naturalised flow using 
flow data 1999-2008 

8,091 2,538 3,212 1,724 683 155 

Average Observed flow using 
flow data 1999-2008 

5,285 1,550 2,112 855 809 101 

Albufeira Convention flow as a % 
of Average Naturalised Flow 

24%  6.1% 16.1% 19% 4.2% 3.2% 
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3.2.3. An overview of water rights in Spain 

Water rights are issued by the River Basin Authorities and according to the 1985 Water Law, rights 
can be granted to pump groundwater or divert resources directly from surface water bodies where 
water allocation rights to irrigators and for urban water supply must go through a technical and 
administrative process, which aims to establish the socio-economic interest of the request and its 
technical and environmental feasibility. These water use rights are defined by the location of the 
abstraction, type of use, time, respective areas and crops to be irrigated, and irrigation technologies, 
usable volume or flow and return flows. The type of use, location, abstraction or return points cannot 
be changed without the explicit approval of the River Basin Authority and rights differ in the priority 
of their access to water depending upon the type of use (domestic, environmental, agricultural, HPP or 
industrial). 
 
With the approval of the 1985 Water Law, water became a ‘public domain good’ but holders of 
private rights over groundwater were given the choice of keeping them as a private right or converting 
them into temporal water concessions. The majority (>80%) opted to maintain them as a private right 
and any new rights granted for groundwater after 1985 was exclusively a concession for the 
temporary use of a public good – water.  
 
The 1999 reform of the Water Law introduced the possibility of voluntary exchanges of public water 
concessions, but with restrictions, where it permits the temporary exchange of public water use rights; 
whereas before the 1999 reform only private rights could be formally traded – i.e. water flows 
pumped from private wells could be leased, auctioned or sold. 
 
The 1999 reform of the Water Law permits the exchange of public water use rights in one of 2 ways. 
EITHER, water use rights-holders that voluntary agree on specific terms of trade and jointly file a 

request to the RBA for a fixed term the water to which rights-holders are entitled, OR water use 

rights-holders  could sell (for part or all of the period of their concession) their public water use 

rights to a water exchange centre. ‘Water Exchange Centres’ as they are called in the 1999 Water 
Law are initiated and operated by the River Basin Authority and are setup as public tenders for 
interested rights-holders who would be willing to relinquish their water rights temporarily or for the 
remaining period of their concession. The ‘Water Exchange Centres’ operation involves procuring 
volumes from voluntary sellers, and making them available for other users, including for 
environmental restoration purposes. The water exchange centre may also acquire permanent water 
rights and exercise them in exceptional situations of drought or over-abstraction of aquifers. In 
practice the water exchange centres have only functioned as buyers of water or water rights where 
water has not been sold to other users. Instead purchased water has been made available to other users 
free of charge in the form of new water concessions or devoted to improving environmental flows. 
 
3.3. Water User Charges & Level of Cost Recovery in Spain’s Tagus Basin District 
 
3.3.1.  Water User Charges: 

 
Under the Water Law a number of water user fees or charges can be applied for the management and 
provision of water services: 
 
High Level: 

� A Regulation Fee (Canon de regulación) charged by the Basin Authority for the storage and 
regulation of surface waters carried out by the Basin Authority on behalf of water users. 

� A Distribution Fee (Tarifa de utilización) charged by the Basin Authority for the transfer of 
surface waters by users who use the Basin’s common canals and water transport infrastructure 
and other waterworks for their benefit (other than regulation). 

� A Wastewater Discharge Fee (Canon de control de vertidos) which taxes urban and industrial 
wastewater discharges into receiving waters and is collected by the River Basin Authority to 
be used to fund the study, monitoring, and protection of the basin’s water environment.  
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Water User Level: 

� A ‘Tarifa de abastecimiento’ (urban water supply fee) for the recovery of the costs of water 
supply to urban areas by water service providers. 

� A ‘Canon de saneamiento’ (sewage fee, only for urban an industrial uses) for the recovery of 
the costs of urban and industrial wastewater collection and treatment by service providers. 

� A ‘Derrama’ (Apportionment of taxes) for irrigation collectives or associations and is used to 
for the recovery of the costs of water distribution to irrigators and includes the costs of 
services for groundwater abstraction when ground waters are used. These charges are 
calculated according to cultivated areas, water use or a combination of parameters specific for 
each irrigation collective or association. 

 
3.3.2.  The Overall Level of Cost Recovery: 
 

Table 3.3.1 below summarises the water sector general costs and revenues for the year 2008, and the 
pie charts below compare water consumption to these 2008 revenues. The data indicates that most 
revenues (93%) are generated from the provision of water supply to urban areas of which more than 
85% is generated by services provided by the WSP CYII for the provision of water and sewerage 
services in the CAM region. 
 

Table 3.3:1: Cost recovery of (consumptive) water services in Spain’s Tagus Basin District (2008) 
Services Provided Actual 

Costs 
(estimated 
by TBA) 

Recoverable 
Costs 

Recoverable 
Costs / Actual 

Costs 

Actual 
Revenues 

Revenues / 
Recoverable 

Costs 

Actual Level of 
Cost Recovery 

High level supply 
services (Suministro en 
alta) TBA 

21 M€ 17 M€ 81% 12 M€ 71% 58% 

Urban water services 977 M€ 977 M€ 100% 768 M€ 79% 79% 

Irrigation water 
services 

66 M€ 66 M€ 66% 39 M€ 59% 59% 

Other services 37 M€ 9 M€ 24% 9 M€ 100% 25% 

Total 1101 M€ 1069 M€ 97% 828 M€ 77% 75% 
 

  
Water Consumption (Average year ) Water Revenues (2008) 

 

In practice both urban water supply and irrigation services are receiving services at subsidised costs, 
and high level services provided in the areas of flood control and river bank and bed maintenance are 
financed by taxes received from the general budget.  In addition to revenues mentioned above the 
Ministry of Agriculture, Food & Environment receive a transfer fee of approximately €0.15 /m3 for 
agricultural use and €0.21/m3 for other uses for waters transferred via the trans-basin Tagus-Segura 
Aqueduct. 
 

Also very importantly on 27 December 2012 the government enacted Law No. 15/2012 on tax 
measures for energy sustainability where an important feature that impacts the non-consumptive water 
use in the basin is the establishment of the Hydroelectric royalty for the use of surface and 
underground water to produce electric energy. The applicable tax rate to be applied to this water use is 

28%

52%

9%

11%

Urban Supply Irrigation

Industry (direct) Export

1%

93%

5%1%

IWRM Urban Supply

Irrigation Industry (direct)
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22% on the economic value of the hydroelectric energy produced. These revenues go directly to the 
central budget. 
 
 
3.4. Overall Assessment of the MCoWIWRM in Spain’s Tagus Basin District 
 
The calculation of the external marginal costs of water (in particular related to the resource and 
environmental costs of water i.e. externalities) assumes that a River Basin Management Plan, 
prepared in accordance with the requirements of the WFD, characterizes the current situation in the 
Basin with respect to water resources, and thereafter identifies, plans and implements measures, to be 
complete by 2015, that would result in the attainment of both water quantity objectives and water 
quality objectives, complying with, inter-alia: WFD Art 1 for sustainable water use; WFD Art 4 
achieving good ecological status where possible through measures that are physically possible and not 
disproportionately costly; WFD Art 9 ensuring cost recovery where resource and environmental costs 
are included; and WFD Art 11 doing the above in the most cost-effective way (i.e. Least Cost Plan). 

 
Therefore, if a River Basin Management Plan was prepared in accordance with the requirements of 
the WFD to achieve the objectives of the WFD, then where abstraction and water use fees are charged 
(either directly or indirectly) and include the costs associated with the management of water resources 
to achieve good water status under the EC Water Framework Directive (including sustainable 
abstractions) then the associated ecological externalities are deemed already included in their 

calculation of the Marginal Cost of Water.   
 

In short - it assumes that a River Basin Management Plan (RBMP) is prepared and will be 
implemented that will achieve the objectives of the WFD and that if the ecological and sustainable 
water use objectives are achieved and sustained then the resource and environmental costs of water 
(i.e. externalities) are already included as part of the cost of implementing the RBMP and thereafter 
sustaining the good status. 
 
Specifically for the purposes of this Case Study, we can assume that the physico-chemical water 
quality (pollution) issues generated by the insufficient treatment of urban wastewaters within the 
CAM area (as discussed in Problem 2 in section 3.1 above) will be solved by the planned investments, 
and that the costs of these investments can be incorporated into the internal marginal cost of water of 
the water services provider (CYII) – see section 4 below, however it is not clear how the quantity 

issues described in Problem 1 of section 3.1 above will be resolved by the RBMP.  
 
The key quantity issues are: cross border requirements, e-flows, and quantity management in order to 
satisfy Art 1 of the WFD. Specifically regarding the quantity management issues: 
 
� The Tagus Basin District is a heavily regulated basin therefore all Environmental Flow 

Components (EFCs) are important not just low flows, in particular the high-pulse flow 
component. It is not clear from the draft RBMP how these e-flows would be achieved, 

� The estimation of the available groundwater resources is a key element in solving the basin 

management quantity issues but has yet to be completed and is particularly sensitive and 
challenging because it defines the amount of water that is actually available for economic uses 
and determines the quantitative status of a groundwater body. According to the WFD definition 
the available groundwater resource “means the long-term annual average rate of overall recharge 
of the body of groundwater less the long-term annual rate of flow required to achieve the 
ecological quality objectives for associated surface waters specified under Article 4, to avoid any 
significant diminution in the ecological status of such waters and to avoid any significant damage 
to associated terrestrial ecosystems.” This quantification of water needs for the associated surface 

water bodies and terrestrial ecosystems (e-flows) is difficult since there are no generally accepted 

criteria to define them; and, 
� Related to the Tagus –Segura trans-basin transfer, in practice, water exported to Segura means e-

flows downstream have to be met from tributaries feeding Madrid reducing security of supply to 
Madrid. 
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So it is difficult from the draft RBMP to access the MCoWIWRM in Spain’s Tagus Basin District.  
 

Instead in Section 4.3 below scenario analysis is carried out where the MCoWIWRM is viewed in the 

range of: Scenario 1: €0.05 /m
3
, Scenario 2: €0.15 /m

3 
(the cost of the water transfer at the Tagus-

Segura Aqueduct for agriculture), and Scenario 3: €0.25 /m
3
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4. Calculation of the MCoW, MCoLC and SELL 
 
4.1. Overview of CAM’s Water Supply Infrastructure & Service 
 
Public water supply in the CAM, together with the provision of urban wastewater collection, 
treatment and disposal services, is provided by Canal de Isabel II (CYII), a public company wholly 
owned by the CAM.  CYII is responsible for the abstraction, transport, treatment and distribution of 
waters intended for human consumption (potable water) and for the collection, treatment and 
discharge of urban wastewaters; providing public water service to approximately 6.3 million residents 
as well as to commercial and government entities. 
 
Water consumption is measured bimonthly for billing purposes with readings taken from metered 
service connections. These service connections consist of a mix of both individual metered 
connections and metered connections that serve multi-dwelling buildings, with only a very small 
percentage (<1%) of service connections that are not equipped with meters (i.e. universal metering). 
 
The total water sales volumes in 2010 approximated 480 hm3 and total annual revenues for the 
provision of water and wastewater services to the CAM region approximated €750 million,  where 
households account for 70% of water sales volumes and commercial and government entities account 
for the remaining 30%. 
 
Water Policy  
 

Drought & Security of Supply 

 
Madrid has experienced significant drought events in the years 1948, 1964, 1981, 1992/3 and 2005, 
and a driving element ever-present in the water policy of Madrid is the threat of drought and the need 
to ensure security of supply. 
 

 
Figure 4.1.1: Total water consumption (billed) in the different Metropolitan Areas (hm3/year) 1987-2008 

 
The drought of 1993 was so pervasive that the water system of Madrid entered into a phase of severe 
drought with restrictions for public garden watering and street cleansing, and penalties for those who 
did not decrease consumption by 10%; accompanied with public campaigns to save water. This did 
result in decreased billed consumption following this 1992/3 period but a significant part of this is 
attributed to the reduced consumption of commercial and industrial entities. It is still not fully 
understood if this step reduction in commercial consumption is fully attributable to a true reduction of 
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consumption or to commercial entities disconnecting from the public system and developing their 
own water resources (e.g. wells). 
 

 
Figure 4.1.2: Water Storage in the CYII Reservoirs 2004-2010 

 
Despite the investments since 1993 to increase security of supply and to keep pace with population 
growth, the drought of 2005, as shown in Figure 4.1.2 above, brought Madrid back to the point of 
water supply crisis where reservoir storage levels were drawn dangerously low. 
 
System Design 

 

 
 

Figure 4.1.3 Raw Water Resource Supply Schematic of the CAM/CYII in 198913 
 
 

                                                             
13 A. SANCHEZ, M.VARELA, MOPU. Servicio Geolôgico (DGOH) 1989 
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A general review of water supply system of the CAM, commissioned in 1981 by the Provincial 
Council of Madrid, summarized the situation concisely describing that for the purpose of water supply 
the CAM is divided into four zones: 
 

� A water production/abstraction zone in the north; 
� A water transfer zone in the centre, where rivers barely carried any water; 
� A water consumption zone in the Metropolitan Area; and, 
� A zone that receiving urban and stormwater wastewaters discharges from Madrid (i.e. the 

lower reaches of the Manzanares, Jarama and Guadarrama tributaries of the Tagus). 
 
While the situation has improved since 1981, in particular in the level of treatment of urban 
wastewaters prior to their disposal, the underlying characterization is still largely valid in 2012. 
 
In addition, as shown schematically in Figure 4.3 above as it was in 1989, the design and operation of 
the raw water resource infrastructure of the CAM, is dominated by 2 system design fundamentals that 
are also carried through to the system operation in 2012: 
 
i. Firstly, the use of surface water storage to address the particular challenge of the highly variable 

precipitation patterns in the upper Tagus catchment area, with a minimum of 213 hm3 recorded 

in the period 1991/92 and a maximum of 1707 hm3 in the period 1940/41, and, 

ii. Secondly, the use of surface water resources that are captured and stored in the mountains to the 
north and thereafter gravitate to the Metropolitan Area of Madrid without the need for pumping, 
(highlighted by the exploitation of the Alberche River resources and ground water resources 
only in times of crisis, where both need to be pumped). 

 

Service Quality - Compliance with legislative quality requirements  
 
The quality of drinking water service is provided in full compliance with drinking water standards 
regarding water quality, and is monitored internally by the WSP at their 9 laboratories and 31 
automatic surveillance stations and audited externally by the Ministry of Health. 
 
However major investments still need to be completed and put into operation in order to achieve full 
compliance with the UWWD (see section 4.2 below). 
 

Water Tariffs & Cost Recovery 
 
Tariff structure & Level 
 

The CYII tariff for the CAM service area is a combined tariff for the provision of water and 
wastewater services, and are differentiated between the user groups of ‘domestic & similar’ uses, and 
‘commercial and industrial’ use, as shown in tables 4.1 and 4.2 below. 
 
The tariff structure includes both a fixed (service connection) component and a variable 
(consumption-based) component with blocks of increasing cost with increased consumption, wherein 
both fixed and variable components are further broken down into the sub-components of water 
abstraction, water distribution, wastewater collection (sewerage) and wastewater treatment.  
 
The tariff structure also includes a seasonal component wherein the consumption-based 
subcomponent of the tariff for ‘water abstraction’ is higher for the 4-month summer period (June-
September inclusive) when consumption is highest, and social components are included in the 
household tariff structure to provide reduced consumption-based tariff rates for those households with 
large families and/or low-income. 
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Table 4.1.1: Combined Water & Wastewater Tariffs for Households (Domestic) 2011-2013 – Madrid 
 

PART 1: FIXED TARIFF COMPONENT 

Year 2011 2012 2013 

Abstraction 0.0167(Ø2+225xN) or 7.515 N 0.0172*(15*15+225)*N 0.0178*(15*15+225)*N 

Distribution 0.0076(Ø2+225xN) or 3.420 N 0.0078*(15*15+225)*N 0.0081*(15*15+225)*N 

Sewerage 0.9400*N 0.9682*N 1.0723*N 

Treatment 2.9485*N 3.0370*N 3.1433*N 

Total 14.8235 N 15.2552 N 15.8706 N 

VAT 8% 10% 10% 

Total +VAT 16.0094 N 16.7807 N 17.4577 N 

% Change -Ref. - Year +4.82% +9.05% 

CPI -Ref. - Year +2.45% - 

Where: N is the number of households under contract with CY II  where N>1 for a multi-dwelling service connection; and each 
block of consumption and service fee are defined for periods of sixty days consumption 

 
PART 2: VARIABLE (CONSUMPTION-BASED) TARIFF COMPONENT 

 Block 1 Block 2 Block 3 

0-25m3 >26-50m3 >50m3 

2011 2012 2013 2011 2012 2013 2011 2012 2013 
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Abstraction 0.2787 0.2871 0.2971 0.5155 0.6444 0.5310 0.6637 0.5496 0.6869 1.2372 1.856 1.2743 1.9117 1.3189 1.9786 

Distribution 0.1254 0.1292 0.1337 0.1977 0.2036 0.2107 0.4715 0.4856 0.5026 

Sewerage 0.0961 0.0990 0.1096 0.1056 0.1088 0.1205 0.1292 0.1331 0.1474 

Treatment 0.2927 0.3015 0.3121 0.3343 0.3443 0.3564 0.5104 0.5257 0.5441 

Total 0.793 0.817 0.829 1.153 1.282 1.188 1.320 1.237 1.375 2.348 2.967 2.419 3.056 2.513 3.173 

VAT 8% 10% 10% 8% 8% 10% 10% 10% 10% 8% 8% 10% 10% 10% 10% 

Total +VAT 0.856 0.898 0.938 1.245 1.385 1.307 1.452 1.361 1.512 2.536 3.205 2.661 3.362 2.764 3.490 

% Change Ref. +4.9 +9.6 Ref. Ref. +5.0 +4.8 +9.3 +9.2 Ref. Ref. +4.9 +4.9 +9.0 +8.9 

 
Table 4.1.2: Combined Water & Wastewater Tariffs:  Commercial & Industrial Use: 2011 – Madrid 

 Abstraction Distribution Sewerage Treatment 8% VAT Total +VAT 

FIXED 
 

0.0167 
(Ø2+225xN) 

0.0076 
(Ø2+225xN) 

0.9400 
(Ø2/100) 

0.0209 
(Ø2+5Ø) 

+8% - 

For a 15mm dia. 7.515 N 3.420 N 2.115 N 6.27 N 1.5456 20.87N 

VARIABLE 

Block 1 
(0-25m3) 

All Year 0.3814 0.1254 0.0990 0.2927 0.0716 0.9672 

Block 2 
(26-50m3) 

All Year 0.3814 0.1977 0.1056 0.3343 0.0815 1.1005 

Block 3 
(51-100m3) 

Winter 0.5155 
0.4715 0.1292 0.5104 

0.1301 1.7567 

Summer 0.6444 0.1404 1.8959 

Block 4 
(>101m3) 

Winter 0.9126 
0.4715 0.1292 0.5104 

0.1619 2.1856 

Summer 1.3690 0.1984 2.6785 

 
Key points of note are: 
� Table 4.1.1 compares the tariffs for 3 years, 2011, 2012 and this year 2013, showing a real 

increase in tariff levels from year to year, 
� Average per capita consumption for households in 2012 was 140 l/c/d with an average unit cost 

of approximate €1.60/m3 including 10% VAT for combined water and wastewater service. This 
unit cost is low when compared to other cities in the EU, and, 

� Inspection of tables 4.1.1 and 4.1.2 shows notable cross subsidy from commercial & industry to 
households in the fixed fee component for sewerage and wastewater treatment in addition to 
cross subsidy in the variable cost tariff rates. 

 

Cost Recovery 

 
As noted above, since 2010 tariff levels had a real step increase and by 2012 per capita consumption 
for households dropped to 140 l/c/d - with combined water and wastewater service cost in 2012 at 
approximate €1.60/m3. As consumption has dropped, billed volumes have dropped, negatively 
impacting WSP revenues, and each subsequent year tariffs have had to increase further to cover 
operating and capital maintenance costs. However, despite the current escalation in unit tariffs, the 
current tariff still does not recover the full cost of compliance for the supply of water, and the 
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collection, treatment and discharge of urban wastewaters. The costs still to be recovered in the water 
& wastewater tariff include: 
 
a. Further costs for legislative compliance associated with the treatment of urban wastewaters prior 

to their discharge to receiving waters within the CAM. These compliance costs are estimated at 
approximately €2,700 million and will include: 
� The recovery of capital (part) and operating costs for investments related to the 

implementation of the ‘Plan Madrid Dpura’, including for the limitation of pollution of 
receiving waters due to storm water overflows as required by the Urban Waste Water 
Treatment Directive (Art. 3 & Annex 1), 

� The recovery of capital and operating costs for investments related to the construction and 
operation of new WWTPs within the Metropolitan Area identified within the National Plan 
for Water Quality 

b. Costs associated with the off-set and recovery of the erosion of the current asset base. 
c. Costs associated with the construction and operation of new water resource assets for the 

provision of further security of supply measures, if deemed necessary (including 2 new large 
reservoirs of 100 hm3 each), 

d. The resource and environment costs of water (see below). 
 

Projected Water Consumption  
 

The resident population of the CAM is projected to grow from its 2010 population of 6.4 million to 
7.1 million by 2030, i.e. a further 10.6% increase.   
 

Table 4.1.3: Projected Population Growth in the CAM Region 
CAM Population 2010 Projected CAM Population 2030 

6,419,000 7,097,00014 

% Increase in population +10.6% 

 
From a baseline of current water demands in 2012 together with the projected population growth, 
future water demand have been estimated under 3 development scenarios as shown in tables 4.1.4, 
4.1.5 and 4.1.6 below. All 3 scenarios assume that: 
� The projected population growth will grow steadily over the period 2012 to 2030, 
� The implementation of the ‘Plan Madrid Dpura’, which envisages the reuse of treated urban 

wastewater for urban park irrigation and industrial uses (of up to 70 hm3 per year in total) will 
result in a direct reduction in consumption from the CYII system of 32 hm3 per year by 2016, 

� CYII limit their use of waters for processing and flushing etc. to 2% of system input volume (SIV), 
� The current level of under-reading of meters estimated at -8.4% remains unchanged, and, 
� Projections are run under 4 assumed differing levels of real water losses of 8%, 10%, 12% and 

14% of system input volume (SIV) respectively. 
 
Scenario 1, the Business-As-Usual scenario, assumes that the current level of public water 
consumption of 140 l/c/d (which when adjusted for meter under-reading is calculated as 153 l/c/d) 
remains unchanged over the period to 2030. 
 
Scenario 2 assumes that by the end of 2015, due to increasing costs due mainly to environmental 
compliance requirements, and the recovery of those costs through tariffs, the current level of public 
water consumption of 140 l/c/d will reduce to 125 l/c/d (which when adjusted for meter under-reading 
is calculated as 136 l/c/d), and thereafter remains steady at this level until 2030. 
 
Scenario 3, like Scenario 2, assumes that by the end of 2015 due to increasing environmental 
compliance costs and their recovery through tariffs, household consumption will reduce to 125 l/c/d, 
but in addition due to the recovery of full asset erosion costs will reduce further to 115 l/c/d by 2020 

                                                             
14

 Eurostat Statistics in Focus - 1/2010 - http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-SF-10-

001/EN/KS-SF-10-001-EN.PDF, Table 3: Regional Population ES30 Comunidad de Madrid 
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(which when adjusted for meter under-reading is calculated as 125 l/c/d), and thereafter remains 
steady at this level until 2030. 
 
Table 4.1.4: Scenario 1 (Business-As-Usual): Projected Water Consumption  
Year 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 

Population (,000) 6,487 6,555 6,622 6,690 6,758 6,826 6,894 6,961 7,029 7,097 

Households billed  consumption  (l/c/d) 140 140 140 140 140 140 140 140 140 140 

Households meter losses (l/c/d) 13 13 13 13 13 13 13 13 13 13 

Households real consumption (l/c/d) 153 153 153 153 153 153 153 153 153 153 

Households billed (hm3/a) 331 335 338 342 345 349 352 356 359 363 

Com. & Public Ent. Billed (hm3/a) 142 142 110 111 113 114 115 117 118 120 

Total Billed (hm3/a) 474 477 448 453 458 463 468 473 477 482 

Metering Losses (-8.4%) (hm3/a) 43 44 41 42 42 42 43 43 44 44 

Total Consumption (hm3/a) 517 521 490 495 500 505 511 516 521 526 

SIV(hm3/a) - Real Dis. losses (14% of SIV) 615 620 583 589 595 602 608 614 620 627 

SIV(hm3/a) - Real Dis. losses (12% of SIV) 601 606 569 575 581 588 594 600 606 612 

SIV(hm3/a) - Real Dis. losses (10% of SIV) 587 592 556 562 568 574 580 586 592 598 

SIV(hm3/a) - Real Dis. Losses (8% of SIV) 574 579 544 550 556 561 567 573 579 585 

 
Table 4.1.5: Scenario 2: Projected Water Consumption  
Year 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 

Population (,000) 6,487 6,555 6,622 6,690 6,758 6,826 6,894 6,961 7,029 7,097 

Households billed  consumption  (l/c/d) 140 140 125 125 125 125 125 125 125 125 

Households meter losses (l/c/d) 13 13 11 11 11 11 11 11 11 11 

Households real consumption (l/c/d) 153 153 136 136 136 136 136 136 136 136 

Households billed (hm3/a) 331 335 302 305 308 311 315 318 321 324 

Com. & Public Ent. Billed (hm3/a) 142 142 110 111 113 114 115 117 118 120 

Total Billed (hm3/a) 474 477 412 417 421 425 430 434 439 443 

Metering Losses (-8.4%) (hm3/a) 43 44 38 38 39 39 39 40 40 41 

Total Consumption (hm3/a) 517 521 450 455 460 464 469 474 479 484 

SIV(hm3/a)-Real Dis. losses (14% of SIV) 615 620 536 541 547 553 559 565 570 576 

SIV(hm3/a) -Real Dis. losses (12% of SIV) 601 606 523 529 534 540 546 551 557 563 

SIV(hm3/a) -Real Dis. losses (10% of SIV) 587 592 511 517 522 528 533 539 544 550 

SIV(hm3/a) -Real Dis. Losses (8% of SIV) 574 579 500 505 511 516 521 527 532 538 

 
Table 4.1.6: Scenario 3: Projected Water Consumption  
Year 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 

Population (,000) 6,487 6,555 6,622 6,690 6,758 6,826 6,894 6,961 7,029 7,097 

Households billed  consumption  (l/c/d) 140 140 125 125 115 115 115 115 115 115 

Households meter losses (l/c/d) 13 13 11 11 10 10 10 10 10 10 

Households real consumption (l/c/d) 153 153 136 136 125 125 125 125 125 125 

Households billed (hm3/a) 331 335 302 305 284 287 289 292 295 298 

Com. & Public Ent. Billed (hm3/a) 142 142 110 111 113 114 115 117 118 120 

Total Billed (hm3/a) 474 477 412 417 396 401 405 409 413 418 

Metering Losses (-8.4%) (hm3/a) 43 44 38 38 36 37 37 38 38 38 

Total Consumption (hm3/a) 517 521 450 455 433 437 442 446 451 456 

SIV(hm3/a) - Real Dis. losses (14% of SIV) 615 620 536 541 515 521 526 532 537 543 

SIV(hm3/a) - Real Dis. losses (12% of SIV) 601 606 523 529 503 508 514 519 525 530 

SIV(hm3/a) - Real Dis. losses (10% of SIV) 587 592 511 517 492 497 502 507 513 518 

SIV(hm3/a) - Real Dis. Losses (8% of SIV) 574 579 500 505 481 486 491 496 501 506 

 
The projected water demand (system input volume), which does not include raw water reservoir 
evaporation losses of approximately 65hm3/year, ranges from 506 hm3 to 627 hm3. (Note: These 

demand projections and their implications are discussed in sections 4.1.3-4.1.6 and section 5 below.)
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4.2. The Physical Water Abstraction, Treatment and Distribution System 
 
The water resource, abstraction, treatment, storage and distribution facilities that serve the 
Autonomous Community of Madrid (CAM) in 2012 include:  
 

Raw water resources: 

 
- Surface water: 

 
The WSP (CYII) abstracts water from seven different tributaries (sub-basins) of the upper 
Tagus River (Alberche, Guadarrama-Aulencia, Guadalix, Manzanares, Lozoya, Jarama and 
Sorbe), all of them with sources in the Sierra de Guadarrama, in addition to abstracting a 
relatively small quantity (60 hm3/a) of water directly from the Tagus at Colmenar de Oreaja. 
 
In order to regulate and manage these resources CAM/CYII has (owns, manages/operates) 14 
main reservoirs with a combined storage capacity of 955 hm3, located on 6 of the tributaries, 
supplemented with 4 flow diversion dams located on the Lozoya, Guadalix, Sorbe and 
Guadarrama (refer to Figure 4.2.1 above and Table 4.2.1. below). 
 
 

Figure 4.2.1. Surface Water Reservoir Storage and River Flow Diversion System of CAM/CYII 
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Table 4.2.1: Surface Water Reservoir Storage and River Flow Diversion System serving the CAM/CYII 

Sub-basin Reservoir Operating 

Since 
Storage 

Capacity (hm3) 
% of Total 

Storage  

Flow  

Diversion Dam 

Operating 

Since 

Lozoya El Villar 1879 22.4 61% La Parra 1904 

Puentes Viejas 1939 53.0  

Riosequillo 1958 50.0  

Pinilla 1967 38.1  

El Atazar 1972 425.0  

Jarama El Vado 1960 55.7 6% -  

Guadalix Pedrezuela 1968 40.9 4% El Mesto 1906 

Manzanares Manzanares el Real 1912/1971 91.2 11%   

Navacerrada 1969 11.0   

Guadarrama Navalmedio 1969 0.7 15% Las Nieves 1974 

La Jarosa 1969 7.2  

Valmayor 1976 134.4  

Alberche Los Morales 1988 2.3 3% -  

La Aceña 1991 23.7  

Sorbe - - - - Pozo de los 
Ramos 

1972 

Tagus - - - - - - 

TOTAL  - - 955.6 100% - - 

 
The Lozoya sub-basin, with 61% of the systems raw water storage capacity, has typically 
provided the base surface water supplies, with the Guadarrama, Manzanares, Jarama and 
Guadalix sub-basins providing the remaining surface water resources, however since the 
drought of 1992/93 the Guadarrama has provided an increasing share of the mix to a point 
where in 2008 it was providing similar quantities to that from the Lozoya sub-basin. Typically 
waters from the River Alberche are diverted solely (due to the cost of pumping) when the 
systems reservoirs' water reserves are below acceptable minima. The proportion of flows 
provided by the Alberche and Sorbe are small but were significant during the 1992/3 drought 
period. 
 

 
Figure 4.2.2. Surface Water Resource Mix by Sub-basin and % (1985-2008) 

 
As mentioned above, in addition to the water resources abstracted from the tributaries of the 
Tagus, in 2010 for the first time water was abstracted directly from the Tagus at Colmenar de 
Oreaja (60 hm3/year)  to supplement the CAM/CYII water resource mix; introduced to serve 
500,000 residents in the south of the CAM region. 
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- Groundwater: 

 
As shown in Figure 4.2.3 below, a Miocene Detritic formation, comprised of several 
hundred metres of silt, clay and sand underlies the central area of the CAM. This 
water-bearing formation is heterogeneous in nature and is limited to the north by 
Sierra granitic materials and to the south by continental Miocene evaporitic deposits 
(Miocene marls and gypsum) which fill the tectonic depression of the Tagus’s mid 
basin.  
 

 
Figure 4.2.3. Main Rivers & Geologic Formations in the CAM 

 
Figure 4.2.4. CAM/CYII Abstractions from the Miocene Detritic Aquifer 1996-2007 (hm3) 

 
This Miocene Detritic formation, generally referred to as the tertiary detritic aquifer, as a 
whole has an estimated storage capacity of approximately 11,000 hm3 with a mean annual 

infiltration rate to the portion of the aquifer underlying the CAM region estimated at 



33 

 

 

approximately 200 hm3 / year in 198215, but due to the aquifer's relatively low 
productivity, yields of 50-1001/s are obtained only in the central areas through wells 
300-500 m deep with drawdowns of 100-150 m. 

 
The CAM/CYII has 81 wells in this tertiary detritic aquifer but their use is generally limited 
as strategic resources that are set aside for periods of water scarcity or localised system 
failure. Figure 4.3 shows the abstractions from the aquifer used by CAM/CYII for public 
water supply where the average annual abstraction is 40 hm3 but during the drought/water 
year of 2005-2006 over 140 hm3 were abstracted. 

 
Water treatment facilities: 

 
- Raw water in the CAM is treated by 13 water treatment plants (see table 4.3 below) with an 

installed treatment capacity of 45 m3/s, i.e. 3.9 hm3 per day. The latest water treatment plant 
constructed was the €62 million state-of-the-art plant at Colmenar designed to treat up to 60 hm3 
per year of Tagus river water to serve a population of approximately 500,000 in the south of the 
CAM area, and was set-to-work by CYII in 2010. 

 

Table 4.2.2: Water Treatment Plants serving the CAM/CYII 

Name of Water Treatment Plant Water Treatment Capacity Operating Since 

m3/d m3/s 

Torrelaguana 520,000 6.0 1967 

Majadohonda 330,000 3.8 1967 

El Bodonal 345,000 4.0 1969 

Navacerrada 86,000 1.0 1969 

La Jarosa 130,000 1.5 1969 

Santillana 345,000 4.0 1972 

Colmenar 1380,000 16.0 1976 

Valmayor 520,000 6.0 1976 

Rozas de Puerto Real 15,000 0.2 1988 

Pinilla 36,000 0.4 1992 

La Aceña 43,000 0.5 2000 

Colmenar (Tagus) 165,000 1.9 2010 

TOTAL 3,915,000 45.3 - 

 
In-system Water storage facilities (service reservoirs): 

 

- To iron out short term (daily/hourly) imbalances between supply and demand the system includes 
23 high-capacity water service reservoirs (with an in-system regulating capacity of 2.7 hm3 - see 
table 4.4 below) supported by 18 pumping stations and a further 240 smaller service reservoirs.  

 

Table 4.2.3: Main In-system Water Service Reservoirs serving the CAM/CYII 

Name of Service Reservoir Storage capacity (m3) Operating Since 

Bravo de Murillo 188,412 1879 

Islas Filipinas 463,500 1915 

 Valdelatas 33,408 1915 

El Olivar 44,232 1919 

Plaza Castilla 141,602 1940 

Hortaleza 81,000 1962 

San Blas 53,767 1965 

Vallecas 120,698 1967 

El Plantio 143,176 1967 

El Goloso 534,355 1969 

Retamares 250,556 1969 

Getafe 254,897 1975 

Valmayor 94,967 1976 

Ciudad Tres Cantos 78,624 1978 

Majadohonda 40,000 1984 

Torrelaguna 13,500 1989 

                                                             
15

 Lopez-Camacho (1982) 
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Valgallegos 20,500 1990 

El Chaparral 19,000 1992 

La Jarosa 18,400 1992 

Navacerrada 20,000 1992 

Nuevo Portachuelo 18,400 1993 

Reunión 37,000 1994 

Colmenar 22,000 2010 

Total 2,691,994  

 
Primary Transfer mains (‘First Ring’ & ‘Second Ring’): 

 
- To transfer bulk water from storage facilities to consumer areas the CAM/CYII is served by a 

number of large diameter transfer mains which are now referred to as the ‘First Ring’ and the 
‘Second Ring’. The transfer mains of the First Ring are shown in Table 4.5 below and the transfer 
mains of the Second Ring (under construction) are described below. 
 

Table 4.2.4: Primary Transfer Mains (First Ring) serving the CAM/CYII 

Name of Transfer 

Main 

Operating 

Since 
Length 

(km) 
Transfer 

Capacity 

(m3/s) 

Point of Origin Point of Discharge 

Canal Bajo 1858 59 4 Original deposit / Lozoya Madrid 

Canal de la Parra 1904 23 3 Azud de la Parra Canal Bajo 

Canal de El Guadalix 1906 4 4 Azud de El Mesto Canal Bajo 

Canal de Santillana 1912 36 4.5 Manzanares El Real dam Madrid 

Canal de El Villar 1912 16.7 8 El Villar dam Original deposit -
Lozoya 

Canal Alto 1940 55 6 Original deposit Lozoya Madrid 

Canal del Este 1945 13.7 3.25 El Olivar Vallecas (Madrid) 

Canal de El Jarama 1960 35 8 El Vado dam Original deposit -
Lozoya 

Canal de Picadas 1967 49.2 3.8 Picadas dam Majadahonda 

Canal del Oeste 1968 30.7 3 El Goloso water tank Retamares water tank 

Canal de El Vellón 1968 7 8 Pedrezuela dam El Atazar channel 

Transfer Nalvmedio-
Navacerrada 

1969 4.5 5.8 Navalmedio dam Navacerrada reservoir 

Canal de El Atazar 1970 59 16 El Atazar Madrid 

Canal de El Sorbe 1972 9.3 8 Pozo de los Ramos 
diversion dam 

Jarama channel 

Canal de Valmayor 1976 17.4 6 Valmayor dam Majadahonda 

Nieves water transfer 1976 5.1 30 Las Nieves diversion dam Valmayor dam 

La Aceña-La Jarosa 
water transfer 

1991 10.2 10 La Aceña dam La Jarosa dam 

S.Juan-Valmayor 1993 32 6 San Juan dam Valmayor dam 

 

- The ‘Second Ring’, also called the "M-50 del agua", envisages the laying of two parallel steel 
pipes with a length of 104 km and a diameter of 1600 mm together with 33 km of radial 
branches) to transfer water from the large service reservoirs of  Colmenar Viejo in the north and 
Valmayor in the west to serve the newly developed and developing urban settlements of the 
metropolitan area located along the radial axes of the Community of Madrid’s main road system 
(the M-50 and its arteries).   
 
The first phase involves the laying of the first steel pipe of diameter 1600 mm together with the 
radial branches to interconnect it to the “First Ring” and to the network of the South Central 
System.  A second phase would follow wherein the second steel pipe of diameter 1600 mm 
would be laid parallel to the first. 

 
The Special Plan of the "Second Ring of the main water distribution system of the Community of 
Madrid, first phase" was approved by the Planning Commission in Madrid on October 25, 2005, 
and the project was divided into nine sections, of which the State would implement three (Section 
1 - "South Branch Artery Torrelaguna Internal R-2" of approximately 15 km in length; Section 2 
"R-2 Internal Artery-Artery Henares Corridor" of approximately 14.1 km in length and Section 4 
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- "ETAP and Valmayor-branch Deposit connection Majadahonda knot" of approximately 13.3 
km in length ) and CYII would implement the remaining six.  

 
The total budget for the project is €430 million, of which CYII would fund €350 million. These 3 
sections implemented by the State have a budget of €109.5 million of which 61% is financed by 
EU Cohesion Funds, 20% by CYII and 18.5% Acuasur. 

 

Water distribution systems: 

 
- The distribution system has over 14,500 km of distribution mains divided into permanent or 

temporary sectorisation similar to DMAs in size averaging 5,500 properties or 30 km of 
distribution mains pipe per sector. 
  

Other: 

 

- 5,000 km of sewer, 700km of main collectors and 150 urban wastewater treatment plants. 
Following the agreement in 2005 between the City of Madrid and CYII regarding the provision 
of wastewater collection and wastewater treatment in the City of Madrid, CYII now operates all 
wastewater treatment of the CAM. As a result of this 2005 contract between the City of Madrid 
and CYII, CYII will manage and operate the wastewater collection and treatment system of the 
City of Madrid until 2030. (Note: CYII paid a royalty to the City of Madrid for the wastewater 
operations contract of approximately €700 million.) 

 
Future Investment Needs: 
 
The combination of population growth within the CAM and its associated demand for water and 
compliance with the environmental standards of the EC UWWD and WFD are the two main 
challenges that the CAM and CYII must address in the near future. 

 
The major ‘security of water supply’ investment needs include inter-alia: 
� The completion of the ‘second ring’ as described above, and, 
� €300 million to build two new water reservoirs (of approximately100 hm3 each) (if deemed 

necessary)  
 
The major environment compliance investment needs include inter-alia: 
� Investments for the completion of the ‘Plan Madrid Dpura’, including investments for the 

limitation of pollution of receiving waters due to storm water overflows as required by the Urban 
Waste Water Treatment Directive, and, 

� Investments related to the construction and operation of new WWTPs within the Metropolitan 
Area identified within the National Plan for Water Quality 

 
 

4.3. Leakage Control in the Water Distribution Network 
 
The Calculation/Estimation of 2010 level of system losses 

 
The official data of the National Institute of Statistics refers to the CYII water system losses as 
between 12.3 and 14.5 l/c/d16 which would have placed water losses as a percentage of system input 
volume in the range of 7 to 8%, however this value cannot be reconciled with estimates of water 
losses carried out using the IWA Water Balance Framework which, allowing for apparent losses in 
the system of 8.4%17 due to meter under-reading place real losses closer to 12% of System Input 
Volume. 
 

                                                             
16

 Source: Instituto de Estadística de Madrid and Canal de Isabel II (booklet Magnitudes del Canal, 2009) 
17

 The weighted metering error value was -8.4% of the total volume of water supplied to Madrid in 2006 (Díaz & Flores, 

2010). 
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In 2002 the WSP had estimated water losses of 13.3% of system input volume and that same year it 
developed a 10 year program of measures for the Efficient Use and Demand Management of Water 
Resources in the CAM which aimed to lower its annual demand volumes by 10% in 2012. Leakage 
reduction measures undertaken by CYII include the application of the standard best practices in 
pressure management, sectorisation /DMA formation (where CYII has created permanent or 
temporary sectorisation at a level where each sector averages 5,500 properties or approximately 30 
km of pipe), active leakage control (ALC), and the asset replacement (AR) of priority areas of the 
distribution mains, resulting in the current levels of leakage in 2012 that are in the 7.1% - 15.0% range 
(7 or 15 depending on the range of available data one interprets and how it is interpreted).  
 
Notwithstanding the range, maintaining levels of leakage in this range is a significant achievement 
given the increased demands and growing service area that took place during the same 10 year period; 
however the measures applied before 2010 did not appear to be constraining per capita consumption 
and further increases in new resource development were justified and included in the preparation of 
the Tagus River Basin Plan for the period to 2015 (including a proposed increase in CAM/CYII 

surface water rights from 600 hm3 / year to 738 hm3/year and increased access to ground water 

resources). 
 
4.4. Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
In this case, the calculation of the MCoWWSP  is complex. The WSP (CYII) is in a period of transition 

wherein its unit costs are increasing and its unit consumption of water is decreasing, impacting its 

overall water resource needs, and the raw water resource mix it utilises, or will be able to utilise, 

under normal operating conditions; and as demand decreases the need to use water resources with 

higher operating costs is reduced. 
 
In its recent past the WSP (CYII) would have been characterized as a WSP with access to water 
resources that for the greater part gravitated to its customer base with low operating costs, and while it 
had a substantial asset base required to provide this water service, it had benefited from state 
assistance in the construction of that asset base in the past and did not fully recover the cost of asset 
erosion in its tariffs, hence customer tariffs were maintained at low unit rates, which in turn promoted 
high per capita consumption. With this background of low unit tariffs and high consumption, together 
with the irregular precipitation patterns of the upper Tagus Basin, and a rapidly growing customer 
base the WSPs ability to balance supply and demand is stressed. Notably since 2010 tariff levels had a 
real step increase and by 2012 per capita consumption for households dropped to 140 l/c/d – a 15.6% 
reduction from its 2002 level - with combined water and wastewater service cost in 2012 at 
approximate €1.60/m3 (Note: this unit cost includes VAT at 10% and is still low when compared to 

other cities in the EU). As consumption has dropped, billed volumes have dropped, negatively 
impacting WSP revenues, and each subsequent year tariffs have had to increase further to cover 
operating and capital maintenance costs.  
 
However, despite the current escalation in unit tariffs, the current tariff still does not recover the full 
cost of compliance for the supply of water, and the collection, treatment and discharge of urban 
wastewaters. The costs still to be recovered in the water & wastewater tariff include: 
 

a. Further costs for legislative compliance associated with the treatment of urban 
wastewaters prior to their discharge to receiving waters within the CAM region. 
These compliance costs will include: 

� The recovery of capital (part) and operating costs for investments related to 
the implementation of the ‘Plan Madrid Dpura’, including for the limitation 
of pollution of receiving waters due to storm water overflows as required by 
the Urban Waste Water Treatment Directive (Art. 3 & Annex 1), 
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� The recovery of capital and operating costs for investments related to the 
construction and operation of new WWTPs within the Metropolitan Area 
identified within the National Plan for Water Quality 

(Where the capital investment costs associated with legislative compliance is 
estimated at approximately €2,700 million) 

b. Costs associated with the off-set and recovery of the erosion of the current asset base. 
c. Costs associated with the construction and operation of new water resource assets for 

the provision of further security of supply measures, if deemed necessary (including 2 
new large reservoirs of 100 hm3 each), 

d. The resource and environment costs of water. 
 

The impact of including the recovery of the additional associated costs for legislative compliance 
alone in user tariffs will result in further tariff increases and by extension it would be reasonable to 
expect further reductions in per capita consumption. If this were to happen then the need to secure 
additional raw water resources with additional associated infrastructure to exploit it would be 
lessened, and under normal operations conditions the WSP would not need to utilise water resources 
in its mix that have higher associated operating costs. 
 
So how does one estimate or calculate the MCoWWSP for CYII? 

 
Annualised cost, when converted into a unit cost, does not account for unutilised capacity in a large 
scale schemes such as that serving the CAM region, systematically under representing actual costs. 
Using a levelised cost approach would be more appropriate to compare supply options. However the 
level of detail required for this is not available. A rough approximate would be to use the cost 
breakdown in of the system components in the tariff structure assuming that CYII have designed the 
water supply  revenue (tariff) structure to reflect the cost structure as much as possible. 
 
In 2011 the variable cost component in the revenue structure was 0.2787 €/m3 for water abstraction 
and 0.1254 €/m3 for water distribution for Block1 for households, and 0.3814 €/m3 for water 
abstraction 0.1254 €/m3 €/m3 for water distribution and for non-households. Given the 70/30 ratio 
between households and non-households this would equate to an average variable system operating 
cost of 0.4349 €/m3 for water abstraction and distribution. This value can then be adjusted to allow for 
the additional capital and operating costs of the future supply and demand management options 
required. Assuming a 20% adjustment then the MCoWWSP is roughly estimated as 0.54 €/m3.  
 

MCoW = MCoWIWRM + MCoWWSP 

Therefore,  
Where MCoWIWRM = 0.05 €/m3, MCoW = (0.05 + 0.505) €/m3 = 0.555 €/m3 
Where MCoWIWRM = 0.15 €/m3, MCoW = (0.15 + 0.505) €/m3 = 0.655 €/m3 
Where MCoWIWRM = 0.25 €/m3, MCoW = (0.25 + 0.505) €/m3 = 0.755 €/m3 

 
4.5. Calculation of the MCoLC & the Sustainable Level of Economic Leakage (SELL) 
 
CYII has already made major investments into water loss reduction wherein all of the basic measures 
for pressure management, the formation of DMAs and active leakage control have all been 
implemented and have resulted in the current distribution network level of water losses. Hence all of 
the low-hanging fruit have already been picked. The options for which the Marginal Cost of Leakage 
Control has been calculated are summarized in Table 4.5.1 below together with the annualized cost 
and marginal cost for leakage control for each option respectively: 
 

Table 4.5.1:  Leakage Control Options, Benefit / Yields, and Unit Costs 
Option Benefit  / Yield Marginal Cost 

(€M/Mm3) 

Additional Active Leakage Control (ACL) 
- Reduce leakage 1% below current 
- From 1% to 2%  below current 
- From 2% to 4%  below current 

 
+7 hm3 / year saving in water loss 
+14 hm3 / year saving in water loss 
+ 28 hm3 / year saving in water loss 

 
0.45  
0.75 
1.85 
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4.6. Calculation of the Sustainable Level of Economic Leakage (SELL) 
 

 
Where: 
 

MCoWIWRM = 0.05 €/m3, MCoW = 0.555 €/m3, then SELL is 1.5% below current level of leakage, 
 

MCoWIWRM = 0.15 €/m3, MCoW = 0.655 €/m3, then SELL is 1.8% below current level of leakage, 

 
MCoWIWRM = 0.25 €/m3, MCoW = 0.755 €/m3, then SELL is 2.0% below current level of leakage. 
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5. Results & Conclusions  
 

� The impact of including resource and environmental costs (MCoWIWRM) on water resource 

efficiency of the WSP in the CAM region 

 
The results show that where: 

 
MCoWIWRM = 0.05 €/m3, MCoW = 0.555 €/m3, then SELL is 1.5% below current level of 

leakage, equating to a water saving of 10.5 hm3/year, 
 
MCoWIWRM = 0.15 €/m3, MCoW = 0.655 €/m3, then SELL is 1.8% below current level of 

leakage, equating to a water saving of 12.6 hm3/year, 
 

MCoWIWRM = 0.25 €/m3, MCoW = 0.755 €/m3, then SELL is 2.0% below current level of 

leakage, equating to a water saving of 14 hm3/year 
 
Confirming the need to include resource and environmental costs in the cost structure for water. 
 
However, Water services providers (WSPs), are only one group of a number of water users within 
a river basin district and are dependent upon the Water Managers within that basin to prepare a 
River Basin Management Plan in accordance with the requirements of the WFD to achieve the 
objectives of the WFD, where abstraction constraints are imposed and water use fees are charged 
(either directly or indirectly) and include the costs associated with the management of water 
resources to achieve good water status under the EC Water Framework Directive (including 
sustainable abstractions).   

 
� The impact of a reduction in per capita consumption versus a reduction in the level of leakage 

within the water supply system in the CAM region 

 
In this case study the WSP has already invested heavily to reduce water losses and incorporating 
the environmental and resource costs into the cost of water would economically justify the WSP 
putting addition effort to further reduce losses by 1.5-2.0% of system input volume, equating to an 
annual water saving of between 10 and 14 hm3, however this is very small when compared to the 
potential water saving that could be generated as a result in a reduction in average per capita 
consumption from its current levels of 140 l/c/d to either 125 l/c/d or 115 l/c/d as shown in Tables 
4.1.4, 4.1.5 and 4.1.6 in section 4.1 above, with potential water savings of 35 - 80 hm3. 

 
� The impact of non-compliance with the UWWD on water resource efficiency 

 

The Autonomous Community of Madrid (CAM) is one of the wealthier urban areas in Europe in 
terms of GDP/capita however public water supply and urban wastewater services are (May 2013) 
not provided in compliance with the EC urban wastewater directive, and the current cost of these 
services to the public, averaging €1.60/m3, is low in comparison to other EC cities that provide 
these services in compliance with the UWWD. This current level of non-compliance with the 
UWWD with its associated low cost of service contributes to the higher per capita consumption of 
water resources. 

 
It would be reasonable to expect that if water and wastewater services were provided in 

accordance with the UWWD and the direct associated costs of providing those services 

(MC0WWSP ) were to be recovered from users then the per capita consumption would reduce. 

 
The Community of Madrid has and is benefiting from EU Funds to finance significant water 

supply and urban wastewater treatment investments that have effectively been subsidising that 

cost of water. This Case Study highlights the need to apply the principle of recovery of the costs of 

water services, including environmental and resource costs, as included in Article 9 of the WFD 

in order to promote the sustainable use of water resources in a cost effective way. 
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ANNEX 1: The Tagus-Segura transfer
18

 
 
The surface water resources transferred to the Segura River Basin, all have their source in the Cuenca 
Alta del Tajo (the Upper Tagus River Basin), and the quantities transferred are limited to a maximum 
of 600 hm3/year in a first phase, with an envisaged increase in a second phase up to a maximum of 
1,000 hm3/year. The transfer begins at the Bolarque reservoir, from where water is pumped to La 
Bujeda reservoir, which is used as an elevated reservoir (7 hm3) of the Altomira power station. From 
here it flows into the Alarcón reservoir, in the Júcar basin, and thereafter into the Talave reservoir in 
the Segura River Basin. The transfer aqueduct, with a hydraulic capacity of 33 m³/s, is able to transfer 
the maximum second phase flows.  
 

 

 

Tagus�Segura Transfer flows 1980�2009 Tagus�Segura Route 

 

The areas potentially irrigated by the water of the Tagus-Segura Transfer within the Segura Basin are 
shown below. 
 

Distribution Canals and areas of application for irrigation of the Tagus�Segura Transfer resources  

 

                                                             
18

 Source: Hydrological Plan of the Segura River Basin and River Policing Authority [Comisaría de Aguas]. 
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Abbreviations 

 

AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

CARL Current Annual Real Losses As related to the IWA NWR framework 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  

PRV Pressure Reducing Valves   
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SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study: EPAL 

 



3 

 

1. Introduction 
 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves the City of Lisbon. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates. 
 
In addition to the analysis of the water distribution network and its operator (the water services 
provider, EPAL), the availability and management of water resources in  Portugal’s Tagus River 

Basin District and the specific water bodies from which the WSP abstracts its water resources are 
analysed and assessed in order to provide context and to assign value to the raw water resource prior 
to abstraction (MCoWIWRM), to be used in the calculation of the Sustainable Economic Level of 
Leakage as described in the text box below.  
 

 
Method selected to assess the economic efficiency of the public water distribution network 

  
� The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  
 
 

� The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
� The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 

 

                                                             
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers can determine the optimal mix of 

interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective water 
management objectives. 
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2. The Study Area 
 
2.1. The City of Lisbon  
 
Lisbon is the capital city and the largest city of Portugal with a population of 547,631 with an 
administrative area of 84.8 km2; however the urban area of Lisbon extends beyond the City’s 
administrative limits forming the Lisbon Metropolitan Area with an area of 958 km2 and a resident 
population of just over 3 million. Lisbon is located on the Atlantic coast at the month of the Tagus 
River. 
 

 
2.2. Portugal’s Tagus River Basin District  
 
From a water resource management perspective, Lisbon is located within Portugal’s Tagus River 
Basin District Basin District which one of the 5 River Basin Administrative Areas in Portugal and 
with an area of 28,077 km2 accounts for 31% of the country by area and with a population of 
3,485,816 represents 35% of Portugal’s population. 
 

 
Figure 2.1. Map of Portugal’s Tagus River Basin District Basin District 
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3. Calculation of the MCoWIWRM 
 
3.1.      The Legal & Regulatory Arrangements for Water Management in Portugal 
 
3.1.1 Legal Framework 
 
The EU Water Framework Directive was transposed into Portuguese law in December 2005 through 
the adoption of Law 58/2005, commonly referred to as the Water Law.  The law provides a legal 
framework for the management of surface waters, including inland waters, transitional and coastal 
waters, and ground waters.  Its defined objectives are to: 
 

• Prevent further deterioration and protect and enhance the status of aquatic ecosystems, as well as 
terrestrial ecosystems and wetlands dependent on aquatic ecosystems in relation to their water 
needs; 

• Promote sustainable water use based on the long-term protection of available water resources; 

• Increase the protection of the aquatic environment through specific measures for the progressive 
reduction and cessation or phasing out of discharges, emissions and losses of priority substances; 

• Ensure the progressive reduction of groundwater pollution and prevent its further degradation; 

• Mitigate the effects of floods and droughts; 

• Ensure the provision of sufficient water, surface and groundwater, of good quality as required for 
a sustainable, balanced and equitable water use. 

 
3.1.2 Institutional Framework 
 
The Water Law also established a new institutional model for water resources management in 
Portugal, based upon five River Basin District Administrations (North, Centre, Tagus, Alentejo and 
Algarve) and a National Water Authority, as shown in Figure 3.1.  Together, these bodies provide 
advisory services to the Ministry.  More specifically, since 2008 the RBDAs have been responsible 
for water resources management at a river basin level, in particular for planning, licensing, 
infrastructure management, surveillance, monitoring and information/communication activities. 
 

 
Figure 3.1 –Institutional model for water resources management in Portugal (Source: Tejo RBMP, 2011) 

 
In addition to these competent authorities, there are other organizations with specific and 
complementary functions such as the Portuguese Environmental Agency, the Nature Conservation 
and Biodiversity Institute, the Coordination and Regional Development Commissions and the 
Municipalities. 
 
In terms of bilateral cooperation in the field of transboundary river basins, significant steps were also 
taken which culminated in the signing of the Convention for the Protection and Sustainable Use of 
Water in the Shared River Basins of Portugal and Spain (the Albufeira Convention) in 1998, and its 
entry into force in 2000. 
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The Convention is not basin-specific but deals with all basins, and regulates the sharing of water and 
the protection of its quality.  No operational secretariat exists, but co-operation is stimulated by 
regulating information exchange and consultation mechanisms.  There is a bilateral Committee for the 
Application and Development of the Convention (CADC) which is coordinated by both ministries for 
foreign affairs and integrates the technical support from the ministries for environment.  The CADC 
acts as a working group of the superior body, the Ministerial Conference.  One distinct characteristic 
of the Convention is that the operational structure for water-quantity management (water sharing, 
flood warning) is much more developed than that for water-quality management. 
 
3.1.3 Water and Wastewater Services 

 
The Water and Sanitation Regulatory Agency (ERSAR) was created in 1997 and provides for the 
economic regulation of water and wastewater service providers, as well as regulation of service 
quality and water quality.   Operational responsibility is shared between 308 municipalities; private 
companies; and the multi-municipal national, public holding company, Aguas de Portugal (AdP) and 
state-owned commercial companies such as EPAL in Lisbon (Figure 3.2). 
 

 
Figure 3.2: Geographical Distribution of Water Service Providers 

 
3.2.      Overview of Portugal’s Tagus Basin and its Water Management Issues 
 
The Tagus River is the longest river on the Iberian Peninsula, at 1,038 km.  The source is the Fuente 
de García, in the Montes Universales, Sistema Ibérico, Sierra de Albarracín Comarca.  Flowing east-
west from Spain into Portugal, it empties into the Atlantic Ocean near Lisbon.  The total basin area is 
80,100 km2 of which 35% (28,077 km2) is located on Portuguese territory and 65% in Spain. 
 
There are approximately 9 million inhabitants in the basin as a whole, which includes the populations 

of both Madrid and Lisbon.  Of the 3,485,816 inhabitants of the Portuguese portion of the Basin 

approximately 87% (3.05 million) are concentrated in the Lisbon Metropolitan Area where parts of 

the Portuguese Tagus Basin are scarcely populated/ 

 

The Tagus is highly utilized for most of its course.  Several dams and diversions supply drinking 

water to most of central Spain, including Madrid, and Portugal, while dozens of hydroelectric stations 

create power.  In addition, part of the flow in Spain is diverted to the Segura basin, supplying 1.5 

million people with drinking water. 
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The Tagus basin in Portugal comprises 23 sub-basins, three of which are transboundary: the Tejo 
Superior, Erges and Sever (Figure 3.3). 
 

 
Figure 3.3:Tagus Sub-Basins in Portugal 

 
The development of dams and reservoirs in the Tagus basin has been on-going for several decades 

(see Figure 3.4).   There are now six dams with a capacity of more than 1,000 million m3; four are 

located in Portugal and two in Spain.  The largest dam in the basin is at Alcantara in Spain, just 

upstream of the border between the two countries.   

 

 
Figure 3.4: Increased Reservoir Storage in the Tejo Basin in Recent Decades 

 

Other significant pressures on water resources (in terms of both quantity and quality) come from 
sediment and nutrient runoff related to widespread agricultural land-use, and also urban runoff and 
untreated agro-processing and other industrial wastes.  In addition, the 2011 river basin plan also 
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identified transboundary inflows from Spain as a significant water management issue for the basin in 
Portugal2. 
  
As a result of these pressures, the water quality assessment carried out for the most recent 2011 river 
basin plan in Portugal identified approximately 46% of groundwater and 32% of surface water bodies 
as being classed as moderate or worse.  In particular, there appears to be fairly widespread nutrient (in 
particular phosphorus) pollution throughout the basin, and significant eutrophication problems in a 
large number of the reservoirs.  An earlier (1999) basin plan classified some 32% of reservoirs as 
hyper-eutrophic, 46% as eutrophic, and 22% as meso-trophic. 
 
3.3. The Water Bodies supplying the City of Lisbon with Water Resources and receiving 

Lisbon’s wastewater discharges 
 
The raw water abstraction by EPAL to service both the City of Lisbon and its surrounding 
municipalities is approximately 160 hm3 / year (440,000m³/d), and is obtained from 2 sources: 
 

 
Figure 3.5: Map showing EPAL’s Raw Water Resources relative to the City of Lisbon 

 
1. The "Castelo do Bode" reservoir, on the Zezere River, just upstream of its confluence with 

the River Tagus and approximately 65 km north-east of Lisbon; where waters from the Zezere 
River provide approximately 80% of the City’s drinking water resources. These waters from 
the Zezere, impounded in the"Castelo do Bode" reservoir must be treated prior to distribution 
and are treated at the Asseiceira Water Treatment Plant adjacent to the dam (which has an 

                                                             
2
 Detailed regulations for minimum flows in the Tejo are part of the Additional Protocol to the (Albufeira) Convention.  This stipulates a 

minimum annual flow at the Spain/Portugal border of 2700 hm3, with derogation in case of a dry year (precipitation from October to March 
<60% than the average of the wet semester, or <70% if annual rainfall in the previous year is <80% than the average). 
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installed capacity of 625,000m³/d), after which the waters gravitate to Lisbon via the 65km 
long Castelo do Bode water transfer line (with a diameter varying from 1.5 - 2.5m) and a 
transfer capacity of up to 500,000 m³/d. 

2. Direct abstraction from the “Tagus River Water at Valada”, located approximately 30 km on 
the Tagus upstream from Lisbon. At Valada water is abstracted directly from the Tagus and 
treated at the Vale da Petra Water Treatment Plant which has an installed treatment capacity 
of 240,000m³/d. After treatment, waters from Valada must be pumped via the transport and 
distribution system to customers. 

 
3.3.1.     Water Management Issues Specific to the Zezere Sub-basin  
 
The Castelo do Bode Dam was completed in 1951, with a dam height of 115 m and a storage capacity 
of 1095 million m3, for the mixed purpose of hydropower generation and security of drinking water 
supplies for Lisbon. 
 

 
Figure 3.6: Picture of the "Castelo do Bode" Dam on the Zezere River 

 
The construction of the dam secured water supplies to Lisbon but also had significantly altered the 
flow regime of the Zezere River as shown in Figure 3.7 below. 
 

 
Figure 3.7 Flow distribution curve - Castelo de Bode 
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Figure 3.8 shows that, like many of the right-bank tributaries in the northern reaches of the Tagus 
basin in Portugal, the water quality status of the Zezere basin is relatively good.  However, in 
common with many of the more rural sub-basins, the available monitoring data show elevated 
phosphorus levels (on occasion exceeding target values for good quality status) at various points 
throughout the basin that appear to correlate to flow/sediment levels, i.e. the main cause is likely to be 
diffuse erosion/runoff from agricultural fields. In addition, coliform levels also appear to correlate to 
flow in some of the more intensively farmed areas in the upper reaches of the sub-basin, indicating a 
potential diffuse livestock pollution issue. 
 

 
Figure 3.8  Water Status Classification by Sub-Basin (Tejo River Basin Plan, 2011) 

 
All of Lisbon’s wastewaters are discharged fully treated into the Tagus Estuary. 
 
3.2.2. The Tagus River and the Management of its Water Resources in Portugal  
 
Water Management Issues 
 
The primary pressures that remains unaddressed in Portugal’s Tagus Basin that impact the chemical 
status or water quality of its water is non-point source pollution. The negative impacts are the levels 
of nutrients and the eutrophication of freshwater reservoirs. 
 
In addition, the Tagus River is highly regulated and its flow regime has departed significantly from 
natural (and can be seen both in Figure 3.6 above and Figure 3.8 below) adversely impacting the 
ecological status of its waters. 
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Figure 3.8: Flow distribution curve - River Tajo at Alcantara 

 
Flooding has been a frequent historical issue in the Portuguese Tagus Basin in particular downstream 
of Alcantara at the border with Spain, and whilst the regulation of river flows at Alcantara has helped 
manage flood waters some areas are still prone to flood. Most notably, given the construction of dams 
(as shown in Figure 3.4) in the period between 1945 and 1980, primarily for hydropower production, 
Portugal’ Tagus waters are highly regulated and flows depart significantly from natural. 
 
The water management challenges of the Tagus are not related to insufficient quantity to meet 

socio-economic needs but are principally related to the conflicting needs for river regulation for 

flood protection and hydropower generation on one hand, and the desire to achieve high ecological 
status on the other wherein the ecological objective is to‘re-naturalize’ the river. 
 
3.3. Water User Charges & Overall level of Cost Recovery in the Basin 
 

Portugal does not charge water abstraction fees or levies to fund the cost of the integrated 
management of its water resources. While prior to 2008 a very small user fee was charged, it was 
suspended with the onset of the financial crisis and is no longer charged. 
 
3.4. Overall Assessment of the MCoWIWRM 
 
In the water supply and wastewater services sector user tariff do generally cover the operating cost of 
service provision, but where a lot of the investment cost to bring the services of water and wastewater 
services to EC DWD and UWWD levels was funded by EC Cohesion Funds. For the regional 
companies water tariffs vary between 0.31 - 0.55€/m3 and sewer tariffs vary between 0.33 - 0.54€/m3 
which is clearly unsustainable. The coastal urban regions show greater cost recovery ratios than the 
inland regions, especially regarding the Northeast region where the costs are higher and revenues are 
lower. A decree defining the water and sanitation tariff policy is being finalized in 2007.  In 2010 the 
government was planning to set up a national tariff solidary/equalization fund to cross-subsidize water 
and wastewater utilities in the poorer inland regions with revenues from the wealthier coastal regions 
however this has not yet been implemented. 
 
The cost of measures necessary to comply with the requirements of the EC WFD were not quantified 
in the Tagus Basin Plan and by extension no financing plan or mechanism was identified by which the 
funds to cover these costs could be met. Specific to this Case Study for Portugal’s Tagus Basin, as 
separate assignment was carried out under which the investment needs for compliance with the WFD 
were outlined together with an estimate of costs. Based on this the MCoWIWRM in Portugal’s Tagus 
Basin is estimated as 0.20 €/m

3 
(refer to Tagus Pilot Study). 
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4. Calculation of the MCoW, MCoLC and SELL 
 
4.1. Overview of the City of Lisbon’s Water Infrastructure & Services 
 
4.1.1. Sales Volumes, Tariffs & Revenues 
 
EPAL provides water supply to a population of 2.5 million inhabitants of the City of Lisbon and 34 of 
its surrounding municipalities together with its commercial and public entities, totalling 210 hm3 

(billed) in 2011 of which 101 hm3 was billed to the City of Lisbon – the remaining 109 hm3 billed to 
the surrounding municipalities via bulk supply agreements (as shown in Figure 4.1). Almost 85% of 
total water consumption to the City of Lisbon is by households with an average per capita 
consumption of 138 l/c/d 
 
 

 
Figure 4.1. EPAL Water Sales – Direct versus Bulk - 2011 

 
 
The structure of the water supply tariff is a simple water consumption based fee and table 4.1.1 below 
shows the 2011 water tariff structure and levels.  
 
Table 4.1.1: Water Tariffs:  2011 – EPAL Lisbon 

Tariff  (Consumption Based) 

 

Water Supply (Direct) €1.20/m3 (including VAT) 

Water Supply  (Bulk) €0.79/m3 (including VAT) 

 
4.1.2. Annual Household Expenditure on Water Services & Affordability 
 
A typical Lisbon household (with an average household size of 1.83 persons) will pay approximately 
€92.18 / year for water supply plus €104.06 / year for wastewater services, provided by others; 
totalling €196.24 / year 
 

Table 4.1.3: Water & Wastewater Services & Public Affordability 

Annual Average Household Water Supply, Wastewater & Stormwater Costs €196.24 / year 
Average Household Expenditure per year3 €7,808 / year 

Lisbon’s Water & Wastewater Bills as a % of Average Household Expenditure 2.51% 

 
This means that the average water and wastewater bill in Lisbon accounts for 2.51% of Average 
Household Expenditure. 
 
 
 

 

                                                             
3
 Instituto Nacional de Estatistica Portugal NUTSII  

Water sales , 

101Water sales , 

109

Water sales - EPAL 2011 (hm3)

Water Sales - Lisbon
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4.1.3. Projected Water Demand  
 
The City of Lisbon’s per capita water consumption as mentioned is 138 l/c/d which is reasonable but 
could reduce further.  
 
On a longer term planning horizon the published Eurostat Statistics in Focus projections4 indicate a 
projected increase in the population of the Lisbon Region from its 2010 level of 2.845 million to a 
2030 level of 3.019 million, equating to a population increase of 5.8% by 2030. If this rate of 
population growth projection were applied to the City of Lisbon and its demand for water it would 
equate to an estimated increased demand for raw water resources of 9.0 hm3 which would be a 
problem to either EPAL’s current water infrastructure of to the sustainable use of the raw water 
resources.  
 
4.2. The Physical Water Abstraction, Treatment and Distribution Systems 
 
4.2.1. The water abstraction, treatment and distribution system that serves the City of Lisbon  
 
The water abstraction, treatment and distribution system that serves the City of Lisbon includes: 
 
Raw water resources: 2 sources: 

 

• The "Castelo do Bode" reservoir, on the Zezere River, and, 

• Direct abstraction from the “Tagus River Water at Valada” 
 

Water Treatment Facilities: 2 water treatment plants + booster chlorination stations 

• Asseiceira Water Treatment Plant adjacent to the "Castelo do Bode" with an installed 
capacity of 625,000m³/d, a conventional coagulation/filtration WTP following by gas 
chlorination 

• Vale da Petra Water Treatment Plant which has an installed treatment capacity of 
240,000m³/d, a conventional coagulation/filtration WTP following by gas chlorination 

• 25 booster Chlorination Stations, distributed throughout the EPAL Service Area 

 

Water Service Reservoirs: 42 no. with total capacity of 420,000 m3  
 

Water Distribution Network Mains and Customer Connections: 

 

� 710 km of trunk transfer mains, 
� 1430 km of distribution mains (within the City of Lisbon) 
� 350,500 water service customer connections (all metered) 

 
Fundamental System Design:  
 
The fundamental system design principles that have driven the design and current operation of the 
water supply and distribution system are: 
 

� The Castelo do Bode water resources are located at an altitude that is approximately 150 
metres above Lisbon city centre, hence can gravitate to consumers without the need for 
pumping, 

� Manage/regulate pressure, and reduce losses to reduce the need to supplement Castelo do 
Bode water resources with the supplemental resources from direct abstraction from the Tagus 
which have a much higher operating cost. 
 

                                                             
4
 Eurostat Statistics in Focus - 1/2010 - http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-SF-10-

001/EN/KS-SF-10-001-EN.PDF, Table 3: Regional Population PT17 Lisboa 
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Figure 4.3. EPAL Water Distribution Network within the City of Lisbon 

 

4.2.2 The City of Lisbon’s urban wastewater/stormwater collection & treatment system 
 
The Alcântara WWTP treats Lisbon’s urban wastewaters, and includes conventional primary and 
secondary (biological) treatment with disinfection. Its installed treatment capacity is for a peak 
discharge of 3.3m3/s in dry periods (biological treatment) and 6.6m3/s (physicochemical treatment).  
 
It serves a population of 725,000 residents and was just completed in 2011 at a cost of €77 million, to 
which the European Union Cohesion Fund contributed approximately €10 million. 
 

The main design characteristic of the wastewater/stormwater system is that it is a combined 

wastewater / stormwater system. 
 
The sewerage system includes: 

� 3,129 km of sewerage/drainage network,  
� stormwater detention tanks with a capacity of 400,000 m3 for intermediate storage of 

wastewater during heavy rain, and, 
� 115 pumping stations. 
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4.3. Leakage Control in the Water Distribution Network 
 
4.3.1. Calculation of 2011 level of system losses 

 
System losses in 2011 are calculated using the IWA Water Balance Framework and shown in Figure 
4.3 below. 
 
Figure 4.3: (a) IWA Water Balance Framework: EPAL (Complete System: City of Lisbon + Bulk) 2011 

System  
Input  
Volume 
(234.505 hm

3
) 

Authorised 
Consumption 
(211.608 hm

3
) 

Billed 
Authorised 
Consumption 

(210.286 hm
3
) 

Billed Metered Consumption 
(207.237 hm

3
) Revenue Water 

(210.286 hm3) Billed Unmetered Consumption  
(2.958) 

Unbilled 
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Consumption 
(1.322 hm3) 

Unbilled Metered Consumption 
(0.358) 

Non-Revenue 
Water 
(24.219 hm

3
) 

 
Or 10.32% of 

system input 

volume 

Unbilled Unmetered Consumption 
(0.964 hm

3
 – Fire-fighting / 

Flushing / WQ Analysis) 

Water Losses 
(22.898 m

3
) 

 
 

Apparent 
Losses 
(2.085 hm

3
) 

Unauthorised Consumption  
(0.040) 

Customer Meter Inaccuracies 
(2.045) 

Real Losses 
(20.811 hm

3
) 

Or  

8.87% of SIV 

(does not 

include 

additional 

distribution 

losses after 

bulk supply) 

Leakage on 
Transmission & 
Distribution Mains 

16.787 hm
3
 

Leakage on Service 
Connections up to 
the point of 
Customer Meter 

1.076 hm
3 

Leakage and 
Overflows at 
Storage Tanks  

2.947 hm
3 

 

Figure 4.3: (b) IWA Water Balance Framework: EPAL (City of Lisbon - Distribution) 2011 
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3 

 
The total water abstracted (System Input Volumes – SIV) in 2011 was: 234 hm3, and total invoiced 
water sales (Billed Authorized Consumption) was 210 hm3, which equates to 24.2 hm3 or 10.32% in 
Non-Revenue Water.  
 
Unbilled Authorized Consumption for the system in 2011 was made up of: 

� Localised flushing of mains / WQ / hydrants /internal operations = 1.322 hm3  
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Therefore: 
‘Water Losses’ for 2011 = 22.898 hm3 or 9.76% of System Input Volume 

 
‘Apparent losses’ in the system is limited to ‘Customer Meter Inaccuracies’ and a very small volume 
of unauthorised abstraction. Therefore: 

 
‘Real Losses’ for 2011 = 20.811 hm

3 or 8.87% of System Input Volume 
 
4.3.2. The WSP LCP of Measures for the Reduction of Network Losses 

  
The WSP has adopted a mix of measures in order to reduce network losses. These measures include 
the standard mix of: Active Leakage Control (ALC), Pressure management; and Asset Renewals. 
 
Asset Renewals (AR), Pressure management (PM) & Active Leakage Control (ALC): 

 
As water gravitates from its mountain sources to the City its pressure and distribution are managed 
within five different pressure zones, supporting by 150 DMA zones, utilizing 41 main service 
reservoirs.  Pressure in the distribution lines is regulated to maintain it between 4 – 6 bars.   
 
Asset renewals can vary widely from year-to-year and EPAL invested very heavy since 2002 in AR, 
having renewed over 25% of its total distribution lines between 2002 and 2010.  
 
4.4. Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
Given that in the service area there is not a security-of- supply issue, there will not be any future 
supply and demand management options required over the planning period. Hence the MCoWWSP is 
the incremental cost of water abstracted and distributed by the WSP, based on variable system 
operating costs where that variable system operating cost is 0.1201 €/m3 
 
Therefore, MCoWWSP is 0.1201 €/m

3
,  

 
And, MCoW = MCoWIWRM + MCoWWSP  

Therefore, MCoW = MCoWIWRM (0.23 €/m
3 
+ MCoWWSP (0.12 €/m

3
) = 0.35 €/m

3 
 
4.5. Calculation of the MCoLC 
 
Lisbon WSP has already made major investments into water loss reduction wherein all of the basic 
measures for pressure management and active leakage control have all been implemented and have 
resulted in the current distribution network water loss of 11%.  As asset renewal levels are already 
quite high the options for further leakage control are limited to further ALC measures for which the 
Marginal Cost of Leakage Control has been calculated and is summarized in Table 4.5.1 below 
together with the annualized cost: 
 
Table 4.5.1:  Leakage Control Options, Benefit / Yields, and Unit Costs 

Option Benefit  / Yield Annualised 
Cost 

(€Million) 

Marginal 
Cost 

(€M/Mm3) 

Additional Active Leakage Control 
(ACL) 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 
+5.0 Mm3 / year saving in water loss 

 
 
+1.0 Mm3 / year saving in water loss 
+2.0 Mm3 / year saving in water loss 
+3.0 Mm3 / year saving in water loss 
+4.0 Mm3 / year saving in water loss 
+5.0 Mm3 / year saving in water loss 

 
 

0.71 
1.58 
2.64 
3.92 
5.5 

 
 

0.71 
0.79 
0.88 
0.98 
1.10 
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+10 Mm3 / year saving in water loss +10 Mm3 / year saving in water loss 19.0 1.90 

 
4.6. Calculation of the Sustainable Level of Economic Leakage (SELL) 
 
As discussed in Section 1, the Sustainable Economic Level of Leakage (SELL) is the measure that 
has been selected to assess the economic efficiency of the WSP.  The SELL is the level of leakage in 
the public water distribution network at which the marginal cost of leakage control (MCoLC) for the 
WSP equals the marginal cost of water (MCoW). 
 

 
SIV (hm

3
) 230 234.5 235 240 245 250 255 

Real Losses as % of SIV 7.8% 8.9% 

Current 

9.1% 11% 12.8% 14.5% 16.2% 

 

The SELL occurs when the MCoW = MCoLC = 0.35 €/m3, which as indicated in Figure 4.6 above is 
15% of System Input Volume. This means that the current levels of real losses of  9% of SIV are 
lower than the calculated SELL.  
 
This is not surprising given that Lisbon invested heavily in the last 10 years where since 2002 it has 
replaced more than 25% of its distribution network and has formed 150 DMAs and has been working 
intensively for the last 6 years to reduce system losses.   
 

5. Results & Conclusions of the Case Study 
 
The Lisbon WSP, like Munich is an example of a public WSP operating in a Basin with were no 
water user or abstraction fees are applied (i.e. no external cost of water) and in a Portuguese 
regulatory context has benefited significantly from having direct access to its own water resources 
without the existence of an intermediary bulk service provider where bulk service charges for water in 
Portugal can range from 0.20 to 0.63€. Its internal operating costs are low to moderate as it has access 
to an average mix of raw surface water resources (which do require full treatment), it has average 
energy inputs in that most (Castelo do Bode) of its water resources gravitate towards the City from 
above - off-set by the hilly topography of the distribution service area, and it has economies of scale 
and density – i.e. the units of infrastructure assets / customer connection are low – hence one would 
expect a relatively high level of leakage. However its actual level of leakage is very low at 9% (albeit 
that this figure does not include the losses in the distribution of networks on the bulk service side). 
This is still low when compared with the calculated SELL of 15% that included an estimated 
MCoWIWRM of 0.23 €/m3. Given its specific context as mentioned above, it would be reasonable to 
expect a much higher SELL than 15%, however the specific cost of leakage control is also low for 2 
reasons: i. an underlying efficient distribution system design, installed to relatively high standards 

(i.e. longer asset life), and ii. a very effective leakage reduction and network maintenance workforce – 
hence the lower SELL. 
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Abbreviations 

 

AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

CARL Current Annual Real Losses As related to the IWA NWR framework 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  

PRV Pressure Reducing Valves   
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SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study: S.C. AQUATIM S.A. 
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1. Introduction 
 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves Timiş County in western Romania. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates. 
 
In addition to the analysis of the water distribution network and its operator ‘S.C. AQUATIM S.A.’ - 
the water services provider (WSP), the availability and management of water resources in the ‘SH 
Banat Basin’ and the specific water bodies from which the WSP abstracts its water resources are 
analysed and assessed in order to provide context and to assign value to the raw water resource prior 
to abstraction (MCoWIWRM), to be used in the calculation of the Sustainable Economic Level of 
Leakage as described in the text box below.  
 

 
Method selected to assess the economic efficiency of the public water distribution network 

  
� The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  
 
 

� The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
� The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 

 

                                                             
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers can determine the optimal mix of 

interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective water 
management objectives. 
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2. The Study Area 
 
2.1. The Service Area of the Water Service Provider ‘S.C. AQUATIM S.A.’ 
 
Timiş County is the largest county in Romania by area and is located in western Romania on the 
southeast edge of the Banat plain. It has a total population of 649,777, covers 8,696.6 km2 and within 
the County its local government administrative units include: 

• 2 municipalities  
o The City of Timişoara - the seat of the County with a population of 303,708; and as of 

2011 is Romania’s third most populous city, and, 
o Lugoj Municipality – with a population of 37,321.  

• 8 towns,  

• 89 communes and 313 villages.  
 
S.C. AQUATIM S.A. is the regional public water and sewerage service provider in Timiş County, 
providing water and sewerage services to the City of Timişoara, all 8 towns, 23 communes and 33 
villages, with a total service population of approximately 460,000 (or 71% of the County’s 
population). Water and sewerage services to Lugoj and the remaining villages are provided by others. 
 
2.2. The Banat Watershed Area (Bazinul Hidrografic Banat) B.H. Banat - Romania 
 
The ‘Banat’ is located within the Danube River Basin and was a historical region in Central Europe 
with Timișoara as its capital. It forms the south-eastern part of the Pannonian Basin, bordered by the 
River Danube to the south, the River Tisa to the west, the River Mureș to the north, and the Southern 
Carpathian Mountains to the east.  
 

 
Figure 2.1 – Location of Timisoara and the Study Area 

 
Timiş County (the Study Area) is crossed by many rivers, the most important are the Bega River and 
the Timiş River and despite its name, as the result of river training/diversion and canal projects 
undertaken in the 18th century, the City of Timisoara no longer lies on the Timiș River but now lies 
on the Bega Canal. From a water resource management perspective, Timiş County is wholly located 
in Romania’s ‘Banat Basin Management Area (B.H. Banat Basin)’, one of the 11 major river sub-
basins in Romania and, in terms of water management is administered by the Banat Basin 
Administrative Branch of the National Administration of Romanian Waters (NARW).  
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3. Calculation of the MCoWIWRM 
 
3.1. The Legal & Regulatory Arrangements for Water Management in Romania 
 
Romania’s main law on water is the Water Law No. 107/1996, enacted in 1996 and (with its 
amendments) remains the centrepiece of water legislation in Romania.   
 
Specific to the management of water resources the next must significant piece of legislation is 
Emergency Ordinance No. 107/2002, setting up the national body for the administration of waters 
(‘National Administration of Romanian Waters’, hereinafter referred to as ‘Romanian Waters’), where 
this Emergency Ordinance was subsequently confirmed by Law 404/2003 on the establishment of the 
National Administration of Romanian Waters in 2003. 
 
Emergency Ordinance No. 107/2002 and Law 404/2003 established Romanian Waters as an 
autonomous legal public entity under the Ministry of Environment & Forests, and give it the main 
tasks of: 

a. The implementation of national policy and strategy for the quantitative and qualitative 
management of water resources and the implementation of the national programme of 
legislation for its harmonization with EU directives in the field of the sustainable management 
of water resources; 

b. The management and operation of national public water infrastructure systems; and, 
c. The management and use of surface and ground water resources within their natural potential 

and the development of the national body of knowledge for the water industry. 
 
Emergency Ordinance No. 107/2002 and Law 404/2003 also established the economic mechanisms 
by which Romanian Waters would be self-financing, applying the principles of the user and polluter 
of waters pay. Water user fees and fees for the discharge of pollutants to waters were established 
(refer to Annex 1) and are used to fund Romanian Waters activities. In addition penalties are imposed 
upon water polluters that exceed the permissible discharge criteria of their licenses that are directed to 
the Water Fund which in turn is used to fund water management measures. 
 
Romanian Waters organizational structure includes 11 Basin Management Diectorates, responsible for 
the management of Romania’s 11 watershed areas (sub-basins), and within the context of the EC 
Water Framework Directive, a Basin Management Plan was prepared and adapted in law for each of 
the 11 basin areas and thereafter a synthesis of these 11 individual Basin Management Plans was 
completed to form one National Water Management Plan (adopted in 2011). 
 

 
Figure 3.1: Map of Romania’s 11 Water Management Administrative Areas (with Banat Basin Highlighted) 
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3.2. General Overview of the Banat Basin  
 
The Banat Basin is bordered by Serbia to the west and Hungary to the Northwest. It covers an area of 
18,320 km2 which is approximatley 7.7% of Romania and includes the seven smaller river catchment 
areas areas of: Aranaca, Bega, Timis, Caras, Nera, Cerna, and Danube (littoral areas), all sub-basins 
of the Danube river (see Figure 3.5 below).  
 

 
Figure 3.2: Overview of Banat region including the Timiş river and the Danube river 

  

Figure 3.3: Topographical Map of the Banat Basin Figure 3.4: Land Use Map of the Banat Basin 
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The 2 counties of Timiş and Caraş-Severen together account for 92.7% of the Banat Basin by area and 
97% by population wherein Timiş County alone represents 46.9% of the Basin by area and 65% by 
population. Timis County has a population of 649,777 and Caraş-Severen 274,277. 
 
Of the 7 sub-basins, the Timiş River and the Bega River sub-basins are the 2 largest. The Timiş has a 
length of approximately 240 km and covers an area of approximately 5,673 km2 where the upper 
reaches of the Timiş River are generally steep flowing for approximately 120 km through 
mountainous area and the lower reaches of the river from the City of Lugoj to the Serbian border are 
flat and low-lying in character.  
 
The Bega River is 254 km, of which 178 km is in Romania and 76 km in Serbia. It rises in the Poiana 
Ruscă mountains to the northeast of Timisoara, part of the Carpathian Mountains, and it flows into the 
Tisa in Serbia and thereafter into the Danube. 
 

 
Figure 3.5: Map of the General BANAT Area (showing the sub-basin areas of the Bega & Timis Rivers) 

 
In terms of land use within the Banat Basin, there is a clear difference in land use related to 
topography. In the Aranca, Bega and the lower Timis sub-basins arable land accounts for 
approximately 75% of the surface area, and irrigation and drainage is a dominating issue in these 
areas. This is also predominately the area of Timis County (the Study Area), and water resources 

used by Aquatim, the WSP, for public water supply are taken from both the Bega River and from 

local ground waters. 
 
Forestry accounts for over 70% of their surface area of the Caras, Nera and Cerna sub-basins due to 
its steep topography and low population density, 
 
From a climate perspective, the Banat Basin area has a temperate continental climate with 
Mediterranean influences with relatively high average annual rainfall ranging from 600-1400 mm / 

year. 
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The total water resources of the Banat Basin are: 1,118 MCM, of which 608 MCM are surface water 
(naturally occurring: 313 MCM) and 510 MCM of ground water resources. The Basin has a total 
storage capacity of 290 MCM. 
 
3.2. Water Management in the Banat Basin 
 
3.2.1. Water Management Challenges in the Banat Water Basin  
 
Floods  
The lower Timiş River basin is the most flood-prone area in Banat region (as shown in Figure 3.6 
below). This zone used to consist mostly of swamps and marshes, however in the 18th century civil 
engineering works were constructed to provide drainage, flood protection and facilitate inland 
waterway navigation. Later, in the 1970s, another series of major civil engineering works were 
constructed consisting mostly of dikes, reservoirs and polders to retain waters for flood control. 
 

 
Figure 3.6: Flood Risk Map for the Banat Basin 
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In recent history the Timis has had 5 serious flood events (in 1966, 1999, 2000, 2005 and 2006). The 
flood of 1999 (caused by a combination of snowmelt and heavy rainfall) and the flood of 2006 (due 
solely to heavy rainfall) both had a return period of 20 years (occurrence of 5%) but the floods of 
2000 and 2005 were more severe and caused major flooding both in Romania and Serbia.  
 
The 2000 flood is calculated to have had a return period of approximately 100 years (occurrence of 
1%) and was caused by a combination of snowmelt, saturated soils and heavy rainfall. The flood 
surge breached two dikes (one around Lugoj and one near the Serbian border) which were 
subsequently strengthened. However in 2005, very heavy rains in combination with saturated soils 
caused a series of five dike breaches where water levels did not drop for almost three weeks causing 
extensive flooding across Timis County (as shown in Figure 3.7 below) with an area of 30,000 ha 
flooded for a period of three months. 
 

 
Figure 3.7:2005 Floods within the Timis County Borders 

 
Agriculture, Irrigation & Drainage in Timiş County 
 
The total area of Timiş County is 869,665 hectares, of which 80.4% (699,470 hectares) is agricultural 
land. The remaining non-agricultural areas are: forestry (12.5%) or 109,059 hectares; urbanized areas 
(2.7%) or 23,312 hectares, and 37,824 hectares or 4.4% for other uses (i.e. water courses, roads, rail 
etc.) 
 
Of Timiş County’s 699,470 hectares of agricultural lands: 
 

- 530,781 hectares (76%) are used for crops (cereals, legumes, oil plants, potatoes, vegetables, 
fruit (watermelons and cantaloupes) and fodder; 

- 13,703 hectares (2%) are used for vineyards and orchards; and, 
- 154,986 hectares (22%) are used for livestock pastures and meadows (supporting in 2010: 

49,461 cattle, 729,284 pigs, 645,803 sheep, 22,552 goats, 9,732 horses, 133,818 poultry)  
 
According to the National Society for “Land Reclamation and Improvement”, Timiş County has 2 
types of irrigation arrangements (see Figure 7.8 below):  
 

- 15.870 hectares from which 9,745 hectares are large systems organised with user agreements, 
plus 6125 hectares with local arrangements, 
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- 100,000 hectares of irrigation and sub-irrigation effected by the flooding of parts of the 
surface drainage network (which covers 450,000 hectares – see below) during the growing 
period in periods of water deficit.  

The County’s surface drainage arrangements covers 450,000 hectares of from 2/3 require pumping 
and only 1/3 are gravitational; where the system was designed to evacuate excess surface water from 
agricultural areas in times of excess and to facilitate flood irrigation of part of this area in times of 
water deficit as described above.  
 

 
Figure 3.8: Irrigation & Drainage Arrangements in Timiş County 

 
Inland Waterway Transport 
 
The Bega Canal was built between 1728 and 1760, for the purposes of inland waterway transport and 
connects the City of Timisoara to the main waterway of the Danube-Tisa-Danube Canal System. 
 

 
Figure 3.9: Map of the Danube-Tisa-Danube (DTD) Canal & its link to Timisoara via the Bega Canal 
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The Bega Canal is 115 km in length, designed for barges of up to 700 tonnes and an annual transport 
capacity of with a capacity of 3,000,000 units, and flows through the centre of Timisoara. Its 
construction in the 18th century, together with the associated provide drainage and flood protection 
works, drained the original swamps and marshes of the area and changed the nature of the area to suit 
the socio-economic development uses for which are still used today. 
 
Water Scarcity 
 
The average annual air temperature of Timis County is 110C in the plains, and 10 0C, in the area of the 
Lipova hills to the north-east of the County, and ranges from a maximum temperature of +42 0C 
recorded in 1952 in Teremia Mare and in 2000 in Timişoara, and a minimum temperature of –39.9 0C, 
recorded in Lugoj in 1942. The average number of days per year where the temperature exceeds zero 
is 195 days in the west and 180 days to the east. Average precipitation increases gradually from west 
to east; from 600 mm/year to 700 mm/year. In addition, the county is covered with a river network 
(the Timis, Bega and Aranca Rivers) with waters flowing through it principally from the wetter 
Carpathian Mountains that flow to the Danube, and has large groundwater bodies underneath it. So in 
overall terms of assess to natural water resources the county is relatively well served, and given its 
location in the flat Banat flood plain of the Danube one would not expect water scarcity problems, but 
instead simply the problems of too much water as described the section above related to floods. 
  

Figure 3.10: Map of the Degree of Aridization for Timiş County according to De Martonne (DM)& Lang (L) 

for the period 1960 – 2000 

 
However, with a combination of the intensive drainage arrangements described above which have 
fallen into disrepair in the last 2 decades and are not optimally operated for the controlled drainage of 
waters, together with the civil engineering works put in place to evaluate waters from the area as 
quickly as possible in the event of heavy precipitation and/or river flows, together with the seasonal 
and inter-annual variation in natural precipitation; water scarcity has become a significant issue 
adversely impacting both agriculture (where increased irrigation is becoming a requirement) and the 
few remaining natural wetland areas in the County. 
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While climate change is popularly being blamed for this recent development, it is essentially a water 
management challenge wherein the establishment / or reestablishment of controlled drainage2 is a key 
component in the solution.   
 
The costs of irrigation works, in particular those of pumped irrigation systems are costly, and can be 
reduced by the practice of sub-irrigation with the help of controlled drainage. The areas where the 
irrigation and drainage works are already widespread are the most suitable areas for the application of 
controlled drainage which would result in increased efficiency in the level of water utilization and a 
reduction in nutrient run-off from agriculture. 
 
Note: There are provisions in Water Law requiring the development of 'restrictions programmes' in the event 

of droughts and these programmes have been developed for all river basins. These programmes are 

updated annually and each month Romanian Waters approves the operation regime of the principle 

reservoirs.  

 
3.2.2. The local Groundwater Body providing Timis County with Water Resources for Public 

Water Supply 
 

Figure 3.11: Map of Groundwater Body ROBA03under the Study Area 

 
As mentioned, the 2 raw water resources used by Aquatim, the WSP, for public water supply are: 
  

� Waters abstracted from the Bega River just to the north of the City of Timisoara, and, 
� From the local ground waters below the County, specifically from Groundwater Body 

ROBA03 as shown on Figure 3.11 above. 
 
The management issues and challenges of using this groundwater body for drinking water are: 

                                                             
2
 The drainage system is allowed to function at certain times or to maintain certain water table levels. If it were 

allowed to function continuously, excessive quantities of water would be lost. Such a system is therefore called 

a checked, or controlled, drainage system. More usually, however, the drainage system is meant to function as 

regularly as possible to prevent undue waterlogging at any time and one employs a regular drainage system. It 

generally has the addition benefit of reducing nitrogen runoff from agriculture as compared to conventional 

drainage systems, where agricultural land drains can frequently be a main source of nutrient run-off. 
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i. As indicated in the hydrological sections in Figure 3.12 the water body is unconfined and 
heavily influenced by the surrounding hydrology (resulting in wide variation in piezometric 
levels), and by its nature is open to pollution and difficult to protect from the agricultural 
activities carried out at surface level above it, and 

ii. Like most ground waters in the Banat region, due to the nature of local soils, the waters 
contain high levels of humic acids which has complex interactions with chemical disinfection 
(chlorination) and if not removed prior to chlorination, while potable, can have a smell and 
taste which is generally unacceptable in waters intended for human consumption. 
 

 
Figure 3.12: Plan & Section of the Groundwater Body ROBA03 under the Study Area 

 

3.2.3. The duties and role of the Banat Water Basin Administration 
 
The ‘Banat Basin Management Plan’ (Planului de Management al Spatiului Hidrografic Banat) was 
prepared and adapted in law in 2009 and is the primary planning document for the management of 
water resources in the Basin. 
 
The Banat Basin Administrative Branch (Directorate) of Romanian Waters is responsible for activities 
necessary for the implementation of the Banat Basin Plan, and has 2 regional offices located in the 
Banat Basin, where the Timis Water Management operations are managed from their office in 
Timisoara, and Caras-Severin Water Management System Operations are managed from their offices 
in Resita. 
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In addition to the their works necessary for the implementation of the Basin Plan, the Banat Basin 
Directorate is responsible for the monitoring of waters, and for the operation of public water 
infrastructure systems of national interest in the Basin. 
 
Their water quality and quantity monitoring infrastructure includes: 86 stream-flow monitoring 
stations; 519 groundwater borehole monitoring stations (piezometers), 58 rainfall monitoring stations, 
8 evaporation monitoring stations, and 40 surface water quality monitoring stations. 
 
Their operating activities generally consist of: 
 

� The operation of 5 hydrological stations at Timişoara, Lugoj, Resita, Oravita Herculane;  
� The operation of 4 inland waterway intersections (Coştei, Topolovăţ, Sânmihaiu Român, 

Sânmartinu Maghiar), 
� 1037 km of river bed maintenance 
� 66 km of bank consolidation /protection 
� The maintenance of 1085 km of dikes/levees to protect settlements and agricultural land, 
� The maintenance of 44 km of inland waterway canals 
� The operation and maintenance of 43 lakes/polders, of which 27 are non-permanent storage 

lakes/polders. 
 
In addition the Banat Basin Directorate is responsible the management and operation of the ‘Timis-
Bega Kanal Interconnection’ and the ‘Upper Bârzava Hydro-System’ water infrastructure systems: 
 
i. The Timis-Bega Kanal Interconnection: 

 
The Banat Directorate is responsible for the development, operation and maintenance of the 
water infrastructure necessary for the management and regulation of waters in the Timis-Bega 
canal to:  
- prevent flooding in times of high water levels or heavy rainfall,  
- facilitate inland waterway navigation, 
- provide water for industrial and drinking water use, 
- facilitate irrigation and drainage impacting a land area of 450,000 hectares, and 
- maintain bank stability 
The Timis-Bega Canal Interconnection plays an important role in water supply and flood 
control for Timişoara and its surrounding areas. 

 
ii.  The Upper Bârzava Hydro-System 
 

Responsible for the development, operation and maintenance of the water infrastructure 
necessary for the management and regulation of waters in the Upper Bârzava Hydro-System 
to:  

- prevent flooding in times of high water levels or heavy rainfall 
- provide Resita with water for industrial and drinking water use  
- regulate flows for hydroelectric energy production 
- provide waters for land irrigation 

 
Their activities are financed from water charges as described in section 3.3 below. 
 
3.3. Water User Charges & Cost Recovery in the Banat Basin 
 
Romanian Waters charge water users for the service of managing water resources to achieve 
integrated water resource management objectives as described in Annex 1. However this charge is 
sufficient only to fund the administrative operations of Romanian Waters and does not fund any of the 
investment activities (Measures) necessary for the implementation of the Basin Plan to achieve the 
objectives of the EC WFD.  
 
However, separately Romanian Waters manages investment funds made available from a mix of 
sources as shown in Table 3.1.1, Table 3.1.2 and Table 3.1.3 below to fund water management 
investment needs as identified in the Basin Plans and National Strategy for Flood Protection. 
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Table 3.1.1 Investment Activities of Romanian Waters for the Years 2011 & 2012 and their Sources 

Source of Funds 

2011 

Programmed 

RON 

2011 

Programmed 

EUR 

2011 

(Implemented) 

RON 

2011 

(Implemented) 

EUR 

2012 

Programmed 

RON 

2012 

Programmed 

EUR 

State Budget 162,820,000 
36,182,222 

(14%) 
161,909,802 35,979,956 131,548,000 

29,232,889 
(12%) 

Loan (COE) 450,499,000 
100,110,889 

(38%) 
446,287,839 99,175,075 436,790,000 

97,064,444 
(38%) 

Env. Fund 431,271,000 
95,838,000 

(36%) 
399,752,960 88,833,991 128,855,292 

28,634,509 
(11%) 

EU Solidarity  
Fund 

20,857,802 
4,635,067 

(2%) 
20,857,802 4,635,067 48,910,446 

10,868,988 
(4%) 

SOP En. Axis 5 131,719,000 
29,270,889 

(11%) 
120,608,294 26,801,843 389,609,000 

86,579,778 
(34%) 

 

TOTAL 

 

1,197,166,802 266,037,067 1,149,416,697 255,425,933 

 

1,135,712,738 252,380,608 

 

 
Table 3.1.2 Investment Activities of Romanian Waters in Years 2011 by Investment Type & Source 

Investment Type Source of Funds 
2011 (Programmed) 

RON 

2011 

(Programmed) 

EUR 

 

Flood Defence 

(77.8%) 

Sub-total 930,925,802 206,872,400 

State Budget 112,004,000 24,889,778 

Loan (COE) 281,128,000 62,472,889 

Environment Fund 385,217,000 85,603,778 

EU Solidarity  Fund 20,857,802 4,635,067 

SOP En. Axis 5 131,719,000 29,270,889 

Water Resources 

(17.4%) 

Sub-total 208,616,000 46,359,111 

State Budget 23,044,000 5,120,889 

Loan (COE) 153,518,000 34,115,111 

Environment Fund 32,054,000 7,123,111 

Environmental Protection 

(4.5%) 

Sub-total 54,032,000 12,007,111 

State Budget 24,179,000 5,373,111 

Loan (COE) 15,853,000 3,522,889 

Environment Fund    14,000,000 3,111,111 

Design Works 

(0.3%) 

Sub-total 3,593,000 798,444 

State Budget 3,593,000 798,444 

Loan (COE) 0 0 

Environment Fund 0 0 

TOTAL  1,197,166,802 266,037,067 

 
Table 3.1.3 Investment Activities of Romanian Waters in Years 2011 by Investment Basin 

Investment by Basin & Special Activity 
2011 (Programmed) 

RON 

2011(Programmed) 

EUR 
% 

Basin    

1 SOMEŞ - TISA 168,364,000 37,414,222 14.1% 

2 CRIŞURI 159,477,000 35,439,333 13.3% 

3 MUREŞ 113,965,959 25,325,769 9.5% 

4 BANAT 127,317,000 28,292,667 10.6% 

5 JIU 51,039,000 11,342,000 4.3% 

6 OLT 72,802,000 16,178,222 6.1% 

7 ARGEŞ - VEDEA 86,346,000 19,188,000 7.2% 

8 IALOMIŢA - BUZĂU 61,321,000 13,626,889 5.1% 

9 SIRET - BACĂU 160,258,000 35,612,889 13.4% 

10 PRUT - IAŞI 89,714,843 19,936,632 7.5% 

11 DOBROGEA-LITORAL 106,399,000 23,644,222 8.9% 

 Special Project / Activity    

INHGA: Hydrological Research Activities 157,000 34,889  

NARM Headquarters: WATMAN 

 
1,000 222  

  

TOTAL  
 

1,197,166,802 266,037,067 100% 
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Inspection of the tables above shows that the annual investments at a national level in water 
management activities is approximately €250 million most of which is derived from the state budget 
both directly in terms of annual allocations plus from borrowing form COE Development Bank. The 
remainder is a mix from the Environmental Fund, the EC Solidary Fund and the EC Cohesion Funds 
for Priority Axis 5 of the Sector Operational Programme for Environment. 
 
Notable in terms of the investments funds, Flood Protection Investments account for almost 78% of 
the total investments, followed by the development and protection of water resources accounting for 
17.4% and 4.5% respectively. 
 
The investments are distributed relatively evenly across all 11 sub-basins, and the Banat Basin 
received €28 million of investments in 2011 and this level of investment is projected to remain at this 
level for the next 5 years. 
 
In terms of the recovery of costs for water management and investments in water management 
activities to achieve the objectives of the WFD, only the administrative cost for the management of 
waters are recovered from Romanian Waters User Fees and Charges, and the cost of some measures, 
most significantly is recovered from indirect sources – the state budget (both with direct transfers and 
from taking on-board and servicing long term CoE DB debt) and from revenues from the 
Environmental Fund; but also from direct grants provided by the EC (both from Cohesion Funds and 
from the Solidarity Funds). 
 
3.3. Overall Assessment of the MCoWIWRM 
 
In the assessment of the MCoWIWRM, the following approach was taken: 
 

i. The Basin was studied and the general needs in the areas of water resource management 
were reviewed as described above,  

ii. These general needs were then compared the Measures identified in the Basin Plan, and the 
costs allocated to fund them, and the sources of Funds identified these Measures (refer to 
Annex 2); and, 

iii. Other plans that were prepared after the Banat Basin Plan were reviewed including the 
National Flood Protection Strategy and the National Strategy regarding the Mitigation of 
Drought Impacts, and the Regional Development Plan for Western Romania (that includes 
Timis County). An assessment was made of the gap between those Measures identified in 
the Basin Plan and the likely needs (refer also to Annex 2). In summary measures and their 
associated costs necessary for the protection of waters from non-point sources (in particular 
from agriculture) have not been included in the Basin Plan and neither have any measures 
and costs included to address water scarcity, irrigation and drainage needs, or those that may 
be required to address river continuity and e-flow needs. 

 
Based on the above the MCoWIWRM for the Banat Basin was estimated as: 0.4210 €/m

3
. 
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4. Calculation of the MCoW, MCoLC and SELL 
 
4.1. Overview of the County of Timis Water Infrastructure & Services 
 
4.1.1. Sales Volumes, Tariffs & Revenues 
 
S.C. AQUATIM S.A. is the regional public water and sewerage service provider in Timiş County, 
providing water and sewerage services to the City of Timişoara, all 8 towns, 23 communes and 33 
villages, with a total service population of approximately 460,000 (or 71% of the County’s 
population). 
 

 
Figure 4.1. Graph of reducing per capita consumption from 1999-2011 

 
Aquatim water sales in 2011 were 21.6 hm3 having stabilised following a 12 year period of dramatic 
reductions. This reduction in sales volumes was the result of a reform programme commenced in 
1999 in order to improve water and wastewater service provision and to commence the process of cost 
recovery and commercialization of the WSP. Starting in 199 the WSP increased water tariffs and at 
the same commenced a programme for the implementation of universal customer metering resulting 
in a drop in sales volumes from 55 hm3 in 1999 to its lowest point of 20 hm3 in 2010. 
 

 
Figure 4.2. Aquatim Water Sales by Volume 2011 

 
Water consumption by households currently accounts for 89% (19.3 hm3) of the 2011 total water sales 
of 21.6 hm3; and the remaining 11% (2.3 hm3) was consumed by commercial and public entities.  

19,308,500, 

89%

2,314,600, 11%

AQUATIM Water Sales by Volume (m3) 2011

Households

Other Customers
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The average per capita consumption has stabilized at 115 l/c/d having dropped from its peak in 1999 
of 269 l/c/d. 
 
The structure of the water supply tariff is a simple water consumption based fee and table 4.1.1 below 
shows the 2011 water and wastewater tariff levels. Wastewater is charged on a one-one basis with the 
metered consumption of water and the variable (consumption based) tariff is the same regardless of 
user type. 
 

Table 4.1.1: Water & Wastewater Tariffs:  2011 – Aquatim - Timisoara  

Tariff  (Consumption Based) 

With wastewater charged on a 1-1 

ratio with  water 

 
Water Supply 

 

2.63 Lei / m3 

(including VAT) 
€0.585/m3 

Wastewater 
2.29 Lei / m3 

(including VAT) 
 

€0.51/m3 

 
The 2011 water sales generated total water revenues of € 12.6 million, together with a further € 11.0 

million for wastewater services. 
 
4.1.2. Annual Household Expenditure on Water Services & Affordability 
 
A typical Timis County household (with an average household size of 2.89 persons) will pay 
approximately €70.96 / year for water supply (of which 24% is VAT) plus €61.86 / year for 
wastewater services; totalling €132.82 / year 
 

Table 4.1.2: Estimate of Annual Average Household Water Supply, Wastewater Costs 

Service Calculation Annual Cost 

Water Supply Consumption Fee: €70.96 

(121.3 m3/year based upon 115 l/c/d) 
Sub-total: €70.96 / year 

Wastewater Water Consumption of 121.3 m3/year €61.86 
 

Sub-total: €61.86 / year 

 
Total 

 
 €132.82 / year 

 

And according to the 2011 Year Book of the National Statistics Institute of Romania, the total median 
household expenditure in 2011 was EUR 500 / month. 
 
Table 4.1.3: Water & Wastewater Services & Public Affordability 

Annual Average Household Water Supply, Wastewater & Stormwater Costs €132.82 / year 
Median Household Expenditur per month €500 / month 

Timisoara’s Water & Wastewater Bills as a % of Median Household 

Expenditure 
2.66% 

 
This means that the average water and wastewater bill in Timisoara accounts for 2.66% of Median 
Household Expenditure. 
 
4.1.3. Projected Water Demand  
 
The Service Areas’s per capita water consumption as mentioned is 115 l/c/d which is relatively low 
and unlikely to reduce significantly. On a longer term planning horizon the published Eurostat 
Statistics in Focus projections3 indicate a projected decrease in the population of the RO42 West 
NUTS Region (which includes Timisoara County) from its 2010 level of 1.909 million to a 2030 level 
of 1.813 million, equating to a population decrease of 5.0% by 2030. This projection is consistent 
with the recent trend of population decline in Timis County from its peak in 1992 when the population 
reached just over 700,000.  Given that the projected population decline it wouldn’t have any adverse 
impact on water supplies. 
 

                                                             
3
 Eurostat Statistics in Focus - 1/2010 - http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-SF-10-

001/EN/KS-SF-10-001-EN.PDF, Table 3: Regional Population RO42 Vest 
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4.2. The Physical Water Abstraction, Treatment and Distribution Systems 
 
4.2.1. The water abstraction, treatment and distribution system that serves the Study Area 
 
The water abstraction, treatment and distribution system that serves the WSP’s Service Area includes: 
 
Raw water resources: 2 sources: 

� The Bega River: Approximately 70 % of Aquatim’s water is sourced from the Bega 
River, and, 

� The Groundwater Body ROBA03, which is the unconfined groundwater aquifer as 
described in Section 3.2 above. 

 

Water Treatment Facilities: 3 Water Treatment Plants 

� The Bega Water Treatment Plant: A conventional co-agulation /sedimentation /filtration/ 
chlorination water treatment plant, designed to treat surface water from the Bega River 

� Urseni Water Treatment Plant: Aeration /filtration/chlorination, designed to treat the 
ground waters from the local ROBA03 aquifer 

� Ronat Water Treatment Plant: Aeration /filtration/chlorination, designed to treat the 
ground waters from the local ROBA03 aquifer 

 

Water Service Reservoirs: 5 no. with total capacity of 52,900 m3  
 

Water Distribution Network Mains and Customer Connections: 

� 620 km of distribution mains, and 
� 53,056 water service connections (all metered) 

 
Fundamental System Issues:  
 
The main system issues that dominate the operations are: 

� The water treatment and distribution system was designed under a command economy where 
the cost of electricity was highly subsidised and water volumes consumed were high as the 
cost of water to consumers was also highly subsidised; resulting in a system that is oversized 
and energy intensive, where water consumption in the City of Timisoara has dropped from 55 
hm3 in the 1990s to just over 16 hm3 at present,  

� Neither of the 2 water resources are of good quality in that they both full treatment, and, 
� Now that Aquatim is expanding its operations to the towns and villages surrounding the City 

of Timisoara it is losing it former economies of density in that it has to now serve a number of 
physically separate urban agglomerations as indicated in Figure 4.3 below. 
 

 
Figure 4.3. Map of the Distribution of Urban Agglomerations served by the WSP Aquatim 
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4.2.2 The County Service Area’s urban wastewater collection & treatment system 
 
The City of Timisoara has a wastewater collection network of 489 km and a new (2011, that cost 32 
Million€ of which 75% was grant-funded by EC ISPA Funds) urban wastewater treatment plant that 
fully treats the City’s wastewaters prior to discharge into the Bega Kanal. 
 
However the other urban agglomerations in the County for the greater part discharge their 
wastewaters untreated into local water courses.  
 
The Compliance Investment Programme for the WSP 
 
� Phase 1: SOP Environment 1 

The compliance needs to be funded under the Sector Operational Programme for Environment – 1 
(EC Cohesion Funds) for Timis County include investments for: 
� Sewerage and wastewater treatment for urban agglomerations in the County of >10,000 p.e. 

estimated to cost €119 million  of which €15 million will be financed by Aquatim from water 
tariffs, and the remainder will be grant funded (€89 million from EC Cohesion Funds and € 
15 million from state budget contribution) 

� Phase 2: SOP Environment 2 
The compliance needs to be funded under the Sector Operational Programme for Environment – 2 
(EC Cohesion Funds – 2014-2020) for Timis County include investments for: 
� Drinking water compliance (DWD) investments and sewerage and wastewater treatment 

compliance investments (UWWD)for urban agglomerations in the County of <10,000 p.e. 
estimated to cost €265 million  of which €84 million will finance water investments and 181 
will finance wastewater investments be financed 15 % by Aquatim from water tariffs, and the 
remainder will be 85% grant funded, mainly from EC Cohesion Funds. 

 
4.3. Leakage Control in the Water Distribution Network 

 
4.3.1. Calculation of 2011 level of system losses 

 
System losses in 2011 are calculated using the IWA Water Balance Framework and shown in Figure 
4.4 below for the City of Timisoara (as one entity) and in 4.5 for the full service area including all 
new small urban agglomerations included in 2011. 
 
Figure 4.4: IWA Water Balance Framework: City of Timisoara 2011 
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(0m
3
) 

 
The total water abstracted (System Input Volumes – SIV) in 2011 was: 26 hm3, and total invoiced 
water sales (Billed Authorized Consumption) was 18.68 hm3, which equates to 7.3 hm3 or 28.1% in 
Non-Revenue Water.  
 
Unbilled Authorized Consumption for the system in 2011 was made up of: 

� Localised flushing of mains /WQ/ hydrants/internal processes operations at WTP = 0.94 hm3  
 

Therefore: 
‘Water Losses’ for 2011 = 6.36 hm

3 or 24.5% of System Input Volume 
 
‘Apparent losses’ in the system is limited to ‘Customer Meter Inaccuracies’ and it is estimated that 
customer meters are under-reading by 4.5% on average.  Therefore: 

 
‘Real Losses’ for 2011 = 5.48 hm3 or 21.1% of System Input Volume 

 
When the county System operating together with the City of Timisoara is analysed then: 
 

Figure 4.5: IWA Water Balance Framework:  Full WSP Service Area  
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The total water abstracted (System Input Volumes – SIV) in 2011 was: 32.02 hm3, and total invoiced 
water sales (Billed Authorized Consumption) was 21.62 hm3, which equates to 10.4 hm3 or 32.5% in 
Non-Revenue Water.  
 
Unbilled Authorized Consumption for the system in 2011 was made up of: 
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� Localised flushing of mains /WQ/ hydrants/internal processes operations at WTP = 1.032 hm3  
 

Therefore: 
‘Water Losses’ for 2011 = 9.368 hm

3 or 29.3% of System Input Volume 
 
‘Apparent losses’ in the system is limited to ‘Customer Meter Inaccuracies’ and it is estimated that 
customer meters are under-reading by 4.5% on average.  Therefore: 

 

‘Real Losses’ for 2011 = 8.349 hm3 or 26.0% of System Input Volume 
 

 

This highlights the level of inefficiency in the new rural networks where the real losses in the City 

of Timisoara are 5.48 hm
3
 and real losses in the towns and villages networks are 2.869 hm

3
 where 

sales in the towns and villages is 2.94 hm3 (hence real losses in the towns and villages networks if 

considered separately are approximately 50% of SIV). 
 
 
4.3.2. The WSP LCP of Measures for the Reduction of Network Losses 

  
The WSP has adopted a mix of measures in order to reduce network losses. These measures include 
the standard mix of: Active Leakage Control (ALC), Pressure management; and Asset Renewals. 
 
Asset Renewals (AR), Pressure management (PM) & Active Leakage Control (ALC): 

 
Pressure management has been the main focus of the WSP efforts in the main City of Timisoara 
system in order to reduce electrical energy consumption and eliminate water hammer and hydraulic 
transients from the system that generates pipe breaks; in combination with together with asset 
renewals and the initial set-up of DMAs. 
 
 
4.4. Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
Given that in the service area there is not a security-of- supply issue, there will not be any future 
supply and demand management options required over the planning period. Hence the MCoWWSP is 
the incremental cost of water abstracted and distributed by the WSP, based on variable system 
operating costs where that variable system operating cost is 0.1131 €/m3 
 
Therefore, MCoWWSP is 0.1806 €/m

3
, 

 
And, MCoW = MCoWIWRM + MCoWWSP  

Therefore, MCoW = MCoWIWRM (0.4210 €/m
3 
+ MCoWWSP (0.1806 €/m

3
) = 0.6016 €/m

3
 

 
While the MCoWWSP is calculated as one value for the whole system in practice the MCoWWSP for 
the City of Timisoara water system is different (lower) to that for the town and villages systems.  
 
4.5. Calculation of the MCoLC 
 
The WSP has already made major investments into water loss reduction wherein all of the basic 
measures for pressure management and active leakage control have all been implemented on the main 
Timisoara system and have resulted in the current distribution network water loss of 21% of SIV. The 
options for which the Marginal Cost of Leakage Control has been calculated are summarized in Table 
4.5 below together with the annualized cost and marginal cost for leakage control for each option 
respectively: 
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Table 4.5.1:  Leakage Control Options, Benefit / Yields, and Unit Costs 

Option Benefit  / Yield Annualised 
Cost 

(€Million) 

Marginal 
Cost 

(€M/Mm3) 

SCENARIO 1: 
Mains Asset Renewals Ratio 2% on rural 
systems and 0.5% on main; current levels 
of PM & ALC PLUS 
Additional Active Leakage Control 
(ACL) 

 
Reduction in real losses to: 

8 hm3 
7 hm3 
6 hm3 
5 hm3 

 
 

0.48 
0.71 
1.32 
3.15 

 
 

0.48 
0.71 
1.32 
3.15 

SCENARIO 2: 
Mains Asset Renewals Ratio 2% on rural 
systems and 0.5% on main; current levels 
of PM & ALC  

PLUS,  
specific pressure management and DMA 
formation in rural networks 

 
Reduction in real losses to: 

8 hm3 
7 hm3 
6 hm3 
5 hm3 
4 hm3 
3 hm3 
2 hm3 
1hm3 

 
 

0.31 
0.33 
0.38 
0.35 
0.50 
0.55 
1.05 
3.15 

 
 

0.31 
0.33 
0.38 
0.35 
0.50 
0.55 
1.05 
3.15 

 
4.6. Calculation of the Sustainable Level of Economic Leakage (SELL) 
 
As discussed in Section 1, the Sustainable Economic Level of Leakage (SELL) is the measure that 
has been selected to assess the economic efficiency of the WSP.  The SELL is the level of leakage in 
the public water distribution network at which the marginal cost of leakage control (MCoLC) for the 
WSP equals the marginal cost of water (MCoW). 
 

 
Comparison of Leakage Parameters: 

(Note: Each further 1 % reduction in losses equates to 500,000 m3/year reduction in losses) 
Real losses hm

3
/ year 2.0 2.4 3.0 4.0 5.0 6.0 7.0 8.0 9.0 

Real Losses (% of SIV) 7.8% 9.2% 11% 14.5% 17% 20.2% 22.8% 25.2% 27.5% 

 

Where MCoW = 0.6016 € /m3 as shown in Figure 4.6, then the SELL is: 
Under the SCENARIO 2:Mains Asset Renewals Ratio 2% on rural systems and 0.5% on main; current levels of 
PM & ALC PLUS, specific pressure management and DMA formation in rural networks – 9% or 2.4 hm3 
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5. Results & Conclusions of the Case Study 
 
The Romania Case study is an example of one of the most challenging scenarios in integrated water 
resources management – managing widely conflicting socio-economic and ecological needs. 
 
The City of Timisoara is located in the Banat Basin in the flat reaches of the mid Danube. It includes 
wetland areas that have been drained since the 17th century and the socioeconomic needs are driven 
primarily by agriculture (with its low-lying fertile soils) and inland waterway transportation (located 
on the Danube-Tiza-Danube Canal System). However, as a fertile flood plain it is highly susceptible 
to flooding; but drainage and flood defences have reduced the natural water table increasing the need 
for irrigation in growing periods and further degradation of remaining wetlands.  
 
The Timisoara WSP does have economies of density in its main urban service area of the City of 
Timisoara however it has now been mandated to expand its service area adding the surrounding towns 
and villages in the County, reducing its prior economies of density. It does not have access to high 
quality raw water resources and all water resources require treatment and pumping. In addition, the 
underlying quality of the water distribution network of poor increasing the costs related to asset 
maintenance and replacement, hence the calculated MCoWWSP is relatively high. 
 

The Banat Basin Plan prepared to comply with the requirements of the WFD does not reflect or 

address the complex nature of water resource management in the basin or estimate the environmental 

and resource cost. The MCoWIWRM estimated under this assignment is very high reflecting the 

resource management challenges.   

 
The calculated SELL is 9% but the challenges to the WSP, including the limited ability-to-pay of its 
customer base, are great. However, despite the scale of the challenge the WSP has been very effective 
at initiating and implementing a loss reduction programme, reducing the LoL in its main urban area 
from 26% in 2008 to 21% in 2012. 
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ANNEX 1: Water Use / Wastewater Charges: Romania  

Law no. 404 of 7 October 2003 approving Government Emergency Ordinance no. 107/2002 on the 

establishment of the National Administration "Romanian Waters" 

 

Annex 6: Charges for Specific Water Management Services 

  Name of Service 
Unit of 

Measurement 
(U.M.) 

Tariff* 
(lei/U.M.) 

Tariff* 
(RON/U.M.) 

Tariff* 
(€/U.M.) 

Service Charges for the provision of raw water 
resources, by source and use 

      

1. Inland rivers, natural lakes and man-made 
reservoirs, managed by other entities: 

      

1.1. Operators (including communal services 
management), public institutions, religious 
establishments, agricultural and other industrial 
type 

m3 238.00 0.0238 0.005289 

1.2. Operators producing electricity and heat in 
power plants, the maximum technically feasible 
pumped (recirculating) capacity  

m3 238.00 0.0238 0.005289 

1.3. Operators producing hydroelectric energy, by 
installed capacity regardless production output 

m3 1.00 0.0001 0.000022 

1.4. Irrigation and fish farming m3 18.00 0.0018 0.000400 

2. DANUBE:       

2.1. Operators (including communal services 
management), public institutions, religious 
establishments, agricultural and other industrial 
type 

m3 28.00 0.0028 0.000622 

2.2. Operators producing electricity and thermal 
energy in thermal and nuclear power producers, 
under open circuit 

m3 1.00 0.0001 0.000022 

2.3. Operators producing hydroelectric energy, by 
installed capacity regardless production output 

m3 1.00 0.0001 0.000022 

2.4. Irrigation  and fish farming m3 18.00 0.0018 0.000400 

3. GROUNDWATERS:       

3.1. Operators (including communal services 
management), excluding those using water for 
human consumption (drinking water) 

m3 264.00 0.0264 0.005867 

3.2. Communal Services Providers, public 
institutions, religious establishments and others 
who use water for drinking 

m3 123.00 0.0123 0.002733 

3.3. Irrigation  and fish farming m3 18.00 0.0018 0.000400 

3.4. Agribusiness Operators m3 156.00 0.0156 0.003467 

4. Artificial Water Bodies for the Management of 
Water Resources 

      

4.1. Industrial Economic Agents, construction, 
assembly, transport, municipal services (for 
population, industry, etc..), Public institutions, 
religious units 

m3 240.00 0.0240 0.005333 

4.2. Operators producing electricity and heat in 
power plants, the maximum technically feasible 
pumped (recirculating) capacity 

m3 240.00 0.0240 0.005333 
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4.3. Operators producing hydroelectric energy, by 
installed capacity regardless production output 

m3 1.00 0.0001 0.000022 

4.4. Irrigation  and fish farming m3 18.00 0.0018 0.000400 

5. Services provided by the release of waters from 
medium sized dams managed by Romanian 
Waters 

      

5.1. Average release of water in HPP with installed 
capacity of less than 4 MW 

mcad/month 1,300,055.00 130.0055 28.890111 

5.2. Average release of water in HPP with installed 
capacity of between 4 MW and 8 MW 

mcad/lună 
 

1.747.510,00 174.751 38.833556 

5.3. Average release of water in HPP with installed 
capacity of greater than 8 MW 

mcad/lună 2.154.114,00 215.4114 47.869200 

6.   Service Charges for the improved quality & 

protection of waters 

 

 

   

 6.1. Specific Water Management Services for 
the improved quality of surface waters and for 
water resource protection **): 

      

 a. General Chemical Indicators:       

- TSS (Total Suspended Solids) kg 53 0.0053 0.001178 

- Chlorides (Cl-), sulphates (SO4
2-) kg 217 0.0217 0.004822 

- Sodium (Na+), potassium (K+), calcium (Ca2+), 
magnesium (Mg2+) 

kg 217 0.0217 0.004822 

- Nitrates (NO3
-) kg 217 0.0217 0.004822 

- Ammonium (NH4
+), Total Nitrogen (Ntotal), 

Nitrite (NO2
-) 

kg 870 0.087 0.019333 

- 5-day Biochemical Oxygen Demand(BOD5) kg 217 0.0217 0.004822 

- Chemical Consumption of Oxygen (CCOMn) 
(potassium permanganate method) 

kg 217 0.0217 0.004822 

- Chemical Consumption of Oxygen (CCOCr) 
((potassium bichromate method)  

kg 217 0.0217 0.004822 

- Phosphates (PO4
3-) kg 43 0.0043 0.000956 

- Phosphorus (P) kg 870 0.087 0.019333 

- Manganese (Mn2+) kg 2,175 0.2175 0.048333 

- Aluminium (Al3+), Iron total ionic (Fe2+, Fe3+) kg 2,610 0.261 0.058000 

- Substances extractable with petroleum ether, 
petroleum 

kg 1.631 0.1631 0.036244 

- Anion-active synthetic detergent, 
biodegradable 

kg 870 0.087 0.019333 

- Filterable dry residue at 105 ° C; kg 217 0.0217 0.004822 

 b. Specific Chemical Indicators:       

- Sulfiţi fluoruri (F-), fenoli antrenabili cu vapori 
de apă  
Sulfate (SO3

2-) fluoride (F-), phenols trained 
with water vapor (C6H5OH) 

kg 870 0.087 0.019333 

- Nickel (Ni2+), chromium-3 (Cr3+) kg 54,389 5.4389 1.208644 



27 

 

- Ammonia(NH3) kg 54,389 5.4389 1.208644 

- Barium (Ba2+), zinc (Zn2+), cobalt (Co2+) kg 2,610 0.261 0.058000 

- Sulphides (S2-), hydrogen sulphate(H2S); kg 2,719 0.2719 0.060422 

 c. Indicators of Toxic and Highly Toxic 

Chemicals 

      

- Arsenic (As) kg 169,167 16.9167 3.759267 

- cyanide (Cn-) kg 169,167 16.9167 3.759267 

- Mercury (Hg2+), cadmium (Cd2+) kg 217,556 21.7556 4.834578 

- Lead (Pb2+), silver (Ag+), chromium 6 (Cr6+), 
copper (Cu2+), molybdenum (Mo2+); 

kg 54,389 5.4389 1.208644 

 d. Indicators of bacteriology:       

- Total Coliforms 106 
bacteria/100 

cm3 

18 0.0018 0.000400 

- Faecal coliforms 104 
bacteria/100 

cm3 

315 0.0315 0.007000 

- Faecal streptococci; 5 x 103 
bacteria/ 100 

cm3 

810 0.081 0.018000 

 e. Physical Indicators       

- Temperature m3 x °C 2 0.0002 0.000044 

7. Design & management services for the 
management of sands and gravels extracted from 
the river beds, banks and lakes 

      

7.1. The management of sands and gravels extracted 
from the riverbed of minor rivers/streams, their 
banks and from lakes  

mc 25,000 2.5 0.555556 

7.2. Management services sands and gravel from the 
river bed of the Danube. 

mc 14,000 1.4 0.311111 

*) Tariffs not not include VAT  

**)The difference between permitted discharged and measured from sampling." 
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Abbreviations 

 

AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

CARL Current Annual Real Losses As related to the IWA NWR framework 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  

PRV Pressure Reducing Valves   
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SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study: the City of Amasya Water 
Utility Department 
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1. Introduction 
 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves the City of Amasya together with the adjacent Township of Ziyaret. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates. 
 
In addition to the analysis of the water distribution network and its operator (the water services 
provider –the WSP), the availability and management of water resources in the Yesilirmak Basin and 
the specific water bodies from which the WSP abstracts its water resources are analysed and assessed 
in order to provide context and to assign value to the raw water resource prior to abstraction 
(MCoWIWRM), to be used in the calculation of the Sustainable Economic Level of Leakage as 
described in the text box below.  
 

 
Method selected to assess the economic efficiency of the public water distribution network 

  
� The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  
 
 

� The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
� The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 

 

                                                             
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers can determine the optimal mix of 

interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective water 
management objectives. 
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2. The Study Area 
 
2.1. The City of Amasya  
 
The City of Amasya with an urban population of 94,500 (including Ziyaret) is located between the 
Black Sea and inner Anatolia at an elevation of approximately 411 metres, in a narrow valley on the 
banks of the Yeşilirmak River just upstream of its confluence with the Tersakan tributary. 
 

  
 
Spatial development of the City of Amasya is regulated by its Urban Development Plan which was 
adopted in September 2008 and remains valid for a period of 10 years. 
 
2.2. The Yesilirmak Basin  
 
From a water resource management perspective, the City of Amasya is located in the Yesilirmak 
River Basin, and water resources are managed at a basin and national level by State Hydraulics Works 
(DSI) the national institutional responsible for the management and administration of water resources. 
DSI are responsible for the preparation of a ‘Basin Plan’ for each of the 25 basins in Turkey, and 
these Basin Plans must be harmonized with the regional socio-economic development plans.  
 

 
Map of the Yesilirmak Basin 
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The rationale for selecting the city of Amasya in the Yesilirmak as one of the case studies was to 
represent a medium sized urban community with limited socio-economic resources, located in the 
upper regions of a catchment, with likely climate change impacts.  With the exception of the socio-
economic capacity, there are many similarities to many small and medium urban communities in the 
Alps and Dinaric Alpine regions of Italy, Austria, Slovenia, Croatia, and Romania, and to many small 
communities in the Pyrenees. 
 
 

3. Calculation of the MCoWIWRM 
 
3.1. General Overview of the Yesilirmak Basin  
 

The Yesilirmak River Basin, located in Northern Turkey, is the 3rd largest by area of the twenty-five 

major river systems in Turkey. The river originates north of Sivas and flows approximately 519 km 

before reaching the Black Sea and drains an area of 38,387 km2 (approximately 5% of Turkey’s total 

surface area). The land falls from an altitude of 3050 m in the mountainous areas of the catchment to 

sea level at the Black Sea. 

 

The headwaters of the river and most of its tributaries originate in the mountains that form the eastern 
and southern boundaries of the basin. The major tributaries to the Yeşilırmak River are the Kelkit, the 
Çekerek, the Çorum and the Tersakan.  
 
The waters in the basin serve many functions including: public drinking water supply, industrial water 
supply, irrigation, cultural and sporting activities, and conservation value for wildlife habitats, 
fisheries and biodiversity. 
 
In terms of land use, the basin is dominated by agriculture: approximately 39% of the basin is 
forested, 39% is cropland and 19% is pasture land. While forested areas account for 39% of the basin 
soil erosion is a problem aggravated by the steep topography and rapid runoff patterns. 
 
The Yesilirmak River Basin is a steep river basin with rapid run-off and limited natural groundwater 
storage capacity, hence natural snow storage and artificial storage are important factors in the 
regulation of its water regime. Irrigation accounts for over 60% of the water consumed annually and 
the construction of artificial storage capacity in the basin has been focused upon regulating flows to 
meet growing irrigation demands. Figure 3.1 indicates the historical supply and demand balance for 
waters for irrigation between 1985 and 2009.  
 
Figure 3.1: Historical Supply & Demand of Waters for Irrigation in the Yesilirmak Basin 
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The average discharge of waters from the Yesilirmak is 187m3/s (5900 MCM / annum) and the 
artificial storage capacity in the basin is 5300 MCM, with most of this storage taken up in the 5 
largest dams. Irrigation is the main user of water resources in the basin and more than 95% of 
artificial storage capacity has been built with irrigation as the primary or sole user.  
 
The basin currently irrigates an area of 3,121 km2  (about 20% of the overall cropland, the remainder 
being rainfed) and the overall balance between water resource supply and demand is relatively stable 
as of 2010; however the Socio-economic Development Master Plan for the Yesilirmak Basin adopted 
in 2008 plans to increase irrigated areas by a further 2,900 km2.  This additional demand when 
implemented will put pressure upon the water resources and will require either improvement in 
current water use efficiency and/or the construction of additional storage capacity to further assist 
regulate flows.  
 
The second priority issue regarding quantity management in the basin is the impact of climate change. 
As mentioned, the basin has a fast response time with limited groundwater storage capacity, and 
heavily relies upon a combination of artificial storage and natural snow storage to regulate its flow 
regime to meet its water management objectives.  
 
Climate Change Scenarios included in the IWRM Plan prepared in 2010 indicate that by 2080 
maximum snow storage falls from 90 mm to 40 mm, water equivalent. This represents a loss of 
storage equivalent to almost 2000 MCM or two large reservoirs. Figure 3.2, showing average monthly 
snow storage, illustrates the effect more clearly.  
 

Figure 3.2 Average snow cover (water equivalent) – without and with climate change 
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In addition to managing the new demand for increased water for irrigation, the basin will also have to 
manage the impact that will result from the projected loss of snow storage. 
 
3.2. Water User Charges & Cost Recovery in the Basin 
 
Unlike many countries in the Europe, Turkey does not charge water users for the service of managing 
water resources to achieve integrated water resource management objectives. Instead the function is 
financed directly from the state budget and implemented by State Hydraulics Works (DSI). Table 3.1 
indicates the budget allocation and actual expenditure for water resource management for the year 
2010. 
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Table 3.1: DSI Annual (National) Budget for 2010 
GENERAL DIRECTORATE OF DSI: FOR THE YEAR 2010 BUDGET AND REALIZED EXPENDITURE (TL) 

 

DSI Budget Item Annual Budget Revised Budget 

Appropriation 

Actual 

Expenditure 

Expenditure v 

Budgeted (%) 

TOTAL BUDGET FOR DSI 6.575.054.000 6.370.592.396 6.199.014.595 97.31 

(GAP, DAP, KOP) (2.035.472.000) (1.416.687.000) (1.395.070.000) (98.47) 

I-CURRENT BUDGET 1.270.459.000 1.270.823.019 1.227.265.560 96.57 

 1-Personnel Expenses 1.089.155.000 1.054.155.000 1.019.173.154 96,68 

 2-Goods and Services Expenses 181.304.000 216.668.019 208.092.406 96,04 

II-CAPITAL BUDGET 5.260.768.000 5.055.942.377 4.927.928.980 97.47 

(GAP, DAP, KOP) (2.035.472.000) (1.416.687.000) (1.395.070.000) (98.47) 

INVESTMENT BUDGET 4.810.768.000 4.583.514.377 4.455.511.590 97.21 

(GAP, DAP, KOP) (1.885.472.000) (1.350.672.000) (1.329.056.000) (98.40) 

 a) Budget 3.753.081.000 3.647.075.397 3.575.465.553 98.04 

 b) Credit 1.032.687.000 899.730.988 862.260.752 95.84 

 c) Investment (Special Issue) 25.000.000 32.041.846 17.141.576 53.50 

 d) Donation  4.666.146 643.709 13.80 

ACQUISITION 450.000.000 472.428.000 472.417.390 100.00 

(GAP, DAP, KOP) (150.000.000) (66.015.000) (66.014.000) (100,00) 

III-CURRENT TRANSFERS 1.130.000 1.130.000 1.123.055 99.39 

IV-DKH (RURAL AREAS) 42.697.000 42.697.000 42.697.000 100.00 

     

Total Expenditure in 2010 (TL)     

- Non-Capital Works 

(Operations) 

  1,271,085,615 
(635,542,808 €) 

 

- Capital Works   4,927,928,980  

Total   6,199,014,595  

 
DSI’s total annual expenditure for 2010 was 6.2 billion TL of which 1.27 billion TL (635,542,808 €) 
was used to finance DSI’s normal water management operational activities and 4.93 billion TL was 
used to finance and implement specific capital investment programmes. 
 
3.3. Overall Assessment of the MCoWIWRM 
 
The Marginal Cost of Water for the integrated management and protection of the water resource 
prior to abstraction by users (including inter-alia water services providers), MCoWIWRM, is 
considered as the unit cost for the administration, management, protection and sustainable 
development of the raw water resources at a basin or water body level, using the Least Cost Plan 
(LCP) approach, in order to meet the overall water objectives for quality and quantity for that basin 
or water body. 
 
This is the function that DSI fulfil as part of their normal operations but the costs are not broken down 

by basin.    

 

Where the budgeted costs for this service are set: 

i. To include the costs associated for the management of water resources to achieve good water 

status (quality and quantity); and  

ii. At a level for cost recovery for sustainable service provision. 

 

Then the cost incurred / fee charged equates to the MCoWIWRM, and associated ecological 

externalities are deemed already included. 

 

Table 3.2: Breakdown of DSI Budget to Estimate MCoWIWRM for Amasya WSP 

Budget item Calculation 

DSI Operations Budget 2010: 

 

635,542,808 € 

Budget for Yesilirmak (pro-rated by area): 
 
(Area of Yesilirmak Basin:  = 38,387 km2 / 
Turkey total area of 780,550 km2 = 4.9% of area) 

31,255,630 € (4.9% of total) 

 
As per 2011 IWRM plan, this is broken down as: 
30% = public water supply 
60% = agriculture / irrigation 
10% = other 
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Budget per person in the Yesilirmak Area: 
 
(Population of the Yesilirmak Basin: 3,003,142) 

3.1286 € / c/ a  
 
Thus, given- public water supply @ 28.835 m3/c/a in 
the service area,  

MCoWIWRM = 0.1085 € / m
3 

in Amasya WSP 

 
Explanatory Note on the estimation of MCoWIWRM: 

At present: 
- The Yesilirmak Basin does not have any major quantity imbalances as concluded in the Yesilirmak 

IWRM Plan prepared in 2010, and long term water balance only becomes an issue in the future if 
projected large growth in irrigation takes place and if climate change results in loss of natural snow 
storage. So under the current situation no major investments for quantity management for ‘sustainable 
water use’ are necessary. 

- In terms of the programme of measures (PoMs) necessary to achieve the water quality objectives (as 
identified in the IWRM Plan) a combination of enforcement measures (for agriculture and industrial 
polluters) are necessary where the ‘polluter pays’ principle should be applied. In terms of measures 
necessary for compliance with the UWWD, a program is already underway (partly co-financed by the 
EC) to construct UWWT plants for UWWD compliance, where tariffs to end users are to be increased 
to generate the revenues to finance the locally funded components, so again these costs are not 
considered part of the cost of IWRM as they are co-funded by the local WSPs from tariff revenues. 

- So no major PoMs is necessary for compliance with the WFD, hence only the recurring costs of 
maintaining current operations are considered based upon the 2010 DSI operations budget. (Note: the 
Ministry of Environment does also have a small budget for monitoring and enforcement but this is very 
small in comparison to the DSI budget hence is not considered). 

- Given the above it was necessary to pro-rate the DSI annual operations budget which is consolidated at 
a national level to estimate the 2010 allocation for the Yesilirmak Basin. In brief there is no absolute 
way to do this and pro-rating using both per/capita population and by area were considered; and as the 
Yesilirmak has a slightly lower than average population density prorating by area would give a higher 
budget allocation which would err on the high sign for the MCoWIWRM – Therefore prorating the DSI 
operations budget by area was selected resulting in an estimated figure of 31,255,630 € for the 
operations budget in 2010 for the Yesilirmak Basin. 

- Having estimated a of 31,255,630 € for the operations budget in 2010 for the Yesilirmak Basin it is 
known from the Yesilirmak IWRM Plan that the ratio of water use/consumption between: public water 
supply, agriculture and other uses is 30% / 60% and 10% respectively: therefore 9,376,689 € is the 
IWRM operations cost allocated for public water supply which serves 3,003,142 persons; equating to 
3.1286 € / capita / annum.; and the annual water consumption in the basin for public water supply 
averages 28.835 m3/capita/annum; therefore the cost per m3 = 0.1085 € / m

3. 
Future Requirements (IWRM Plan - +35 year Reference Period): 

Future potential stress on water resources, as identified in the IWRM Plan. The IWRM Plan concludes: 
- That the additional water demand for the proposed new irrigated areas of 290,000 hectares must come 

from water use efficiency gains from existing irrigated areas and systems (hence costs to be attributed 
to the irrigation sector); 

- That the additional water required to meet demand resulting from projected population growth must 
come from efficiency gains in the existing public drinking water distribution systems (and is included 

in the cost of measures for leakage control described in the section below), and, 

- That new artificial storage capacity must be constructed at a rate equivalent to the projected rate of loss 
of snow storage due to climate change (i.e. constructing approximately 1000 MCM of new storage 
every 30 years). 

 
(Only the cost of approximately 1000 MCM of new storage every 30 years to mitigate the impacts of CC are not 
considered in the calculation of the MCoW IWRM which would roughly equate to 0.02€ / m

3 

 
Therefore, based upon an area-based estimation method shown in Table 3.2, the value assigned for 
the MCoWIWRM to be used in the calculation of the Sustainable Economic Level of Leakage for the 
water is: 0.1085 € / m

3 
 
 
4. Calculation of the MCoW, MCoLC and SELL 
 
4.1. Overview of Amasya’s Water Supply Infrastructure & Service 
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The Water Utility Department of the City of Amasya (the WSP) provides public water supply and 
urban wastewater services to the ‘City of Amasya’ and the ‘Town of Ziyaret’; providing potable water 
to 94,500 residents 2010 population data as well as commercial and government entities.  
 
As shown below, the water distribution system had 26,951 customer connections in 2010 (all of which 
are metered), and 91% of which are connections to households. The total volume of water sold in 
2010 was 3.237 Mm3, and revenues from these sales was 3.339 M€ (net of VAT). This revenue 
includes for the provision of both water and wastewater services as both services are charged as one 
item based upon the metered consumption of water.  
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Water sales to households accounted for 84% by volume and 78% by revenue highlighting the current 
level of cross-subsidy in the tariff structure where commercial and other (government entities) users 
subsidize the cost of service to households. This cross-subsidy is planned to be phased out by 2020. 
 
As shown in Figure 4.1, total water demand is projected to grow  by an additional 1.15 million 
m3/year by 2030 (i.e. a 34% increase); mainly due to the population growth projections for the 
Amasya Service Area included in the City’s adopted Urban Development Plan 2009. This projection 
assumes that per capita consumption will remain steady, at the current very low level of 79 l/c/d 
(28.8m3/c/annum or 99.2 m3/ household/ annum), as shown in Figure 4.2. 



11 

 

 
Figure 4.1: Projected Water Demand (Sales) 2010-2030 

 
Figure 4.2: Projected Per Capita Water Demand (Sales) 2010-2030 

 
 
 
The WSP, as a public entity of the City of Amasya, has a zero profit policy and aside from the internal 
cross-subsidies between user groups aims to fully recover the cost of services provided as a whole.  
 

As indicated in Tables 4.1 (tariff structure) and 4.2 (revenue structure), the WSP charges users with a 
fixed connection fee together with a consumption-based variable fee.  No water use / abstraction fees 
are charged.  
 

Table 4.1. Amasya WSP: Tariff Structure 

User Category User Tariff (net of VAT) (for water & wastewater services) 

Fixed (€/connection/ year) Variable (€/m3 of water) 

Households 13.50 0.825 

Commercial 22.20 1.395 

Other 16.80 1.26 
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Table 4.2 The Revenue Structure of the WSP 2010: 
User Group Fixed Revenue Component Variable Revenue Component Combined 

(€)  No. of 
Connections 

(€)Fee  / 
Connection 

Fixed 
Revenue (€) 

Sales 
(Mm3) 

Consumption 
Tariff(€/m3) 

Variable 
Revenue (€) 

Households 26,951 13.50 363,838.50 2.727 0.825 2,249,775.00 2,613,613.50 

Commercial 2009 22.20 44,599.80 0.191 1.395 266,445.00 311,044.80 

Other 714 16.80 11,995.20 0.319 1.260 401,940.00 413,935.20 

Total (net of VAT) 420,433.50 

(12.59%) 

 2,918,160.00 

(87.41%) 

3,338,593.50 

 
The fixed fee component accounts for approximately 13% of total revenues and the variable fee 
component accounts for the remaining 87%. This compares to the cost structure in 2010 wherein fixed 
costs accounted for 63% of total costs and variable costs for 37%. 
 
The average bill for water supply and wastewater services per household in 2010 was 102.97 €, which 
accounted for 1.51% of the average household expenditure and 1.84% of median household 
expenditure (see Tables 4.3 and 4.4).  
 
Table 4.3: Average Household Water & Wastewater Bill (99.2 m3) for 2010  

 Unit price (€/m3) Price (€) Beneficiary 

Fixed -  13.50 WSP 

Proportional    

Drinking water & wastewater service 0.825 81.84 WSP 

Total excluding tax  95.34 WSP 

VAT (@8%)    7.63 State 

Total including tax  102.97  

 
Table 4.4: Water Tariffs & Public Affordability (Pre- & Post- Compliance Investment Programme)  

 2010 2014 

Households tariffs growth (Real) Reference +20% 

Average Annual Household Bill for Water & Wastewater Services (€/annum Real 2010) 102.97 € 123.57 € 

Average Household Real Expenditure (€/annum Real 2010) *16.2% Real Growth Projected 6,816.00 € 7,917.50 € 

Median Household Real Expenditure (€/annum Real 2010) *10.3% Real Growth Projected 5,896.00 € 6,503.25 € 

DW & WW Bills as a % of Average Total Annual Household Expenditure 1.51% 1.56% 

DW & WW Bills as a % of Median Total Annual Household Expenditure 1.84% 1.9% 

 
These bills are considered high in the service area and collections are strictly enforced (over 98%).  
Households are therefore very conscious of their water bills and conservative in their water 
consumption, resulting in the low consumption per capita of 79 l/c/d.  
 
Drinking water quality is in full compliance with EC and national drinking water standards, and is 
monitored internally by the WSP and audited by the Regional Directorate of the Ministry of Health.  
 
A Compliance Investment Programme for the WSP is currently under implementation to: 

i. Extend the urban wastewater collection network and to treat urban wastewaters to fully 
comply with the discharge standards of Turkey’s national Water Pollution Control 
Regulation and the EC UWWD (and in doing avoid associated ‘pollution fees’ that were 
introduced into law in 2011); and 

ii. Improve the efficiency of the water distribution system; aiming to reduce NRW to 50%.  
 

This investment programme commenced in 2011 with a budget of 16.5M€, and is due to complete by 
the end of 2013.  The water efficiency component of the investment programme is approximately 2 
M€. 
 
Upon completion of this investment programme (of which 92% is grant financed), household tariffs 
and bills will still grow in real terms by 20% relative to their respective 2010 levels.  With an assumed 
real growth in the median household expenditure over the period of 10%, the 2014 bill will account 
for 1.9% of median annual household expenditure. 
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Given the very low per capita consumption levels in 2010, it is not expected that this further real 
increase in tariffs of 20% for households will result in reduced per capita household consumption; but 
the programme investments and their impact upon the WSP’s operational costs will result in a change 
in the WSP cost structure, where the fixed to variable cost structure will change from 63:37 to 71:29. 
 
4.2. Physical Water Abstraction, Treatment and Distribution System 
 
The water abstraction, treatment and storage facilities that serve the Amasya WSP Service Area 
include:  
 

Raw water resources: 

- 9 no. karst springs located in the Akdağ mountains above Amasya (sourcing at approximately 
1400 mASL), from which  high quality water flows by gravity to Amasya via a 25 km 
transmission main discharging to a main break tank above the City of Amasya located at an 
elevation of 545 mASL. These springs have a yield of 150 - 440 l/s. The yield reduces to the 150 
l/s level in the winter period due to the winter freeze and reduced infiltration during this period, 
increasing to 440 l/s in the summer period. 

- 16 no. abstraction wells located at Bozbey, abstracting from the ‘Geldingen Ovasi’ Ground Water 
Body which is an unconfined aquifer with a fast response time, and is sensitive to anthropogenic 
pollution (in particular nitrates). These wells vary in depth from 40m to 90m and have a sustained 
yield of up to 250 l/s, but require pumping. 
 

Abstraction mains: 

- 48 km of abstraction mains, 25km of which is from the springs in the Akdağ mountains. 
 

Water treatment facilities: 

- 1 gas chlorination treatment facility 
 

Water storage facilities: 

- 13 service reservoirs with a combined storage capacity of 16,360m3 
 

Water distribution systems: 

- 240 km of network distribution mains, of varying diameter from 65mm to 500mm, together with 
26,951 metered customer connections of small diameter (15-25mm) and average length of 6.0m. 

 
The design of the water supply system is dominated by its topography and easy access to abundant 
volumes of high quality raw water resources from two different sources. 
 
The City of Amasya is located on the banks of the Yesilirmak River where it passes through a very 
steep valley just below the Akdağ mountains. The customer base of the City of Amasya and the 
adjacent downstream Municipality of Ziyerat have ground elevations varying between 380 mASL and 
490 mASL and raw water can gravitate from the mountain springs high above (at 1400 mASL) 
without the need for pumping. Unfortunately without pressure control in the system the high pressures 
of water from the Akdağ mountains over-pressurizes the system resulting in high system losses. Due 
to these high water losses the WSP needs to supplement the mountain spring water in the winter 
period with groundwater abstracted from the Geldingen Ovasi aquifer, which is also of good quality 
but requires pumping. As shown in Figure 4.3, in 2010, 74% of total abstractions (9,482,641 m3) were 
taken from the Akdağ mountain springs and 26% (3,313,547 m3) was pumped from the Geldingen 
Ovasi well-field. 
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The only treatment required is the addition of chlorine in order to maintain the chlorine residuals 
required by law.  
 
4.3. Leakage Control in the Water Distribution Network 
 
4.3.1. Calculation of Water System Losses in 2010 

 
Figure 4.4 shows the water system losses in 2010 as calculated using the IWA Water Balance 
Framework. 
 
Figure 4.4: IWA Water Balance Framework for Amasya WSP (using 2010 data) 
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The total water abstracted (System Input Volumes – SIV) in 2010 was: 12.796 Mm3, and total 
invoiced water sales (Billed Authorized Consumption) was 3.327 Mm3, which equates to 9.469 Mm3 
(or 74%) in Non-Revenue Water.  
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Unbilled Authorized Consumption for the system in 2010 was made up of: 
� Localised flushing of mains following repairs = 16,200 m3 (3,240 repairs @5m3/flush) 
� Water quality analysis = 250 m3 
� Fire hydrant testing & consumption = 1,800 m3 (for 600 hydrants) 
 

Totalling 18,250 m3,  
 
Therefore, ‘Water Losses’ for 2010 = 9.451 Mm

3 or 73.8% of System Input Volume 
 
‘Apparent losses’ in the Amasya system are limited to ‘Customer Meter Inaccuracies’. There is no 
meter calibration or replacement programme in place and the WSP policy is to only replace customer 
meters if they are identified as broken by meter readers.  
 
Given the absence of a meter calibration and replacement programme and upon the calibration of a 
small sample (20 no.) in 2011, it is estimated that customer meters are under-reading by 6.4% on 
average.   
 
Therefore, ‘Real Losses’ for 2010 = 9.238 Mm3 or 72.2% of System Input Volume 
 
All of the system’s 13 storage tanks were inspected and hydraulically tested in 2009 and no leakage 
was detected and level controls preventing overflows were functioning properly. Hence all real losses 
are occurring in the distribution mains and customer connections. 
 
4.3.2. Calculation of Water System Losses in 2014 with LCP Measures  

 
The WSP’s investments in water efficiency to be complete by December 2013 include the following 
components: 
 

• Component 1: Pressure Management (PM) & the formation of DMAs 

This component includes the division of the water distribution network into 34 DMAs with 
approximately 800 customer connections per DMA, or which 10 of these DMAs in the 
lower elevations of the network have modulated pressure control. The design aims to control 
the pressure in all sections of the system to between 2.5-4.0 Bar.  
 

• Component 2: The Development of the Akdağ Mountain Springs  

This component includes the development of the Akdağ mountain springs minimum winter 
yield from 150 l/s to 210 l/s.  

 
The objectives of these components are to reduce NRW to 50% and to eliminate the need to use 
waters from the Geldingen Ovasi aquifer together with its associated pumping costs. Table 4.5 
indicates the target water balance between leakage reduction measures included in component 1 and 
the increased winter yield from the Akdag springs included in component 2.
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Table 4.5: Amasya WSP Water Efficiency Investment Project: Target Water Balance  

 

 

Month Jan Feb Mar April May June July Aug Sept Oct Nov Dec TOTAL 

2010 Demand  
(Reference Year) 

262384 255949 274238 272926 279892 293330 303203 302229 277259 274327 270025 261247 3,327,009 

2010 System Input Volume 
(Reference Year) 

1,009,169 984,419 1,054,762 1,049,715 1,076,508 1,128,192 1,166,165 1,162,419 1,066,381 1,055,104 1,038,558 1,004,796 12,796,188 

Target NRW in Mm3 after Loss 
Reduction Works Complete 

262,384 255,949 274,238 272,926 279,892 293,330 303,203 302,229 277,259 274,327 270,025 261,247 3,327,009 

Projected Yield from Akdag Springs  
after Loss Reduction Works Complete 
(yield 210 l/s) 

562,464 508,032 562,464 699,840 1,151,712 1,140,480 1,178,496 1,178,496 1,140,480 1,066,003 585,792 562,464 -- 

Projected SIV to meet 2010 Reference 
Demand  after Loss Reduction Works 
Complete 

524,768 511,898 548,476 545,852 559,784 586,660 606,406 604,458 554,518 548,654 540,050 522,494 6,654,018 

Volume of Supplementary Water 
Required from Well-field compared to 
2010 reference year 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Projected SIV to meet 2030 Demand  
after Loss Reduction Works Complete 

613,979 598,921 641,717 638,647 654,947 686,392 709,495 707,216 648,786 641,925 631,859 611,318 7,785,201 

Volume of Supplementary Water 
Required from Well-field 2030 

-51,515 -90,889 -79,253 0 0 0 0 0 0 0 -46,067 -48,854 -316,577 
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Upon completion of the works by December 2013 the total water abstracted (System Input Volume) 
in 2014 (ignoring incremental growth in demand due to population increase) is projected to be: 6.654 
Mm3, i.e. a reduction of 6.142 Mm3 when compared to 2010 abstractions, in order to achieve the 
NRW target of 50%. ‘Billed Authorized Consumption’ of 3.327 Mm3 and ‘Unbilled Authorized 
Consumption’ are assumed to remain unchanged. 
 
Therefore, ‘Water Losses’ for 2014 = 3.309 Mm

3 or 49.7% of System Input Volume 
 
There are no plans to reduce ‘Apparent losses’ due ‘Customer Meter Inaccuracies’ as the costs 
calculated to do this outweigh the financial benefit (i.e. the City will set tariffs at break-even point, so 

there is no resultant increase in revenues by increasing meter accuracy), therefore the estimated 
under-reading by 6.4% of customer meters is assumed to remain unchanged by 2014. 
 
Therefore, ‘Real Losses’ for 2014 = 3.096 Mm

3 or 46.5% of System Input Volume 
 
In summary, Figure 4.5 shows the design Water Balance Framework projected for Amasya WSP in 
2014 upon completion of its water efficiency investments. 
 
Figure 4.5: IWA Water Balance Framework: Amasya WSP 2014 (Projected) 
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4.4. Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
Given that there are no a security-of-supply issues in the service area, no future supply and demand 
management options will be required over the planning period. Hence the MCoWWSP is the 
incremental cost of water abstracted and distributed by the WSP, based on variable system operating 
costs. 
 
The cost structure of the WSP in 2010 is shown in Table 4.6, and the variable system operating costs 
are shown in Table 4.7. 
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Table 4.6: The Cost Structure of the WSP 2010: 
Cash-flow from Operations (Excluding VAT)   

Cash-in from Operations (3,338,593.50 € invoiced @98%colection Ratio) 3,275,160.22 €  

Cash-out from Operations   

- Purchased Water (0.00 €)   

- Electricity (816,677.50 €)  

- Management Offices (23,152.30 €)   

- ‘Geldingen Ovasi’ Well-field @3,313,547 m3 (637,008.13 €)   

- Chlorination Plant (16,048.33 €)   

- Sewerage PS 1,2,3 (101,831.92 €)   

- Electricity Other (38,636.82 €)   

- Direct Material Costs (282,149.00 €)  

- Chlorine Gas (7,203.02 €)   

- Other (274,945.98 €)   

- Direct salary costs (266,394.50 €)  

- External Water Network Repairs Contractor (3,240 repairs) (407,842.50 €)  

- Other operational costs (165,029.50 €)  

Net Cash-flow from Operations (Excluding VAT)  1,337,067.22 €  

Cash-flow from Investment Activities (Excluding VAT)   

Asset renewals   

- Water Distribution Networks (Approx. 2% of 2008 MEAV) (709,305.50 €)  

- Sewerage Networks (Approx. 2% of 2008 MEAV) (403,396.50 €)  

New Customer Connections   

- New Customer Connections (Water) 530 no. (89,621.00 €)  

- New Customer Connections (Wastewater) 260 no. (136,703.00 €)  

Net Cash-flow from Investment Activities (Excluding VAT)  (1,339,026.00 €) 

Cash-flow from Financing Activities   

- Bank Fees & interest on overdrafts (12,294.50 €)  

Net cash from Financing Activities  (12,294.50 €) 

Net Cash-flow 2010 (Operations, Investments, Financing)  (14,253.28 €) 

 
Table 4.7: Amasya Water System - Variable System Operating Costs 

Item 2010 

(Pre-Implementation of LCP) 

2014 

(Post-Implementation of LCP) 

Electricity Costs: 
(Abstraction & Distribution) 

0.1922 €/m3 0 

Treatment Costs 0.0070 €/m3 0.0036 €/m3 

Total variable system operating costs 0.1992 €/m3 0.0036 €/m3 

MCoWWSP 0.1992 €/m3 0.0036 €/m3 

 
The elimination of the operational costs for electricity associated with the reduced abstraction of 
water from the ‘Geldingen Ovasi’ well-field is the key factor that impacts the cost structure of the 
WSP as a result of the LCP measures introduced by the WSP.  As shown in Table 4.7, the marginal 
cost of water for the WSP reduces by 0.1956 €/m3 when the need for ‘Geldingen Ovasi’ well-field 
waters are eliminated altogether. This happens when the minimum winter yield of the Akdag springs 
is increased to 210 l/s and the distribution network ‘real losses’ are reduced from 72.2% (2010 levels) 
to 46.5%. 
 
Given that MCoWIWRM = 0.1085 €/m3 (refer to Section 3) 
 
And, MCoW = MCoWIWRM + MCoWWSP,  
 
Therefore, MCoW = 0.3077 €/m3 (Pre-Implementation of LCP) and 0.1121 €/m3 (Post-

Implementation) (refer to Figure 4.6).  
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4.5. Calculation of the MCoLC 
 
Amasya WSP has already designed and contracted its investments into water loss reduction wherein 
all of the basic measures of pressure management, the formation of DMAs and active leakage control 
have been considered and the mix of selected measures is now under implementation.   
 
In addition to the capital works included in its investment programme, the WSP plans to maintain the 
2010 levels of operational resources, of approximately 400,000 €/year, dedicated to active leakage 
control. Some of this operational budget for active leakage control will be redirected to system 
monitoring upon completion of the investment works, reducing the budget for field leakage detection 
and repair teams, but it is expected that the pressure management works will reduce the rate of 
formation of new leaks. It also plans to maintain its 2010 ratio of asset renewals of 2%.  
 
All of these actions are expected to reduce the level of real losses from 72.2% to 46.5% and to 
maintain losses at this new level. 
 
While real losses of 46.5% are still very significant, the additional measures that could be taken are 
limited in scope. In terms of the conventional options of Pressure Management, Active Leakage 
Control and Asset Renewals, by 2014 the WSP will already have managed pressures to within an 
optimal operating range for the topography and the statutory service requirements with regard to 
pressure (2-4.5 Bar), and it will also have modulated pressure in the 10 DMAs with the worst levels of 
losses and where the network is in poorest condition.  i.e. once the WSP has completed these 
measures and reduced real losses to 46.5% it is no longer cost effective or beneficial to society to 
reduce losses further unless new technologies develop that allow the WSP to achieve more in terms of 
leakage reduction for the same annual sums of money allocated to loss reduction. 
 
In terms of the size of DMAs, each DMA will cover an average of approximately 800 service 
connections which is optimal given the arrangement of the distribution network and the urban layout. 
 
The options available for further reductions include: 
 
- Additional levels of ALC (at the current level of AR of 2%), and 
- Additional levels of ALC plus an increased rate of AR (above 2% per annum).  
 
Marginal Cost of Leakage Control has been calculated for these options and the results are 
summarized in Table 4.8: 
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Table 4.8:  Leakage Control Options, Benefit / Yields, and Unit Costs 
Option Benefit  / Yield Marginal Cost 

(€M/Mm3) 

Option 1: 
Current levels of PM, ALC & AR PLUS 
Additional Active Leakage Control 
(ACL) 
- Reduce leakage 0.8% below 46.5% 
- Reduce leakage 4.3% below 46.5% 
- Reduce leakage 10.5% below 46.5% 

 
 
 
 
+0.1 Mm3 / year saving in water loss 
+0.5 Mm3 / year saving in water loss 
+1.1 Mm3 / year saving in water loss 

 
 

 
 

0.14 
0.17 
0.40 

Option 2: 
Current levels of PM & ALC  

PLUS 
Additional AR to 3% 

PLUS 
Additional Active Leakage Control 
(ACL) 
- Reduce leakage 4.3% below 46.5% 
- Reduce leakage 10.5% below 46.5% 

 
 
 
 
 
 
 
+0.5 Mm3 / year saving in water loss 
+1.1 Mm3 / year saving in water loss 

 
 
 
 
 
 

 
0.28 
0.51 

 
 

4.6. Calculation of the Sustainable Level of Economic Leakage (SELL) 
 
As discussed in Section 1, the Sustainable Economic Level of Leakage (SELL) is the measure that 
has been selected to assess the economic efficiency of the WSP.  The SELL is the level of leakage in 
the public water distribution network at which the marginal cost of leakage control (MCoLC) for the 
WSP equals the marginal cost of water (MCoW). 
 

 
Comparison of Leakage Parameters: 

Real Losses 
(Million m3/ year) 

2.0 2.6 3.1 3.241 4.0 5.0 6.0 7.0 8.0 9.0 9.238 10.0 

Real Losses 
( as % of SIV) 

36.0% 42.2% 46.5% 47.7% 52.9% 58.4% 62.8% 66.3% 69.2% 71.7% 72.2% 73.8% 

   
LCP 

Design 
Target 

SELL       
2010 

Reference 
 

 

 

Where MCoW = 0.1141 € /m3 = MCoLC as shown in Figure 4.7, the Sustainable Economic 
Level of Leakage (SELL) is calculated as 47.7%;  provided that the WSP’s LCP of Measures 
for the Reduction of Network Losses is successfully implemented. 
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5. Results & Conclusions of the Case Study 

 
Water resources in Turkey are managed centrally by State Hydraulics Works (DSI) who is responsible 
for the preparation of Basin Plans for each of the 25 river basins in Turkey. 
 
The Yesilirmak River Basin is a steep river basin with rapid run-off and limited natural groundwater 
storage capacity, hence natural snow storage and artificial storage are important factors in the 
regulation of its water regime. Irrigation accounts for over 60% of the water consumed annually and 
the construction of artificial storage capacity in the basin has been focused upon regulating flows to 
meet growing irrigation demands. 
 
A Socio-economic Development Master Plan for the Yesilirmak Basin was prepared and adopted in 
2008 which included the socio-economic development objectives for water; and subsequently an 
IWRM Plan was prepared for the Yesilirmak Basin in 2010 as an interim planning document prior to 
the completion of the DSI Basin Plan and the Basin Protection Plan. 
 
The 2010 IWRM Plan for the Yesilirmak River Basin concludes the following with regard to water 
quantity: 
 

• In quantitative terms, the Yesilirmak Basin water resources are not stressed in 2010 but are borderline 
adequate. 

 
However: 

• The Basin must improve its water use efficiency (in particular for irrigation), and build new artificial 
water storage capacity in order to both support the socio-economic development objectives included in 
the 2008 Socio-economic Master Plan, and to off-set the loss of natural snow storage resulting from 
projected climate change.  
 

In simple terms this means: 

• That the additional water demand for the proposed new irrigated areas of 290,000 hectares must come 
from water use efficiency gains from existing irrigated areas and systems; 

• That the additional water required to meet demand resulting from projected population growth must 
come from efficiency gains in the existing public drinking water distribution systems, and, 

• That new artificial storage capacity must be constructed at a rate equivalent to the projected rate of loss 
of snow storage due to climate change (i.e. constructing approximately 1000 MCM of new storage 
every 30 years). 

• Note, the above assessment takes account of socio-economic consequences to the extent possible 
within the IWRM Plan which was based upon a sound, detailed Regional Socio-Economic 
Development Plan. 

 
Specific to the resource and economic efficiency of the public water distribution network that serves 
the City of Amasya together with the adjacent Township of Ziyaret: 
 
- In 2010 the public water distribution network was very inefficient with real losses of 72.2% of 

‘system input volume’, however the Amasya WSP has a programme of measures for improved 
water efficiency under implementation that aims to reduce real losses to 46.5% that will be 
complete by December 2013. This will result in reduction in ‘system input volume’ from 12.798 
Mm3 in 2010 to 6.654 Mm3 in 2014; more than achieving the general criteria recommended in the 
2010 IWRM Plan that additional water required to meet demand resulting from projected 
population growth must come from efficiency gains in the existing public drinking water 
distribution system.  
 

- The Sustainable Economic Level of Leakage (SELL) for the Amasya water distribution network 
upon completion of its’ works is calculated as 47.7%. This high level of SELL is because: 
o Amasya has access to abundant raw water resources in its proximately that are of high 

quality, are not stressed, and chlorination is the only treatment required, and 



22 

 

o When the WSP reduces it real losses to less than 47%, it eliminates all electrical costs 
associated with the abstraction and distribution of water, hence the variable system operating 
costs of the WSP at that point become negligible. 
 

- In addition to the improvements in water distribution efficiency, the Amasya WSP will also fully 
comply by 2014 with Turkey’s Water Pollution Control Regulation and the UWWD; will not 
discharge urban wastewaters in excess of the assimilation capacity of the receiving waters, and 
therefore will not have to pay any water pollution fees that were introduced into law in 2011. 



 

Annex G 

Case Study – United Kingdom 
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Abbreviations 

 

AIC Average Incremental Cost As AISC but only WSP costs included 

AISC Average Incremental and Social Cost The net present value of the whole-life costs of a 
supply, demand management or leakage 
control intervention divided by the net present 
value of the volumetric yield (or leakage 
savings) 

ALC Active Leakage Control The proactive detection and repair of leaks in 
water distribution networks 

AZNP Average Zonal Night Pressure  The average hydraulic pressure (available head) 
across a network at the time of minimum night 
flow 

BL Background Leakage The aggregation of undetectable leaks and 
seepage in a network (related to asset 
characteristics and unrelated to effort). (see also 
PML) i.e. The lowest level of leakage that can be 
achieved through intensive leakage control using 
conventional methods and reasonable effort 

CARL Current Annual Real Losses As related to the IWA NWR framework 

DMA District Metered Area (sectorisation)  

DWD Drinking Water Directive  

EL Excess leakage The difference between a given level of leakage 
and Background Leakage 

ELL Economic Level of Leakage The point at which the cost of reducing leakage 
is equal to the benefit gained from further 
leakage reductions 

ESW Essex and Suffolk Water The Water Service Provider in the study area 

GIS Geographic Information Systems  

HNA Hydraulic Network Analysis  

IRC Infrastructure Renewals Cost  

ILI Infrastructure Leakage Index IWA Leakage Index 

IWA International Water Association  

LCP Least Cost Planning The activity that arrives at the minimum whole-
life cost of supply, demand management and 
leakage management interventions over a 
planning period to achieve a balance between 
supply and demand at a given level of reliability 

LI Leakage Index A function of the average zone night pressure in 
a network and which provides a means of 
estimating the savings in leakage through 
pressure management 

LRELL Long Run Economic Level of Leakage The ELL that results from an LCP study whereby 
leakage is considered alongside supply and 
demand management activities to meet a long 
run supply-demand balance. In surplus zones 
with no supply-demand imbalance the LRELL 
may equal the SRELL. 

MCoW Marginal Cost of Water The variable operating cost (excluding fixed 
overheads) required to deliver a unit saving in 
leakage or unit of water into supply 

MEAV Modern Equivalent Asset Value The replacement cost of an asset 

MNF Minimum Night Flow The minimum hourly flow at night (determined 
by rolling 4 x 15-minute night flow values) 

NRR Natural rate of rise in leakage The rate at which leakage would increase in a 
network with no leakage management 
interventions. NRR is the increase in leakage that 
would occur over a year if repairs to leaks were 
not carried out. It therefore represents the 
leakage that needs to be overcome in order to 
maintain a given leakage level. The NRR is 
related to asset condition and other factors. 

NRW Non-Revenue Water As defined by IWA framework 

O&M Operation & Maintenance  
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PRV Pressure Reducing Valves   

RBMP River Basin Management Plan  

SELL Sustainable Economic Level of Leakage The optimal level of leakage that results from the 
inclusion of both WSP and external costs and 
benefits 

SRELL Short Run Economic Level of Leakage An ELL based only on the balance between 
leakage management costs and the short-run 
marginal cost of water, excluding all future 
capital investment that may be required to meet 
supply-demand shortfalls 

UARL Unavoidable Annual Real Losses  

WAFU Water Available For Use Raw water resources available to the WSP. 

WFD Water Framework Directive EU Directive 2000/60/EC  

WIS Watershed Information System  
Water Infrastructure System 
Water Industry Specification 

 

WSP Water Service Provider In this Case Study Essex and Suffolk Water 
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1. Introduction 
 
This Case Study reviews the resource and economic efficiency of the public water distribution 
network that serves 1.8 million people living in Essex, east London, north Suffolk and south Norfolk. 
 
The analysis considers the specific physical, regulatory and socio-economic context and constraints 
within which the water distribution network operates, and specifically focuses on the assessment of 
the technical and economic efficiency of the public water distribution system within the areas of 
Essex and Suffolk.  
 
In addition to the analysis of the water distribution network and its operator (the water services 
provider), the availability and management of water resources in the Anglian river basin are analysed 
and assessed in order to provide context and to assign value to the raw water resource prior to 
abstraction by the water services provider (MCoWIWRM), to be used in the calculation of the 
Sustainable Economic Level of Leakage as described in the text box below.  
 
 

Method selected to assess the economic efficiency of the public water distribution network 

  
� The measure selected to assess the economic efficiency of the public water distribution network is the 

calculation of the Sustainable Economic Level of Leakage (SELL), where the SELL is the level of 
leakage in the public water distribution network at which the marginal cost of leakage control 
(MCoLC) for the WSP equals the marginal cost of water (MCoW). 

 
Where: 
 
The Marginal Cost of Leakage Control (MCoLC) is the cost of leakage control measures required 
to achieve specific levels of leakage using an optimised mix of Active Leakage Control (ALC), 
Pressure Management (PM) and Asset Renewal (AR); calculated for a range of technical leakage 
targets. 
 
AND 
 
The Marginal Cost of Water (MCoW) includes 2 components:  
 
i. The Marginal Cost of Water for the integrated management and protection of the water 

resource prior to abstraction by the water services provider, MCoWIWRM (i.e. the cost for the 
administration, management, protection and sustainable development of the raw water 
resources at a basin level, using the Least Cost Plan (LCP1) approach, in order to meet 
overall water objectives for quality and quantity), 

 
ii. The Marginal Cost of Water for the Water Service Provider, MCoWWSP (the incremental cost 

of water abstracted and distributed by the WSP, based on variable system operating costs 
plus the capital and operating costs of any future supply and demand options required over 
the planning period, selected using a Least Cost Plan (LCP) approach) 

 
 

MCoW = MCoWIWRM + MCoWWSP  
 
 

� The MCoWIWRM is calculated from the technical and economic analysis of the basin and sub-basin 
management plans together with supporting documents. 

 
� The MCoLC and the MCoWWSP are calculated from the technical and economic analysis of the water 

distribution network and its water services provider. 

 
 

                                                             
1
 The Least Cost Plan (LCP) is the vehicle by which WSPs and Basin Managers / Water Agencies can determine the optimal 

mix of interventions necessary to ensure the long-term balance between supply and demand in order to meet their respective 
water management objectives. 
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2. The Study Area 
 
2.1 General Overview 
 
Essex & Suffolk Water (ESW), supplies water to 1.8 million people living in Essex, east London, 
north Suffolk and south Norfolk.  It lies in the Anglian river basin district in south-eastern England, 
which covers just over 10% of the UK land area, bordered in the North by Lincolnshire, in the South 
by Essex and the Thames Estuary, in the West by Northamptonshire and in the East by the North Sea. 
The key geographical features of the region are summarised below. 
  

Key Physical  Features of the Anglian River Basin District 

 

• Area: 27,890 km² 

• Location: The basin is located in the south-eastern part of the UK, and is bordered in the 
North by Lincolnshire, in the South by Essex and the Thames Estuary, in the West by 
Northamptonshire and in the East by the North Sea.  

• Population: 5.2 million inhabitants; living and working in small or medium sized towns and 
cities within the district which has no extensive metropolitan areas. 

• Population density: Approximately 186 inhabitants per square kilometre. 

• Climate: The basin is relatively dry, hot and sunny compared with the England and Wales as a 
whole. Average annual rainfall is less than 600 mm. 

• Hydrographical network: 758 rivers and canals covering approximately 7 000 kilometres in 
length. Approximately 70% of rivers and 77% of lakes and reservoirs are classified as 
modified water bodies. 

• Volumes of water abstracted: Yearly average 594 million m3; 88% for drinking water, 9% for 
irrigation and less than 2%. for industry 

• Approximately 60 per cent of freshwater abstraction comes from surface water and 40 per 
cent from groundwater. 

 
 
The landscape in the Anglian region ranges from gentle chalk and limestone ridges to the extensive 
lowlands of the Fens and East Anglian coastal estuaries and marshes.  The area, which is home to 5.2 
million people, but has no extensive metropolitan areas and is predominantly rural with more than 
half of its land surface (approximately 1.5 million hectares) used for agriculture and horticulture. It is 
particularly important for cereal crops, producing more than a quarter of England’s wheat and barley. 
The district is also a major horticultural region and hosts most of the UK’s pig and poultry farms.  
 
2.2 Water Resources 
 
The south-eastern region in which ESW is situated is one of the driest regions in the UK with less 
water available for use than in many parts of Spain, Portugal and Italy.  With on average less than 600 
mm of rainfall per year, it is classified as a water stressed environment by the UK Environment 
Agency (see Figure 2.1).  In dry years, ESW already has a shortage of water compared with demand. 
This problem is expected to worsen due to predicted increases in population in the area and with 
potential future climate change.    
 
In overall abstraction terms, public water supply accounts for approximately 88% of the water 
abstracted from the Anglian region’s rivers and groundwater resources, agricultural accounts for 
approximately 9% and industry accounts for most of the remainder (WFD Article 5 Supporting 
Document, Economic Analysis of Water Use: Anglian River Basin District, DEFRA , 2005). 
 
ESW itself provides water services to two separate supply areas: 
 

• the Suffolk area (primarily rural, population approximately 300,000), which is divided into 3 
zones; and 

• the Essex area (a mix of rural and urban areas, population approximately 1.5 million) which is 
defined as a single zone. 

 
The area controlled by ESW is divided into four resource zones.  A summary of the water available 
for use in these four zones through intrinsic water resources and transfers is shown in Figure 2.2.  
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Figure 2.1: Water Stress in England 

 
Source: United Kingdom Environment Agency 2007. Accessed May 2011  
 
 

Figure 2.2: ESW Water Availability 

Source: ESW Water Resources Management Plan 2010-2035 

 
 
The main water resources in the region and those of ESW are shown in Figure 2.3. 
 
In the Essex area, approximately 3% of water is sourced from chalk groundwater, 20% is transferred 
from the Lea Valley Reservoirs in the Thames Water Utility area, in dry years approximately up to 
30% is from the Ely Ouse Water transfer scheme supplied by Anglian Water, while the remaining 47-
77% is sourced from surface water and reservoirs within the Essex supply zone.  Work to enlarge 
Essex & Suffolk Water’s reservoir near Colchester by 58% began in January 2010.  The enlarged 
reservoir will hold an additional 15 billion litres of water and will be fully operational by 2014.     
 
The Suffolk area is split into three zones. The largest zone (Northern/Central) uses 70% surface water 
and 30% ground water, while the two smaller zones (Hartismere and Blyth) use 100% groundwater 
from Chalk and Crag sources.  
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Figure 2.3: Essex and Suffolk Water – Map of Water Resources 

 
Source: ESW Water Resources Management Plan 2010-2035 

 
 
In terms of raw water quality, the water in the area is classified as ‘hard’ to ‘very hard’, due to the 
Chalk geology across the region.  The Anglian RBMP reports that some 82% of surface waters and 
35% of groundwater bodies across the region fail to meet good status. The majority of surface water 
body failures relate to their phosphate, fish and invertebrate classifications. In the case of 
groundwater, Annex B of the Anglian RBMP indicates that nitrate, phosphate and pesticide 
contamination from agriculture is fairly widespread, including in the chalk and crag aquifers that 
supply the ESW service area.  Notwithstanding these issues with raw water quality, there are rarely 
any reported cases of drinking water quality standards being exceeded within the ESW distribution 
system itself. 2  The latest UK Drinking Water Inspectorate report (Drinking Water 2010: Public water 
supplies in the Eastern region of England, July 2011) only records one significant incident where 
waters transferred from the Thames region had been contaminated by industrial effluent from a resin 
manufacturer. Very occasional and isolated reports of microbial and pesticide (eg Clopyralid) 
contamination are also reported, along with planned or completed remedial actions. 
 
 
 

                                                             
2
 Under Regulation 27 of the Water Supply (Water Quality) Regulations 2000 (last amended in 2010), 

companies are obliged to carry out a risk assessment for specific hazardous pollutants (including pesticides) in 

their supply areas and to monitor raw water and identify any necessary control measures. 
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3. Regulation and Management of Water Resources 
 
 
3.1 National Regulatory Framework 
 
The water industry in the United Kingdom was privatised under the Water Act (1989) and is 
legislated through the Water Industry Acts (1991 and 1999), as amended by the Water Act (2003).  
The latter incorporated into UK law the requirements of the EU Water Framework Directive (2000).  
Drinking water quality is regulated through the Water Supply (Water Quality) Regulations (2000, last 
amended 2010). 
 
The industry is monitored and regulated by a number of bodies: 
 

• Economic regulation is carried out by Ofwat (The Water Services Regulation Authority), inter 

alia via a Price Review Mechanism (see below);  

• Environmental regulation is carried out by the Environment Agency, although there are other 
‘Statutory Consultees’ that need to be consulted during the development planning process in 
England and Wales in regard to the protection of the water environment (including under the 
Habitats and Birds Directives), most notably Natural England, Natural Resources Wales and the 
Joint Nature Conservation Committee; 

• Drinking water quality regulation is carried out by the Drinking Water Inspectorate (DWI) 

• Customer interests are represented by the Consumer Council for Water (CCW)  
 
 

Ofwat and the Price Review Mechanism (source: http://www.ofwat.gov.uk/pricereview/) 
 
Water and sewerage services in England and Wales are not provided in competitive markets. Most people 
receive their water services from a licensed monopoly company. Only very large business customers are able to 
choose their supplier. In response, Ofwat was created when the water and sewerage sectors were privatised in 
1989 with the primary role of regulating the industry.  One of the principal ways in which they regulate is to set 
the price, investment and service package that customers receive, which is currently done on a 5-yearly basis 
(the so-called ‘Price Review Mechanism’). This includes setting limits on the prices the companies can charge 
their customers according to a set of published principles in six areas: targeted price controls; proportionate 
price setting; effective incentives; ownership, accountability and innovation; flexibility and responsiveness; and 
transparency and predictability.  When setting price limits every 5 years, Ofwat aims to balance the interests of 
consumers with the need to make sure the sectors can finance the delivery of water and sewerage services in a 
sustainable manner.  They also work to ensure that the companies are able to meet their other legal obligations, 
including their environmental and social duties. 

 
 
Ofwat, the DWI and the EA all have responsibility for enforcing various quality standards relating 
respectively to pricing and customer service, drinking water quality and the impact of abstraction and 
discharge on water quality in the environment.  These latter obligations on water companies represent 
the requirements of a number of EU Directives including the Habitats and Birds Directive, Water 
Framework Directive and Urban Waste Water Treatment Directive. UK specific legislation, such as 
the Countryside and Rights of Way Act and local regulation such as Biodiversity Action Plans also 
impose obligations on water and sewerage providers. 
 
In England and Wales, a license is required for anyone to abstract more than 20 cubic metres per day 
from a river or aquifer. The system is run by the Environment Agency (EA) and while it primarily 
affects water supply companies it also applies to agriculture and industry.  Licenses are granted on a 
periodic and renewable basis, and the system incorporates an abstraction fee that is based upon the 
licensed amount.  However, there are currently proposals being considered by Parliament to amend 
the abstraction charging regime in future to better reflect the actual volumes of abstractions taking 
place, and the value of the resource, both in socio-economic and environmental terms.3  In association 
with abstraction licences, the EA also operate discharges licences that regulate the biological, 
chemical and thermic properties of any water that is put back into the rivers. 
 

                                                             
3
 White Paper presented to Parliament by DEFRA entitled ‘Water for Life’, December 2011 
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3.2 Water Industry Design 
 
England and Wales are served by 10 large water service providers that deal in both water supply and 
sewerage provision.  In addition there are a further 14 ‘water supply only’ companies that operate 
within the main water company areas, as shown in Figure 3.1.  ESW is one of these companies.  
Despite the number of water service providers, there is no customer choice of supplier since these are 
determined on the basis of geographical location.   
 
Under the Water Industry Act 1991, Part 3, there is stated a general duty on those licensed to supply 
water to maintain the water supply system, as follows: 
 

(1)It shall be the duty of every water undertaker to develop and maintain an efficient and economical system 
of water supply within its area and to ensure that all such arrangements have been made— 
(a)for providing supplies of water to premises in that area and for making such supplies available to persons 
who demand them; and 
(b)for maintaining, improving and extending the water undertaker’s water mains and other pipes, 
as are necessary for securing that the undertaker is and continues to be able to meet its obligations under this 
Part. 
 
Water Industry Act 1991, c. 56, Part III, chapter I, Section 37, as amended by Water Act 2003 

 
 
 

Figure 3.1: Water Supply Companies in the UK 

 
Source: WATER UK website May 2012 (http://www.water.org.uk) 
 

 
In addition, Section 68 states the duty to provide “wholesome” water:  
 

Essex and 

Suffolk Water 
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68 Duties of water undertakers and licensed water suppliers with respect to water quality.  
(1)It shall be the duty of a water undertaker where its supply system is used for the purpose of supplying 
water to any premises for domestic or food production purposes— 
(a)to ensure that any water so supplied is wholesome at the time of supply; and 
(b)so far as reasonably practicable, to ensure, in relation to each source or combination of sources from 
which water is so supplied , that there is, in general, no deterioration in the quality of the water which is 
supplied from time to time from that source or combination of sources. 
 
and this section and section 69 below apply, in relation to the duty of an undertaker, whether or not the 
water supplied using the undertaker’s supply system is supplied by the undertaker. 
 
Water Industry Act 1991, c. 56, Part III, General obligations of undertakers and licensed water suppliers, 

Section 68, as amended by Water Act 2003 

 
 
3.3. Water Resources Planning Framework 

 
In accordance with the Water Act (2003), water resources are managed at a river basin level and the 
hierarchy of plans strategies in place to facilitate this are shown in Figure 3.2.  Table 3.1 summarises 
the key plans that govern water resources management in the Anglian River Basin District, and more 
specifically the ESW service area. 
 
 
 

Figure 3.2: Hierarchy of Water Resources Plans and Strategies in England and Wales 

 
Source: Managing Water Abstraction, Environment Agency, June 2010. 

 
 

In broad terms, at the river basin level the CAMS are the main instrument for evaluating and 
determining sustainable abstraction license conditions (including for water companies) within an 
individual water resources management unit. The strategies are supported by extensive hydrodynamic 
modeling of rivers and aquifers, and the results are aggregated within the wider RBMP process in 
support of WFD objectives.  For example, the results from the CAMS are used to identify water 
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bodies that are at risk of failing to meet good ecological status through over abstraction.  The CAMS 
are also used by the EA to establish and where necessary revoke or revise abstraction license 
conditions under Sections 51 and 52 of the Water Resources Act (1991).  The EA also administers a 
Restoring Sustainable Abstraction Programme alongside the CAMS process that is specifically 
designed to address over-abstraction ‘hotspots’ that have been identified in the RBMP process.  There 
are currently 71 locations where the RSA programme is operational in the Anglian region – primarily 
in areas covered by the Habitats Directive. 
 
Table 3.1:  Water Resources Planning Hierarchy - Anglian River Basin District 

Level Relevant Planning Documents 

for ESW 

Purpose 

Anglian river 
basin district 

Anglian River Basin District 
Management Plan 2010-2015 
(Environment Agency, 2009) 

This plan focuses on the protection, improvement and 
sustainable use of the water environment. It describes the 
river basin district, the current status of its water bodies 
and the pressures that the water environment faces. It 
shows what this means for the current state of the water 
environment (both in qualitative and quantitative terms), 
and what actions will be taken to address the pressures. It 
sets out what improvements are possible by 2015 and how 
the actions will make a difference to the local environment 
– the catchments, the estuaries and coasts, and the 
groundwater. 

Sub-basin 
level 

For the Suffolk supply area: 

• The East Suffolk Catchment 
Abstraction Management 
Strategy (Environment 
Agency, 2008) 

• The Broadland Rivers 
Catchment Abstraction 
Management Strategy (EA, 
2006) 

 
For the Essex supply area: 

• The Roding, Beam & 
Ingrebourne Catchment 
Abstraction Management 
Strategy, (EA, 2006) 

• The Combined Essex 
Catchment Abstraction 
Management Strategy (EA, 
2007) 

• The Cam and Ely Ouse 
Catchment Abstraction 
Management Strategy (EA, 
March 2007) 

CAMS are produced every 5 years for sub-basin level 
groupings of individual water resources (or groundwater) 
management units (eg river catchments or aquifers) within 
a main river basin. The aims of CAMS are to: make 
information on water resource availability and the 
catchment licensing strategy more readily available; 
provide a consistent and structured approach to local water 
resource management; recognise both the abstractor’s 
reasonable need for water and environmental needs; 
provide mechanisms to assess water resources availability; 
provide results which feed into the RBMP process and 
ensure the relevant WFD objectives are met; provide tools 
to aid license decisions – particularly the block 
replacement and management of time limited licenses. 

Essex and 
Suffolk Water 
supply area 

ESW Water Resources 
Management Plan  2010-2035 
(ESW, 2010) 
 
 
ESW Drought Plan (Draft for 
Consultation) (ESW, 2012) 

The WRMP is prepared every 5 years and reviews all the 
components of water resources demand and supply to 
ensure ESW is working towards the best water resource 
management strategy.   
 
The Drought Plan is prepared every 3 years and identifies 
how the company intends to manage a future drought, what 
trigger levels can be used to identify when action is 
required, and what measures are available to support 
supplies when levels of service are compromised. 

 

 

3.4 Management of Water Resources for Essex and Suffolk Water 
 
As shown in Table 3.1, at the water company level ESW is required to prepare a ‘Water Resources 
Management Plan’ every five years, in accordance with guidance laid down by the Environment 
Agency.  The plan shows how the company intends to maintain the balance between supply and 
demand for water over the next 25 years, making reference to water resources availability as set out in 
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the relevant CAMS (see above).  The WRMP is complimented by a ‘Drought Plan’, which ESW is 
required to produce every three years and which sets out the short term operational steps the company 
will take as a drought progresses. 
 
3.4.1 Water Demand Forecasting 

 
Total water demand has been forecast by ESW in their 2010 WRMP and is relatively stable across the 
planning horizon, although the composition of demand varies noticeably as indicated in Figures 3.3 
and 3.4.  
 

Figure 3.3: Projected Water Demand (Essex) 2008-2035 

 
 

Figure 3.4: Projected Water Demand (Suffolk) 2008-2035 

 
Source: Final Water Resources Management Plan 2010-2035 (ESW, January 2010). 

 
 
The balance of supply for both dry year and normal year planning scenarios is summarised for each 
resource zone in their 2010 WRMP (see Figures 3.5 and 3.6).  These forecasts indicated an annual 
deficit of 70 Ml/d and therefore the need for water management actions to be taken to ensure security 
of supply. 
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Figure 3.5: Essex Balance of Supply for Baseline Dry and Normal Year (Ml/d) 

 
Figure 3.5: Suffolk Balance of Supply for Baseline Dry and Normal Year (Ml/d) 

 
Source: Final Water Resources Management Plan 2010-2035 (ESW, January 2010). 

 
 
3.4.2 Water Supply Measures 

 
The ESW WRMP sets out the plans to address the predicted future 70 Ml/d deficit in the balance of 

supply.  The main options analysed are summarised in Table 3.2, and the final options selected to 

secure supply based upon a least cost planning approach over the next 25 years are shown in Table 

3.3.  These are further discussed in the context of leakage control in Section 4. 
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Table 3.2:  Water Supply Options Analysed in ESW WRMP (ESW, 2010) 

Option Benefit  / Yield Unit cost (p/m3) 

Abberton Scheme - Enlarging the capacity of Essex & 
Suffolk Water’s existing Abberton Reservoir (located to 
the south of Colchester in Essex – and obtaining license 
variations from the EA to fill the reservoir) 

+64 Ml/d  / year additional raw water 
resource 

57.57 

Universal Customer Metering 9.63 Ml/d  / year reduction in customer 
demand 

144.75 

Dagenham Supply Pipe replacement Scheme + 3.0-5.0 Ml/d 53.26 

Generic Mains replacement (Required by Ofwat  - AMP5) + 2.65 Ml/d / year saving in water loss 133.99 

Additional Active Leakage Control (ALC) 
- Reduce leakage 2% below current 
- 2%  -4% below current 
- 4%  -6% below current 

 
+1.16 Ml/d / year saving in water loss 
+1.16 Ml/d / year saving in water loss 
+1.16 Ml/d / year saving in water loss 

 
170.50 
270.70 
425.10 

 
Table 3.3:  Selected Water Supply Options in ESW WRMP (ESW, 2010) 

Option Yield Date Comment 

Universal Metering by 2020 (i.e. >85% meter penetration 
requirement from EA for water stressed areas) 

+ 9.63 Ml/d 2010-2020 EA requirement – not 
least cost option 

Dagenham Supply Pipe replacement Scheme + 3.0-5.0 Ml/d 2010-2020 Least cost 

Generic Mains replacement + 2.65 Ml/d 2010-2015 OfWat Requirement 

Abberton Scheme +64 Ml/d 2010-2014 Least cost 

Total 79.28 – 81.28 Ml/d   

 
 
3.4.3 Drought Monitoring and Response 

 
ESW monitors water availability on a continuous basis throughout the year using a combination of the 
Environment Agency’s hydro-meteorological network and their own monitoring systems.  The 
combined information from these sources provide data on real-time and forecast patterns of rainfall, 
soil moisture deficits, river flows, reservoir levels and aquifer levels. These data are analysed and 
compared with long term averages to identify trends and manage resources (eg through reservoir 
buffering and communications with the public), and also compared with pre-determined drought 
measure trigger levels.  These drought trigger levels stem from a number of different measurements 
(eg specific reservoir or aquifer levels in the ESW system), both independent and combined, and are 
flexible to planned changes in operating practice.  An example is shown in Figure 3.6. 
 

Figure 3.6: Combined Storage Drought Action Control Curves (ESW, 2012) 

 
Source: ESW Drought Plan (Draft for Consultation) (ESW, January 2012) 
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When a drought is possible a Drought Management Group (DMG) is formed to monitor the situation 
on a daily/weekly basis and manage the sequence of actions shown in Table 3.4.  These actions are in 
accordance with the Water Use (Temporary Bans) Order 2010 and the Drought Direction 2011, as 
contained within the Flood and Water Management Act 2010. 
 

Table 3.4:  Typical Progression of Drought Management Measures for ESW 

Item Type Description 

1 Demand reduction Appeal for restraint and voluntary reduction in water use 

2 Demand reduction Temporary Water Use Ban  (Phase 1, including domestic uses of water by 

hosepipes, swimming pools, ponds etc) 

3 Increase resources Drought permits to temporarily increase licensed quantities on abstraction 

licences, reduce compensation flows, etc) 

4 Demand reduction Drought Order Ban (Phase 2, including non-domestic uses of water for 

cleaning, swimming pools, dust suppression etc) 

5 Increase resources Drought orders to obtain additional water. 

6 Demand reduction Rota cuts and standpipes. 

7 Increase resources Consideration of esoteric options to augment resources (eg sea tankering). 

Source: ESW Drought Plan (Draft for Consultation) (ESW, January 2012) 

 
3.5. Assessment of the MCoWIWRM 

 
There is currently no consumption based abstraction charge in England and Wales4.  The fee for water 

abstraction is payable to the Environment Agency who operate a charging scheme based on licensed 

quotas, and including both standard fees for each region based upon water availability, and an 

environmental improvement fee to cover the cost of compensating license holders that have had their 

licenses reduced or removed on environmental grounds.  The unit costs are shown in Table 3.5.    

 

Table 3.5: Standard Abstraction Fees (£ per 1000 m3) for 2012/13 

Charging Region Standard Unit 

Charge  

Environmental Improvement 

Unit Charge (Non Water 

Companies) 

Environmental 

Improvement Unit Charge 

(Water Companies) 

Anglian 27.51 9.96 9.96 

Midlands 14.95 0.00 0.00 

Northumbria 27.14 0.00 0.00 

North West 12.57 2.05 6.96 

Southern 19.23 8.26 8.26 

South West (inc Wessex) 19.71 9.94 0.00 

Thames 13.84 0.83 6.23 

Yorkshire 11.63 0.62 0.00 

EA Wales 14.51 5.20 0.00 

Source: Abstraction Charges Scheme 2012/13, Environment Agency 

The value assigned for the MCOWIWRM within this Case Study is the unit cost / m3 paid by ESW for 
water resources in 2008 which is 0.0375 £/m

3
. (0.0469 €/m

3
) 

 
 
 

 
 
 
  

                                                             
4
 As discussed in Section 3.1, there are currently proposals being considered by Parliament to amend the 

abstraction charging regime in future to better reflect the actual volumes of abstractions taking place, and the 

value of the resource, both in socio-economic and environmental terms. 
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4. Calculation of the MCoW, MCoLC and SELL 
 
 
As discussed in Section 1, the Sustainable Economic Level of Leakage (SELL) is the measure that has 
been selected to assess the economic efficiency of the WSP.  The SELL is the level of leakage in the 
public water distribution network at which the marginal cost of leakage control (MCoLC) for the 
WSP equals the marginal cost of water (MCoW). 
 
The following sections describe the estimation of the SELL for Essex and Suffolk Water. 
 
4.1 The water abstraction, treatment and distribution system that serves Essex and Suffolk  
 

• Assets include seven impounding reservoirs, 27 water treatment works, 43 service reservoirs and 

over 100 pumping stations and 8,500 km of water pipes  

 
4.2. Sales Volumes, Tariffs & Revenues 

 
 
The total annual sales volumes of water in 2008 was approximately 147 Million m3 and total annual 
revenues from this sale of water was approximately 250 €Million.  
 
The network system has approximately 778,500 customer connections of which 95% are households 
that account for approximately 71% of sales volume. ESW supplies 40 000 businesses 
 
Table 4.1: Unmetered customers charges for 2012/2013  

 Unmetered customers 

Fixed charge £57.70 

Charge based on the rateable value of 
property (Essex) 

0.8493p/per £ of rateable value 

Charge based on the rateable value of 
property (Suffolk) 

0.9840p/per £ of rateable value 

Note : Unmetered customers bills are subject to a minimum charge of £93.40 
 
 
Table 4.2: Metered customers charges for 2012/2013   

 Metered domestic  

customers 

Metered 

non-domestic 
customers 

Fixed charge £38.00  
for a typical domestic 
meter up to 20mm 

£38.00 to £576.90 
depending on meter 
size 

Proportional charge (Essex) 1.3211£/m3  1.3211 p/m3 

Proportional charge (Suffolk) 1.4144p/m3  1.4144 p/m3 

 
 
4.3 Leakage Control in the Water Distribution Network 
 
System losses in 2010 are calculated using the IWA Water Balance Framework as shown in Figure 
4.1. 
 
Figure 4.1: IWA Water Balance Framework: for ESW operations in 2008 (values in hm3/year) 

System  
Input  
Volume 

(167 hm
3
) 

Authorised 
Consumption 
(149.04 hm3) 

Billed 
Authorised 
Consumption 
(147.42 hm3) 

Billed Metered Consumption 
 Revenue Water 

(147.42 hm
3
) Billed Unmetered Consumption  

 

Unbilled 
Authorised 
Consumption 
(1.62 hm

3
) 

Unbilled Metered Consumption 
(0) 

Non-Revenue 
Water 
(19.6 hm3) 

 
Or 11.74% of 

system input 

Unbilled Unmetered Consumption 

(4.45) (including 1.13 Operational 

Use) 
Water Losses Apparent Unauthorised Consumption  
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(17.95 hm
3
) 

Or 10.74 % of 

system input 

volume 

Losses 
(1.60 hm3) 

(1.60 hm
3
) volume 

Customer Meter Inaccuracies 
(0) 

Real Losses 
(16.35 hm

3
) 

 

Or 9.8 % of 

system 

input 

volume 
 

Leakage on 
Transmission & 
Distribution Mains 

(16.35 hm
3
) 

 
Leakage on Service 
Connections up to 
the point of 
Customer Meter 

Leakage and Overflows at Storage 
Tanks  
(0) 

Source : ESW, Water Resources Management Plan 2010 
 
In 2008 total water abstractions / ‘System Input Volumes’ were: 457.55 Ml/d (167 hm3), and total 
delivered water sales (Billed Authorized Consumption) was 403.9 Ml/d (147.4 hm3), which equates to 
53.65 Ml/d (19.6 hm3 or 11.74%) of Non-Revenue Water. 
 
Unbilled Authorized Consumption includes the following components: 
• Supply pipe leakage on voids 
• Sewer jetting 
• Unbilled supplies to customers 
• Staff accounts 
• Company offices 
• Standpipe use 
• Roving licences 
• Bowser hire 
• Water donations 
• Council usage 
• Metered allowances for the Protect tariff and discolouration 
• Chronic illness allowance 
• Unbilled consumption from new occupiers before meter fitted under 
selective metering programme 
• Waste notices 
• Fire fighting 
• Water for building supplies 
 
In 2008 it represented 3.32 Ml/d. Taking into account the 1.13 Ml/d consumed by the operations of 

the WSP, Unbilled Unmetered Consumption represented: 4.45 Ml/d (1.62 hm3/year).  
 
Unauthorized Consumption represented 4.38 Ml/d (1.60 hm3/year). 
 
ESW, with Real Water Losses of just under 10% has one of the lowest leakage levels in the country 
and has adopted a mix of measures in order to reduce network losses. These measures include the 
standard mix of: Active Leakage Control (ALC), Pressure management; and Asset Renewals. 
 
Active Leakage Control (ALC) & Pressure management (PM): 
 
ESW comprises 314 district meter areas (DMAs) in Essex and 75 in Suffolk. Each DMA contains 
approximately 1500 properties, and this zoning forms the basis for strategic leak monitoring.  
Background leakage levels are identified through analysing historic night flow data.  
 

ESW has one of the lowest leakage levels in the country. The company has a policy of pressure 
management and active leakage control through a responsive team who respond to leaks as and when 
reported.  Background leakage levels are identified for each DMA by analysing historical night flow 
data over an extended period, typically 6 years. The minimum leakage level sustained for a significant 
period, when the data passes all validity tests, is assumed to be the background leakage level. This 
derived level is then expressed as a proportion of the reference background leakage levels calculated 
from the relationships defined in “Managing Leakage”. This ratio is termed the “Infrastructure 
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Condition Factor” (ICF). Maximum and minimum limits are placed on this factor to reduce the 
likelihood of spurious results and to identify cases where further reductions in leakage should be 
possible.  
 
In Suffolk treatment works operational use (TWOU) is a feature of many of the works. TWOU is 
defined as treatment process water i.e. the net losses that exclude water returned to source waters. For 
individual works in Suffolk (apart from those where water is returned to source) treatment works 
operational use (TWOU) averages approximately 4.4% of works output.  
 
• Simple calculations revealed average daily leakage volumes of 39.77 litres per property for 
unmeasured properties in Essex and 17.74 litres per property for measured properties in Essex.   
 
• For Suffolk it was necessary to calculate equivalent values due to the very small size of the 
database. This gave figures of 20.61 litres per property for unmeasured properties and 9.19 litres per 
property for measured properties.   
 
• These values are averaged and included in the calculation for MLE to provide a value of 
67.99 Ml/d. The table below compares the three-year rolling average of post-MLE leakage with the 
three-year rolling average of the targets.   

Table 4.3 Leakage Target (ESW WRMP 2010-2035, pg 74) 

Year Actual Leakage (Ml/d) Leakage Target (Ml/d) 

2004/05 66.8 69.8 

2005/06 66.7 69.0 

2006/07 67.99 68.3 

3-year average 67.16 69.0 

 

Figure 4.2 Leakage Analysis, Essex & Suffolk Water Source: (Water Resources 

Management Plan 2010, pg 74) 

 

 



18 

 

Figure 4.4 Adjusted Final Leakage Figures ESW: (Water Resources Management Plan 

2010, pg 77) 

 

Figure 4.4 ESW Past and Proposed Future Leakage Levels 

Source: ESW Final Business Plan April 2009 (5)  

 
Asset Renewals (AR): 
 
ESW plans to invest £1.27 billion (net of contributions) over the next five years in capital 
investment.  (6) The total investment is limited by Ofwat, so increases in capital maintenance and 
growth areas are partly offset by reductions in other areas. The capital maintenance plan is available 
in  
 
Table 4.5:  Capital maintenance investment AMP4 and AMP5 – Essex & Suffolk and North East 

(£m, 2007-08 price base, net of contributions) 

 2005-2010 
FD 

2005-2010 
Forecast 

2010-2015 
Draft plan 

2010-2015 
Final plan 

Water infrastructure 122.5 130.6 156.3 56.5 
Water non-infrastructure 226.1 219.7 323.6 306.2 

                                                             
(5) pg 49, http://www.eswater.co.uk/Part_A_Company_Strategy_(ESW).pdf 
(6) http://www.eswater.co.uk/Part_A_Company_Strategy_(ESW).pdf  
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 2005-2010 
FD 

2005-2010 
Forecast 

2010-2015 
Draft plan 

2010-2015 
Final plan 

Sewerage infrastructure 59.8 68.7 64.8 56.6 
Sewerage non-
infrastructure 

187.7 226.6 286.7 274.7 

Total water 348.6 350.3 479.9 462.7 
Total sewerage 247.5 295.3 351.5 331.3 

 
Customer metering 

 
In Essex, 45% of the total customers currently have a water meter (7), while in Suffolk, 57% of the 
total customers are metered (8).   Defra’s target is for universal metering (>85%) by 2020 in water 
stressed areas (9). ESW has committed to have universal metering across the Essex resource zone by 
the end of 2020, and will have 60% of properties metered by 2015. (10)  It is considered not cost-
beneficial, however, to implement a strategy of compulsory metering in Suffolk, though it is expected 
that through optant metering only, the meter penetration in this zone will reach 64% by 2015. (11)  
 
4.4 Calculation of the MCoW 
 
The Marginal Cost of Water for the Water Service Provider, MCoWWSP is the incremental cost of 
water abstracted and distributed by the WSP, based on variable system operating costs plus the capital 
and operating costs of any future supply and demand management options required over the planning 
period, selected using a Least Cost Plan (LCP) approach. 
 
The service area faces a security-of- supply issue. The WSP has to purchase and transfer water from , 
another basin. Hence the MCoWWSP is the cost of water purchased and transferred by the WSP, added 
to the variable system operating costs for pumping and treatment. i.e. the MCoWWSP varies dependent 
upon the mix of resources used and will reduce when the Apperton Scheme comes online in 2014.  
 

MCoWWSP 0.4651 €/m3 

MCoW=MCoLC 0.5120 €/m3 

 
4.5 Calculation of the MCoLC 
 
ESW has already made major investments into water loss reduction wherein all of the basic measures 
for pressure management, the formation of DMA (one per 1500 households) and active leakage 
control have all been implemented and have resulted in a distribution water loss of 15%. However 
with population growing in ESW’s service areas, ESW Water resources Management Plan 2010-2035 
(completed inn 210) including projected dynamic water balances indicated an annual deficit of 70 
MLD therefore additional measures must be taken to ensure security of supply. The options included: 
 
� ESW has already made major investments into water loss reduction wherein all of the basic 

measures for pressure management, the formation of DMA (one per 1500 households) and 
active leakage control have all been implemented and have resulted in a distribution water 
loss of 15%. However with population growing in ESW’s service areas, ESW Water 
resources Management Plan 2010-2035 (completed inn 210) including projected dynamic 
water balances indicated an annual deficit of 70 MLD therefore additional measures must be 
taken to ensure security of supply. The options included: 
 

                                                             

(7) pg 215, ESW, Final Water Resources Plan 

(8) pg 227, ESW Final Water Resources Plan 

(9) pg 80, http://archive.defra.gov.uk/environment/quality/water/strategy/pdf/future-water.pdf 
(10) pg 222, http://www.eswater.co.uk/ESW_FINAL_Water_Resources_Plan_-_V27.pdf 

(11) pg 227, ESW Final Water Resource Plan 
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Option Benefit  / Yield Unit cost (p/m3) 

Abberton Scheme - Enlarging the capacity of 

Essex & Suffolk Water’s existing Abberton 

Reservoir (located to the south of Colchester in 

Essex – and obtaining license variations from the 

EA to fill the reservoir) 

+64 MLD  / year additional raw water 

resource 

57.57 

Universal Customer Metering (9.63) MLD  / year reduction in 

customer demand 

144.75 

Dagenham Supply Pipe replacement Scheme + 3.0-5.0 MLD 53.26 

Generic Mains replacement (Required by Ofwat  - 

AMP5) 

+ 2.65 MLD  / year saving in water loss 133.99 

Additional Active Leakage Control (ACL) 

- Reduce leakage 2% below current 
- 2%  -4% below current 
- 4%  -6% below current 

 

+1.16 MLD  / year saving in water loss 

+1.16 MLD  / year saving in water loss 

+1.16 MLD  / year saving in water loss 

 

170.50 

270.70 

425.10 

The options selected to secure supply over the next 25 years are: 
Option Yield Date Comment 

Universal Metering by 2020 (i.e. >85% meter 

penetration requirement from EA for water 

stressed areas) 

+ 9.63 MLD 2010-2020 EA requirement – not least 

cost option 

Dagenham Supply Pipe replacement Scheme + 3.0-5.0 MLD 2010-2020 Least cost 

Generic Mains replacement + 2.65 MLD   2010-2015 OfWat Requirement 

Abberton Scheme +64 MLD   2010-2014 Least cost 

Total 79.29 – 81.28   

 
� Given ESW’s current low level of distribution loss (10%), additional Active Leakage Control 

(ACL) was simply not a cost effective option. 
 
 
4.6 Calculation of the Sustainable Level of Economic Leakage (SELL) 
 
Essex & Suffolk Water (ESW) is a private water utility operating under the economic regulator for 
Water in England & Wales (OfWat) supplying water services only (i.e. no wastewater) to 
approximately 1.8 million people living in the 2 physically separate areas of Essex, east London (with 
a population of 1.5 million) and of Suffolk (with a population of 300,000) where both areas are 
located within the Anglian River Basin in the south east of England.  
 
The areas of Essex and Suffolk are predominantly low-density housing or rural areas where there is 
currently universal access to public water supply (i.e. 100% connection). In Essex 45% of total 
customers currently have a water meter while in Suffolk 57% of customers are metered. The Anglian 
River Basin is a predominantly agricultural (crops) and is identified by DEFRA as a water-stressed 
area receiving on average less than 600mm of rain annually. DEFRA have set targets for universal 
metering (>85%) by 2020 in water stressed areas.  
 
The Anglian River Basin Management Plan 2010-2015 (Anglian RBMP) was published in late 2009 
by the EA and focuses on water quality issues. The RBMP does not include data on static or dynamic 
water balances to get insight into the quantities issues that are apparent in the basin. There is no 
overall socio-economic development plan that integrated the development objectives or strategy for 
the basin or region.  
 
Separately, Essex & Suffolk Water prepared and published its ‘Water Resources Management Plan 
2010-2035’ in January 2010 wherein it identified the quantity and security of supply issues that it 
currently has and forecasts. The plan explains that options available to ESW to address these quantity 
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issues and confirms the investment plans and measures that ESW plan to take in order to solve their 
security of supply issues. 
 
The Qualitative Analysis of the Incentive Mechanisms that are driving leakage reduction for ESW 

� The Cost Structure of the Water Utility (w.r.t. water supply):  
In the Essex area 50-80% of raw water is sourced within the Essex Supply area (47-77% 
sourced from surface waters and reservoirs and 3% from chalk groundwater). 20% is 
transferred / imported from the Lea Valley Reservoirs in the Thames Water Utility Area; and 
in dry years up to 30% is transferred / imported from the Ely Ouse Water Transfer Scheme 
supplied by Anglian Water Utility; and in the Suffolk area approximately 70% of raw water is 
sourced within the Suffolk Supply area from local surface waters and the remaining 30% 
from local ground waters. As a result ESW does have notable raw water costs in particular in 
dry years when it has to purchase water taken from Thames or Anglian Water. In addition, 
while there is no consumption based resource / abstraction charge for raw water in the UK an 
abstraction charge is applied based upon the licenced annual abstraction quota. 
The raw water resources on average do require treatment prior to distribution and due to 
general relatively low economies of density in the ESW service areas and the generally flat 
topography there is in addition significant pumping costs for distribution. So: 

o Moderate resource cost (in particular in dry years), 
o Significant pumping costs (900 PS), 
o Moderate treatment costs (450 Water Treatment Works), 
o Meter reading and calibration costs, and 
o Relatively high Capital  / Asset Maintenance and Replacement Costs due to the high 

length of pipe per connection (i.e. low economics of density) 
 

SELL Calculated 9% & 14%12 

 

The SELL also varies depending upon the water resource mix available. When the Apperton Scheme 

comes on line in 2014 the MWoW will reduce hence the SELL will increase. So the current SELL is 

9% and will increase to 14% after 2014. 

  

                                                             
12 2 different values are due to differing raw water resource mix which is about to change 
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5.  Results & Conclusions of the Case Study 
 
The UK Case Study (Essex and Suffolk Water) is an example of a WSP operating in a basin with very 
limited water resources, and in the absence of being granted permission to develop its existing access 
to water resources has invested heavily to achieve the low level of leakage (real water losses) of 10% 
of system input volume.  However, with growing demand in the south-east of England (in the Anglian 
Basin), due primarily to population growth, the projected further reduction in leakage would be 
insufficient to meet the growing demand; and as a result Essex and Suffolk Water were granted 
permission to construct/extend the Abberton reservoir (the Abberton Scheme) for which they had 
originally applied for 14 years earlier, which will satisfy demand in the projected 25-year planning 
period.  When the new water resource comes-on-line in 2014, it will change the mix of raw water 
resources for the WSP, effectively reducing the unit value of the raw resource will also increases the 
point of the Sustainable Economic Level of Leakage (SELL), highlighting the importance of the mix 
of water resources that a WSP has access to in the calculation of the Marginal Cost of Water and in 
the resulting SELL. (Note – this is also true for the Turkey Case Study and the Portugal Case Study.) 
 
Water quantity, in England and Wales, is managed/administrated at a catchment (sub-basin) level 
using the Catchment Abstraction Management Strategy (CAMS) instrument for evaluating and 
determining sustainable abstraction license conditions (including for the WSP) within an individual 
water resources management unit.  The CAMS are supported by extensive hydrodynamic modelling 
of rivers and aquifers, and the results are aggregated within the wider Basin Plan process in support of 
WFD objectives (e.g. the results from the CAMS are used to identify water bodies that are at risk of 
failing to meet good ecological status through over abstraction).  However, it does not assess the 
environmental or resource cost of water, and the abstraction fees changed are determined to cover the 
administration costs only of DEFRA/EA and are based on licenced abstraction volumes, as opposed to 
actual consumption.  In addition, there does appear to be an institutional gap in that, while the CAMS 
are effective at administering existing water resources, there is no public entity responsible for the 
development of new water resources when required. 
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UK CASE STUDY: SUPPLEMENTAL NOTE (August 2013): 

 

1.  Additional Context - The Legislative Framework of the Water Sector in England & Wales: 

 

1.1. The Evolution of the Existing Legislative Framework
1
 

 

The law relating to water companies in England and Wales is contained principally in the Water 

Industry Acts 1991 and 1999 and the Water Act 2003. Also relevant are the Water Resources Act 

1991 as amended and other national and European environmental legislation, particularly the Water 

Framework Directive 2000/60/EC, now being implemented. 

 

Legislation for water in England and Wales dates from Victorian times, when Acts of Parliament were 

passed to give local authorities, statutory boards and companies the powers they needed to provide 

water and sewerage services to expanding centres of population. The scope of this legislation was 

increased and consolidated through both world wars but without fundamental change. 

 

Then, in 1963, the Water Resources Act was passed. For the first time the abstraction and 

impounding of water resources became regulated on a regional basis.  

 

The 1963 Act created ‘River Authorities’ with responsibility for enforcing the law relating to water 

resources, river pollution, land drainage, fisheries and water space recreation. This was the beginning 

of river basin management. 

 

The administration of water law remained local until the Water Act 1973, which created ten regional 

water authorities whose areas were defined by river basins. These authorities had overall 

responsibility for water supply, sewage disposal and river basin management. They were, however, 

also required to work to some extent through the statutory water companies and the local 

authorities. 

 

Privatisation of the ten water authorities’ water supply and sewerage functions came with the Water 

Act 1989 and with it transfer of the river functions to a newly created National Rivers Authority 

(NRA). The NRA was later to be subsumed within the Environment Agency (Environment Act 

1995), where the Environment Agency (with approximately 11,200 staff) now acts as an ‘operating 

authority’, a ‘regulatory authority’ and a ‘licence authority’.  

 

In water management, in addition to its abstraction licencing functions, complex arrangements exist 

(typically under ‘Section 20 Water Resource Management Agreements’ under the Water Resources 

Act 1991 between the Environment Agency and Water Companies (originally under section 125 of 

the Water Act 1989) for the management of river regulation reservoirs, which are used to store 

winter water in the wetter parts of England to maintain levels in the summer time so that there is 

sufficient water to supply the drier parts of the country with drinking water. The Environment 

Agency also acts as the owner and operator of regional transfer schemes such as the ‘Ely Ouse Essex 

Transfer Scheme’ (EOETS) which was central in the development of the ‘final planning solution’ 

necessary to solve the long term water deficit in this ESW Case Study. 

 

Much of the substantive law remained unchanged since 1989 however water law in England and 

Wales has been consolidated and to some extent updated by the following Acts of Parliament: 

 

The Water Industry Act 1991 as principally amended by the Water Industry Act 1999 and the 

Water Act 2003 deals with such matters as: 

 

� the appointment and economic regulation of water and sewerage companies, and licensed 

water suppliers, by the Water Services Regulation Authority (Ofwat);  

                                                             
1
 Water UK – Water Companies and the Law – December 2007 
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� water supply and sewage disposal powers, and duties of the companies and suppliers;  

� drinking water quality obligations of water companies and licensed water suppliers, and the 

enforcement of those obligations by Defra and the Drinking Water Inspectorate;  

� charging powers of water companies and the control of charges by Ofwat;  

� protection of customers and consumers by Ofwat and the Consumer Council for Water; and,  

� retail and common carriage competition. 

 

The Water Resources Act 1991 as principally amended by the Water Act 2003 wherein this provides 

inter-alia for the regulation by the Environment Agency of:  

 

� water resource management, abstraction and impounding; and  

� water quality standards and pollution control. 

 

1.2. The Changing Legislative Framework  

 

At the time of this Case Study preparation (2010/11), the water industry (in terms of water resource 

management, flood mitigation and public water supply & sewerage services provision) in England & 

Wales was (and still is) in a period of relative transition. The main changes underway are included 

within the new laws and policy documents listed below: 

 

� The Flood & Water Management Act 2010 that came into effect on 12
th

 April 2010 (refer to 

text box 1 below); 

� The Water White Paper, ‘Water for Life’ (published December 2011- refer to text box 2 below) 

which was supported by 2 key documents that provide insight into water resource 

management in England & Wales: 

o The Environment Agency Report: ‘The case for change - current and future water 

availability’ (refer to text box 3 below), and, 

o The Environment Agency and Ofwat Joint Report - ‘The case for change – reforming water 

abstraction management in England’ (refer to text box 4 below). 

� The Defra ‘Catchment Based Approach: Improving the quality of our water environment’ 

published in May 2013 (refer to text box 5 below); and, 

� The (Draft) Water Bill (1st reading: House of Commons 27 June, 2013) 

Drafted to make provision to incorporate recommendations from the proceeding documents 

into legislation impacting the water industry and the regulation of the water environment 

including provisions relating to drainage and flood issues (refer to text box 6 below). 

 

Text Box 1: The Flood & Water Management Act 2010 

 

The Act takes forward a number of recommendations from the Pitt Review into the 2007 floods and places 

new responsibilities on the Environment Agency, local authorities and property developers (amongst others) 

to manage the risk of flooding. 

 

Summary of key issues 

o The Environment Agency is now responsible for developing and applying a flood risk management 

strategy for England and Wales. Every other agency with a flood risk management function across 

England and Wales must take account of this strategy. In working up the strategy, the Environment 

Agency must consult a number of stakeholders (including the public) and must include the costs and 

benefits of measures proposed in the strategy, and how they are to be paid for. 

o ‘Lead local authorities’ must develop, maintain, apply and monitor a strategy for local flood risk 

management in their areas (a “local flood risk management strategy”) where the risk of flooding from 

surface water as well as ordinary watercourses and groundwater flows must be included in these local 

flood risk strategies. The local flood risk strategies must also specify the authorities responsible for flood 

risk management in their areas; the flood risk management functions that may be exercised by those 

authorities and how the risk of flooding is to be assessed, managed and put into practice (including how 

the measures will be paid for). In the spirit of the Act, local authorities’ flood risk management strategies 

must be consistent with the Environment Agency’s national flood and coastal erosion risk management 
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strategy and as per the requirements for the Environment Agency, the Act states that any local strategy 

for local flood risk management must be consulted on. 

o The 2007 Pitt Report concluded that the damage caused by the 2007 floods was exacerbated by rainwater 

running off into public sewers which struggled to cope with the volume of water being discharged into 

them. He recommended that the automatic right for surface water drainage from new developments to be 

connected to the public sewer system be ended, thus encouraging greater use of Sustainable Drainage 

Systems (SuDS), which are designed to mimic the effects of natural drainage and include swales, wetlands 

and underground storage. He also recognised the need for the adoption and maintenance of these SuDS 

once constructed. The Flood and Water Management Act 2010 places the responsibility for adopting and 

maintaining SuDS on local authorities through the establishment of a SuDS Approval Body (SAB) and ends 

the automatic right to connect by making connections subject to approval by a SAB.  

o The Act introduces a requirement to improve the flood resistance of existing buildings by amending the 

Building Act 1984. 

o The Act places a duty on agencies involved in flood and coastal risk management to cooperate, where the 

lack of co-operation between agencies involved in flood and coastal risk management was highlighted as 

an area of concern by the Pitt Review. The Act takes steps to rectify this by placing a duty on a relevant 

authority to co-operate with other relevant authorities in the exercise of their flood and coastal erosion 

risk management functions. 

o The Act does not make any commitments for funding into flood defences; hence the ‘Funding Issue’ is not 

addressed. However the Environment Agency is specified as the lead funding body for flood risk 

management and is able to make grants in respect of expenditure incurred or expected to be incurred 

with flood and coastal erosion risk management in England. The Act provides for any grant to be subject 

to conditions. 

 

Text Box 2: The Water White Paper, ‘Water for Life’ (December 2011) 

 

The Water White Paper describes the UK government’s “vision for future water management in which the 

water sector is resilient, water companies are more efficient and customer focused, and in which water is 

valued as a precious and finite resource.”  

 

The paper details Government policy on charging for water and providing help to those who struggle to 

afford their bills and includes proposals to reform the water market, currently characterised by its regional 

monopoly structure, with proposals to introduce competition for all business users of water, with the 

ultimate aim of increasing efficiency in the sector and reducing bills for both business and domestic 

customers but much of the paper covers climate change and sustainability issues relating to implementation 

of the Water Framework Directive and other environmental impacts, including unsustainable abstraction. 

Some of the key measures proposed directly relating to sustainable water use (WFD Art. 1) are: 

 

o Government will provide a stronger steer to Ofwat on how it expects it to use its sustainable 

development duty, and will consider the case for giving Ofwat a primary sustainable development 

duty. 

o A catchment approach to managing water quality and diffuse pollution, and, 

o Substantial reforms to the abstraction regime, designed to reduce over-abstraction. The White 

Paper sets out a two-pronged approach to tackling over-abstraction. First, it commits to a 

comprehensive reform of abstraction licensing over the next 15 years. Second, it proposes measures 

to tackle site-specific unsustainable abstraction in the shorter term.  A consultation on the reform is 

planned for 2013. The abstraction regime reforms aims are to: 

- Tackle legacy unsustainable abstraction. 

- In parallel, reform the abstraction regime, including use of the River Basin Management Plans to 

address unsustainable abstraction. 

- The power to revoke licences without compensation will be used from 2012 following a 

consultation. The Environmental Agency may also revoke large unused abstraction licences 

using its existing powers. 

- Work with sector regulators on addressing unsustainable abstraction through the price review. 

- Reducing barriers to abstraction licence trading. 

- To increase short distance, economically viable interconnections between companies - where 

the Environment Agency is tasked to identify interconnection options and consider potential 

environmental barriers to large scale transfers.  

o Leakage Reduction by water service providers  - Leakage targets for each company are set by Ofwat 

with the aim of moving companies to the Sustainable Economic Level of Leakage (SELL), the point at 
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which it would cost more to reduce leakage further than it would to save water in different ways or 

to develop additional supplies. The Water White Paper notes that the current methodology used to 

calculate SELL does not fully reflect the long-term sustainability of the water environment, and Defra 

has committed to review SELL.  

 

Text Box 3: EA Report: ‘The case for change - current and future water availability’ 

(Extract from the Conclusions of the EA Report) 

 

 “There are a number of conclusions we can draw from this work: 

• Water resources are already under pressure. Reliable supplies of additional water for abstraction are not 

available across much of England and Wales. In some places current levels of water abstraction are 

already harming nature conservation sites or the ecological health of catchments. 

• There is uncertainty regarding future water availability. We have not assessed every possible future. But, 

we have captured a range of possible outcomes for each river basin district or catchment. The outlook 

depends on the assumptions we make about climate change impacts; changing demands and water needs 

for environmental protection. As the severity of pressures on water resources will vary across England and 

Wales and in order to deal with a wider range of plausible futures than have been considered here, the 

approach for managing them will need to be adaptive and flexible. 

• All of the scenarios we have looked at project a situation with less water available than today. This 

includes the scenarios where needs for water ecosystems change in proportion to climate change impacts 

on flows. Although only a limited number of scenarios have been considered, we believe it would be 

prudent to put measures in place to address the risk of reduced water availability. 

• The challenge of future water resource availability is not likely to be limited to the south and east of 

England. Catchments across Wales, south west and northern England are predicted to experience 

significant unmet demand under many of the scenario combinations we have looked at. 

• The water environment will be different from that of today. Some species will be better suited to future 

conditions than others. We will need to reconsider environmental needs and implications on water 

available for abstraction. 

• Over the longer term climate change could have a bigger impact on future water availability than 

population growth and changing demands. The geographic spread of catchments predicted to face 

unmet demand is more closely related to the climate change scenario than to demand. 

• Demand management will an important role to play in improving water availability in the 2050s. 

However, demand management alone will not fix the problem, climate change impacts could result in 

significant new water resources being necessary. 

• The scale of the problem needs to be assessed at both local and strategic levels. Analysing water 

availability for river basin districts hides significant local problems. For example, the results show that 

water is available for abstraction across the Anglian River Basin District in a scenario with low demand as 

any local surplus is shared out at this regional scale. But, the catchment analysis shows that eight out of 

thirteen catchments in this region could face unmet demand under the same scenario. Solutions, such as 

local trading of licences would be best assessed at a local scale. However, some large scale development 

solutions, such as new reservoirs are best planned for at a strategic level. Interconnectivity of water 

resources between catchments will be an important part of the solution. 

 

Text Box 4: ‘EA & Ofwat Joint Report ‘The case for change – reforming water abstraction management in 

England’ 

 

(Extract from the Executive summary of the Joint EA/Ofwat Report) 

‘Changing lifestyles and an increase in population could have a substantial impact on demand for water. By 

the 2030s, the total population of England and Wales is expected to grow by an extra 9.6 million people, so 

despite forecasts of reductions in per capita consumption as a result of recent demand management 

initiatives by water companies, overall use is likely to grow. 

 

The way water abstraction is currently managed is not responsive or flexible enough to create market or 

regulatory signals which would result in actions to address these future challenges. 

 

• Many licences have a fixed water allocation. The volume of water permitted for abstraction is not 

dynamically linked to the actual volume of water available. Most licences have been issued without a time 

limit, making it difficult to review them. To change these licences, the Environment Agency has to follow a 

slow regulatory process. Where licences have a condition to reduce or stop abstraction, this condition is 
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not flexible to a changing environment. 

• Licences issued more recently have more restrictions compared with older historic licences, because of 

our improved understanding of the impact abstractions have on the environment. However there are still 

no mechanisms built in to licences to ensure that users respond to relative scarcity or abundance, and we 

still rely on regulatory intervention. 

• There is no dynamic water abstraction market, with little trading or sharing of licences to abstract. This is 

because of real and perceived barriers, such as poor information about trading opportunities, a lengthy 

administrative process and uncertainty about trading outcomes. So abstractors who do not need to take 

their full water allocation do not hand back or sell-on licences as their needs change. 

• Charges for licences are not linked to the volumes abstracted so they do not reflect the availability of 

water or the competing demands and value that users place on it. Once water is allocated, there is no 

financial incentive to use it efficiently, or to consider its scarcity and other environmental impacts. 

• These limitations are already having an impact. The Restoring Sustainable Abstraction (RSA) process shows 

that the time and cost associated with each licence change has a significant impact on abstractors and 

regulators. There is in many parts of the country no or limited access to new or additional water, which 

risks limiting growth. There has been limited trading activity to date and little sharing between sectors. 

• The absence of a responsive system, a value for water and an effective market means that abstractors do 

not receive the right signals about sustainable decision-making, nor are they reflected in the way others 

use water throughout the value chain from source to tap. All of this means a very real risk of further 

environmental damage, the wrong choices and investments by abstractors, and water shortages at some 

times and in some places. Without reform it will not be possible to deliver sustainable use of water 

resources.’ 

 

Text Box 5: Defra ‘Catchment Based Approach: Improving the quality of our water environment’ 

 

The Defra ‘Catchment Based Approach: Improving the quality of our water environment’ published in May 

2013 presents a policy framework designed to encourage the wider adoption of an integrated Catchment 

Based Approach to improving the quality of the water environment. 

 

In Defra’s view better coordinated action is desirable at the catchment level by all those who use water or 

influence land management – which requires greater engagement and delivery by stakeholders at the 

catchment as well as local level, supported by the Environment Agency and other organisations. Defra said 

this is particularly important when trying to address the significant pressures placed on the water 

environment by diffuse pollution from both agricultural and urban sources, and widespread, historical 

alterations to the natural form of channels. 

 

The framework sets out general information about the Catchment Based Approach and is intended as an 

initial framework to facilitate different ways of working towards a better water environment. 

 

In terms of boundaries and scale, for England, Defra envisages approximately 80 catchments based upon 

boundaries that the Environment Agency already uses to delineate the water environment to manage 

availability of water for abstraction (i.e. the CAMS). 

 

Defra has already separately created a Catchment Restoration Fund (CRF)  which the Environment Agency is 

administering to support third sector groups to bring forward projects that will at a catchment level: 

- restore natural features in and around watercourses 

- reduce the impact of man-made structures on wildlife in watercourses 

- reduce the impact of diffuse pollution that arises from rural and urban land use 

By the end of May 2012, Defra had received 131 applications for over £54 million of work during two rounds 

of bidding. Approval was given to those projects which are of a high priority within their catchment as 

assessed by liaison panels, and where the technical experts in the Environment Agency, Natural England and 

the River Restoration Centre had high confidence in delivery.  Although Defra said if the fund was a success it 

would bid for further funding to continue it within the next spending review, it was not in a position to run a 

third round of the fund in March 2013.  

 

The Environment Agency is now actively pursuing and advising on alternative sources of funding for strong 

project proposals and is working with other potential funders to see how CRF bids could gain support. The 

Agency has written to water companies to encourage them to look at opportunities to tackle challenges in 

their business areas using CRF projects which the Agency said could in the long term mean lower water bills 

for customers. 
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Text Box 6: The (Draft) Water Bill (1st reading: House of Commons 27 June, 2013) 

 

The measures included in the bill include: 

• increasing choice in the retail market by allowing all business, charity and public sector customers to 

switch their water and sewerage supplier (and establishing a cross-border market with Scotland).  

• making it much easier for new businesses to enter the water market to provide new sources of 

water or sewerage treatment services, known as “upstream” services 

• helping to better join up the national water supply network by making it easier for water companies 

to buy and sell water from each other  

• encouraging development of small-scale water storage, by making it easier for owners of small-scale 

water storage to sell excess water into the supply system 

• providing powers for ministers to set the level to which a water company needs to plan to cope with 

droughts. 

• making it easier for developers and inset appointees to connect new developments to the water 

mains and sewerage system 

• improving the special merger regime for the water industry 

• giving Ofwat a new over-arching duty to take greater account of long-term resilience and 

• various other changes to improve Ofwat’s regulation of the water industry. 

The bill will also: 

• take action to tackle unsustainable abstraction by changing the way water company schemes to 

restore sustainable abstraction are funded 

• improve the co-ordination between water resource management and drought planning 

• provide enabling powers to further streamline the environmental permitting framework by including 

three more licensing schemes - abstraction and impounding licensing, fish pass approvals and flood 

defence consents – subject to public consultation. 

• encourage the use of Sustainable Drainage Systems (SuDS) by clarifying that building and 

maintenance of SuDS can be a function of sewerage undertakers.  

• reduce bureaucracy relating to the governance of Internal Drainage Boards 

• transfer responsibility for maintaining main river maps to the Environment Agency and the Natural 

Resources Body for Wales. 

 

 

2.  The Existing Abstraction Licencing Regime & Proposed Abstraction System Reforms 

 

2.1. The main features of the current water abstraction licencing system2: 

 

� The availability of water resources for abstraction is assessed through the Resource Assessment 

Management framework (RAM) and informs the Catchment Abstraction Management Strategy 

(CAMS) process. This determines how much water is available on a catchment by catchment basis 

and includes Water Framework Directive tests used for both surface water and groundwater to 

ensure new licences will not further damage the environment.  

� The rights of existing abstractors are protected from interference or loss that might arise because 

of subsequent proposals to abstract water under licence. This creates the principle commonly 

referred to as ‘first come, first served’. 

� It protects the environment from damage that new applications could cause by looking at the 

possible impacts an abstraction may have before a licence is granted, and includes mechanisms 

to mitigate this in licence conditions e.g. most new water licences have ‘hands-off flow’ (HoF) 

and/or ‘hands-off level’ (HoL) conditions to protect the environment and other abstractors’ rights 

under low flows. 

 

‘Hands-off Flow’ (HoF) and/or ‘Hands-off Level’ (HoL) conditions to abstraction licences 

The EA has been applying ‘hands-off flow’ (HoF) and/or ‘hands-off level’ (HoL) conditions to 

                                                             
2
 EA-Ofwat Joint Report December 2011- The case for change – reforming water abstraction management in 

England Annex 1 
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abstraction licences for new or varied licences to manage water resource quantity necessary 

to provide the flows necessary for the environment
3
. These HoF and HoL conditions to 

abstraction licences, where applied, come into force as river and groundwater levels fall, 

typically in the spring and summer months in most years. In addition, HoF conditions can be 

applied on winter abstraction licences where higher flows play an important role in: 

� flushing sediment from our rivers; 

� acting as a cue for fish migrations; 

� preventing invasive plant species colonising exposed river sediments, such as gravels 

bars, temporary islands; 

� preventing saline water migrating upstream in tidal reaches, especially during a storm 

surge, which could kill fish and invertebrates. 

HoL conditions are set maintain the natural discharge to surface water features, protect 

surface features such as wetlands, maintain the overall resource of the aquifer and prevent 

ingress of any poor quality groundwater. 

However – approximately three quarters of all licenced water abstractions (reflecting the older 

licences granted), do NOT contain ‘hands-off flow’ (HoF) and/or ‘hands-off level’ (HoL) 

conditions – and were granted without time limits; resulting in the risk to ecology from current 

abstractions -  as shown in the Map below 

 

� It links to and identifies stressed areas that can be included in the Restoring Sustainable 

Abstraction process. The Environment Agency uses this to investigate abstractions that are shown 

to be damaging the environment. Licences can be revoked or modified, but compensation is 

generally required to be paid to the licence holder to cover any resulting loss. 

� It includes a framework for setting annual charges for licences which the Environment Agency 

uses to fund water resources work. With the exception of two-part tariffs for spray irrigation, bills 

are based on the annual licensed volume rather than the amount abstracted. 

� Since 2001, all new licences have been issued with an expiry date, so that about 21 per cent of 

licences in England now have time limits. Time-limited licences are subject to a presumption of 

renewal, as long as they meet tests of environmental sustainability, continued justification of 

need and efficient use of water. 

� There are opportunities to encourage efficient use of abstracted water when licences are issued 

or renewed, by checking that the water required will be used efficiently. 

� Licences can be traded, provided the new licence holder has access to the specified point of 

abstraction, and subject to the Environment Agency’s approval (following assessment of impacts 

on the environment and other abstractors). 

� There are several measures to protect the environment and maintain essential public supplies 

during a drought, including granting drought permits and drought orders. 

 

Drought Management tools: 

The responses to drought in the United Kingdom are managed by the Environment Agency. There are 4 

stages to drought management, applying to both businesses and homes. The first of these is a media 

campaign, urging people to save water and prevent specific measures to be taken. For example, use a water 

butt to collect any rainfall. If drought continues, and water levels continue to decrease, further measures are 

brought in to save water. The first stage of this is a hosepipe ban, which prevents the use of hosepipes, and 

can be applied to hot tubs, pressure washers and other similar devices in a future drought. These measures 

were brought in, particularly the ban on hosepipes, in 2006 and 1976. 

The second stage involves conserving any non-essential supplies of water. These are brought in when no 

foreseeable precipitation is forecast and water supplies are already very low. The management options 

including simply widening the hosepipe bans, to include sprinklers or drastic measures such as banning 

cleaning of buildings, vehicles and windows or the filling of swimming pools. These measures were also 

brought in during the 1976 drought. 

The third and final stage involves drastic measures of water rationing to all businesses and homes in the 

United Kingdom in an emergency drought order. The measures are brought in only in exceptional conditions 

                                                             
3
 www.environment-agency.gov.uk publication ‘GEHO0812BUSI-E-E, Version 1’-‘Abstraction licence 

restrictions’ 
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of extended periods with little or no rainfall. These actions include rationing of water, with no water supplies 

for certain times of the day, or allowing water for a specific amount of time. Also standpipes and water 

tankers can be used as a last resort to have only set amounts of water given to each household in a 

neighbourhood. Again, these measures were used during the 1976 drought. 

 

� The Environment Agency has a special duty to have regard to public water supply requirements 

and duties imposed on water companies in the Water Industry Act 1991. 

� It also includes consideration of sustainable development with a particular regard to no adverse 

effects on the social and economic wellbeing of rural communities. 

� The Environment Agency also has a duty in the Environment Act 1995 to take into account the 

likely costs and benefits of granting or refusing a licence application. This is to ensure a balance 

between water for the environment, with that for society and the economy. 

 

 
Map of ‘Risk to ecology from current abstraction’ – England & Wales

4
 

 

2.2. The charging / cost recovery mechanism of the current water abstraction licencing system 

 

A water abstraction licence is required for an abstraction that exceeds 20m
3
/d, and the EA apply 

water abstraction charges for these licences. 

 

The EA Scheme of Abstraction Charges has 3 cost (charge) components: 

                                                             
4
 EA-Ofwat Joint Report December 2011- The case for change – reforming water abstraction management in 

England – Figure 3.2 
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� An application charge - payable by everyone applying for a licence / or to vary an existing 

licence to abstract or impound water. 

� An advertising administration charge – to cover the EA cost to advertise applications for 

licences or variations to existing licences; and, 

� Most significantly – an annual subsistence charge. 

 

The annual subsistence charge is made up of two elements, the Standard Charge and the 

Environmental Improvement Unit Charge (EIUC). 

 

The Standard Charge is the means by which EA recover their administrative costs to manage water 

and regulate abstractions and is calculated on the licenced volume of water – not on the actual 

volumes of water abstracted in practice. 

 

The EIUC is an amount added to the Standard Charge for the recovery of compensation costs 

associated with the revocation or variation of licences to fund the Restoring Sustainable Abstraction 

programme (where EA compulsorily vary or revoke abstraction licences to reduce the risk of 

environmental damage caused by taking too much water). The EIUC only differentiates between 

tidal and non-tidal abstractions regardless if these are ‘supported’ or not.  

 

2.3.  Proposed Abstraction Reform 

 

2.3.1. Long term reform 

 

In Water for Life, Defra set out the high-level principles that will underpin reform of the abstraction 

regime. The new regime will seek to better reflect the availability and value of water, to be flexible 

and responsive to changes in supply and demand, and to encourage more efficient use of water. 

Defra intend to consult on detailed proposals for reform in 2013, with legislation to be brought 

forward in the next Parliament for the new regime to be in place by the mid-to-late 2020s. 

 

2.3.2. Short-term reforms: Restoring Sustainable Abstraction 

 

Alongside the wholesale reform of the current abstraction regime, the White Paper also sets out 

how Defra will take more urgent action to tackle abstraction that is already damaging the 

environment. Currently the Environment Agency’s Restoring Sustainable Abstraction (RSA) 

programme provides a mechanism for licences to be removed where an abstraction is causing 

environmental damage. Licence holders who object to the removal of their licences are eligible for 

compensation, which is funded through an annual levy on abstractors (the Environmental 

Improvement Unit Charge or EIUC). However it can take years for the fund to build up enough 

money to compensate licence-holders, during which time damaging abstraction is able to continue. 

The RSA process in its current form is widely recognised as being unsatisfactory. 

 

The White Paper proposes that the costs of compensating water companies for removal of licences 

under the RSA programme should be incorporated into the price review process, thus speeding up 

licence removal. Defra have committed to work with Ofwat and the Environment Agency to ensure 

that this change is made in time for the RSA programme to be funded from the 2014 price review. 

 

2.3.3. (Water Resource) Bulk trading and interconnections 

 

At any one time, some parts of the country may be in drought whilst others have a plentiful supply 

of water. One of the main challenges (to achieving sustainable water use – WFD Art. 1) is managing 

water resources and how best to move water around the country from areas of plenty to areas of 

scarcity.  
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The White Paper reforms propose an increase in “strategic” interconnections over short distances, 

for example across the boundary of neighbouring water companies, to incrementally build a more 

integrated network and to make bulk transfers of water more economically viable. 

 

Defra’s decision to focus on maximising “strategic” interconnections allowing water to be 

transferred over relatively short distances is a starting point and the Environment Agency has been 

tasked with taking an overview of interconnection options. Defra also remain open to considering 

whether large-scale infrastructure may be an appropriate and cost-effective solution in some 

circumstances.  

 

3.  The Case Study Results & Discussion of the Results in the Context of the Proposed Reforms 

and potential impact upon WFD Compliance 

 

3.1. Review of the key elements of the ESW Case Study 

 

The Case Study reviews the water resource and economic efficiency of Essex & Suffolk Water (ESW), 

a water services provider operating in a water scarce region in south east England, with increasing 

demand for water resources due to population growth (projected to be further aggravated by 

climate change)and dependent (with varying degree) upon imports / bulk transfers of raw water 

from Thames Water Utilities (from the Thames District – Lee Valley Reservoirs) and the ‘Ely Ouse 

Essex Transfer Scheme’ (EOETS); a water transfer and regulation scheme owned and operated by the 

Environment Agency. 

 

ESW, like all water companies in England & Wales, are required to prepare, maintain and publish a 

Water Resources Management Plan (WRMP) every five years as part of a statutory process, as 

reflected in the Water Resources Management Plan Regulations 2007. The purpose of a WRMP is to 

document how water companies plan to maintain the balance between available water resources 

and customer demand over the next twenty-five years. Central to the WRMP is the production of a 

“supply demand balance” which identifies surplus or deficits of water within individual Water 

Resource Zones (WRZ). ESW has four WRZs, one for the Essex supply area and three for the Suffolk 

supply area called Blyth, Hartismere and Northern Central.  

 

As referred to in the Case study, ESW prepared a (PR09-2009) WRMP for the period from April 2010 

to March 2015 (known as AMP5) with a planning horizon to 2035. The WRMP was supported by a 

Strategic Environmental Assessment (SEA) carried out in accordance with the ‘Environmental 

Assessment of Plans and Programmes Regulations 2004’ wherein the SEA was completed and 

consulted on prior to the selection of the “final planning solution” and the publication of the final 

WRMP. The supply demand balance highlighted the long term water balance deficit of 

approximately 70 Ml/d and as part of the WRMP process a number of options to close the deficit 

were considered. The main options are listed in the table below: 

 
Option Benefit  / Yield Unit cost (p/m3) 

Abberton Scheme - Enlarging the capacity of Essex & 
Suffolk Water’s existing Abberton Reservoir (located to 
the south of Colchester in Essex – and obtaining license 
variations from the EA to fill the reservoir) 

+64 Ml/d  / year additional raw water 
resource 

57.57 

Universal Customer Metering 9.63 Ml/d  / year reduction in customer 
demand 

144.75 

Dagenham Supply Pipe replacement Scheme + 3.0-5.0 Ml/d 53.26 

Generic Mains replacement (Required by Ofwat  - AMP5) + 2.65 Ml/d / year saving in water loss 133.99 

Additional Active Leakage Control (ALC) 
- Reduce leakage 2% below current 
- 2%  -4% below current 
- 4%  -6% below current 

 
+1.16 Ml/d / year saving in water loss 
+1.16 Ml/d / year saving in water loss 
+1.16 Ml/d / year saving in water loss 

 
170.50 
270.70 
425.10 

 

As part of this WRMP process a ‘Habitats Regulation Assessment’ (HRA) was carried out in 

accordance with the EA’s water resource planning guidelines and in terms of Essex & Suffolk Water's 
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WRMP Final Planning Solution only the Abberton Scheme was identified as having the potential to 

have effects on European sites, namely the Ouse Washes, ‘The Wash’, the ‘Stour Estuary’ and 

‘Abberton Reservoir’. Further studies were undertaken for Abberton Reservoir and following liaison 

with Natural England, these studies were also able to conclude that the scheme would not have 

significant adverse effects on the integrity of the site.  Natural England went on to state: “In our 

view, the Abberton Reservoir Scheme is likely to have a significant positive effect on the 

conservation status of the migratory and wintering waterfowl assemblages in the short-, medium- 

and long-term future of the statutorily designated site”. 

 

Having taken account of the outcomes of the SEA, HRA and other economic assessments undertaken 

as part of the wider water resources planning process, ESW defined the following preferred options 

for Essex: 

a. Continue with implementation of the Abberton Scheme which is scheduled for 

completion in 2014/15. 

b. Implement the programme of supply pipe replacement in the Dagenham area over 

the next ten years. 

c. Generic mains replacement during AMP5 and beyond. 

d. Continue progress towards achieving universal metering by 2020. 

 

For the Suffolk Northern/Central resource zone, the preferred option is to investigate the North 

Lowestoft Groundwater scheme with the intention of implementing it in time to address the 

predicted deficit in the balance of supply in the early 2020s. 

 

The “final planning solution” selected under ESW 2009 WRMP is shown below. 

 
Option Yield Date Comment 

Universal Metering by 2020 (i.e. >85% meter penetration 
requirement from EA for water stressed areas) 

+ 9.63 Ml/d 2010-2020 EA requirement – not 
least cost option 

Dagenham Supply Pipe replacement Scheme + 3.0-5.0 Ml/d 2010-2020 Least cost 

Generic Mains replacement + 2.65 Ml/d 2010-2015 OfWat Requirement 

Abberton Scheme +64 Ml/d 2010-2014 Least cost 

Total 79.28 – 81.28 Ml/d   

 

The Case Study analysis confirmed an actual level of real water losses of 9.8% of system input 

volume in 2008 and the detailed analysis included the ESW 2009 WRMP (reviewed and consulted on 

inter-alia with Defra, EA, Natural England and Ofwat) showed that further additional investment in 

leakage reduction was not required or least cost given the other viable options. The WRMP also 

demonstrated that the Defra/EA requirement for meter penetration of >85%
5
 (from its 2008 levels 

of 45% in Essex and 57% in Suffolk) was also not cost effective.  Notwithstanding, ESW committed to 

have universal metering across the Essex resource zone by the end of 2020, and will have 60% of 

properties metered by 2015.  

 

In the planning and approval of ESW’s 2009 WRMP ESW worked closely with the EA where 

modification to existing abstraction licences were required and secured, and now in 2013 with the 

Abberton Scheme (near) complete, all of ESW’s 4 water resource Zones are in surplus as projected.  

 

Therefore as a result of the 2009 WRMP and its implementation, issues related to ‘unsustainable 

water use/abstractions’ in the ESW water resource zones have been addressed.  

 

In terms of additional water management investments and measures necessary to facilitate 

compliance with WFD requirements in these WRZs the investments and actions required relate 

primarily to diffuse pollution control – where the principle of the polluter pays should apply – hence 

in the Case study assessment of further costs for the integrated management of water resources no 

                                                             
5
 Side Note: Universal metering is not a requirement of the WFD – one of the economic principles of 

the WFD is that WFD objectives should be achieved at least cost. 
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additional costs other than the EA abstraction costs were considered. Also as indicated in the Case 

Study - when the new Abberton Scheme comes on-line, as a result of the change to ESW’s water 

resource mix and associated costs, the SELL will increase not decrease. 

 

ESW’s leakage target as set by Ofwat between 2010/11 and 2014/15 is 66Ml/d (24 hm
3
). Note real 

losses in 2008 were 16.35 hm
3
.  

 

The Case Study highlights the challenges that relate to water management in England & Wales and 

specifically confirms 2 of the concluding points of the EA Report: ‘The case for change - current and 

future water availability’ published in December 2011 and referred to above: 

 

• Demand management will an important role to play in improving water availability in the 2050s. 

However, demand management alone will not fix the problem, and, 

• The scale of the problem needs to be assessed at both local and strategic levels. Analysing water 

availability for river basin districts hides significant local problems. For example, the results show that water 

is available for abstraction across the Anglian River Basin District in a scenario with low demand as any local 

surplus is shared out at this regional scale. But, the catchment analysis shows that eight out of thirteen 

catchments in this region could face unmet demand under the same scenario. Solutions, such as local 

trading of licences would be best assessed at a local scale. However, some large scale development 

solutions, such as new reservoirs are best planned for at a strategic level. Interconnectivity of water 

resources between catchments will be an important part of the solution. 

 

3.2. Issues of Specific Interest to the EC relating to the Case Study – ‘Metering’ & the ‘Inter-

dependence on water resources between ESW and Thames Water’ 

 

3.2.1. Metering 

 

ESW are currently consulting on their (PR14) 2014 WRMP. 

 

In Essex and Suffolk, different metering strategies have been run since 2003/04. In Suffolk, the 

strategy has been “optant” only metering where a customer requests a free meter from the ESW. 

Assuming the meter can be installed at reasonable cost ESW will install a meter and charge that 

customer on a measured basis. They pay for the volume of water used although they have the 

option of reverting back to an unmeasured supply within one year of the meter being installed. All 

unmetered customers continue to be charged according to the rateable value of their property. All 

new properties, and properties that have had significant extension or installed large water using 

apparatus e.g. a swimming pool, are metered. 

 

In Essex, the strategy has been metering on change of property occupier or selective metering. This 

is because Essex is a more water stressed area and the uptake of meters under the previous optant 

strategy was lower than in Suffolk. 

 

By the end of 2014/15, meter penetration is estimated to be 64% of domestic properties in Suffolk 

and 55% of domestic properties in Essex. 

 

In ESW’s 2009 WRMP, the intention was to introduce and complete a compulsory metering 

programme in Essex and Suffolk between April 2015 and December 2020, however in the 2014 

WRMP ESW now propose a more measured compulsory metering programme over a 20 year period.  

 

Market research conducted by ESW so far shows that whilst the majority of customers recognise 

metering to be the fairest way of paying, the majority of those questioned were against a 

compulsory programme. 
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The ‘Customer Challenge Group’, who will be advising OFWAT on the acceptability of the ESW 

‘Business Plan’ wants to see greater customer buy-in to compulsory metering, and as mentioned 

above the cost benefit analysis does not show universal metering as a least cost plan to achieve 

service and water management objectives and it is not a requirement of the WFD. 

 

3.2.2. ‘Inter-dependence on water resources transfers between ESW and Thames Water’ 

 

3.2.2.1. London Water Resources Planning – General 
 

Thames Water has 6 Water Resource Zones (WRZ) in its draft WRMP 2013 indicates projects supply-

demand balance to 2040 (see table below
6
) wherein  

 

Water Resource Zone 2011 2015 2020 2025 2030 2035 2040 

London 16 -35 -125 -208 -282 -321 -367 

Swindon & 

Oxfordshire 

40 43 18 5 -3 -8 -14 

Slough, Wycombe & 

Aylesbury 

23 22 19 16 14 9 7 

Kennet Valley 41 32 27 22 18 15 12 

Guildford 7 6 6 5 4 3 2 

Henley 5 5 5 4 4 4 4 

Figures are in megalitres per day with deficits shown in bold 

 

The London WRZ is projected to be in deficit by 2015 (-35 megalitres per day) and the deficit is 

projected to grow to -367 MLD by 2040 in a ‘do nothing’ scenario. 

 

The proposed solution to the deficit outlined in Thames Water Draft WRMP: 

 

For the period 2015-2020: 

� Implement demand management solutions: 

o Reduce leakage through mains replacement, installing meters and better managing 

water pressure 

o Progressively meter all domestic and commercial properties in London 

o Promote information and advice on using water wisely 

� Reduce an existing ‘bulk export’ agreement (to ESW), giving Thames the benefit of 17 

megalitres per day 

� Develop small groundwater and artificial recharge schemes 

 

(Note: the planned reduction of the bulk export to ESW is now possible given the ‘bringing into 

operation’ of the ESW Abberton Scheme.) 

 

For the period 2025-2040: 

� Progressively meter properties outside London. We predict being able to meter 78 per cent 

of individual households by 2040, but aim to fit meters at every single building. 

� New pricing bands aimed at encouraging efficient water use (2020-2025) 

� Work to develop long-term resource solutions needed by 2025-2030 – re-use, transfers and 

storage 

 

3.2.2.1. London Water Resources Planning - Ground Water Aquifers and Flood Risk
7
 

 

‘As London expanded in the 19th century, and the industrial, commercial and public demand for 

water increased, groundwater became increasingly important as a source of supply. In central 

                                                             
6
 Thames Water Draft WRMP 2013 

7
 Thames Water 2007 
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London, underlain by the London Clay and the silts, sands and clays of the Lambeth Group, this 

meant drilling into the confined Thanet Sand/Chalk aquifer that initially had artesian groundwater 

levels (see Figure 1). Progressive increases in abstraction from the confined Chalk in the late 19th 

century and early 20th century eventually became unsustainable, resulting in steady groundwater 

level decline. After WWII groundwater abstraction started to decrease, partly as a result of declining 

well yields and a consequential switch to river derived public supplies.  

 

 

Figure 1: Thames Water © 2007, Schematic representation of the bedrock geology of the London Basin and Chalk groundwater levels 

 
Figure 2: Thames Water © 2007, groundwater hydrograph for Trafalgar Square borehole (Chalk 

groundwater level) 

 

Despite this, confined Chalk groundwater levels continued to fall until the mid-1960s when a 

dynamic equilibrium existed for several years. By this time, groundwater levels in the centre of the 

London Basin had fallen by about 65 m, from about 35 m below ground level (m bgl) in 1845 to 

almost 100 m bgl in 1967. This resulted in dewatering of the Thanet Sands as well as the Chalk (see 

Figure 2 above). 

 

In 1965 it is estimated that about 480 Ml/d were being abstracted from the Chalk of the London 

Basin. This declined steadily to about 380 Ml/d in the early 1980s, remaining relatively stable until 

around 1990. As abstraction from the Chalk decreased further, groundwater levels in the confined 

aquifer began to recover; rates of groundwater level rise reached up to 3 m per year in the centre of 

the Basin. In the late 1980s, the continuing groundwater level rise was recognised as a risk with 

potential consequences of:  

• flooding of subsurface infrastructure, including deep tunnels and the basements of tall 

buildings; and  
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• changes in geotechnical properties that could result in settlement of, for example, deeply 

founded structures such as tall buildings and Underground escalators.  

This recognition, documented in a CIRIA report, led to action plans being developed, with London 

Underground, Thames Water and the Environment Agency being the key players. 

 

The GARDIT Strategy 

Although there was a clearly identifiable risk from rising groundwater levels in London, and there 

was much lobbying for support, there was little direct support from government to investigate and 

address the issue. However, in 1998 some of the stakeholders launched a 5 phase strategy that 

aimed to deliver an increase in actual groundwater abstraction from the confined Chalk aquifer. The 

aim was to deliver an increase in abstraction of 70 million litres per day (Ml/d), using this water for 

public and private supply, and so bring rising groundwater levels under control. This so-called 

GARDIT (General Aquifer Research Development and Investigation Team) Strategy was defined by 

Thames Water, the Environment Agency and London Underground with the support of 

organisations such as the Corporation of London, Envirologic, the Association of British Insurers 

(ABI) and BT. The 5 phases were originally defined as follows, with all except Phase 3 to be delivered 

by Thames Water: 

• Phase 1 - Re-commissioning disused sources, 20 Ml/d  

• Phase 2 - Developing proven existing boreholes, 12 Ml/d 

• Phase 3 - Private, commercial boreholes, 20 Ml/d  

• Phase 4 - New borehole sites in central area, 15 Ml/d  

• Phase 5 - New borehole sites in outer area, 3 Ml/d 

 

The original programme aimed to complete delivery of the full 70 Ml/d in a five year period from 

1998/99 to 2003/04, with 50 Ml/d of this abstraction licensed for public water supply.  

 

The London Basin Groundwater model was developed jointly by Thames Water and the Environment 

Agency to provide an over-arching decision support tool to support delivery of the GARDIT Strategy. 

Its aim was to improve understanding of the groundwater system and assess the benefits of the 

additional abstraction. Using the LBG Model to investigate the control exerted on groundwater level 

rise from additional abstraction, it became apparent in 2000 that 70 Ml/d was too great, and that an 

additional abstraction of only 50 Ml/d was more appropriate.  

 

This revised, lower estimate of additional abstraction resulted in changes to the phasing of the 

GARDIT Strategy and the distribution of the new abstraction boreholes, with Phase 5 not required.  

• Phase 1 - Re-commissioning disused sources, 20 Ml/d  

• Phase 2 - Developing proven existing boreholes, 21.5 Ml/d  

• Phase 3 - Private, commercial boreholes, ca. 13 Ml/d  

• Phase 4 - New borehole sites in central area, 4.2 Ml/d 

The distribution of abstractions used for public supply is shown in Figure 3. Collectively, the public 

supply sources contributing to GARDIT in practice delivered a total of about 46 Ml/d of newly 

licensed abstraction which together with Phase 3 private boreholes achieved the target total of 50 

Ml/d. 

 

The GARDIT Benefit and Current Status 

From on-going monitoring it is clear that as a result of the GARDIT strategy groundwater levels are 

now broadly stable in the centre of the Basin. In south west London groundwater levels are 

currently declining at rates of around 5 m per year in response to GARDIT abstractions and other 

water company abstractions to the south. Groundwater levels are still rising in north-west London 

at rates of around 1 m per year, but here there is only low risk from these rises.  

 

From the broad pattern of groundwater level stability and declining levels in the areas of greatest 

risk from high groundwater levels, it is apparent that the GARDIT Strategy has delivered and been 

successful in controlling the rise of Chalk groundwater levels beneath central London. As there has 

been a more rapid decline in groundwater levels in the central and south west London than 
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expected, further licensing of abstractions has been restricted. The Environment Agency has, 

through its London Catchment Abstraction Management Strategy (CAMS), defined a policy that 

restricts new abstractions in central, east and south London to less than 0.5 Ml/d. 

 

 
Figure 3: Thames Water © 2007, Location of GARDIT strategy public water supply abstraction boreholes 

 

Future Resource Management 

 
Figure 4: Thames Water © 2007 -  Basinal groundwater resources management 

 

Through its CAMS abstraction licensing policy, the Environment Agency has established one part of 

the framework for the London Basin confined Chalk to become a highly managed aquifer. As there 

is little potential for abstraction to have an environmental impact, then providing groundwater levels 

can be managed to prevent impact on subsurface structures, the confined Chalk has the potential to 

provide a secure, sustainable source of water. Building on the principles applied in Thames Water's 

operational North London Artificial Recharge Scheme (NLARS)] there is potential for more 

widespread management of aquifer storage between upper and lower groundwater level limits (see 

Figure 4 above). Using this approach, additional abstraction from the confined Chalk could be 

supported, with storage being replenished through artificial recharge when spare water is available. 

Several water companies have active programmes investigating and developing this approach.’ 

 

3.3. The Proposed Reforms and potential impact upon WFD Compliance 

 

In the context of the EC Water Framework Directive, the proposed reforms aim to address the 2 

main challenges facing England & Wales with regard to achieving compliance with the Water 

Framework Directive; these 2 main challenges being: 
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i. Areas of unsustainable water abstractions – resulting from a combination of: 

a. an abstractions licencing mechanism that is not suitable/fit for current purpose,  

b. the poor integration of the management of water resources, and, 

c. current regulatory impediments that don’t facilitate: 

i. the effective correcting of abstraction licenses that were granted in the past 

that are damaging to the environment, and, 

ii. the development (and market entry) of new least cost plan water resources 

infrastructure and service providers necessary to provide viable, secure and 

sustainable alternative water source solutions in areas of current 

unsustainable water abstraction. 

(Resulting in non-compliance with Article 1 of the WFD) 

 

ii. Failure to achieve water quality objectives due to diffuse pollution (from agricultural and 

urban sources) and historical alterations to the natural form of channels. (Resulting in the 

failure to water bodies to achieve Good Ecological Status (GES) or Good Ecological Potential 

(GEP).  

 

The proposed reforms to address unsustainable water abstractions include the components of:  

� ‘long term reform of the abstraction regime’ due to be in place in the mid-2020s – which is 

unlikely to support full compliance with the WFD by 2027, (a key question would be - Is it 

possible to comply with the WFD by 2027 if the abstraction scheme reform will not be 

implemented until the mid-2020s?) 

� ‘Short-term reforms: supporting the implementation of the ‘Restoring Sustainable Abstraction 

Schemes’ – which is having very modest success, and, 

� Measures to support water resources bulk trading and inter-connections – which were key 

measures necessary and successfully implemented in the ESW Case Study. 

 

The proposed reforms designed to address diffuse pollution (from agricultural and urban sources) 

and historical alterations to the natural form of channels rely on the introduction and application of 

a ‘Catchment Based Approach’, as outlined by Defra in its ‘Catchment Based Approach: Improving 

the quality of our water environment’ publication in May 2013. 

 

In concept the ‘Catchment Based Approach’ is very logical (and parallels can be drawn with the 

SGADE / SAGE approach in France) but how it will be implemented is still unclear. 

 

At the core of the Catchment Approach as described in the Defra publication is the expectation that 

Catchment Partnerships will deliver river basin management planning objectives for WFD 

compliance – both for identifying measures and delivering them on the ground – where the River 

Basin Management Plans will in effect be an agglomeration of the Measures of the Catchments 

included a particular River Basin District. However, it is unclear how this will work in practice given: 

� ‘Catchment Partnerships’ have no formal/legal recognition included in the ‘Duty to Co-operate’ 

in the Local Planning Regulations, 

� There is no requirement for these Catchment Partnerships to produce a formal Catchment Plan 

although the Defra document states ‘we believe that catchment partnerships will want to set 

out their priorities in a way that is meaningful to them – but inputs to 2nd cycle planning will 

need a degree of consistency across England’. If there is no ‘catchment plan’ how will projects be 

selected? How will they be evaluated to ensure that they achieve the objectives of the WFD at 

least cost? And how will the consultation process of the RBMPs work if projects to achieve RBMP 

objectives are already decided upon by Catchment Partnership in conjunction with Defra/EA? 

� There is no funding of the Catchment Partnerships – which are expected to be self-sustaining in 

the longer-term’. The transitional funding arrangements for set –up are limited to £1.6M in 

2013/14 to support establishing functioning catchment partnerships (of which there are 

approximately 80) in addition to the support role provided by the Environment Agency. 

Catchment partnerships will need to establish new funding sources thereafter. 
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In summary, the proposed reforms underway in England & Wales clearly identify the structural 

challenges that impact the sustainable management of water resources - necessary inter-alia for the 

implementation of the Water Framework Directive and the Floods Directive.  

 

Integrated water resource management is particularly complex in the south-east of England given 

the growing demands for water from an increasing population and the interdependencies between 

abstractions and flood mitigation as shown above in the challenges to the management of the 

London Ground Water Aquifers. 

 

The main uncertainties relate to the time of implementation and cost (or disproportionate cost) of 

compliance to society if implemented in a short timeframe.  

 



 

Annex H 

Briefing Note 1 – Comparison of Methods for 
Valuing Ecological Externalities for River Basin 
Planning Purposes
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1.1 INTRODUCTION 

The following briefing note provides a comparative assessment of the 
following two methods for valuing ecological externalities in the context of the 
EC Water Framework Directive (WFD): 
 

i. a WFD Target-Based Associated Costs (TBAC) approach used in the 
Resource and Economic Efficiency in Water Distribution Networks in 
the EC – ELL Method; and 

 
ii. the Ecosystem Service Valuation (ESV) approach. 

 
The former method is presented in detail in the main report, and has not been 
reproduced here. 
 
 

1.2 THE WFD TARGET-BASED ASSOCIATED COSTS (TBAC) APPROACH – 

CONSIDERATION OF EXTERNALITIES 

The WFD Target-based Associated Cost approach to valuing ecological 
externalities utilises the key assumption that where abstraction and water use 
fees are charged (either directly or indirectly) and include the costs associated 
with the management of water resources to achieve good water status under 
the EC Water Framework Directive (including sustainable abstractions) then 

the associated ecological externalities are deemed already included in their 

calculation of the Marginal Cost of Water.  The TBAC approach assumes that 
social preferences have been accounted for through the participatory 
component of the basin management plans as well as the wider legislative 
process behind the Water Framework Directive – rather than attempting to 
measure preferences at the basin level through a separate valuation study.  
 

The methodology must be viewed within the broader perspective of the 
implementation of Directive 2000/60/EC of the European Parliament and of 
the Council of 23 October 2000 Establishing a Framework for Community 
Action in the Field of Water Policy (i.e. the Water Framework Directive, 
WFD), which aims to: 
 
• restore good ecological and chemical status for all water bodies across the 

Community by 2015; and 
• integrate water management activities at the river basin level. 
 
In particular, the WFD establishes the following economic principles: 
 

i. the polluter-pays principle, which is enshrined in the cost recovery 
article and the 2010 water pricing requirement with the purpose of 
achieving sustainable water use (Art 1, WFD) 
 

ii. the principle of cost recovery, including environmental and 
resource costs (Art 9, WFD) 
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iii. the principle of cost-effectiveness, to be applied when selecting the 

combinations of measures to achieve the WFD objectives (Art 11, 
WFD); and, 

 
iv. the concept of disproportionate costs, which permits exemptions if 

achieving WFD objectives proves disproportionately costly (Art 4, 
WFD). 

 
Advantages –  
 
• Simplicity - the approach does not require additional economic analysis of 

externalities; rather, it makes the assumption that a basin management 
plan that targets good ecological condition as defined in the WFD has 
internalized those costs into basin management. The costs of 
implementing those policies can then be incorporated into water pricing.  

• Avoids or reduces instances of double-counting – by utilising the 
economic considerations built into the basin management plans, this 
TBAC approach avoids the problematic aspects of double-counting 
environmental costs through an additional economic analysis. 

• Since it is grounded in a Least Cost Plan approach, the TBAC approach 
promotes efficiency in both the use of water resources and in the use of 
society’s financial resources for water basin management as a whole.   

• As a result of using scientifically and politically agreed environmental 
targets to define good water status, the TBAC approach does not have the 
challenge of attempting to estimate ‘intrinsic value’ and other particularly 
challenging aspects of ESV. 

 
Disadvantages -  

 
The TBAC calculation will only be as sound as the river basin plan that it is 
based on.  It may therefore take a few rounds of 5-yearly river basin plan 
“updates’ before the TBAC can be accurately determined.  For example, if a 
basin plan is fully implemented with the environmental and resource costs of 
water set using the TBAC method and these costs are recovered in accordance 
with Article 9 of the WFD, but the Water Quality Objectives set in the plan are 
not met, then the plans upon which the cost of water has been calculated, 
including the associated resource and environmental costs, was flawed.  
Therefore the calculation of the associated resource and environmental cost of 
water will also be flawed.  

 
 

1.3  ECOSYSTEM SERVICE VALUATION APPROACH 

1.3.1 General 

The Ecosystem Service Valuation (ESV) approach assesses the value to society 
of the suite of goods and services provided by a defined ecosystem, in this 
case, river basins managed through river basin management plans. This 
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approach draws upon a variety of methods to calculate a monetary value for 
the “direct” “indirect” and “non-use” values associated with an ecosystem 
(see Box 1), many of which are overlooked in existing markets, including any 
existing water pricing schemes that do not incorporate externalities. An 
overview of the total economic value (TEV) concept at the centre of the 
economic valuation approach is provided in Box 1 below.   

Box 1.1 Total Economic Value 

 
 
A summary of the most common methodological approaches to economic 
valuation is provided in Annex H1.  These can be divided into the categories of 
imputed willingness to pay, expressed willingness to pay, and value (or benefit) 

transfer methods.   Different approaches tend to be suited to assessing different 
types of values (e.g. direct, indirect, non-use).  A TEV assessment will often 
include a mixture of approaches.   
 

The Total Economic Value (TEV) conceptual framework views ecosystem goods and 
services as the flows of benefits to humans. The values of these benefits are assessed 
by examining the ways in which ecosystem services are directly or indirectly utilised 
by people (use values) and the ways in which they provide intangible benefits to 
society (non-use values). 
 
Use Values  
 
Use values can be sub-divided into direct use value and indirect-use value:  
 
Direct use values arise from human use of natural resource systems, including 
extractive use such as timber or fisheries and non-extractive use such as tourism and 
recreation. These values are often captured in existing markets. 
 
Indirect use values result from the regulatory or supporting ecological processes that 
contribute to the ecosystem services giving rise to benefits. For example, processes 
occurring in wetlands remove excess nutrients, improve water quality and provide 
flood protection through retaining water.  
 
Non-use values  
 
Non-use values do not involve direct interaction between humans and ecosystems. 
They include:  
 
• altruistic values, derived from knowing that others can enjoy the goods and 

services from ecosystems  
• bequest values, associated with knowing that ecosystems are passed on intact to 

future generations  
• existence values, arising from the knowledge the ecosystem and its services 

continue to exist  
• option values, the benefit from the security of knowing that an ecosystem is being 

preserved for possible but unforeseen future uses, such as a species with possible 
pharmaceutical applications (sometimes categorized as a use value). 

 
Source: UK Houses of Parliament Parliamentary Office of Science and Technology. 2011.   
Ecosystem Service Valuation. POST Note #378. May 2011. London, UK.  
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Of the methods listed in Annex H1, it should be noted that benefit transfer 
approaches can be used to assess any category of ecosystem service and are 
much less costly and time-intensive than primary assessment methods (e.g. 
the survey-based “expressed willingness to pay” approaches which represent 
the only other option for assessing non-use values). Particularly due to time 
and cost implications, benefit transfer methods are likely to be used in many 
river basins if an ESV approach is utilised to inform policy and pricing 
decisions over the long-term. 
 
Benefit transfer approaches transfer the economic values estimated in one 
context and location in order to estimate values in a similar - or sometimes 
quite different - context and location.  They allow for relatively flexible 
application. However, the value transfer also introduces the potential for 
additional errors into a valuation process that is often criticised for bias and 
accuracy limitations to begin with.  Time period, geography, scale, culture and 
other factors significantly influence the value that people place on certain 
benefits, particularly benefits such as recreation, existence value and option 
value (i.e. the ‘softer’ values that are critical to ESV exercises).  In addition, 
benefit transfer methods often produce relatively broad ranges of value 
estimates, an output that can be difficult to translate into practical pricing 
strategies.   
 

1.3.2 ESV Approach to calculating the ecological and resource value of water 

The use of an ESV approach in calculating the ecological and resource value of 
water enables policy makers to directly assess the value placed by society on 
environmental benefits that have traditionally been excluded from water 
pricing.  Theoretically, this should therefore help to establish a water price 
that appropriately incorporates environmental externalities. 
 
Some of the advantages and disadvantages of utilising an ESV approach are 
outlined below. 
 
Advantages: 

 
While it is widely acknowledged that economic valuation techniques face a 
number of methodological and philosophical challenges, the core argument in 
favour of ESV tends to be that some attempt to capture the value of the more 
abstract environmental externalities is better than nothing, a situation which 
otherwise results in an “assumed value” of zero.    
 
Survey-based approaches also offer a direct means of measuring the value that 
resource users place on both tangible and intangible services provided by 
water basins; as a result, these surveys also constitute a form of stakeholder 
engagement that, if repeated at different points in time, can help to capture 
changing preferences relating to environmental protection and resource use.  
Benefit transfer, which may be the most likely methodological approach to 
ESV for many river basins, can also be calibrated by introducing small-scale 
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primary data collection and stakeholder engagement to help inform the 
transfer of values to a local context.    
 
Disadvantages: 

 
Economic valuation techniques face a number of methodological and 
philosophical challenges: 
 
“Double-counting” is often a concern for arriving at “clean” value estimates 
using ESV. For example, it can be difficult to fully separate out the value 
people place on “end-use” services such as clear water for swimming or high 
fish abundance and diversity when fishing, from the regulating and 
supporting services that contribute to these services – particularly for a service 
such as erosion control, which may contribute to multiple other end-use 
services. Many of these methodological challenges can be overcome in a high 
quality, technically proficient ESV; however, many ESVs do not sufficiently 
avoid double-counting – including many studies that might be relied upon for 
benefit transfer in the event that survey-based ESVs are too cumbersome.  
 
Ecosystem service valuation approaches often produce value estimates with a 
large margin of error; the high end of the range, especially for non-use values, 
can often be extremely high, particularly if the study has not been 
appropriately grounded (e.g. by including opportunity costs).  
 
There are hazards associated with over-estimating society’s willingness to pay 
for environmental outcomes. Unrealistically high prices for water value may 
lead to inflated water and ecological resource valuations levels that if 
incorporated into the decision-making processes for investments would result 
in  investments would that have much less benefit to society than estimated, 
resulting in the waste of society’s limited financial resources that could have 
been better stent elsewhere, when other options are available.  There are also 
cases, such as the Murray-Darling basin in Australia, where an ESV approach 
produced a value estimate that proved much higher than was politically 
feasible to translate into basin management policy. 
 
It is difficult to include non-anthropocentric environmental benefits (eg the 
intrinsic value of nature in its own right, independent of human welfare) in 
monetary valuations.  As noted by Fisher (2008), this is more appropriately a 
matter for policy makers to determine – as they have in specifying the good 
ecological status (GES) target in the WFD. 1  The WFD sets targets and then 
puts the onus on polluters to prove that the costs of measures to achieve GES 
are disproportionately expensive.    
 

                                                      
 (1) 1 Fisher, J. 2008. Challenges for applying Cost-Benefit Analysis and valuation of environmental benefits to aid 
environmental decision-making in practice. Online at: http://www.eftec.co.uk/docman/envecon-
2008/water/envecon2008-water-fisher/download 
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Adding an ESV stand-alone valuation exercise into the process for setting 
water prices has some potential to lead to confusion and/or over-complicate 
basin management planning.   
 
 

1.4 DISCUSSION  

The sections above present two alternative approaches to valuing ecological 
externalities in water basins under the WFD.   
 
The TBAC  approach assumes that social preferences, inter-alia the minimum 
ecological standards have been accounted for at Member State level through 
the participatory component inherent in the enactment of law and in the 
participatory process included in the preparation of the WFD Basin Plans, 
wherein the legislative and regulatory targets are set both generally in law 
and specifically within an adapted Basin Plan; and at and EU level the social 
preferences / targets / objectives of EU society included in the EC WFD are 
the result of the wider participatory and legislative process behind the Water 
Framework Directive (i.e. in establishing ecological targets).  
 
Arguments in favour of the TBAC approach used in the ‘Resource & Economic 

Efficiency in Water Distribution Networks in the EC – ELL Method’ include its 
simplicity and its integration with the decision-making process established 
under the WFD.  It also runs a lower risk of overestimating the value of water, 
which can lead to inefficient use of limited financial resources and/or delays 
and political hurdles in implementation.  The primary drawback of the 
approach is likewise its reliance on the basin management process. Where the 
planning and implementation of water management is not working well, 
appropriate water pricing may lag worryingly behind the levels needed to 
achieve good ecological status. i.e. water pricing that results from using a 
TBAC approach can only be as good as the Basin Plan upon which it is based. 
 
In contrast to the TBAC approach, ecosystem service valuation (ESV) attempts 
to measure user preferences and estimate the value of water at the basin level 
through a separate valuation study.  Ecosystem valuation techniques face 
challenges in terms of precision and accuracy, with more robust results 
typically requiring considerable time and expense.  Large margins of error 
may present a challenge when attempting to use the outputs for something as 
precise as water pricing.  However, ESVs do allow for a fresh analysis of the 
benefits provided by river basins and of stakeholder preferences regarding 
ecological protection – something that may be particularly useful in basins 
that are lagging behind in establishing robust water basin management plans.     
 
Given the above, it is worth carefully considering the drawbacks of ESV 
approaches before utilising them across the board to calculate water resource 
and environmental costs as required under Article 9 of the WFD. Utilising 
ESV in river basin management planning could complement the TBAC 
approach and vice-versa. This could help to improve the robustness of basin 
management planning and build a broader library of water valuation studies, 
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while still encouraging countries to establish least-cost approaches to reaching 
ecological targets and economic efficiency.  



 

Annex H1 

Introduction to Generic Environmental Valuation Techniques – to Value 

Externalities 

 
Environmental valuation involves estimating monetary values for environmental 
assets and impacts, which are often referred to as intangibles and have no market 
value. This exercise allows monetization of the various project benefits and an ability 
to integrate them in a Cost-Benefit Analysis.  
 
One way of putting monetary values on environmental assets is to estimate the so-
called Willingness-To-Pay (WTP) of people for that particular asset. Based on 
different ways of estimating people’s willingness-to–pay, different valuation 
techniques have been developed: 
  
1. Methods based on the revealed willingness-to-pay, which use existing market 
prices that are more or less directly related to the environmental asset that needs to be 
valued. Techniques include Direct Market Price Method (eg the price or tariffs people 
pay for water), Change in Productivity, Hedonic Pricing and Travel Cost. 
 
Name of 
Technique 

Description of Approach (Revealed Willingness to Pay) 

Direct Market 

Price Methods 

This approach is based on the assumption that the value of a good is based on its price in the 
market place. The value of the good is taken as the market price, less the cost of production 
and any transfer payments made, such as taxes and subsidies. 
 
Example: timber and fuel wood from forests; clean water from wetlands 

Change in 

Productivity 

Changes in environmental quality can lead to changes in productivity and production costs, 
which in turn lead to changes in the volume and price of goods.   
 
For example, a decline in salt marsh will lead to a decline in artisanal fishery catch and 

hence loss of market value. 

Hedonic Pricing This approach seeks to isolate the contribution that environmental attributes make to the total 
market value of an asset.  It is most often used in relation to property values, but can also be 
used in relation to salaries (hedonic wages) 
   
For example, the proportion of the price differential between two otherwise identical houses 

accounted for by being adjacent to a protected area with a magnificent view, or a healthy 

river, reveals an individual purchaser’s valuation of the importance of that attribute. 

Travel Cost This technique is based on the expenditure incurred by households or individuals in order to 
reach recreational sites, such as diving destinations, and uses these expenditures as a mean of 
measuring willingness to pay for the recreational activity.  The sum of the cost of travelling, 
including the opportunity cost of time, and any entrance fee gives a proxy for market prices 
in estimating demand for the recreational opportunity provided by the site under 
investigation. By observing these costs and the number of trips that take place at each of the 
range of prices, it is possible to derive a demand curve and hence overall value for the 
particular site. 
 
See below for an example 

 
2. Methods based on the imputed willingness-to-pay, which try to evaluate people’s 
willingness-to-pay for a similar service or for the damage caused if the environmental 
service they had enjoyed for free so far would not function anymore. Techniques 
include Damage Cost Avoided, Averting Behaviour, Medical Costs, Replacement 
Cost and Substitute Costs. 
 
Name of 

Technique 

Description of Approach (Imputed Willingness to Pay) 

Damage Cost 

Avoided  

Under this approach, the value of an environmental asset, such as coastal or flood protection, is 
taken to be represented by the saving made by avoiding damage to assets it protects.   
 
For example, the value of coastal defence provided by a beach or sand dune would be 

considered to be equal to the cost of repairing or replacing infrastructure and buildings 

damaged by erosion and flooding caused without the environmental asset in place.  



 

Averting 

behaviour 

The cost of avoiding a problem related to environmental degradation can be used as a  proxy 
for the cost of that degradation. 
 
For example, the cost of wearing face masks to prevent respiratory problems can be used to 

determine the cost of poor air quality.  

Medical costs 

 

The cost of medical treatment is used to establish the environmental costs associated with 
pollution (eg respiratory and eye problems from air quality, and costs of treating disease from 
water and waste pollution). 
 
For example, the medical costs associated with treating ailments associated with air pollution 

from cars and dust in a city can be estimated and used to demonstrate the environmental cost 

of such pollution.   

Replacement 

Cost 

The value of an environmental asset (or the function it performs) can be given a proxy value 
based on the cost of replacing the function with an alternative.   
 
For example, the value of a coral reef’s shoreline protection function can be estimated based 

on the cost of providing an equivalent man-made shoreline protection scheme. 

Substitute Cost 

Method 

The substitute or alternative cost approach values a particular environmental service or good 
according to the market value of available substitutes.  If an alternative good or service that 
provides a similar benefit has a market value, then the market price for this can be used as a 
“proxy” for the non-marketed good or service.  
 
For example, fish consumed at a subsistence use level can be assumed to have the same market 

value as similar fish sold in a nearby market.  Costs incurred in collecting the fish still need to 

be subtracted from the market price. 

 
3. Methods based on expressed willingness-to-pay, which survey a representative 
sample of a population and directly ask them how much they would be willing to pay 
for a specific environmental good or service. Techniques include Contingent 
Valuation and Choice Modelling. 
 
Name of 

Technique 

Description of Approach (Expressed Willingness to Pay) 

Contingent 

Valuation 

This is a carefully constructed and analysed questionnaire survey technique asking a 
representative sample of respondents how much they are willing to pay (WTP) for an 
environmental benefit or what they are willing to accept (WTA) in compensation for a loss.  The 
questionnaire format thus stimulates a hypothetical (contingent) market for a particular good. 
 
See example in Box 3.2 

Choice 

Modelling (eg 

Choice 
experiments) 

As above, however, respondents are presented with several short descriptions of a composite 
good (e.g. a good, such as a diving destination, described in terms of a number of valuable 
characteristics, such as fish diversity, fish abundance, coral health, and price to pay).  Each 
description is treated as a complete package and differs from the other packages in respect to 
one or more of the good’s characteristics. Respondents then select their preferred package 
(pairwise comparison) based on their personal preferences.  It is then possible to isolate the 
effects that variation in individual characteristics has on the price. 
 

For example, Weilgus (2003)(1) conducted a choice experiment study that found that divers in 
Israel were willing to pay US$ 2.60 and US$ 1.20 per increased unit of fish diversity and water 
visibility, respectively, per dive. 
 

 
4. The Value (or Benefit) Transfer method, which uses the transfer of economic 
values estimated in one context and location in order to estimate values in a similar or 
different context and location.  
 
Valuation exercises are expensive and time consuming. Benefits transfer, the process 
of taking estimates from one context and adjusting and then applying them to another, 
is therefore likely to be important. 

 

                                                      
(1) Weilgus, J., Chadwick-Furman, N.E., Zeitouni. N. and Schechter, M. (2003) Effects of coral 
reef attribute damage on recreational welfare. Marine Resource Economics. Vol 18, 225-237 
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1 INTRODUCTION 

The following briefing note presents a potential method for setting water 
quantity and quality targets for river basin planning purposes under the 
auspices of the WFD.  This method has been developed and tested as part of 
the Tagus river basin pilot study, as described in Annex J to this report.     
 
A summary description of the Tejo river basin is provided in Figure I1. 
 
 

1.1 ENVIRONMENTAL FLOWS 

1.1.1 A Brief Introduction 

Toward the latter part of the 20th century an understanding had grown in the 
scientific community that the health and wellbeing of aquatic ecosystems was 
closely linked, all other things being equal, to the pattern of flows in a river.  
Works often quoted which might be considered seminal in the development of 
this understanding include those of Richter, Poff et al.  (1) (2) (3)  These early 
papers variously attempted to identify those characteristics of the flow regime 
that are of ecological importance, from the river bed to riparian flood plains, 
and to determine suitable flow release regimes for reservoirs and hydraulic 
structures that would best reproduce these conditions.  Richter went so far as 
to identify 69 characteristics of flow regimes of importance and to be 
reproduced insofar as possible.    
 
Based on this premise, the IHA (Indicators of Hydrologic Alteration) and RVA 
(Range of Variability) methods were developed by ecologists as part of the 
Nature Conservancy Freshwater Initiative (Richter et al. 1996 (1), 1997 (2)). The 
IHA method provides a hydrologic analysis technique that considers the 
overall hydrological requirements of the system, rather than specific objectives 
such as a short list of species or geomorphic processes to be conserved.  In 
addition, the model defines a hydrologic regime that is likely to maintain or 
restore the natural biotic composition, structure, and function of the river 
system. The RVA method was subsequently developed to provide a tool that 
establishes flow targets based on the results of IHA analysis and goals for 
meeting resource objectives. 
 
However, whilst these methods for defining ‘environmental flows’ (also 
referred to as E-flows) have become increasingly sophisticated and further 
developed by others, one potential shortcoming with some of the approaches 
is that they have not developed a methodology which can be applied across a 
range of rivers without substantial investment in detailed studies.   Another 

 
(1)Richter, B.D., J.V. Baumgartner, J. Powell, and D.P. Braun. 1996. A method for assessing hydrologic alteration within 

ecosystems. Conservation Biology 10:1163-1174. 
(2) Poff et al, 1997. The natural flow regime. BioScience 47 (11), 769–784. 
(3) Richter, B.D., J.V. Baumgartner, R. Wigington, and D.P. Braun. 1997. How much water does a 

river need? Freshwater Biology 37:231-249. 
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weakness is that cost is rarely mentioned or, if it is, it is in relation to the cost 
of detailed studies rather than those of modifying the operational practices of 
water users (eg the dam operators).  A further potential criticism of some of 
the more recent studies and methods is that climate change is rarely 
mentioned, despite the advances in understanding of this issue.  
 
Moreover, with respect to the Water Framework Directive (WFD), this defines 
good ecological status as an objective for a river without specifying what has to 
be done to achieve this; whereas E-flows define what has to be done in the 
expectation that this will achieve what might in fact be called good ecological 
status.  Another aspect of the WFD some papers have commented on is that by 
defining a sole objective, stakeholder involvement is limited to commenting 
on the process rather the objective. 
 

1.1.2 Application of E-flows 

In terms of river management, the ultimate role of E-flows is to enable water 
use permits to be issued for a water resource which achieve the optimum 
balance between economic and environmental value.  The approaches set out 
in the scientific literature fall into two main groups:  
 
• those which define flow patterns resembling natural flow; and  

 
• those which examine what flows are appropriate to preserve specific 

aspects of the ecosystem.  
 
The two groups of approach are, of course, not exclusive.  
 
Acreman (1) has suggested based on UK data, which are more extensive than 
in many Member States but nevertheless may not be completely 
representative, that where multiple flow regime parameters are defined there 
is a high cross correlation between them and a simpler sub-set of around 5 or 6 
can achieve an equivalent outcome.  In this context it is worth noting that 
when flow requirements for specific characteristics are studied in detail the 
required E-flows may be contradictory; conditions which are good for one 
species may cause problems for another. 
 
A further important factor which has to be recognised is that there is a big 
difference in the resultant type of impact on a river system between 
impounding reservoirs and direct abstractions.  In the former case, 
maintaining flood pulses is difficult. (An interesting corollary is that sudden 
releases at times when flow is normally low can have negative consequences.) 
In the latter case the problem is controlling abstractions, particularly at certain 
times of the year.

 
(1) Acreman, M., Dunbar, M. J., 2004. Defining environmental river flow requirements — a review. Hydrology and Earth 

System Sciences 8 (5), 861–876. 
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The Tejo (also known as the Tagus) is the longest river on the Iberian Peninsula. It is 1,038 km long, 716 km in Spain, 47 km along the border between Portugal and Spain 
and 275 km in Portugal, where it empties into the Atlantic Ocean near Lisbon. It drains an area of 80,100 square kilometres (the second largest in the Iberian Peninsula after 
the Douro). The Tagus is highly utilized for most of its course. Several dams and diversions supply drinking water to most of central Spain, including Madrid, and Portugal, 
while dozens of hydroelectric stations create power. Between dams it follows a very constricted course, but after Almourol it enters a vast alluvial valley prone to flooding. 
At its mouth is a large estuary on which the port city of Lisbon is situated. The source of the Tagus is the Fuente de García, in the Montes Universales, Sistema Ibérico, Sierra 
de Albarracín Comarca. All its major tributaries enter the Tagus from the right (north) bank. The main cities it passes through are Aranjuez, Toledo, Talavera de la Reina and 
Alcántara in Spain, and Abrantes, Santarém, Almada and Lisbon in Portugal. 

 

 
 

 
Figure I1: Overview of the Tagus River Basin 
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1.1.3 Study Method Versus Alternatives 

The approach taken to defining and setting E-flows for the Tagus pilot study, 
as described in the remainder of this briefing paper, was based upon a 
simplified version of the aforementioned RVA method developed by Richter.  
The RVA method was chosen since it has been adopted worldwide as an 
industry best practice for determining E-flows.  More particularly, it has been 
extensively used in the United States in regulated systems to maximise the 
benefit of high-flow pulse releases of water from dams at a targeted 
magnitude, frequency, timing, duration and rate-of-change (1) .  Given the 
highly regulated nature of the Tagus river basin (40% of dams by volume are 
private HPPs) this was deemed particularly important in its choice. 
 
However, it is recognised that there are other more sophisticated 
methodologies for defining E-flows that have been developed since the RVA 
method that take account of the inter-annual variability of flow conditions in 
river systems.  Such methods vary releases in different years depending on 
where they fall on the range from drought to wet.  Notwithstanding that this 
is an important characteristic of the flow regime, these methods necessarily 
require continuous monitoring and adjustment of releases within and between 
years in response to conditions as they develop.  Issuing a license for a dam 
operator to meet these fluctuating requirements and verification that the 
license terms had been respected would not be straightforward.  The more 
often a dam operator is required to make releases to meet E-flow 
requirements, the higher will be the economic cost.  It was therefore decided 
that on this occasion a more straightforward method that does not include 
inter-annual flow variability would be more appropriate. 
 
Our chosen approach (described in detail in Section 2) uses a smaller number 
of flow parameters than the standard RVA/IHA approach, but still respects 
the monthly variation in flow and the level of daily flows within each month.  
It was drafted in such a way that issuing a license would be straightforward.  
We have also recognised the cost implications of river regulation. The method 
we have used based on additional storage requirements was used to enable 
comparison between river basins and under different climate scenarios.  In all 
likelihood the cost would be from releasing water at times when there was no 
requirement for hydroelectricity or, if the dam discharge mechanism allowed 
it, releasing a flood pulse and thereby reducing storage available later. 
 
For comparison purposes, the E-flow hydrographs calculated using the pilot 
study method at the Castelo de Bode gauging station are presented and 
analysed in comparison to observed and naturalised flows and the E-flows 
calculated using the standard RVA/IHA method in Annex I1.  By way of 
example, Figure I2 shows the comparison of the monthly average flows. The 
results show that the difference between the natural flow and either method is 

 
(1) Mathews, R. and Richter, B. (2007).  Application of the Indicators of Hydrologic Alteration software in environmental 

flow-setting. Journal of the American Water Resources Association (JAWRA), 43 (6): 1400-1413. 
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greater than the differences between the two methods themselves.  It is 
therefore likely that either method would lead to good ecological status. 
 

Figure I2 Comparison of Monthly Flows at Castelo de Bode Calculated Using Study 

and RVA/IHA Methods and Naturalised Record 

 
 
 
Finally, we have also looked at the impact of climate change and examined the 
cost of meeting pre-climate change E-flows under future climate change 
scenarios. 
 
 

1.2 STRUCTURE OF THE BRIEFING PAPER 

The following sections describe in more detail the study methodology that 
was developed for defining and setting E-flow requirements for the Tagus 
river basin in order to achieve appropriate water quantity objectives 
(described in Section 2) and water quality objectives (described in Section 3). 
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2 METHOD FOR SETTING WATER QUANTITY OBJECTIVES 

2.1 INTRODUCTION 

The overall water quantity objective for the study methodology is:  
 
• to ensure that the water balance between supply and demand in water bodies in 

the Basin is both statically and dynamically in balance, and in doing so 

contributes to the fulfilment of Article 1 (a) and (b) and (e) of the WFD 

 
That is,  the reduction or elimination of ‘water scarcity’ within the Basin to the 
extent possible given the specific local socio-economic restraints; where ‘water 
scarcity’, as defined by the EC, occurs where there are insufficient water 
resources to satisfy long-term average requirements.  
 
Water scarcity refers to long-term water imbalances defined both spatially and 
temporally, combining low water availability with a level of water demand 
exceeding the supply capacity of the natural system. 
 
The issues to be addressed are therefore: 
 
• the preservation of aquatic ecosystems, their sites and wetlands (via 

setting E-flow targets); and, 
 

• the exploitation of water as an economic resource and the sharing of that 
resource. 

 
The first issue requires the identification of Water Scarce Areas (under current 
and projected climate and socio-economic water demand scenarios), and the 
second requires mechanisms for the regulation of Water Scarce Areas given 
the dual need to preserve aquatic ecosystems and to exploit water as an 
economic resource.  These issues are discussed for the Tagus River Basin pilot 
study, as described in Annex J to this report.  The present paper focuses only 
on the methodology for setting E-flow targets.   
 
 

2.2 SETTING TARGETS FOR E-FLOWS 

In general there are 5 environmental flow components (EFCs) in a flow regime 
(Box 2.1), each of which supports specific ecological functions. The health and 
integrity of river systems ultimately depend on these components, which may 
vary seasonally.   
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Box 2.1 Environmental Flow Components 

1. Extreme low flows occur during drought. Extreme low flows are associated with 
reduced connectivity and limited species migration. During a period of natural 
extreme low flows, native species are likely to out-compete exotic species that 
have not adapted to these very low flows. Maintaining extreme low flows at their 
natural level can increase the abundance and survival rate of native species, 
improve habitat during drought, and increase vegetation. 

 
2. Low flows, sometimes called baseflows, occur for the majority of the year. Low 

flows maintain adequate habitat, temperature, dissolved oxygen, and chemistry 
for aquatic organisms; drinking water for terrestrial animals; and soil moisture for 
plants. Stable low flows support feeding and spawning activities of fish, offering 
both recreational and ecological benefits. 

 
3. High flow pulses occur after periods of precipitation and are contained within 

the natural banks of the river. High flows generally lead to decreased water 
temperature and increased dissolved oxygen. These events also prevent 
vegetation from invading river channels and can wash out plants, delivering large 
amounts of sediment and organic matter downstream in the process. High flows 
also move and scour gravels for native and recreational fish spawning and 
suppress non-native fish populations, algae, and beaver dams. 

 
4. Small floods occur every two to ten years. These events enable migration to flood 

plains, wetlands, and other habitats that act as breeding grounds and provide 
resources to many species. Small floods also aid the reproduction process of 
native riparian plants and can decrease the density of non-native species. 
Increases in native waterfowl, livestock grazing, rice cultivation, and fishery 
production have also been linked to small floods. 

 
5. Large floods take place infrequently. They can change the path of the river, form 

new habitat, and move large amounts of sediment and plant matter. Large floods 
also disperse plant seeds and provide seedlings with prolonged access to soil 
moisture. Importantly, large floods inundate connected floodplains, providing 
safe, warm, nutrient-rich nursery areas for juvenile fish. 

 
 
The biological health of a river is, all other things being equal, a function of the 
variability of the flow in that river.  To satisfy the basic requirement of 
maintaining or enhancing the aquatic environment as much as possible of that 
natural variation in flow should be reproduced (or where possible the 
"departure from naturalness" should be reduced) - noting the specific 
importance of the 5 EFCs in the flow regime.  However, it has proven difficult 
for river ecologists to describe or define the range of flow variability necessary 
to support a healthy river ecosystem, and to do so in a manner that can be 
practically implemented by water managers. 
 
As described in Section 1, best practices in E-flow method selection and target 
setting typically involve a Range of Variability approach (RVA) which has 6 
steps and is an iterative process as follows: 
 
• Step 1: Characterising the naturally varying flow that existed in a river 

prior to significant human induced changes to the flow regime; 
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• Step 2: Comparing the naturalised flows with current or projected flow 

conditions to assess the degree of "departure from naturalness" that has 
already taken place or is projected in the future; 

 
• Step 3: Develop hypotheses about impacts to species or ecosystem 

processes associated with hydrologic alterations (note: for the purposes of 

this pilot study it was necessary to set E-flow targets in the absence of specific 

ecosystem-flow regime studies for the Tagus River); 
 

• Step 4: Work with water managers, dam operators, or water rights 
holders to identify opportunities and approaches for modifying water 
and land management to restore or protect natural flow conditions; 

 
• Step 5: Implement flow management strategies and design and 

implement an ecosystem monitoring programme capable of tracking 
biotic responses to flow restoration or degradation; and 

 
• Step 6: Evaluate data collected in step 5, and revisit Steps 3-5 as feasible 

and necessary. 
 
Steps 3-4 ultimately result in the development and agreement with 
stakeholders and water managers of E-flow targets or prescriptions or flow 
management strategies based upon the 5 EFCs (Box 2.1) which are 
subsequently implemented under Step 5. 
 
The following sections detail the methodology that was used for each of these 
steps for the Tagus pilot study. 
 
Importantly, this method has been developed in the absence of any detailed ecosystem 

or flow regime studies in the basin, and therefore could be amended in future by 

revisiting Step 3 when such studies become available.  The aim of the pilot study was 

to demonstrate the principles, method and the impact in quantity terms of taking 

action to improve the two EFCs that were identified as the most affected by regulation 

in the basin based upon our initial examination of available data - the extreme low 

flows and high pulse flows, as discussed under Step 2. 

 
2.2.1 Step 1- Characterising the ‘Natural’ Flow 

An RVA approach was generally adapted wherein Step 1 was completed with 
the hydrological data available which was of good quality.  The results of the 
flow naturalisation process for the various chosen flow assessment points in 
the Tagus River Basin are detailed in Annex J. 
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2.2.2 Step 2 – Assessing Departure from Natural Flow Conditions 

For RVA Step 2, the degree of "departure from naturalness" was assessed in 
accordance with European Standard EN 15843 (1) rather than a more complex 
tool such as the Indicators of Hydrologic Variation (IHA) software 
programme.  This standard provides guidance on characterizing the 
modifications of river hydro-morphological features described in European 
Standard EN 14614. (2)  Both standards focus more on morphology than on 
hydrology and continuity, and on lateral and longitudinal continuity rather 
than on vertical continuity which is difficult to measure.  However these 
standards enable consistent comparison of hydro-morphology, including the 
hydrological regime, between rivers within a country and between different 
countries.  They therefore provide a method for broad-based characterization 
across a wide spectrum of hydro-morphological modification of river 
channels, banks, riparian zones and floodplains.  
 
The method’s primary aim is to assess "departure from naturalness" as a result 
of human pressures on river hydro-morphology, which may contribute to 
characterizing the modification of hydro-morphological features.  In doing so, 
it does not replace methods that have been developed for the local assessment 
of rivers but provides a reference benchmark for comparison. 
 
Specifically European Standard EN 15843 sets out a scoring system to assess 
inter-alia the hydrological regime using quantitative data to characterise the 
level of "departure from naturalness" and suggests suitable sources of 
information which may contribute to characterizing the modification of 
hydro-morphological features. 
 

Table 2.1  EN 15843: Quantitative criteria assessing the ‘departure from naturalness’ of 
flow regime  

 
% Days flow different from natural in spring, summer, 
autumn or winter (worst) 

<20 ≥20 
<40 

≥40
<60 

≥60
<80 

≥80 

<5% decrease or <10% increase in flow 1 1 1 2 2 

5 - <15% decrease in flow or 10 - <50% increase in 
flow 

1 2 2 3 3 

15 - <30% decrease in flow or 50 - <100% increase in 
flow 

1 2 3 3 4 

30 - <50% decrease in flow or 100 - <500% increase 
in flow 

1 2 3 4 5 

≥50% decrease in flow or ≥500% increase in flow 2 3 4 5 5 

 
 

Table 2.2 EN 1584: Scoring terms to be used when describing hydrological quality 
Score (Class) Term 

1 Near-natural 

2 Slightly altered 

3 Moderately altered 

4 Extensively altered 

5 Severely altered 

 
(1) EN 15843 - Water Quality: Guidance Standard on Determining the Degree of Modification of River Hydro-morphology 
(2) EN 14614 - Water Quality - Guidance Standard for Assessing the Hydromorphological Features of Rivers 
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Based upon this scoring system, the analysis of the Tagus flow monitoring 
records revealed that for three of the five EFCs shown in Box 2.1 – low flows, 
small floods and large floods - the degree of departure from naturalness due 
to flow regulation in the basin was minimal, and that the two EFCs most 
impacted are extreme low flows (drought) and high pulse flows.  The E-flow 
methodology described below therefore focuses on defining these two flow 
components only, as it is assumed that the remaining flow components will 
occur anyway regardless of the flow regulation.  However, calculating the 
total E-flow hydrograph at each basin control point necessarily requires the 
addition of all five flow components, as demonstrated by the various Tagus 
basin E-flow hydrographs presented in Annex J. 
 

2.2.3 Steps 3 and 4 - Development and Agreement of E-flow Regimes 

For RVA Steps 3 and 4, in the absence of specific ecosystem/flow regime 
studies in the basin the following regulatory baselines, assumptions and 
hypotheses were made and principles applied: 
 
a) Specific E-flow targets are dependent upon the specific physical, socio-
economic and regulatory context within which they are applied and (in the 
context of the WFD) vary depending upon whether the WQOs set for a 
specific water body is to achieve: 
 
• Good Ecological Status (GES); 
• Good Ecological Potential (GEP); or 
• A specific flow regime necessary for a ‘Protected Area’. 
 
The WFD recognises that human society has changed the hydro-morphology 
of the water environment to provide certain functions or uses for society’s 
needs.  For example, artificial reservoirs have been built and used for drinking 
water supply, irrigation and hydropower generation, and rivers have been 
altered to reduce the risk of flooding and to facilitate safe inland waterway 
transportation.   
 
Restoring the hydro-morphology of such water bodies to good ecological 
status, as defined in the WFD, may have a significant impact on these uses, or 
may not be technically or economically feasible.  If this is the case, the WFD 
(Article 4, clause 3) allows Member States to designate the water body as 
artificial or heavily modified (AWB or HMWBs).  For such water bodies, the 
WFD objective is Good Ecological Potential (GEP), where GEP is the best 
ecology that the water body can achieve without significantly compromising 
what it is used for, or where the benefits to society served by the 
AWB/HMWB cannot be achieved with a significantly better environmental 
option for reasons of technical feasibility or disproportionate cost.  
 
An artificial water body (AWB), as the name suggests is ‘not natural’, and a 
heavily modified water body (HMWB) is one where there has been significant 
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"departure from naturalness".  In this Tagus pilot study water bodies have 
been classified in accordance European Standard EN 15843, and water bodies 
with EN 15843 Class 4 or 5 are preliminarily identified as HMWBs in 
accordance with the WFD definition.  Given this classification, in the process 
of identifying measures in future scenarios designed to ensure that the water 
balance between supply and demand in water bodies in the Basin is in long 
term balance, these measures were designed with the added objective to either 
reduce the level of ‘departure from naturalness’ of the flow regime at the 
selected strategic points or to ensure that the current ‘departure from 
naturalness’ is not increased. 
 
b) Given that the general aim in a) above is to reduce the level of 
‘departure from naturalness’ of the flow regime, and in itself this has limited 
use in managing water resources, a number of basic principles need to be 
applied in the setting of specific E-flow targets or strategies. 
 
• E-flow targets or strategies should reproduce to the extent possible, 

given practical physical and socio-economic limitations, the natural 
variation in flow. A corollary of this is that no water user should be 
required to enhance flows beyond those that would occur naturally; 

 
• E-flow targets or strategies should form a basis for the licensing of 

abstractions, discharges and impoundments. This in turn implies a 
degree of stability in the definition of E-flows. A water manager, utility 
or user (in the broadest sense of that phrase) should have some degree 
of certainty of the conditions under which an investment can be 
operated during its lifetime; 

 
• The method should be operable. That is, it should be possible for a water 

user to comply with the licensing requirements related to E-flows and 
for this to be seen to be the case (i.e. it can be independently audited); 
and 

 
• The principles should apply to rivers with different combinations of 

abstractions, discharges and impoundments. 
 
c) The Tagus Basin is a highly regulated river basin therefore the 
prescribed E-flow targets must require water managers to release water from 
dams to attain targeted high-flow pulses and floods at the desired magnitude, 
frequency, timing, duration, and rate-of-change, in addition to achieving the 
extreme low flow EFCs. 
 

2.2.4 Step 5 – Implementing E-flow Management Strategies 

For RVA Step 5, given the above, the following assumed regulatory E-flow 
(extreme low-flow and pulse flow (1)) targets have been applied: 

 
(1) As described under Step 2, the remaining 3 EFCs were analysed as occurring naturally in the Tejo pilot study basin, and 

so do not form part of the E-flow control regime as described here. 
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i. Naturalised flow is analysed on a water year (defined as October to 
September) basis for a period of at least 20 years.  For Good Ecological Status 
the annual E-flow (extreme low flow) target is at least 90% of annual 
minimum naturalised flow or, if less than 20 years of data are available, of the 
1-in-20 year low flow, whichever is lower.   For Good Ecological Potential the 
relevant percentage is 70%.  In the future the statistical methods used to define 
1-in-20 should be specified.  The use of the alternative methods (either lowest 
or statistical low flow) will enable equivalent flows to be used with varying 
amounts of data.  (This step is designed to support the attainment of extreme low 

flow EFCs.) 
 
ii. Flow is analysed on a calendar month basis.  For Good Ecological Status 
the monthly E-flow (extreme low flow) target is 90% of the monthly minimum 
or the 1-in-3 year low flow, whichever is lower.  In extremely dry years this 
could be lowered to 1-in-10 year. For Good Ecological Potential the relevant 
percentage is 70%. Although we have not applied it here, we recognise that in 
some circumstances, where natural base flows are very low, it may be 
necessary to define an upper limit to discharges for some months. (The use of 

monthly flow in this step will go some way toward maintaining flow variability and is 

designed to support the attainment of extreme low flow EFCs.) 
 
iii. The minimum daily flow is a proportion of the monthly flow as 
calculated in (ii) above. The proportion is defined as the ratio of the 98% flow 
divided by the 95% flow.  This will ensure that there is always some flow in 
the river (unless the monthly low flow happens to be zero). Given the 
difficulties in calculating accurate daily naturalised flows this method of 
calculation is likely to be more stable. (This step is designed to support the 

attainment extreme low flow EFCs). 
 
iv. Where there are impoundments in the river then for Good Ecological 
Status the dams should be operated to achieve (via spillway and/or flood 
gates) flood pulse releases equivalent to the mean annual flood for at least 5 
years in every 10. (1)  For Good Ecological Potential they should spill 3 years in 
every 10.   The flood release should be made incrementally over a period of 
several days in order to avoid sudden increase in flow (in the case of the 
Tagus pilot study, flow increments of 25% MAF were chosen).  For the 
example of Castelo de Bode (Annex I1) we have chosen a symmetrical 6-day 
flood but in other river basins a shorter or longer period might be more 
appropriate.  We have also allowed for a smaller flood pulse every 6 months. 
(This step is designed to attain high-flow pulses.  As described earlier, it is projected 

that the flood EFCs will happen naturally, exceeding the capacity of the basin’s 

regulatory structures to contain it). 
 
v. In addition to points (i)-(iv) above, the regulatory authority would 
reserve the right to make the following amendments if required: 

 
(1) Depending on the statistical distribution used, the annul flood is similar to the 1-in-2 year flood. So the calculation is 

based on one release on average every two years. 
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a) To further protect the low flow EFC, if necessary.  The above flow 

requirements (i)-(iv) provide a robust basis for the protection of extreme 
low flows and high-flow pulses identified as sensitive during the analysis, 
but they are less rigorous in the protection of low flows and flood flows as 
it is expected that these EFCs will happen without more restrictive 
regulatory requirements.  However, should future flow records show that 
the low flow EFC is departing from natural, then with notification from 
the regulatory authority the annual and monthly minimum naturalised 
low flow in (i) and (ii) above shall be changed from a 1 in 20 low flow to 
either the 2nd lowest flow in a 20 year record, or the 1-in-10 year low flow, 
and the daily flow amended to match as in (iii). 
 

b) To require reservoir operators to increase the minimum low flow 
requirement for a period of 1 to 10 days if necessary to provide minimum 
localised flushing in the event of a pollution incident.  

 
2.2.5 Step 6 – Review of E-flow Regime under Future Scenarios 

Having applied the E-flow targets and prescription described in Steps 3 to 5 
above, the flow model for the river basin should then be used to check the 
level of ‘departure from natural’ under the projected climate and water 
demand scenarios, having applied the E-flow targets, to ensure that the 
general objective to reduce the level of ‘departure from naturalness’ is 
achieved. 
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3 METHOD FOR SETTING WATER QUALITY OBJECTIVES 

For the purposes of the Tagus pilot study, the water quality objectives 
(WQOs) are set to meet the minimum requirements of the WFD at 19 audit 
points within the Tagus River Basin: 15 in Portugal and 4 in Spain.   These are 
presented in Annex J. 
 
The 15 audit points in Portugal were selected at strategically important 
locations within the Basin sub-catchments, ensuring a density of at least one 
audit point per 2500 km2, to comply with the minimum requirements for the 
location and density of a Surveillance Monitoring Network for Surface Waters. 
 
The status of the water body at each audit point was identified as natural, 
artificial/heavily modified or a protected area, in accordance with EN 15843 
(Water Quality - Guidance Standard on Determining the Degree of Modification of 

River Hydromorphology) as described in Section 2, and the mandatory physico-
chemical quality elements (and some of the recommended elements) as 
specified in WFD Annex V.1.2 were analysed for compliance with WQOs.  
 
 

The mandatory physicochemical quality elements specified in WFD Annex V.1.2 are 
indicated in blue in the schematic below; the recommended quality elements are in 
orange. 
 

 
 
The biological quality parameter data available for the Tagus pilot study was 
very limited and (at least in the case of the upstream areas of the river basin in 
Portugal) in general did not meet the minimum obligatory parameters and 
frequency of monitoring required in the WFD (Annex V) with respect to 
species composition, abundance and age structure of populations.



 

Annex I1 

Comparison of Flow Simulations (versus 
Observed and Naturalised Flows) Using the 
Study and RVA/IHA E-Flow Calculation 
Methods



 

 
1. Flow Simulations Using The Study Method 

This flow simulation method has been designed to maintain a 1 in 3 year minimum flow but during a 
very dry year could maintain the 1 in 10 year dry flow for a particular month.  This was programmed as 
calculating a running annual natural inflow for the preceding year up to the date of deciding on 
releases.  If it was drier than a 1 in 10 year drought then the lower release would be used.  
 
A flood every two years is roughly equal to the average annual flood; this is approximately what occurs 
in nature.  This was programmed by recording the time since a flood of that magnitude occurred either 
by the dam spilling or by an artificial release.  If that time exceeded 24 months then a flood was 
released. 
 
A second smaller flood, based on the average of the second highest flood in each year was released if 
not such flood had occurred for 6 months. 
 
It was assumed that the dam had been operated at optimum. Releases were only made if the observed 
flows downstream of the dam did not satisfy the E-flow criteria. 
 
2. Flow Simulations Using the The IHA/RVA method 

This flow simulation method used two bands for flows based on the upper and lower limits from the 
RVA method using the IHA software program.  This gives two values which represent the top of the 
lower third and the bottom of the upper third.  A running average of the annual flow was maintained 
as above.  The upper and lower limits were adjusted pro-rata based on the ratio of the current annual 
flow divided by the long term annual flow.  The upper flow limit was about 2.5 times the lower limit.  If 
observed flows were below the lower limit, then water was released to maintain that value.  If flows 
were above the upper limit then water would be stored for later release. 
 
The RVA method also specifies monthly releases. The flood release was based on the median flood pro-
rate the average inflow for that month.  To minimise releases the flood was centred on the highest flow 
in that month. 
 
It should be noted that this is a simplified RVA approach and other factors, for example minimum daily 
flows have not been considered. 
 
3. Comparison of Methods 

 
Chart 1 shows the flow duration curve compiled from monthly flows for 4 flow records at Castelo de 
Bode: observed, naturalised, the E-flows as calculated using our study method (including all 5 
Environmental Flow Components) and those calculated using the above RVA method. 
 



 

 
 
For flows lower than the 20% percentile both methods are similar though the simpler study method, 
which allowed for less year-to-year variation in flow criteria, shows a stepped approach.  Neither 
method accurately represents the myriad of small floods in the higher part of the flow spectrum. 
 
Chart 2 (below) shows average daily flows based on the average over the period of record.  In this chart 
the RVA method appears to provide a better fit for low flows, but is not as good for the higher flows, 
probably from trying to replicate RVA pulse flows. 
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Chart 3 (below) shows the average monthly flows for the whole period. This shows that both methods 
do not fully represent the small floods. 
 

 
 
With both methods the difference between the natural flow and either method is greater than the 
differences between the methods. 
 
4. Analysis 

 
In both cases we implicitly assumed that the Castelo de Bode dam was being operated at its optimum, 
and that any changes to flow would have an economic cost.  In the case of the method used for our 
study, the cost was in releasing water at times when there was little demand for electricity.  In the case 
of the RVA method, the cost was both extra releases, when optimum discharges were too low, and not 
being able to release, when optimum discharges were too low.  There is also a cost when flows are 
adjusted to make good a deficit or to reduce additional storage.  To avoid ‘charging’ twice we only 
considered the ‘cost’ when a change was made specifically to meet E-flow requirements, not the later 
changes that this imposed on releases. 
 
The following table summarise the costs express MCM/year and the number of days when flows were 
non-optimal. 

 
 Study Method E-Flows RVA Method E-flows 

Changed release MCM/year 393 1736 
Number of days per year with 

changes 172 341 

 
 

Given the point above, that with both methods the difference between the natural flow and either 
method is greater than the differences between the two methods, it is likely that either method would 
lead to good ecological status.  It would of course be possible to get closer to the optimum ecological 
flow but to do so would lead to even more days when discharges were not at an optimum. 
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Annex J 

Briefing Note 3 - Example Application of Project 
Recommendations to Tagus River Basin, 
Portugal 
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1 INTRODUCTION 

1.1 PREAMBLE 

This Tagus River Basin Plan Pilot Study (hereafter referred to as the ‘Tagus 
pilot study’ or ‘pilot study’) is the third (and final) Briefing Note deliverable 
prepared under Service Contract 070307/2010/578713/SER/D1 signed between 
ERM Ltd and the European Commission (hereafter referred to as ‘the EC’) on 
22nd December 2010.   The contract relates to the project: Resource and Economic 

Efficiency of Water Distribution Networks in the EU (Tender reference 

ENV.D.1/SER/2010 /0029) (hereafter referred to as ‘the project’). 
 
The Tagus pilot study was carried out to test the project recommendations 
concerning the strengthening of river basin management planning processes 
under the EC Water Framework Directive (WFD).   Many of these 
recommendations are also reflected in the recent EC Blueprint to Safeguard 

Europe’s Water Resources (hereafter referred to as ‘the Blueprint’). 
 
The Tagus River Basin was selected for the pilot study on the basis of its 
earlier role as a case study for the project’s resource and economic efficiency 
assessment, and due to the ready availability of data and information for the 
modelling studies.  We would like to thank the two organisations in particular 
for their invaluable assistance during preparation of the pilot study: Empresa 
Portuguesa das Águas Livres (EPAL), and Administração da Região 
Hidrográfica (ARH) do Tejo. 
 
 

1.2 BACKGROUND AND CONTEXT 

The following sections describe the background and context for the pilot 
study, including the key considerations and recommendations for future river 
basin planning that have emerged from our project and the Blueprint process.  
The current Tejo River Basin Management Plan (RBMP) is then briefly 
reviewed in this context. 
 

1.2.1 River Basin Planning ‘Post Blueprint’ 

Following the analysis of the resource and economic efficiency of 6 water 
utilities (5 in EC Member States and 1 in Turkey), each abstracting raw water 
resources from local water bodies in their respective river basins, we 
suggested 6 policy recommendations to the EC to promote improved water 
resource and economic efficiency. These policy recommendations were as 
follows. 
 
• Policy Recommendation 1: 
 
To clearly introduce ‘Quantity Management’ into the WFD Basin Plan 
 
Water stress and water resource efficiency is a quantity issue however the Water Framework 
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Directive in its current form focuses primarily on water quality issues and does not adequately 
address quantity issues.  Given that quality and quantity are intrinsically linked to each other it 
is recommended that ‘Quantity Management’ should be clearly introduced into the Basin Plans 
aiming to ensure that the water balance between supply and demand in all water bodies in a 
basin is both statically and dynamically in balance. This will require the dynamic modelling of 
water resources prior to the preparation of future revisions of the Basin Plans. 
• Policy Recommendation 2: 
 
To require the harmonization of Basin Plans with other strategic physical & socio-economic 
planning documents prior to adoption and to require that these Basin Plans are supported by a 
real Financing Plan 
In general, the quality of Basin Plans (as required under the Water Framework Directive) 
prepared, adapted and submitted by Member States to the Commission is poor. Generally these 
Basin Plans have not been adequately coordinated with other internal strategic physical & 
socio-economic planning documents prior to adaption and do not have the financial resources 
behind them to support their implementation. The lack of coordination between socio-economic 
plans, rural development plans, spatial development plans and basin plans together with the 
absence of supporting financing plans severely hinders the implementation of the Basin Plans 
and does not promote the WFD principle of cost effectiveness in order to achieve the objectives 
of the Basin Plan at the least cost. During public consultation processes the public have 
generally not been advised of the costs of measures and the mechanisms by which these costs 
will be recovered. We recommend that the costs associated with the implementation of the 
Basin Plans should be known prior to adoption in order for the principles of cost recovery, cost 
effectiveness and disproportionate cost and informed public consultation to be adequately 
addressed, and a Financing Plan in place. The Commission could set higher standards for the 
quality of Basin Plans to be prepared and adapted by Member States. 
• Policy Recommendation 3: 

 
To require that raw water resources costs are fairy calculated in the preparation of Basin Plans, 
and these costs are recovered from water users (in the form of abstraction fees or user fees) to 
fund water resource management activities.  
It is envisaged that the recovery of resource costs via a consumption-based abstraction or user 
fees would promote resource efficiency where the resource fee would adequately differentiate 
between stressed and non-stressed resources, and would be set at levels that reflect the cost of 
managing water resources (IWRM) to meet water quality and quantity objectives. In the 
preparation of financing plans to support the implementation of the Basin Plans as included in 
Policy Recommendation 2 data on the costs of funding water resource management activities 
would be available to facilitate the calculation of resource cost recovery levels. 
It is not recommended that this ‘resource fee’ be set artificially high as this too can lead to 
economic distortions and economic wastage e.g. if a real water resource cost is approximately 
25 eurocents per m3 but is charged at 70 eurocents then there is an additional incentive to a 
water service provider of 45 eurocents/m3 to reduce its level of leakage below its optimal level. 
Therefore in addition to effectively paying a 45 eurocents/m3 tax to the state, the water services 
provider would be further encouraged to invest another 45 eurocents/m3 into leakage control 
measures below the SELL value which have no benefit to either society or the environment, 
resulting in 45 eurocents/m3 wastefully invested. 
• Policy Recommendation 4: 
 
To further promote the principle of Cost Recovery: (WFD re Art. 9) 
In general the principle of full cost recovery is not implemented across the EC. Generally 
neither resource costs, as referred to in Policy Recommendation 3 above, nor asset renewals 
costs are adequately included in user tariffs.  
If resource costs and asset renewals costs are not recovered in user tariffs it is unlikely that a 
water service provider will achieve optimum levels of leakage reductions for its water 
distribution network.  
A main finding of the project is that full cost recovery and the long term efficiency of a water 
distribution system (measured in SELL) are two sides of the same coin. 
• Policy Recommendation 5: 
 
To improve the overall economic efficiency of a water distribution network by increasing its 
asset life (asset life extension) and performance (where EC funds water infrastructure) 
Given the cost structure in the water utility industry, fixed assets / fixed costs are the most 
important cost component (60-80%). The most effective way to reduce renewals costs is to 
install assets that have a longer asset life: this involves the correct choose of materials and a high 
standard of installation for networks (i.e. take your time and get it right first time) 
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• Policy Recommendation 6: 
 
That no technical targets for water losses in water distribution systems should be set by the EU 
for a number of reasons: 
- As shown during the project, technical targets are very context specific and are best set at a 

local level by the local stakeholders who have full knowledge of the water distribution 
system and the context within which it is operating. 

- Setting a target to achieve the Sustainable Economic Level of Leakage (SELL) for water 
distribution systems better suits the holistic aims and economic principles of the Water 
Framework Directive. 

 
A number of these recommendations are also reflected in the recent EC 
Blueprint, which contains a number of proposed policy measures that are 
directly applicable to the RBM planning process (see Box 1.1). 
 
 

1.3 OBJECTIVES OF THE TAGUS PILOT STUDY 

1.3.1 Tejo River Basin Management Plan 

The Tejo (or Tagus) River Basin Management Plan was published for public 
consultation by ARH do Tejo in July 20111.   In general, it is an extensive, 
thorough and well-documented plan that has been developed based upon an 
array of hydrological and water quality monitoring data for the river basin.   
 
The purpose of this pilot study is not to review or revise the plan in detail; 
instead, the intention is to draw upon the wide array of data and information 
that exist in the plan in order to test and apply the policy recommendations 
that have been developed as part of the wider project and described above. 
 

1.3.2 General 

Applying policy recommendations 1, 2, 3 and 4 in Section 1.2.1 requires actions 
to be taken at a River Basin level.    
 
Applying policy recommendations 1 and 2 in practice requires the preparation 
and implementation of Basin Plans wherein ‘Water Quantity Objectives’ and 
‘Water Quality Objectives’ are set and achieved at least cost (i.e. the preparation 
and implementation of Integrated Water Resources Management (IWRM) 
Plans for each Basin); and policy recommendations 3 and 4 in practice requires 
calculating the ‘resource cost’ for water at a Basin and / or ‘Water Body’ level. 
This requires developing a consistent methodology or set of principles by 
which: 
 
• ‘Water Quantity Objectives’ can be set and applied during the planning 

process and thereafter monitored, that are consistent with the 
requirements of the WFD.2  1 

                                                      
1 see http://www.arhtejo.pt/web/guest/pgrh-participacao-publica 

2 This methodology or set of principles by which ‘Water Quantity Objectives’ can be set and monitored will in turn provide 
the basis for the setting and monitoring of environmental flows (E-flows). 
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• The ‘resource cost’ of water can be calculated. 

Box 1.1 EC Blueprint Extracts Relating to River Basin Planning 

 
 
Applying policy recommendations 5 and 6 requires actions to be taken at a 
water utility level wherein under recommendation 5 the water utility fully 
considers the whole-of-life costs, including resource costs, in their respective 
investment plans for water distribution network works, and under 

                                                                                                                                            
1 In addition to setting and applying quantity objectives, it is necessary to set design criteria upon which the ‘solution’ or 
‘set of measures’ are based. 

Section 2.1 (Land-Use): 

“To address the issue of over-allocation, there is a need in many EU river basins to put 
quantitative water management on a much more solid foundation; namely the identification of 
the ecological flow.…Fundamental to this is the recognition that water quality and quantity are 
intimately related within the concept of ’good status’.” 
 
 “pressure from agriculture and flood protection can be mitigated or prevented.  Methods 
include developing buffer strips…..and using, whenever possible, green infrastructure such as 
the restoration of riparian areas, wetlands and floodplains to retain water, support biodiversity 
and soil fertility, and prevent floods and droughts.” 
 
“….Member States should include their policy integration efforts at national level.  They should 
make full use of RMBPs that require an integrated approach to managing water resources 
across policy areas such as agriculture, aquaculture, energy, transport and integrate disaster 
management.” 
 
Section 2.2 (Chemical Status and Pollution): 

“Eutrophication due to excessive nutrient load remains a major threat to the good status of 
waters….there is a need to extend nitrate vulnerable zones and step up action programmes.  It 
is also important to improve compliance rates on waste water treatment through long-term 
investment planning…” 
 
Section 2.4 (Water Efficiency): 

“Article 9 [of the WFD] also requires cost-recovery (including environmental and resource 
costs) for water services, taking into account the polluter pays principle.” 
 
“In the field of agriculture, the Commission’s proposals for reforming the CAP, which are 
currently under discussion, provide (under pillar II on Rural Development) scope for funding 
to improve irrigation efficiency in ways that are consistent with the WFD objectives and 
prevent the rebound effect.  This includes minimum water use reductions.” 
 
“Regarding the problem of leakage from water distribution networks, the Commission believe 
that this can only be tackled on a case-by-case basis to assess the environmental and economic 
benefits of reducing leakage levels...[and]…will work with the EU water industry to accelerate 
the development and spread of best practices on Sustainable Economic Leakage Levels…”  
 
Section 2.5 (Vulnerability): 

“….it is necessary to look into measures based on an integrated disaster management approach 
and specifically aimed at countering the effects of extreme events such as droughts and 
floods…” 
 
“The EU Floods Directive requires the development of Flood Risk Management Plans by 2015, 
to be fully coordinated with the second cycle of RBMPs also due in 2015.” 
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recommendation 6 the water utility needs to set operational targets for leakage 
to achieve the Sustainable Economic Level of Leakage (SELL); calculated using the 
water resource cost provided for the water body from which the water utility 
abstracts its respective water resources.  
 

1.3.3 Specific Objectives 

In broad terms, the overall objective of the pilot study is to provide an outline 
‘roadmap’ or methodology for the development of an integrated water 
resources management (IWRM) plan for a river basin that will support the 
implementation of the policy recommendations described in Section 1.2.1. 
 
More specifically, the objective of the study is to apply, in a skeletal form, 
policy recommendations 1, 2, 3 and 4 to Portugal’s River Tagus Basin Plan and 
in doing so: 
 
1. Test methodologies for: 

• overlaying water quantity management (ie IWRM) objectives to an 
existing Basin Plan; 

• the selection of  design criteria upon which the infrastructure 
‘solution’ or ‘set of measures’ are based; and 

• the calculation / estimation of the water resource cost 
 
2. Review/assess the implications of applying these policy recommendations 

to a specific pilot basin. 
 
In essence the study is trying to apply best principles in IWRM wherein we 
test methodologies for: 
 
• defining flows that are too little (limited by E-flows1 at selected control 

points and mechanisms to limit abstractions under drought/low flow 
scenarios; driven by E-flows and the selection of Climate Change design 
scenarios); 
 

• defining flows that are too much (driven by the selection of Climate 
Change design scenarios); 

 
• defining engineering design criteria for new flow control regulating 

infrastructure and other measures to achieve the combined water quality 
and quantity objectives; and 

 
• calculating the ‘resource cost of water’ in a Basin, given the combined 

water quality and quantity objectives. 
 
 

                                                      
1 Environmental Flows – see Annex K 
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1.4 REPORT CONTENTS 

The remainder of this report is structured as follows. 
 
• Section 2 describes the approach and methodology for the pilot study, 

including the modelling and scenario development processes used.  
 

• Section 3 describes the water resources baseline for the Tagus River Basin; 
 

• Section 4 presents the results of the hydrological (water quantity) 
assessment; 
 

• Section 5 presents the results of the water quality assessment; and 
 
• Section 6 summarises the study recommendations, in terms of the 

integrated water resources planning framework, priority actions, costs and 
financing. 

 
A number of annexes are also presented that contain detailed analysis and 
data in support of the hydrological and water quality assessments. 
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2 APPROACH AND METHODOLOGY 

2.1 STUDY APPROACH 

Our approach to the study involved the following key steps. 
 
1. To review the existing Basin Plan and collect all existing historical 

meteorological, water quantity (stream-flow and groundwater level) and 
water quality raw data available for the Basin, including all data used in 
the preparation of the current Basin Plan. 
 

2. To build a good conceptual understanding of the main characteristics of 
the water regime within the Tagus River Basin, including:  
• atmospheric inputs;  
• surface water resources (and their existing regulation);  
• surface water quality; and,  
• overall water balance. 

 
3. To assess and model (in skeletal form) future water management scenarios 

as follows: 
• projected water demands necessary for the implementation of a range 

of socio-economic development profiles for the Basin; 
• feasibility of meeting these demands, including actions necessary (eg 

storage, wastewater treatment, and other Blueprint priorities such 
wetlands, buffers etc), whilst cost effectively achieving/complying 
with E-flows and WFD water quality objectives at selected control 
points in the basin; 

• feasibility of meeting demands under range of projected future 
atmospheric input conditions, including climate change scenarios and 
extreme (drought/flood) events.   

 
4. To use the analysis carried out to prioritise and plan the integrated 

management of water resources in the Tagus River Basin, ie to set the 
framework within which a future Basin Plan can be developed to address 
the requirements of the EC Blueprint. 

 
5. To prepare a provisional Least Cost Plan and financing mechanism(s) for 

these actions. 
 
 

2.2 STUDY METHODS 

2.2.1 Hydrological Modelling 

Hydrological modelling for this study was conducted using the HYSIM 
model. This is a hydrological simulation model (rainfall-runoff model) which 
uses rainfall and potential evaporation data to simulate the hydrological cycle 



ERM/SOLVENTA THE EUROPEAN COMMISSION 

8 

(surface runoff, percolation to groundwater and river flow) on a continuous 
basis.  The conceptual basis of the model is shown in Figure 2.1. 

Figure 2.1 HYSIM Model Components 

 
 
HYSIM used data on rainfall, potential evaporation (PET), snow melt and 
abstractions from, or discharges to, both groundwater and surface water. Only 
rainfall and PET are essential. The data can be daily or any time step less than 
a day. The simulation time step can be daily or less than a day. 
 
The reaches for flow routing can be either channels or reservoirs. Flow routing 
uses the kinematic method. Typical uses of HYSIM have included: 
 
• Using long-term rainfall and PET data to produce long-term flow records 
• Flow naturalisation 
• Studying the effects of climate change 
• Flood studies 
• Effects of improved drainage 
• Groundwater recharge 
 
Complex rivers basins (catchments, watersheds) can be simulated as a series 
of linked sub-basins. To represent hydrological or climatic variations within a 
sub-catchment, up to three zones, each with its own parameters and data, can 
be defined. 
 
The output from the model includes: overland flow, impermeable area runoff, 
snow storage, soil moisture storage, interflow, groundwater recharge, 
groundwater storage, total surface runoff, routed flow and actual 
evapotranspiration. 
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2.2.2 Water Quality Modelling 

Water quality modelling for this study was conducted using the United States 
Environmental Protection Agency’s QUAL2K software.   QUAL2Kw (or Q2K) 
is a river and stream water quality model that is intended to represent an 
updated version of the QUAL2E (or Q2E) model (Brown and Barnwell 1987). 
QUAL2Kw is adapted from the QUAL2K model that was originally 
developed by Dr. Steven C. Chapra1.  Q2K is similar to Q2E in the following 
respects: 
 
• One dimensional model with a laterally and vertically well mixed channel. 
• Steady state hydraulics. Non-uniform, steady flow is simulated.  
• Heat budget and temperature are simulated as a function of meteorology 

on a diel time scale. 
• Point and non-point loads and abstractions are simulated. 
• The QUAL2K and QUAL2Kw framework includes the following new 

elements: 
o Model segmentation. Q2E segments the system into river reaches 

comprised of equally spaced elements. In contrast, Q2K uses 
unequally-spaced reaches. In addition, multiple loadings and 
abstractions can be input to any reach. 

o Q2K uses two forms of carbonaceous BOD to represent organic 
carbon. These forms are a slowly oxidizing form (slow CBOD) and 
a rapidly oxidizing form (fast CBOD). 

o Q2K accommodates anoxia by reducing oxidation reactions to zero 
at low oxygen levels. In addition, denitrification is modeled as a 
first-order reaction that becomes pronounced at low oxygen 
concentrations.  

o Sediment-water interactions. Sediment-water fluxes of dissolved 
oxygen and nutrients are simulated internally rather than being 
prescribed. That is, oxygen (SOD) and nutrient fluxes are simulated 
as a function of settling particulate organic matter, reactions within 
the sediments, and the concentrations of soluble forms in the 
overlying waters. 

 

 

2.3 MODEL SCENARIO DEVELOPMENT 

The following sections describe the process of selecting and developing the 
climate change and socio-development scenarios for the Tagus basin that 
would be input to the hydrological model in order to determine the impacts 
on the flow regimes in the river basin.  The scenario model results themselves 
are discussed in Section 3. 
 

                                                      
1 Pelletier. G. and Chapra. S.,  “A Modeling framework for simulating river and stream water quality” July 2008, 
Environmental Assessment Program Olympia, Washington  98504-7710 
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2.3.1 Climate Change Scenarios 

Climate Models 

The choice of models was based on those listed on Table 6 of the IPCC 
“General Guidelines on the Use of Scenario Data for Climate Impact and 
Adaptation Assessment”, Version 2, June 2007.  The models we used and the 
reason for our choice are given in Table 2.1.  In general we chose the latest 
version of a model from the same centre but also took account of the number 
of scenarios and the length of the simulation period. The Guidelines also 
suggest using the results from an ensemble of models rather than relying on 
any one model. 

Table 2.1 General Circulation Models (GCMs) Listed by the IPCC 

Modelling Centre Country Model(s) in Table 
6 of guidelines 

Models 
used 

Notes 

Commonwealth 
Scientific and 
Industrial Research 
Organisation 
(CSIRO) 

Australia CSIRO-Mk2 CSIRO 
Mk3.0 

 

Max Planck Institut 
fur Meteorologie. 
(MPI) 

Germany ECHAM4/OPYC 
ECHAM3/LSG 

ECHAM5/ 
MPI-OM 

 

Hadley Centre for 
Climate Prediction 
and Research. 
(UKMO) 

UK HadCM2 and 
HadCM3 

UKMO 
HadCM3 

 

Canadian Centre 
for Climate 
Modelling and 
Analysis (CCCMA) 

Canada CGCM1 And 
CGCM2 

CGCM3.1 
(T47) 

Has 5 scenarios 

Geophysical Fluid 
Dynamics 
Laboratory (GFDL) 

USA GFDL-R15 and 
GFDL-R30 

GFDL 
CM2.1 

 

National Centre for 
Atmospheric 
Research (NCAR) 

USA NCAR DOE-PCM CCSM3.0 Has more 
precipitation 
scenarios. 

National Institute 
for Environmental 
Studies (MIROC) 

Japan CCSR-NIES MIROC3.2 
(medres) 

Covers longer 
period than 
‘hires’ model. 

 
 
In the charts which follow the models are referred to by the modelling centre 
which developed them. 
 
The models provide projections for both temperature and precipitation. In the 
case of temperature the values are used to calculate the rate of potential 
evapotranspiration (PET) associated with the temperature. To do his implicitly 
assumes that other variables needed to calculate PET (relative humidity, hours 
of sunshine and wind speed) do not change. This is reasonable as the 
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projections are predicated on most of the increased water vapour staying in 
the atmosphere as greenhouse gases.  Changes in relative humidity or 
cloudiness would violate that assumption. 
 
Scenarios 

 
To enable a range of future development pathways to be analysed, climate 
models use different scenarios. There are four main families of scenarios 
(Table 2.2). 

Table 2.2 Families of Climate Change Scenarios 

Ref Description 

A1 The A1 scenarios are of a more integrated world. The A1 family of scenarios is 
characterized by: 
• Rapid economic growth. 
• A global population that reaches 9 billion in 2050 and then gradually declines. 
• The quick spread of new and efficient technologies. 
• A convergent world - income and way of life converge between regions. Extensive 

social and cultural interactions worldwide. 
 

There are subsets to the A1 family based on their technological emphasis: 
• A1FI - An emphasis on fossil-fuels (Fossil Intensive). 
• A1B - A balanced emphasis on all energy sources. This scenario is normally 

considered to be the “business as normal” scenario. 
• A1T - Emphasis on non-fossil energy sources. 

A2 The A2 scenarios are of a more divided world. The A2 family of scenarios is 
characterized by: 
• A world of independently operating, self-reliant nations. 
• Continuously increasing population. 
• Regionally oriented economic development. 

B1 The B1 scenarios are of a world more integrated, and more ecologically friendly. The B1 
scenarios are characterized by: 
• Rapid economic growth as in A1, but with rapid changes towards a service and 

information economy. 
• Population rising to 9 billion in 2050 and then declining as in A1. 
• Reductions in material intensity and the introduction of clean and resource efficient 

technologies. 
• An emphasis on global solutions to economic, social and environmental stability. 

B2 The B2 scenarios are of a world more divided, but more ecologically friendly. The B2 
scenarios are characterized by: 
• Continuously increasing population, but at a slower rate than in A2. 
• Emphasis on local rather than global solutions to economic, social and 

environmental stability. 
• Intermediate levels of economic development. 
• Less rapid and more fragmented technological change than in A1 and B1. 

 
 
We considered three scenarios: A1B, which is often considered to be the 
‘business as normal’ scenario, A2 and B1. In the case of A1B we looked at 
three projections: the average of all models, the combination which gave the 
highest temperature increase and largest fall in precipitation, the combination 
which gave the smallest temperature increase and smallest fall in 
precipitation. For the other two scenarios we used the average of all models. 
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Projections 

 
The net result if that we have 5 different sets of projections, 3 for A1B and one 
each for A2 and B2, each one is for precipitation and temperature and each 
one has separate projections for Spain and Portugal.  Some of the models were 
run more than once, with slightly different assumptions.  Table 2.3 
summarises the models and the number of runs of each model.  Not all 
models covered all scenarios. 

Table 2.3 Number of Model Runs 

Model SRESA1B SRESA2 SRESB1 

CCCMA 5 1 5 
CSIRO 1 1  
GDFL 1  1 
MIROC 3 3 3 
MPI 4 3 3 
NCAR 4 1  
UKMO 1 1 1 

 
 
The scenario projections in terms of precipitation and temperature are 
presented in Annex L1, and Table 2.4 summarises the temperature and 
precipitation change associated with selected scenarios. The difference is 
based on the average modelled values for 1970 to 2010 (the period for which 
we have observations) and for 2030 to 2070. 

Table 2.4 Summary of Climate Change Projections 

Scenario Temperature change  

(annual average) 

Precipitation change  

(annual total) 

 Portugal Spain Portugal Spain 
A1B – average +1.85 °C +2.07 °C +18.9 -91.4 mm 
A1B – maximum change +2.60 °C +3.17 °C -13.5 mm -151.3 mm 
A1B – minimum change +0.90 °C +1.06 °C +38.6 mm 

 
 

-43.1 

A2 – average +3.02 °C +3.19 °C +95.3 mm -10.7 mm 
B1 – average +1.71 °C +2.27 °C +108.3 mm -69.6 mm 

 
 
Whilst we downloaded all model projections at a monthly time step for 
presentation purposes we show on annul average values and one run of each 
model on the chart. In general the runs of a single model were closer to each 
than to those of other models. The mean is based on the average all model 
runs.  
 
The A1B scenario covers the whole of the 20th century. On the charts with 
scenarios we also show the observed value based on data downloaded for the 
hydrological model. These are given for comparison only and a more 
complete sub-set of meteorological data might differ somewhat from the 
values presented.  
 



ERM/SOLVENTA THE EUROPEAN COMMISSION 

13 

The scenarios are based on the CMIP3 models as presented in the IPCC 
Assessment Report of 2007. Currently results are becoming available from the 
CMIP5 models. These will be incorporated in the next IPCC report due in 
2014.  Preliminary analysis reported on the newer models suggests that these 
models are not very different from the earlier models. There is however some 
debate on whether the models, even the newer ones, fully reflect the stasis in 
global temperature increases.  A number of recent peer reviewed papers have 
postulated that climate sensitivity to greenhouse gases is likely to be toward 
the lower end of previous forecasts. There have also been peer reviewed 
papers which suggest that climate models have underestimated the effects of 
natural variations (such as the Atlantic Multidecadal Oscillation) on climate 
change and consequently may have overestimated the anthropogenic 
component. 
 

2.3.2 Socio-Economic Development Scenario 

The projected future changes in socio-economic water demands for the Tagus 
basin for the year 2021 were taken from the Basin Plan.  The changes in 
demand were given for urban, industry, agriculture, livestock and 
tourism/golf, and were in 5 ranges: <-25%, -5% to –25%, –5% to +5%, +5% to + 
25% and >+25%.   
 
The monthly distribution of urban, industry and livestock (quite small) 
demands were taken as the average from the data available.  The monthly 
distribution of the other two was based on irrigation demands. The change in 
urban use was assumed to be proportional to the projected population 
changes. 
 
Table 2.5 shows the ratio of projected to observed annual demands.   

Table 2.5 Ratio of projected to current demands in Tagus Sub-Basins 

Sub-basin Ratio – projected/current demand 

AGROAL 1.000 
ALMOUROL 1.001 
BOUCA -EDP  0.998 
CASTELO DE BODE 0.999 
FOZ DO COBRAO 1.001 
OMNIAS -SANTAREM 1.000 
PAVIA 1.012 
PONTE CORUCHE 1.019 
PONTE SANTO ESTEVAO 1.000 
PONTE VILA FORMOSA 1.005 
PRACANA 1.002 

 
As can be seen the changes, overall, are negligible.  This therefore means that, 
when considering projected climate change, it is not necessary to include 
projected socio-economic changes since the relative impacts are projected to be 
negligible. 
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2.4 DEFINITION OF E-FLOWS 

2.4.1 Introduction 

The methodology that was used to define environmental flow (E-flow) 
requirements in the Tagus River basin is presented in detail in Annex I to the 
main project report, and is summarised here.  The approach taken was based 
upon a simplified version of the RVA method developed by Richter. (1)  The 
RVA method was chosen since it has been adopted worldwide as an industry 
best practice for determining E-flows.  More particularly, it has been 
extensively used in the United States in regulated systems to maximise the 
benefit of high-flow pulse releases of water from dams at a targeted 
magnitude, frequency, timing, duration and rate-of-change (2) .  Given the 
highly regulated nature of the Tagus river basin (40% of dams by volume are 
private HPPs) this was deemed particularly important in its choice. 
 
However, it is recognised that there are other more sophisticated 
methodologies for defining E-flows that have been developed since the RVA 
method that take account of the inter-annual variability of flow conditions in 
river systems.  Such methods vary releases in different years depending on 
where they fall on the range from drought to wet.  Notwithstanding that this 
is an important characteristic of the flow regime, these methods necessarily 
require continuous monitoring and adjustment of releases within and between 
years in response to conditions as they develop.  Issuing a license for a dam 
operator to meet these fluctuating requirements and verification that the 
license terms had been respected would not be straightforward.  The more 
often a dam operator is required to make releases to meet E-flow 
requirements, the higher will be the economic cost.   It was therefore decided 
that on this occasion a more straightforward method that does not include 
inter-annual flow variability would be more appropriate. 
 

2.4.2 Governing Principles 

The chosen method for establishing E-flows should satisfy a number of 
criteria, or principles, as follows. 
 
• It should maintain or enhance environmental standards. A corollary of this 

is that no water user should be required to enhance flows beyond those 
that would occur naturally. 
 

• It should form a basis for the licensing of abstractions, discharges and 
impoundments. This in turn implies a degree of stability in the definition 
of E-flows. A water utility (in broadest sense of that phrase) should have 
some degree of certainty of the conditions under which an investment can 
be operated during its lifetime. 

                                                      
(1)Richter, B.D., J.V. Baumgartner, J. Powell, and D.P. Braun. 1996. A method for assessing hydrologic alteration within 

ecosystems. Conservation Biology 10:1163-1174. 
(2) Mathews, R. and Richter, B. (2007).  Application of the Indicators of Hydrologic Alteration software in environmental 

flow-setting. Journal of the American Water Resources Association (JAWRA), 43 (6): 1400-1413. 
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• The method should be operable. That is it should be possible for a water 

user to comply with the licensing requirements related to E-flows and for 
this to seen to be the case. Should a water user have committed an 
infraction of the terms of use it should be possible to prosecute. 

 
• The principles should apply to rivers with different combinations of 

abstractions, discharges and impoundments. 
 
The biological health of a river is, other things being equal, a function of the 
variability of the flow in that river.  To satisfy the basic requirement of 
maintaining or enhancing the aquatic environment as much as possible of that 
variation in flow should be reproduced. 
 
In general there are 5 environmental flow components (EFCs) in a flow regime 
(Box 2.1), each of which supports specific ecological functions.   
 

Box 2.1 Environmental Flow Components 

1. Extreme low flows occur during drought. Extreme low flows are associated with 
reduced connectivity and limited species migration. During a period of natural 
extreme low flows, native species are likely to out-compete exotic species that 
have not adapted to these very low flows. Maintaining extreme low flows at their 
natural level can increase the abundance and survival rate of native species, 
improve habitat during drought, and increase vegetation. 

 
2. Low flows, sometimes called baseflows, occur for the majority of the year. Low 

flows maintain adequate habitat, temperature, dissolved oxygen, and chemistry 
for aquatic organisms; drinking water for terrestrial animals; and soil moisture for 
plants. Stable low flows support feeding and spawning activities of fish, offering 
both recreational and ecological benefits. 

 
3. High flow pulses occur after periods of precipitation and are contained within 

the natural banks of the river. High flows generally lead to decreased water 
temperature and increased dissolved oxygen. These events also prevent 
vegetation from invading river channels and can wash out plants, delivering large 
amounts of sediment and organic matter downstream in the process. High flows 
also move and scour gravels for native and recreational fish spawning and 
suppress non-native fish populations, algae, and beaver dams. 

 
4. Small floods occur every two to ten years. These events enable migration to flood 

plains, wetlands, and other habitats that act as breeding grounds and provide 
resources to many species. Small floods also aid the reproduction process of 
native riparian plants and can decrease the density of non-native species. 
Increases in native waterfowl, livestock grazing, rice cultivation, and fishery 
production have also been linked to small floods. 

 
5. Large floods take place infrequently. They can change the path of the river, form 

new habitat, and move large amounts of sediment and plant matter. Large floods 
also disperse plant seeds and provide seedlings with prolonged access to soil 
moisture. Importantly, large floods inundate connected floodplains, providing 
safe, warm, nutrient-rich nursery areas for juvenile fish. 
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The analysis of the Tagus flow monitoring records revealed that for three of 
the five EFCs shown in Box 2.1 – low flows, small floods and large floods - the 
degree of departure from naturalness due to flow regulation in the basin was 
minimal, and that the two EFCs most impacted are extreme low flows 
(drought) and high pulse flows.   To achieve the above objectives, therefore, 
the regulatory E-flow (extreme low-flow and pulse flow) targets described in 
the next section have been applied.  In addition, for comparison purposes, the 
resulting E-flow hydrograph calculated using the pilot study method (ie 
including all 5 flow components) is shown in comparison to both naturalised 
and observed flows and the E-flow calculated using the standard RVA/IHA 
method in Annex I1.  
 
Importantly, this method has been developed in the absence of any detailed ecosystem 

or flow regime studies in the basin, and therefore could be amended in future to take 

account of any results from such studies.  The aim of the pilot study was to 

demonstrate the principles, method and the impact in quantity terms of taking action 

to improve two of the EFCs that were identified (from the analysis of available data) as 

most affected by regulation in the basin. 

 
2.4.3 Summary of E-flow Calculation Method 

i. Naturalised flow is analysed on a water year (defined as October to 
September) basis for a period of at least 20 years.  For Good Ecological Status 
the annual E-flow (extreme low flow) target is at least 90% of annual 
minimum naturalised flow or, if less than 20 years of data are available, of the 
1-in-20 year low flow, whichever is lower.   For Good Ecological Potential the 
relevant percentage is 70%.  In the future the statistical methods used to define 
1-in-20 should be specified.  The use of the alternative methods (either lowest 
or statistical low flow) will enable equivalent flows to be used with varying 
amounts of data.  (This step is designed to support the attainment of extreme low 

flow EFCs.) 
 
ii. Flow is analysed on a calendar month basis.  For Good Ecological Status 
the monthly E-flow (extreme low flow) target is 90% of the monthly minimum 
or the 1-in-3 year low flow, whichever is lower.  In extremely dry years this 
could be lowered to 1-in-10 year. For Good Ecological Potential the relevant 
percentage is 70%. Although we have not applied it here, we recognise that in 
some circumstances, where natural base flows are very low, it may be 
necessary to define an upper limit to discharges for some months. (The use of 

monthly flow in this step will go some way toward maintaining flow variability and is 

designed to support the attainment of extreme low flow EFCs.) 
 
iii. The minimum daily flow is a proportion of the monthly flow as 
calculated in (ii) above. The proportion is defined as the ratio of the 98% flow 
divided by the 95% flow.  This will ensure that there is always some flow in 
the river (unless the monthly low flow happens to be zero). Given the 
difficulties in calculating accurate daily naturalised flows this method of 
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calculation is likely to be more stable. (This step is designed to support the 

attainment extreme low flow EFCs). 
 
iv. Where there are impoundments in the river then for Good Ecological 
Status the dams should be operated to achieve (via spillway and/or flood 
gates) flood pulse releases equivalent to the mean annual flood for at least 5 
years in every 10. (1)  For Good Ecological Potential they should spill 3 years in 
every 10.   The flood release should be made incrementally over a period of 
several days in order to avoid sudden increase in flow (in the case of the 
Tagus pilot study, flow increments of 25% MAF were chosen).  For the 
example of Castelo de Bode (Annex I1) we have chosen a symmetrical 6-day 
flood but in other river basins a shorter or longer period might be more 
appropriate.  We have also allowed for a smaller flood pulse every 6 months.  
(This step is designed to attain high-flow pulses.  As described earlier, it is projected 

that the flood EFCs will happen naturally, exceeding the capacity of the basin’s 

regulatory structures to contain it). 
 
v. In addition to points (i)-(iv) above, the regulatory authority would 
reserve the right to make the following amendments if required: 
 
a) To further protect the low flow EFC, if necessary.  The above flow 

requirements (i)-(iv) provide a robust basis for the protection of extreme 
low flows and high-flow pulses identified as sensitive during the analysis, 
but they are less rigorous in the protection of low flows and flood flows as 
it is expected that these EFCs will happen without more restrictive 
regulatory requirements.  However, should future flow records show that 
the low flow EFC is departing from natural, then with notification from 
the regulatory authority the annual and monthly minimum naturalised 
low flow in (i) and (ii) above shall be changed from a 1 in 20 low flow to 
either the 2nd lowest flow in a 20 year record, or the 1-in-10 year low flow, 
and the daily flow amended to match as in (iii). 
 

b) To require reservoir operators to increase the minimum low flow 
requirement for a period of 1 to 10 days if necessary to provide minimum 
localised flushing in the event of a pollution incident.  

 
 
 
 
 
 

                                                      
(1) Depending on the statistical distribution used, the annul flood is similar to the 1-in-2 year flood. So the calculation is 

based on one release on average every two years. 
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3 WATER RESOURCES BASELINE 

3.1 PHYSICAL CHARACTERISTICS 

The Tagus is the longest river on the Iberian Peninsula at 1,038 km.  The 
source is the Fuente de García, in the Montes Universales, Sistema Ibérico, 
Sierra de Albarracín Comarca. F lowing east-west from Spain into Portugal, it 
empties into the Atlantic Ocean near Lisbon.  Roughly two thirds of the 80,100 
km2 catchment area is in Spanish territory. 
 
In Portugal, the basin consists primarily of a large alluvial floodplain, flowing 
into a large estuary at Lisbon.  The sub-basins within the catchment are 
steeper and more incised in the north (principally in the Zezere sub-basin).   In 
total the Tagus comprises 23 sub-basins in Portugal.  Figure 3.1shows the 
basin terrain and Figure 3.2 shows the sub-basins. 
 
There are six stream orders in the Tagus basin upstream of the estuary (based 
on the Strahler method). These are shown in Figure 3.3 and (in detail for 
Portugal) in Figure 3.4. 
 
 
 

3.2 CLIMATE AND WATER RESOURCES 

The Tagus Basin climate varies from Mediterranean with strong continental 
influences in the eastern areas, to Atlantic in the western areas, particularly in 
the Portuguese part of the basin.  Average annual rainfall varies significantly, 
ranging from 450 mm in the middle reaches to 870 mm in the Portuguese part 
of the basin, and 1500 mm in the Central Ranges in Spain. 
 
In terms of surface water resources, the main Tagus tributaries in Portugal and 
their annual runoff characteristics are summarised in Table 3.1. 
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Figure 3.1 Terrain of the Tagus Basin in Portugal 
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Figure 3.2 Sub-Basins of the Tagus River in Portugal 
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Figure 3.3 Stream Orders in Tagus Basin (Strahler Method) 
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Figure 3.4 Stream Orders in Tagus Basin in Portugal (Strahler Method) 
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Table 3.1 Main Tributaries of Tagus River in Portugal (RMBP, 2011) 

 
Main River Drainage Area (km2) Annual Runoff (hm3) 

Right bank:   

Rio Erges 592 132 
Ribeira do Aravil 427 50 
Rio Pônsul 1296 288 
Rio Ocreza 1429 474 
Rio Zêzere 5029 2392 
Rio Almonda 213 43 
Rio Alviela 483 125 
Rio Maior 923 236 
Rio Alenquer 287 71 
Rio Grande da Pipa 118 26 
Rio Trancão 279 54 
Grande Lisboa 172 37 
Left bank:   

Rio Sever 310 77 
Ribeira de Nisa 264 65 
Vala de Alpiarça e Ribeira de 
Ulme 

457 79 

Ribeira de Muge 703 130 
Ribeira de Magos 200 32.8 
Rio Sorraia 7611 1033  
Ribeiras Costeiras do Sul 106 17 
Left/right bank:   

Ribeiras Tejo Superior 2090 372 
Ribeiras Tejo Inferior 546 100 
Estuário 1227 153 
Coastal:   

Coastal Água Costeira do 
Tejo 

153 25 

 
 
In terms of groundwater, the 2011 Tagus RBMP identified fifteen groundwater 
bodies in the river basin, and approximately 40,000 groundwater abstractions.   
It is estimated that there is approximately 3,000 hm3 of groundwater available 
in an average climatic year.  
 
Finally, in terms of water quality, the water status assessment carried out for 
the 2011 Tagus RBMP in Portugal estimated that 54% of the surface water 
bodies and 67.7% of the groundwater bodies are classed as good or higher.  
However, there is widespread nutrient (P) pollution throughout the basin and 
significant eutrophication problems in a large number of reservoirs.  
Widespread faecal contamination is also evident from livestock grazing. 

 
 

3.3 KEY IMPACTS AND PRESSURES 

There are approximately 9 million inhabitants in the Tagus basin, which 
includes the populations of both Madrid and Lisbon.  As a result, the Tagus is 
highly utilized for most of its course.  Several dams and diversions supply 
drinking water to most of central Spain, including Madrid, and Portugal, 
while dozens of hydroelectric stations create power.  Part of the flow in Spain 
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is diverted to the Segura basin, supplying 1.5 million people with drinking 
water. 
 
The development of dams and reservoirs in the Tagus basin has been ongoing 
for several decades (see Figure 3.5).   There are now six dams with a capacity 
of more than 1,000 million m3; four are located in Portugal and two in Spain.  
The largest dam in the basin is at Alcantara, just upstream of the 
Spain/Portugal frontier.   
 

Figure 3.5 Increase of Reservoir Storage in the Tagus Basin in Recent Decades 

 

 
 
 
Other significant pressures on water resources (in terms of both quantity and 
quality) come from the widespread agricultural land-use, and also urban 
runoff and untreated agro-processing and other industrial wastes.  Table 3.2 
summarises these pressures for the main Tagus sub-basins, and Annex L4 
shows the locations of the various sources in each sub-basin. 

Table 3.2 Tagus Sub-Basin Water Quality Pressures 

Sub-basin Size (ha)/population 

density (inhab/km2) 

[see note 1] 

Primary land-use Primary WQ 

pressures  

[see notes 1,2] 

Estuario 159,512/886 Urban/agriculture Urban (BOD, N, P) 
Industry (BOD, N) 
Livestock (BOD, N, P) 
Agriculture (N, P) 

Grande Lisboa 17,196/4,665 Urban Urban (BOD, N, P) 
Industry (BOD, N, P) 
Agriculture (N, P) 

Ribeira de Magos 20,047/91 Agriculture/forest Agriculture (N, P ) 
Forestry (N, P) 
Livestock (BOD, N, P) 
Urban ( BOD, P) 
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Sub-basin Size (ha)/population 

density (inhab/km2) 

[see note 1] 

Primary land-use Primary WQ 

pressures  

[see notes 1,2] 

Ribeira de Muge 70,311/19 Agriculture/forest Agriculture (N, P ) 
Forestry (N, P) 
Livestock (BOD, N, P) 
Agro-industry (BOD, 
N) 

Ribeira de Nisa 26,415/19 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, P) 

Ribeira do Aravil 42,684/3 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, P) 

Ribeiras Costeiras do 
Sul 

10,637/137 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, P) 

Rio Alenquer 28,741/110 Agriculture/agro-
forestry 

Agriculture (N, P ) 
Livestock (BOD) 
Urban (BOD, N, P) 
Agro-industry (BOD, 
N) 

Rio Almonda 21,281/181 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, N, P) 

Rio Alviela 48,308/93 Agriculture Agriculture (N, P ) 
Livestock (BOD) 
Urban (BOD, P) 
Industry (BOD, N) 

Rio Erges 59,226/3 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, P) 

Rio Grande da Pipa 11,838/169 Agriculture/peri-
urban 

Agriculture (N ) 
Livestock (BOD, N, P) 
Urban (BOD, N, P) 
Industry (BOD) 

Rio Maior 92,285/114 Livestock/agriculture Agriculture (N, P ) 
Livestock (BOD, N, P) 
Urban (BOD, P) 
Industry (BOD) 
Agro-industry (BOD) 

Rio Ocreza 142,942/33 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, N, P) 
Agro-industry (BOD, 
N) 

Rio Ponsul 24,834/19 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, P) 

Rio Sever 30.990/23 Agriculture/forest Agriculture (N, P ) 
Forestry (N) 
Urban (BOD, P) 

Rio Sorraia 761,114/20 Agriculture/forest Agriculture (N, P) 
Forestry (N) 
Livestock (BOD, P) 
Urban (BOD, N, P) 
Industry (BOD) 
Agro-industry (BOD) 
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Sub-basin Size (ha)/population 

density (inhab/km2) 

[see note 1] 

Primary land-use Primary WQ 

pressures  

[see notes 1,2] 

Rio Trancao 27,901/1,148 Agriculture/urban Agriculture (N ) 
Livestock (BOD, N) 
Urban (BOD, N, P) 
Agro-industry (BOD, 
N) 

Rio Zezere 502,872/52 Agriculture/forest Agriculture (N, P ) 
Livestock (BOD, N) 
Forestry (N) 
Urban (BOD, N, P) 
Agro-industry (BOD, 
N) 

Tejo Inferior 54,627/98 Agriculture/forest Agriculture (N, P ) 
Livestock (BOD, N) 
Forestry (N) 
Urban (BOD, N, P) 

Tejo Superior 209.031/32 Agriculture/forest Agriculture (N, P ) 
Livestock (BOD) 
Forestry (N) 
Urban (BOD, N, P) 
Industry (BOD) 
Agro-industry (BOD) 

Vala da Alpiarca e 
Ribeira de Ulme 

45,728/73 Agriculture/forest Agriculture (N, P ) 
Livestock (BOD, N, P) 
Forestry (N) 
Urban (BOD, N, P) 
Industry (BOD) 
Agro-industry (BOD) 

Aqua Costeira do Tejo 53,273/1,414 Urban/agriculture Urban (BOD, N, P) 
Livestock (BOD, N, P) 
Agriculture (N) 

Notes: 

[1]  As presented in PLANO DE GESTÃO DA REGIÃO HIDROGRÁFICA DO TEJO - FICHAS 
DE DIAGNÓSTICO - SÍNTESE PARA CONSULTA PÚBLICA – Versão Extensa – ARH Tejo, 
July 2011 
[2]  Highest pollution loads shown in bold, as identified in above ARH Tejo basin diagnostic 
report 
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4 HYDROLOGICAL ASSESSMENT 

4.1 INTRODUCTION 

The general approach to hydrology and water resources of the Tagus basin 
was to calibrate a hydrological model (using HYSIM – see Section 2.2.1) which 
uses precipitation and potential evapotranspiration as input data and flow 
data for model calibration.  Once the model had been calibrated the observed 
precipitation and climate data could be replaced with projected values related 
to climate change scenarios and the impact of climate change on river flows 
assessed. The model could also be used to assess the impact of introducing 
environmental flow (E-flows) on water use in the basin. 
 
More specifically, the HYSIM rainfall runoff model was used as follows: 
 

i. Climate data covering the period 1971 to 2009 were prepared for sub-
catchments in Portugal and Spain. The climate data included precipitation 
and the variables needed to calculate potential evapotranspiration (PET): 
temperature, relative humidity, wind speed and hours of sunshine. 

ii. Data were collected on observed flow. 
iii. Abstraction and reservoir storage data were analysed to calculate the 

naturalised flow for 4 stations in Spain and 11 in Portugal. 
iv. HYSIM was calibrated to the naturalised flow record. 
v. Using the climate data a flow record from 1971 to 2009 was produced at 

each site. 
vi. Climate projections were downloaded for the A1B, A2 and B1 scenarios. 

These projections were used to calculate projected potential 
evapotranspiration.  

vii. HYSIM was run with with projected precipitation and PET to calculate 
projected river flows. 

 
The figure below shows the Tagus basin and the principal flow stations that 
were used for the hydrological analysis. 
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4.2 MODEL DEVELOPMENT – SPAIN 

For Spain it was decided to divide the Tajo into 4 sub-basins. The Tajo to 
Embocador (9048 km2), the Jorma to Arnajuez (9340 km2), the Tajo to Talavera 
(33849 km2, an increment of 15461 km2) and the Tajo to Alcantara ( 46487 
km2, an increment of 12638 km2). 
 

4.2.1 Data Sources 

Climate data 

As a minimum, HYSIM requires daily precipitation and monthly PET data. 
The calculation of PET requires in turn data on temperature, hours of sun, 
relative humidity and wind speed. Climate data were obtained from the 
following sources. 
 
• European Climate Assessment & Dataset project (http://eca.knmi.nl/). 

This has daily data on precipitation and the four parameters needed to 
calculate PET. Whilst data are extensive for the Spanish part of the basin 
there is relatively less data for the Portuguese portion. 

• National Climatic Data Center of the National Oceanic and Atmospheric 
Administration, USA (http://www.ncdc.noaa.gov/cdo-web/. This has 
daily precipitation and temperatures. Many of the stations are same as 
those of the ECA data set but there are some additional stations. 

• TuTiempo web site (www.tutiempo.net). This site has daily data on 
precipitation, temperature, wind speed and relative humidity. 

• Sistema Nacional de Informação de Recursos Hidricos (http://snirh.pt/). 
This site includes climate data on all the principal variables needed for 
flow simulation. It also has other information on demands, reservoirs 
storage flow etc and this will be described more completely when the 
simulation of the Tagus in Portugal is discussed. 

 
Climate data for all five variables were extensive from 1970 to 2008. 
 
Reservoir storage 

Weekly data on reservoir storage were available from the site 
http://servicios3.magrama.es in files called ‘Boletín Hidrológico’. Each week 
had data on storage for 51 reservoirs in the Tajo basin in Spain.  Since it was 
necessary to download each file individually it would have been very time 
consuming to download all of the weekly files so they were downloaded on a 
4-weekly time step. The drop-down list only had links to data back to 2005 but 
it was discovered that data back to 1998 were online and could be obtained by 
entering the name of the file data manually. 
 
More information on storage was obtained from Wikipedia 
(http://es.wikipedia.org/wiki/Anexo:Embalses_de_la_cuenca_hidrogr%C3%
A1fica_del_Tajo) which included data of entry in service and province. Form 
the information on the province in which the dam was situated it was possible 
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to link them to particular sub basin. It was noted that all the dams were in 
service before 1999 the first data for which we had data on storage. 
 
A program was written to read the files on storage and a table linking dam to 
sub-basin and calculated the change in storage for each sub-basin. 
 
The data were available for complete years from 1999 to 2010. 
 
Demands 

Detailed information on demands was available for Madrid, one of the major 
demand centres in the basin. Weekly data were available from 1997 also from 
the http://servicios3.magrama.es. The data were given in hm3, which is 
equivalent to millions of cubic metres.  
 
Data on other demands were obtained from the Plan Hidrológico Nacional, 
Volumen 3: Análisis de los Sistemas Hidráulicos, Chapter 4 – Tajo, table 16. 
The table, by province, gives annual totals for demands, assumed to have a 
return of 80%, and irrigation, assumed to have a return of 20%. The table also 
gives monthly percentages. In addition this gives information on cooling 
water and on the transfer Tajo-Segura.  
 
As with the data on reservoir storage, the values were assigned to one of the 4 
sub-basins used. 
 
GIS files 

Although not strictly a form of data it is worth mentioning that ArcGIS shape 
files were available at the web site: 
http://www.chtajo.es/Servicios/Paginas/DescargaDCapas.aspx and were 
used for mapping. 
 

4.2.2 Naturalised Flow Estimation 

See Annex L2 for details. 
 

4.2.3 Simulation of Flows 

As a hydrological model requires complete data without gaps for input the 
first step was to infill gaps in the data. An algorithm to do this is a standard 
component of HYSIM. The method uses data from all stations and for each 
calendar month calculates the relationships and accuracy of infilling between 
overlapping periods for each pair of stations. Gaps in the data are then infilled 
using data from the most accurate station which has not itself been infilled. 
The relationship takes account of the nature of the data. For example for 
precipitation the relationship is based on a factor between pairs of stations 
whereas for temperature it is based on the difference between pairs of stations. 
 
Figure 4.1 shows the data points for precipitation. Those for the other 
parameters were similar but, for some parameters not as numerous. Vertical 
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crosses shows data from the ECA web site and diagonal crosses from the 
SNIRH web site. The blue triangles show the site of gauging stations used for 
calibration. The map also shows the Theissen grid lines. A Theissen grid is a 
standard method of estimating the weighting of individual stations to 
calculate an areal average.  Any point within a grid polygon is nearer to one 
station than to any other station. 
 

Figure 4.1  Data Points for Precipitation Calculations 

 
 
 

4.2.4 Model Calibration 

HYSIM uses a combination of different methods for calibration.  Many, indeed 
most, of the parameters, both hydrological and hydraulic, have physical 
significance and can be determined by hydrograph analysis or knowledge of 
soil types. For the hydrograph analysis we chose records from as far in the 
past as possible, usual around 1942, when the basin was less developed and 
when the characteristics could be more clearly determined. This enabled the 
establishment of parameters such as recession rate for groundwater.  We were 
unable to find readily available information on physical characteristics of soils 
but the lithology suggested that most soils were on a silty nature. For the 
hydraulic characteristics we made use of GoogleEarth and observation from 
the field visit. In particular in much of the basin flood plains seemed to be 
narrow or non-existent. 
 
There are also four parameters in HYSIM which are fitted by an automatic 
calibration algorithm. These represent the filtration from the upper to the 
lower soil horizon, from the lower soil horizon to groundwater and the 
interflow from each of the two horizons. The calibration is based on the 
accuracy of the simulation of daily flows. This means the naturalised flows are 
not ideally suited for this purpose as the data are at a 4-week/monthly time 
step. The approach adopted, which has been used successfully elsewhere, was 
to do a preliminary calibration using the naturalised flows. The simulated 
flows from this calibration were used produce a second flow record which 
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retained the monthly average flows but with daily flows based on the 
simulated record.  
 
Flows were simulated for the period 1970 to 2010 and were calibrated on the 
period 199 to 2008. 
 
Calibration – River Tajo to Villarubia/Embocador 

The following chart shows the simulated and ‘observed’ flows for the Tajo at 
Villarubia. 
 

 
 
At this site the observed and simulated means were 33.6 and 33.7 m3/s 
respectively. The observed and simulated standard deviations of daily flows 
were 48.3 and 48.2 m3/s. The correlation coefficient was 0.80 for daily flows 
and 0.74 for monthly flows. 
 
Calibration – River Jarama at Aranjuez 

The following chart shows the simulated and observed flows for the River 
Jarama at Aranjuez. 
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At this site the observed and simulated means were 55.8 and 55.9 m3/s 
respectively. The observed and simulated standard deviations of daily flows 
were 87.4 and 86.9 m3/s. The correlation coefficient was 0.81 for daily flows 
and 0.76 for monthly flows. 
 
Calibration – River Tajo at Talavera 

The next chart shows the observed and simulated flows for the River Tajo at 
Talavera. 
 

 
 
At this site the observed and simulated means were 150.0 and 149.3 m3/s 
respectively. The observed and simulated standard deviations of daily flows 
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were 191.3 and 200.8 m3/s. The correlation coefficient was 0.77 for daily flows 
and 0.74 for monthly flows. 
 
Calibration – River Tajo at Alcantara 

The next chart shows the observed and simulated flows for the River Tajo at 
Talavera. 
 

 
 
At this site the observed and simulated means were 206.7 and 207.1 m3/s 
respectively. The observed and simulated standard deviations of daily flows 
were 394.6 and 370.5 m3/s. The correlation coefficient was 0.80 for daily flows 
and 0.80 for monthly flows. 
 
Calibration Summary - Spain 

Given the uncertainties in some of the underlying data on abstractions, 
discharges and storage the overall calibration could be considered satisfactory. 
It should also be noted that whole of the Tajo to Alcantara, 46487 km2, was 
simulated as only 4 sub-catchments. The availability of flow data would have 
permitted a finer sub-division but the precipitation data, usually 4 to 6 stations 
in or close to one of the four sub-basins, means that little accuracy might have 
been possible. 
 
One of the parameters in HYSIM is the weighting factor applied to 
precipitation. This is used to take account of the fact that often precipitation 
stations are not representative of higher elevation where most of the rainfalls. 
In this basin the factor was of the order of 1.5, an unusually high figure. 
However the average precipitation for the Tajo to Alcantara for the period 
1970 to 2010 based on the stations available was 397 mm/year. The draft river 
basin plan for the period 1940 to 2006 gave an average precipitation of 648 
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mm/year. Although the two periods are not coincident this suggests that such 
a high value can be justified.  
 
Using a temperature contour map in the draft basin plan the average 
temperature was estimated to be 13.68 °C. The average of the data for the 
basin used in the model is 13.95 °C. As temperature is the main factor in 
estimating PET and as the temperature used for the model is close to that 
estimated for the basin it appears that there is little need to adjust PET to 
account of station location. 
 
 

4.3 MODEL DEVELOPMENT – PORTUGAL 

4.3.1 Data Sources 

For Portugal the main data sources was the SNIRH web site. This site has data 
on flows, rainfall and other variables. Other international internet sites, which 
had data for both parts of the basin such as NCDC and TuTiempo were also 
used. 
 
The chart below shows the location of the rainfall stations and the Theissen 
grid. 

 
 
This shows that there is good coverage of rainfall data for all sub-basins. To 
get the weights to calculate basin mean rainfall the area of each grid polygon, 
or part of polygon, was measured.  
 
 
In the case of temperature, the coverage was not as extensive. 
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In this case the temperature measuring site nearest to a sub-basin was used 
without adjustment. 
 
The stations with data for other climate parameters needed for PET calculation 
were not very numerous. The data for the other three parameters were taken 
from average values on a 10’ geographical grid from the CRU web site. Whilst 
this is not ideal the coverage of temperature, by far the most important 
parameter, is good and the use of averages for other parameters is not likely to 
have a major effect on simulation reservoir accuracy. 
 

4.3.2 Naturalised Flow Estimation 

See Annex L2 for details. 
 

4.3.1 Model Calibration 

Calibration Bouça (Zezere basin) 

This measuring site is immediately downstream of the Cabril dam. At this site 
the observed and simulated mean flows were 47.4 m3/s and 47.2 m3/s. For 
daily flows the observed and simulated standard deviations were 100.6 m3/s 
and 91.3 m3/s. The correlation coefficient for daily flows was 0.6 and for 
monthly flows was 0.58. 
 
The chart below shows the simulated and observed flows.  As can be seen 
simulated flows show much more variability for small floods that the 
‘observed’. It should be noted that ‘observed’ here and for other site is a bit of 
a misnomer. The values are actually observed flows modified to take account 
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of storage, abstractions and discharges. In this case since storage data were 
often only available on a monthly basis the effect of small floods on storage, 
and hence on naturalised flows, was not picked up. 
 

 
 

Calibration – Agroal (Zezere basin) 

For Agroal, a relatively natural basin, the simulation accuracy was much 
better. At this site the observed and simulated mean flows were 7.90 m3/s and 
7.91 m3/s. For daily flows the observed and simulated standard deviations 
were 13.5 m3/s and 13.3 m3/s. The correlation coefficient for daily flows was 
0.84 and for monthly flows was 0.83. That the accuracy in this largely natural 
basin was one of the highest suggests that most of the simulation errors were 
related to the artificial influence data. 
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It should be noted that the flow record shows some anomalies. For example it 
appears to increase steadily to the end of 1998 and then to drop suddenly.  
 
Calibration - Castelo de Bode (Zezere basin) 

This sub-basin is one of the most heavily developed in Portugal.  The 
measuring site is downstream of Castelo de Bode reservoir which itself is 
downstream of Bouça reservoir. This means calculation of natural flow is 
complicated the fact that the effect of changes in storage in Bouça are masked 
by changes in storage in Castelo de Bode. At this site the correlation 
coefficients were 0.66 for daily flows and 0.87 for monthly flows. The 
simulated and observed means were 57.1 m3/s and 57.0 m3/s respectively.  
The simulated and observed standard deviation of daily flows were 87.5 and 
102.2 m3/s and for monthly flows were 63.5 and 65.5 m3/s 
 

 
 

Calibration - Foz de Cabrao (Ocreza basin) 

The Foz de Cabrao gauging sites is in a relatively undeveloped part of the 
Ocreza catchment. There was only as short period of flow data for calibration: 
October 2004 to September 2006. The correlation coefficients were 0.78 for 
daily flows and 0. 82 for monthly flows. The simulated and observed means 
were 5.38 m3/s and 5.63 m3/s respectively.  The simulated and observed 
standard deviation of daily flows were 14.6 and 14.5 m3/s and for monthly 
flows were 6.35 and 8.34 m3/s. 
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Calibration – Pracana (Ocreza catchment) 

Pracana is downstream of Foz de Cabrao with no extra reservoir storage 
between them. The correlation coefficients were 0.68 for daily flows and 0. 53 
for monthly flows. The simulated and observed means were 17.9 m3/s and 
17.4 m3/s respectively.  The simulated and observed standard deviation of 
daily flows were 48.2 and 48.2 m3/s and for monthly flows were 40.5 and 19.6 
m3/s. 

 
 
Calibration – Almourol (Tajo/Tejo basin) 

This catchment is the first major gauging station on the Tagus in Portugal. 
Flows are therefore a function of abstractions and reservoirs in Spain s well as 
those upstream in Portugal.  No flow records are available after 2009. The 
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following photograph shows that the cable way (to support a current meter) is 
still in place. One of the gauge boards can also be seen on the bank to the right 
of the lower cable. 
 

 
 
The correlation coefficients were 0.91 for daily flows and 0. 91 for monthly 
flows. The simulated and observed means were 353 m3/s and 353 m3/s 
respectively.  The simulated and observed standard deviations of daily flows 
were 717 and 716 m3/s and for monthly flows were 550 and 563 m3/s. In 
statistical terms this is one of the most accurate flow simulations.  
 

 
 
The next photo shows the River Tagus downstream of Almourol. 
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Calibration – Ponte Vila Formosa (Sorraia catchment) 

This gauging site is on a tributary upstream of any major reservoir. The flow 
record is only available from 1985 to 1990. This is before the assumed period 
for data on abstractions and discharges but as the catchment at this point is 
point is fairly natural it perhaps not of major importance. The correlation 
coefficients were 0.85 for daily flows and 0. 97 for monthly flows. The 
simulated and observed means were 4.5 m3/s and 4.5 m3/s respectively.  The 
simulated and observed standard deviations of daily flows were 16.0 and 15.8 
m3/s and for monthly flows were 9.7 and 9,3 m3/s. In statistical terms this is 
one of the most accurate flow simulations.  
 

 
 

Calibration – Pavia (Sorria catchment) 

This site, like Ponte Vila Formosa, is on a tributary upstream of major 
reservoirs. The correlation coefficients were 0.85 for daily flows and 0. 95 for 
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monthly flows. The simulated and observed means were 1.88 m3/s and 1.88 
m3/s respectively.  The simulated and observed standard deviations of daily 
flows were 9.3 and 10.7 m3/s and for monthly flows were 5.1 and 5.3 m3/s.  
 

 
 
Calibration – Ponte Coruche (Soraia catchment) 

The gauging site is down stream of both Ponte Vila Formosa and Pavia. It also 
downstream of mjor reservoirs. The correlation coefficients were 0.83 for daily 
flows and 0. 92 for monthly flows. The simulated and observed means were 
32.9m3/s and 31.8 m3/s respectively.  The simulated and observed standard 
deviations of daily flows were 66.1 and 66.7 m3/s and for monthly flows were 
43.8 and 50.1 m3/s. 
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Calibration – Ponte  Santo Estavao (Sorraia catchment) 

This gauging station measures flows in a tributary which joins the main river 
downstream of Ponte Coruche. There is a major dam in its headwaters. The 
correlation coefficients were 0.83 for daily flows and 0. 95 for monthly flows. 
The simulated and observed means were 4.25 m3/s and 4.29 m3/s 
respectively.  The simulated and observed standard deviations of daily flows 
were 11.4 and 11.9 m3/s and for monthly flows were 7.0 and 7.9 m3/s. 
 

 
 

Vila Franca de Xira (Tagus basin) 

At this site there is no flow measurement. Indeed there despite the number of 
gauging stations listed on the SNRH web site there seem to be few with recent 
flow measurement on the Tagus itself. Flows at this site were estimate by 
routing the flows from Almourol and intervening catchments using 
parameters derived from adjacent catchment. 
 
 

4.4 SCENARIO MODEL RESULTS 

The detailed hydrological modelling results for the different scenarios are 
presented in graphical form for all of the Tagus sub-basins in Annex L3. These 
results are analysed below, and summarised in Section 4.5. 
 
To analyse the impact of introducing E-flows in the Tagus basin (see Section 
2.3.3) it was assumed that additional low flows could be provided by extra 
storage in the basin, defined for the purposes of this study as an ‘equivalent 
volume’ (see below). This was done to provide a method of inter-comparison 
between sub-basins.   
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The concept of ‘equivalent volumes’ have been used for the Tagus study, 
which are estimates volumes that need to created - either through efficiency in 
the operations of existing infrastructure, or through reduction in socio-
economic demands, or through the construction of new storage, or a 
combination of all of the above - that result in attainment of both water 
quantity objectives and water quality objectives (complying with: Art 1. 
Sustainable water use; Art 4. Achieving good ecological status where possible 
through measures that are physically possible and not disproportionately 
costly, Art. 9. Ensuring cost recovery where resource and environmental costs 
are included; and Art. 11., doing the above in the most cost-effective way – 
Least cost Plan). 

 
This additional storage (or equivalent volume) is needed for two reasons, 
firstly to maintain yields and hydropower generation under climate scenarios 
and secondly to support improved E-flows.   The next table shows the 
calculated storage requirements to maintain flows. 
 
Sub-Basin Current 

Storage 
Averag
e flow - 
nat 

Average 
flow- 
A1B 

Average 
flow- A1B 
Max 

Extra 
storage 

Comments 

Bouca 1666 52.5 52.5 48.1 139.6  

Agroal 0 5.85 5.80 5.31 0.0  

Castelo de 
Bode 

1095 77.5 77.4 72.4 72.1  

Foz de 
Cabrao 

372 12.9 12.9 11.9 28.8  

Pracana 1119 19.2 25.7 24.2   

Almoural 21890 328.8 250.2 238.7 600.0 Most of 
effect is 
from Spain 

Ponte Vila 
Formosa 

0 4.51 4.54 4.03 0.0  

Pavia 0 1.92 1.95 1.71 0.0  

Ponte 
Coruche 

3816 17.4 17.6 15.1 504.4  

Ponte Sante 
Estavao 

521 3.57 3.57 3.07 73.0  

Vila Franca 
de Xira 

 349.5 270.4 256.7 0.0 Similar to 
effect at 
Almourol 
 

Sorraia 1  5.15 5.20 4.60 0.0  

Sorraia 2  3.67 3.70 3.27 0.0  

Sorraia 3  1.55 1.57 1.33 0.0  

Ribeira de 
Nisa 

 1.71 1.37 1.28 0.0  

 
The next table shows the water demands on a monthly basis for each sub 
basin. There was not enough information to identify difference in demands 
between the years. The demands had 5 components: Urban, Industry, 
Agriculture (irrigation), Livestock, Tourism (golf courses). From information 
was available on the monthly distribution of municipal demands and those for 
irrigation. It was assumed the tourism followed the same pattern as irrigation 
and industry and livestock the same as municipal. 
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Water demands (m3/s) 

Basin Names Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Bouca  0.74 0.71 0.74 0.99 1.62 2.41 3.07 2.82 1.7 1.54 0.67 0.65 

Agroal 0 0 0 0 0 0 0 0 0 0 0 0 

Castelo de Bode 0.32 0.3 0.32 0.42 0.7 1.03 1.32 1.21 0.73 0.66 0.29 0.28 

Foz do Cobrao 0.08 0.08 0.08 0.11 0.18 0.26 0.33 0.31 0.18 0.17 0.07 0.07 

Pracana 0.08 0.08 0.08 0.11 0.18 0.26 0.33 0.31 0.18 0.17 0.07 0.07 

Almourol 0.40 0.38 0.40 0.54 0.88 1.31 1.66 1.53 0.92 0.83 0.36 0.35 

Ponte Vila Formosa 0.17 0.16 0.17 0.23 0.37 0.55 0.70 0.65 0.39 0.35 0.15 0.15 

Pavia 0.17 0.16 0.17 0.23 0.37 0.55 0.70 0.65 0.39 0.35 0.15 0.15 

Ponte Coruche 0.34 0.32 0.34 0.45 0.74 1.10 1.40 1.29 0.78 0.70 0.31 0.3 

Ponte Santo Estevao 0.17 0.16 0.17 0.23 0.37 0.55 0.70 0.65 0.39 0.35 0.15 0.15 

Vila Franca de Xira 0.82 0.79 0.82 1.10 1.81 2.68 3.42 3.14 1.89 1.71 0.74 0.73 

 
Two E-flows were calculated as shown in the next table, one based on the 
minimum flow in the 40 year record and the second on the 1-in-3 year 
minimum. The second one would be normally used. In extreme drought 
conditions derogation could be requested from the regulatory authority to 
switch to the first one. 
 

E-flows (m3/s) 

Basin 
Names 

Alternati
ve 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct No
v 

Dec 

Bouca  Extreme 0.42 0.65 0.54 0.59 0.36 0.43 0.2 0.36 0.23 0.23 0.6 0.59 

 Normal 7.39 7.65 4.52 5.51 4.48 1.88 0.72 0.67 0.75 1.83 5.8 5.14 

Agroal Extreme 0.07 0.29 0.27 0.14 0.06 0.17 0.1 0.08 0.13 0.16 0.15 0.21 

 Normal 0.70 0.86 0.54 0.47 0.46 0.44 0.34 0.31 0.30 0.44 0.52 0.66 

Castelo 
de Bode 

Extreme 0.45 0.71 1.1 1.62 0.29 0.45 0.38 0.25 0.46 0.32 0.43 0.93 

 Normal 9.12 12.12 4.96 6.12 5.42 3.05 1.88 1.33 2.24 4.87 7.86 8.69 

Foz do 
Cobrao 

Extreme 0.26 0.41 0.36 0.25 0.18 0.19 0.23 0.1 0.12 0.19 0.15 0.32 

 Normal 1.12 1.69 0.72 0.66 0.52 0.5 0.5 0.39 0.47 0.5 1.04 0.98 

Pracana Extreme 0.42 0.48 0.37 0.4 0.48 0.41 0.3 0.39 0.25 0.46 0.47 0.49 

 Normal 2.26 1.92 1.19 1.6 1.02 0.54 0.48 0.51 0.51 1.12 1.6 1.75 

Almouro
l 

Extreme 4.53 8.18 4.63 5.42 4.39 2.85 2.26 3.8 2.6 5.12 3.52 3.83 

 Normal 37.0
9 

44.27 32.7
1 

29.2 24.86 6.94 5.76 5.37 6.32 16.6
0 

38.9
0 

33.7
0 

Ponte 
Vila 
Formosa 

Extreme 0.02 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.04 

 Normal 0.52 0.54 0.28 0.2 0.11 0.07 0.04 0.03 0.06 0.13 0.22 0.21 

Pavia Extreme 0 0 0 0 0 0 0 0 0 0.01 0 0 

 Normal 0.09 0.1 0.06 0.05 0.03 0.01 0 0 0.01 0.06 0.08 0.11 

Ponte 
Coruche 

Extreme 0.23 0.17 0.24 0.12 0.08 0.1 0.08 0.04 0.06 0.17 0.18 0.22 

 Normal 0.92 1.13 0.61 0.58 0.54 0.39 0.36 0.28 0.32 0.54 0.91 0.63 

Ponte 
Santo 
Estevao 

Extreme 0.09 0.17 0.03 0.11 0.02 0.03 0.03 0.02 0.02 0.11 0.1 0.12 

 Normal 0.52 0.46 0.45 0.38 0.32 0.26 0.25 0.19 0.22 0.33 0.53 0.59 

Vila 
Franca 
de Xira 

Extreme 5.00 4.9 3.08 2.03 4.00 3.13 2.01 2.68 4.40 5.49 2.63 4.30 

 Normal 47.0
3 

45.06 33.3 35.4
8 

31.78 11.36 5.98 6.08 6.51 16.2
9 

45.5
8 

31.3
7 
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The following table shows the average observed monthly flows. They have 
been affected by storage and abstractions. 
 

Average observed monthly flow 

Basin 
Names 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Bouca  88.4 64.5 58.8 27 26.6 19 19.5 15.1 19.3 22.2 49.7 72.6 

Agroal 13.3 9.6 6.2 4.8 4.5 3.1 1.4 0.7 0.7 3.6 5.5 12.3 

Castelo de 
Bode 

136.
3 

105.1 69.9 37.9 34.7 32.8 33.5 24.7 23.7 36.1 66.9 105.4 

Foz do 
Cobrao 

32.1 38.4 32.2 6.7 1.6 1.6 3.7 5.5 6 27.7 149.9 75.3 

Pracana 57.1 44.6 27.4 11.2 9.5 6.2 5.9 4.7 2.9 11 32.6 58.9 

Almourol 723 712.5 394.
8 

233.
8 

185.
6 

153 137 106.
9 

132.
5 

191.
1 

357.6 556.7 

Ponte Vila 
Formosa 

154.
7 

328.6 102.
5 

95.2 46.8 30 28.7 25.5 13.4 74.3 51.5 29.5 

Pavia 15.7 16.6 36.6 16.9 11.3 9.3 8.8 5.6 8 12.8 23.3 17.3 

Ponte 
Coruche 

32 53.1 24.4 11.8 5.5 2.7 1.8 1.7 1.4 3.7 3.3 22.8 

 
The following table shows the average naturalised monthly flows. As can be 
seen they are much higher than the E-flows. 
 

Average naturalised monthly flow 

Basin 
Names 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Bouca  105.1 97.9 52.4 46.5 42.3 21.9 17.7 11.7 11.6 44.6 81.1 100.
3 

Agroal 13.7 12.9 6.8 4.4 3.8 2.3 1.8 1.6 1.5 3.2 6.3 12.2 

Castelo de 
Bode 

153.3 147.1 78.3 67.8 64.9 31.7 23.5 16.6 18 68.4 116.4 147.
7 

Foz do 
Cobrao 

23.6 24.2 13 10.7 8.4 5.6 8 4.3 4.2 10.1 18.9 24.9 

Pracana 33.2 34.6 18.9 17.2 14 8.3 9.3 5.4 7.2 18.6 28.7 35.9 

Almourol 642 558.6 333.3 262.2 270.6 169.6 122.9 100.5 113.6 321.2 486.2 576.
5 

Ponte Vila 
Formosa 

12.7 11.4 5.4 2 1.4 0.2 0.1 0.1 0.2 2.6 7.4 11.1 

Pavia 4.9 4.2 1.2 0.4 0.3 0.1 0.1 0.1 0.1 1.6 3.8 6.4 

Ponte 
Coruche 

41.8 38.9 19.3 9.2 7.6 4.7 4.1 3.6 3.7 11 27.1 39.4 

 
The table below is based on observed flows and shows the percentage of 
calendar months for which the E-flows requirement was not satisfied. The 
final column shows the additional storage required to meet E-flows 
requirements if that is chosen as the option for meeting E-flows. The 
alternative would be to make additional releases from reservoirs to maintain 
E-flows. These releases could be used to generate hydropower but as it would 
be competing with base load its value would less than releases under the 
current presumably near optimum regime.  (Note that these flows are not 
directly comparable with the remaining tables below as the period of 
observation is less than the period of simulated naturalised flows.) 
 

Percentage of time E-flows currently not satisified 
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Basin 
Names 

Jan Feb Ma
r 

Ap
r 

May Jun Jul Aug Sep Oct Nov De
c 

Storage 
(MCM) 

Bouca  6.7 13.3 6.7 20 13.3 13.3 13.3 6.7 0 6.7 0 6.7 74.4 

Agroal 4.3 4.3 4.3 4.3 4.3 8.7 8.7 26.1 30.4 8.7 0 0 3.4 

Castelo 
de Bode 

0 3.6 0 3.6 0 0 0 0 3.6 0 0 0 60.4 

Foz do 
Cobrao 

0 0 0 0 0 33.3 66.7 66.7 33.3 0 0 0 2.6 

Pracana 0 7.1 0 7.1 21.4 28.6 35.7 28.6 21.4 28.6 7.1 7.1 10.5 

Almour
ol 

3.4 3.4 3.4 3.4 6.9 3.4 3.4 3.4 3.4 3.4 0 0 194.9 

Ponte 
Vila 
Formosa 

0 0 0 0 8.3 33.3 83.3 83.3 75 58.3 16.7 0 1.5 

Pavia 0 0 0 0 0 0 0 0 0 56.5 34.8 13 1.2 

Ponte 
Coruche 

18.
2 

9.1 0 0 18.2 36.4 36.4 45.5 45.5 45.5 45.5 45.
5 

21.6 

 
The following table based on natural flows shows the percentage of months 
where the average abstraction exceeds the naturalised flow. For much of the 
basin the E-flows requirement is satisfied except for the sub-basins with the 
Sorraia basin.  The final column shows the additional storage required to meet 
E-flows.  As can be seen no additional storage is required. 
 

Percentage of months when abstraction exceeds flow - naturalised flow (1971 to 2010) 

Basin 
Names 

Jan Feb Mar Apr May Jun Jul Au
g 

Sep Oct Nov Dec Stora
ge 
(MC
M) 

Bouca  0 0 0 0 0 0 7.7 7.7 0 0 0 0 0 

Agroal 0 0 0 0 0 0 0 0 0 0 0 0 0 

Castelo 
de Bode 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Foz do 
Cobrao 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Pracana 0 0 0 0 0 0 0 0 0 0 0 0 0 

Almourol 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ponte Vila 
Formosa 

10.3 10.3 17.9 25.6 66.7 92.3 97.4 100 79.5 48.7 15.4 12.8 0 

Pavia 35.9 38.5 48.7 71.8 92.3 97.4 100 100 97.4 71.8 33.3 35.9 0 

Ponte 
Coruche 

2.6 2.6 5.1 2.6 20.5 33.3 41 46.
2 

23.1 7.7 0 0 0 

Ponte 
Santo 
Estevao 

2.6 0 7.7 15.4 23.1 41 43.6 46.
2 

38.5 12.8 0 2.6 0 

 
The following table is similar to the above except that it uses the ab1 average 
flow projections. In this case the percentage of months when the E-flows 
requirement is not satisfied is very similar to the naturalised flow case. 
However the storage requirement is larger.  The storage requirement was 
calculated by taking the difference between the E-flow and the projected flow 
for each month of the 39 year period.   If the E-flow was not satisfied then the 
deficit was calculated on the assumption that this could be made good by 
extra storage in wetter times of the year. The deficit so calculated was 
cumulative until sufficient flow occurred to wipe out the deficit. The storage 
represents the storage required to meet E-flows in the driest period in the 
record. 

Percentage months when abstraction exceeds flow - a1b scenario flow 

Basin 
Names 

Jan Feb Mar Ap
r 

May Jun Jul Au
g 

Sep Oct Nov Dec Storage 
(MCM) 
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Bouca  0 0 0 0 0 0 7.7 7.7 0 0 0 0 5.88 

Agroal 0 0 0 0 0 0 0 0 0 0 0 0 3.36 

Castelo 
de Bode 

0 0 0 0 0 0 0 0 0 0 0 0 8.59 

Foz do 
Cobrao 

0 0 0 0 0 0 0 0 0 0 0 0 0.04 

Pracana 0 0 0 0 0 0 0 0 0 0 0 0 0 

Almour
ol 

0 0 0 0 0 0 0 0 0 0 0 0 23.18 

Ponte 
Vila 
Formos
a 

10.3 7.7 17.9 23.
1 

64.1 92.3 100 100 79.
5 

51.3 15.4 12.8 2.89 

Pavia 33.3 30.8 51.3 71.
8 

92.3 97.4 100 100 97.
4 

71.8 30.8 30.8 0.67 

Ponte 
Coruche 

2.6 2.6 2.6 2.6 20.5 33.3 46.2 48.
7 

25.
6 

7.7 2.6 0 4.3 

Ponte 
Santo 
Estevao 

0 0 7.7 15.
4 

23.1 41 46.2 48.
7 

38.
5 

15.4 0 2.6 4.64 

 
The next table is similar to the above except that it used the a1b maximum 
scenario. This was the particular a1B scenario which coupled large fall in 
precipitation with a large increase in temperature and hence evaporation. In 
this case the storage requirement is very similar to that for the a1b average 
case. 

Percentage months when abstraction exceeds flow - a1b maximum scenario flow 

Basin 
Names 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Storage 
(MCM) 

Bouca  0 0 0 0 0 2.6 10.3 10.3 2.6 0 0 0 11.83 

Agroal 0 0 0 0 0 0 0 0 0 0 0 0 6.99 

Castelo de 
Bode 

0 0 0 0 0 0 0 0 0 0 0 0 19.22 

Foz do 
Cobrao 

0 0 0 0 0 0 0 0 0 0 0 0 0.61 

Pracana 0 0 0 0 0 0 0 0 0 0 0 0 2.66 

Almourol 0 0 0 0 0 0 0 0 0 0 0 0 145.98 

Ponte Vila 
Formosa 

12.8 7.7 25.6 28.2 64.1 92.3 97.4 100 84.6 56.4 12.8 17.9 3.49 

Pavia 28.2 41 59 79.5 94.9 97.4 100 100 94.9 74.4 41 30.8 0.79 

Ponte 
Coruche 

2.6 2.6 7.7 7.7 25.6 38.5 51.3 56.4 28.2 12.8 2.6 5.1 6.21 

Ponte 
Santo 
Estevao 

10.3 2.6 10.3 15.4 38.5 53.8 56.4 59 53.8 20.5 5.1 7.7 10.16 

 
Finally, the following table gives an estimate of the volume required to 
provide flood pulses. They are based on the mean annual flood. It was 
assumed that to provide a pulse the release was made over 6 days, to avoid 
very sudden increase in flow.   Each day had the following proportion of the 
mean annual flood: 0.25, 0.5, 1.0, 1.0, 0.5 and 0.25. Depending on the statistical 
distribution used, the annul flood is similar to the 1-in-2 year flood. So the 
calculation is based on one release every two years.  
 

Flood release in MCM 

Basin Naturalised a1b-average a1b-Max 

Bouca  129.5 130.6 124.3 

Agroal 14.1 14.3 13.8 

Castelo de Bode 163.2 164.6 157.7 

Foz do Cobrao 36.5 36.6 35.4 
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Pracana 43.3 73.3 71.1 

Almourol 555.3 468.2 479 

Ponte Vila Formosa 20.1 20.3 18.5 

Pavia 13.7 14 13.3 

Ponte Coruche 50.6 51.3 47.8 

Ponte Santo Estevao 12.6 12.7 12 

 
 
The values should be regarded only as indicative for the following reasons. 
 
• In some years dams are overtopped and flooding occurs so it might not be 

necessary to make release every two years. 
 

• The release mechanism for the dams might not be able to release a flow 
large enough to simulate a flood. In which case a flood could only come 
about when a dam was overtopped. In this case the dam would have to be 
operated to produce overtopping leading to a loss in efficiency of 
operation. 

 
4.5 SUMMARY 

Table 4.1 summarises the estimated ‘equivalent storage’ requirements for the 
various sub-basins for the different model scenario runs discussed in the 
previous section. 
 

Table 4.1 Equivalent Storage (MCM) Required to Maintain Yields and Meet E-Flow 

Requirements for Various Climate Scenarios 
Basin Yld-

a1bx 
Ef-
ex 

Ef-
nat 

Ef-
a1b 

Ef-
a1bx 

FF-
nat 

FF-
a1b 

FF-
a1bx 

a1b - 
total 

a1bx - 
total 

Bouca  139.6 74.4 0 5.88 11.83 129.5 130.6 124.3 136.48 275.73 

Agroal 0 3.4 0 3.36 6.99 14.1 14.3 13.8 17.66 20.79 

Castelo de 
Bode 

72.1 60.4 0 8.59 19.22 163.2 164.6 157.7 173.19 249.02 

Foz do Cobrao 28.8 2.6 0 0.04 0.61 36.5 36.6 35.4 36.64 64.81 

Pracana  10.5 0 0 2.66 43.3 73.3 71.1 73.3 73.76 

Almourol 600 194.
9 

0 23.18 145.98 555.3 468.2 479 491.38 1224.98 

Ponte Vila 
Formosa 

0 1.5 0 2.89 3.49 20.1 20.3 18.5 23.19 21.99 

Pavia 0 1.2 0 0.67 0.79 13.7 14 13.3 14.67 14.09 

Ponte Coruche 504.4 21.6 0 4.3 6.21 50.6 51.3 47.8 55.6 558.41 

Ponte Santo 
Estevao 

73  0 4.64 10.16 12.6 12.7 12 17.34 95.16 

 
Key: 
Ef - Extreme low flow component of E-flow 
FF- High pulse flow component of E-flow 
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5 WATER QUALITY ASSESSMENT 

5.1 INTRODUCTION 

The water quality assessment for the Tagus River basin in Portugal was 
carried out in two stages: 
 
• Firstly, the observed water quality data was gathered and analysed for the 

whole basin, in order to determine the water quality conditions in each of 
the major river basins, and to identify the major stresses on water quality 
in the basin, potentially including inflows from Spain, nutrient loading 
from wastewater, agricultural, industrial, and in-situ organic sources. 

 
• Secondly, the water quality data were used to calibrate a numerical water 

quality model for selected key sub-basins in order to determine the 
potential impacts on WQ conditions from the changing flow patterns 
resulting from the scenarios developed and described in Section 4. 

 
The following sections described each of these steps in more detail. 
 
 

5.2 WATER QUALITY DATA ANALYSIS 

5.2.1 Introduction 

Table 5.1 lists the water quality monitoring stations that were selected for 
time-series analysis, based upon the availability of data and their proximity to 
the control points used for the hydrological analysis described in Section 4.  
Figure 5.1 shows the location of these sites. 
 

Table 5.1 Selected of Water Quality Assessment Sites 

 
  Control Point Water Quality Site Used for 

Assessment 
Sub-Basin Name Code Name Code 

Ribeiera de Nisa Ribeiera de Nisa   Nossa Senhora GraÇa 16K/05 

Rio Ocreza Foz do Cobrão 15K/02H Ocreza-Peral (ALB. 
Pracana) 

15K/02 

Rio Ocreza Pracana (edp) 16K/01A ALB. Pracana 2 16K/10 

Rio Sorraia Ponte Santo 
Estevão 

20E/02H Ponte Santo Estevão 20E/02 

Rio Sorraia Sorraia 3   Ponte Azervadinha 20G/02 

Rio Sorraia Pavia 20I/04H Pavia (Rib. Tera) 20I/04H 

Rio Sorraia Sorraia 2   Fronteira 19L/01 

Rio Sorraia Ponte Vila 
Formosa 

18K/01H Ponte Vila Formosa 18K/01 

Rio Sorraia Sorraia 1   Montargil 19H/01 

Rio Sorraia Ponte Coruche 20F/02H Praia de Coruche 20F/02H 

Rio Zezere Agroal 15G/02H Ponte Agroal 15G/02 

Rio Zezere Castelo de Bode 16H/01A Alb. Castelo Bode (PROF = 16H/11 
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(edp) 45 m) 

Rio Zezere Bouçã (edp) 14H/01A Vale Bom (ALB. Castelo 
Bode) 

15H/03 

Tejo Inferior Almourol 17G/02H Almourol 17G/02 

Tejo Inferior Ómnias 
(Santarém) 

18E/04H Ómnias 18E/04 

Tejo Superior Alcantara   Rosmaninhal (ALB. 
HIDALGO HILL - 
CEDILHO) (S) 

15O/01S 

 
 
Table 5.2 summarises the physical-chemical criteria that were used for the 
assessment of water quality conditions in the basin.  These were taken from 
the Portuguese standards, and are shown for the two categories of waters 
based upon their physical characteristics and water hardness.  The Tagus 
basin is classified as a ‘southern’ type basin. 
 

Table 5.2 Water Quality Classification Criteria Used in Portugal 

 

Parameter Limit of Good Condition 

Northern Type Basins 
 

Southern Type Basins 

Dissolved Oxygen (1) ≥ 5 mg O
2 

/L ≥ 5 mg O
2 

/L 

Oxygen Saturation (1) Between 60% and 120% Between 60% and 120% 
Biochemical Oxygen Demand 
(BOD5) (1) 

≤ 6 mg O
2 

/L ≤ 6 mg O
2 

/L 

pH Between 6 and 9* Between 6 and 9* 
Ammoniacal  Nitrogen (1) ≤1 mg NH

4 
/L ≤1 mg NH

4 
/L 

Nitrates (2) ≤25 mg NO
3 

/L ≤25 mg NO
3 
/L 

Total Phosphorous (2) ≤0.10 mg P
 
/L ≤0.13 mg P

 
/L 

(1) 80% of the samples higher than limit in a month 
(2) Average Annual 
* The limits specified may be exceeded if naturally occurring 
 
Source : “Criteria for Classification of State Surface Water Masses- Rivers and Reservoirs”, 
Ministry of Environment, Land and Regional Development, September 2009 

 
 
There are two important points to note about the assessment: 
 

i. Water quality data was for the most part obtained from the Sistema 
Nacional de Informação (http://snirh.pt) website.  Whilst there was an 
extensive array of water quality monitoring stations listed on the site, 
the data itself was extremely patchy in that many of the stations only 
had a few data points from isolated points in time, and the range of 
parameters was very limited in most cases.  The results of the 
assessment therefore need to be judged on this basis. 

 
ii. No biological monitoring data was found for the basin itself (only the 

estuarine/coastal zone).  For this reason, the study has necessarily 
focused on physical-chemical characteristics only. 
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Figure 5.1 Water Quality Assessment Points 
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Figure 5.2  Average Faecal Coliforms (2008-2011) 

 
 
 



ERM/SOLVENTA THE EUROPEAN COMMISSION 

53 

5.2.2 Results of Assessment 

The detailed water quality assessment results for each sub-basin are presented 
in Annex L4 and summarised below. 
 
As an overall indicator of quality across the basin, Figure 5.2 presents the 
faecal coliform averages at all gauging stations (ie not just the key assessment 
points) for the period 2008 to 2011.  As is evident from the figure, there high 
values are occurring to the north/north-east of Lisbon, which are primarily 
rural catchments with intensive livestock operations (eg Rio Maior).  As was 
evidenced from the control points assessments (see Annex L4) there is some 
correlation between coliform levels and flows in the river, which points to a 
largely agricultural (livestock) related source rather than municipal treatment.  
In addition, although data are limited, their distribution appears to suggest 
that the coliform pollution is arising in Portugal itself, rather than from across 
the border in Spain. 
 
In summary, on the basis of the detailed raw water quality data assessment 
presented in Annex L4, the baseline water quality conditions in the Tagus can 
be broadly characterised as follows:  
 

• There are widespread elevated phosphorus levels (usually exceeding 
target values for good quality status) throughout the basin, including 
in cross-border flows from Spain.  In many areas these appear to 
correlate to flow/sediment levels, i.e. the main cause is likely to be 
diffuse erosion/runoff from agricultural fields.  
 

• In several cases, concentrations of phosphorus (and nitrates, albeit at a 
lower level) are reasonably sustained throughout the year. 
Occasionally these concentrations appear to slightly increase over dry 
months.  This is most likely due to accumulation and release of 
nutrients from the large number of eutrophic reservoirs throughout 
basin (rather than from point sources). 
 

• Coliforms frequently correlate to flow in agricultural areas, i.e. this 
appears to be diffuse livestock pollution issue rather than point source. 
 

• In some cases there are periodic spikes (often correlated with 
ammoniacal nitrogen) at different times of year that could relate to 
localised point source discharges (slurry lagoons/sewage outfalls). 

 
However, it is important to understand that these conclusions are based upon 
the analysis of a very sparse data set, as discussed earlier, and so cannot be 
considered as categorical. 
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5.3 WATER QUALITY MODEL 

5.3.1 Introduction 

The available WQ data were used to calibrate the Qual2Kw numerical water 
quality model (see Section 2.2.2) for selected key sub-basins in order to 
determine the potential impacts on conditions from the changing flow 
patterns resulting from the scenarios developed and described in Section 4. 
 
Water quality modelling was limited to the Portuguese section of the 
watershed. Water quality input data on the Spain/Portugal border was 
addressed in conjunction with the assumptions made in the hydrological 
model, ie as a single boundary condition at the border.  
 
Input data for the modelling effort was for the most part obtained from the 
Sistema Nacional de Informação (http://snirh.pt) website.  Data from the 
accompanying hydrological modeling effort (see Section 4) was also used. 
Other datasets were obtained from publicly available GIS repositories and 
aerial imagery.  A summary of the inputs used in the model and their 
relevance has been provided in the following sections. 
 

5.3.2 Hydrological, Hydraulic and GIS Datasets 

The maximum and minimum average monthly flows for the most recent 
monitored four-year period (2007 to 2011) were selected for modeling.  
 
For the Zezere River, the maximum and minimum flows occurred in the 
months of January and September respectively. Flows for ungauged 
tributaries and general flow partitioning along the river was derived using the 
following equation. 














×=

Agauged

ungaugedA
QgaugedungaugedQ  

Where, 
Qgauged = Streamflow of the gauged basin 
Qungauged = Streamflow of the ungauged basin 
Agauged = Area of the gauged basin preferably close to the ungauged basin 
Aungauged = Area of the ungauged basin  

 
A Digital Elevation Model (DEM) of the basin was used to estimate the slopes 
of channels and elevations for the routing component of the QUAL2Kw 
model. Aerial imagery was used to estimate river cross sectional widths.  
 
The river was segmented at critical locations where channel cross-sections and 
slopes changed significantly. The Zezere River was also segmented at 
tributaries and water quality monitoring points so that inflows. 
 
Dams were modeled as weirs to introduce the long residence they induce into 
the model. 
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5.3.3 Water Quality Data 

Water quality input data used in the model are listed below.  Some of these 
inputs are not measured directly but were calculated from other measured 
water quality parameters.  All water quality inputs were also averaged 
monthly. 
 
• Conductivity (µmhos) 
• Water Temperature (°C) 
• Inorganic suspended solids concentration (mg/L) calculated from 

• Total suspended solids (TSS) and volatile suspended solids(VSS)/ 
Total Carbon or 

• Total suspended solids (TSS), total organic content (TOC) and 
dissolved organic content (DOC) 

• Dissolved oxygen concentration (mg/L) 
• Carbonaceous biochemical oxygen demand (CBOD) (mg/L)  
• Organic nitrogen (mg/L)  calculated from  

• Total nitrogen or 
• Kjeldahl nitrogen 

• Ammonium nitrogen (mg/L) 
• Nitrate nitrogen (mg/L)  calculated from  

• Nitrite and  
• Nitrate 

• Organic and inorganic phosphorous (mg/L)  calculated from 
• Total phosphorous and 
• Total Orthophosphate  

• pH 
• Alkalinity (mg CaCO3/L) 

 
For tributaries with sparse on non-existent data, water quality inputs were 
assumed the same for near and similar sized basins with similar land uses. 
 

5.3.4 Meteorological Data 

Meteorological inputs used in the model include averaged hourly values for 
each month of the following: 
 
• Air temperature (°C) 
• Dew point temperature (°C) 
• Wind Speed (m/s)  
• Solar Radiation (W/m2) 
• Cloud Cover (1-10) 
 

5.3.5 Model Results 

Annex L5 shows the detailed model output results for the Zezere sub-basin for 
the present day conditions, and under climate change scenarios A1B and 
A1Bmax.   Results are shown for both average high and low flow months 
(January and September respectively).  In conclusion, the model results appear 
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to show that there will only be minimal impacts on water quality (DO and 
nutrient) conditions in the basin under the potential future climate change 
flow regimes. 
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6 PILOT STUDY RECOMMENDATIONS 

6.1 INTRODUCTION 

Table 6.1 summarises the various different scenarios that were analysed in 
order to determine the water quantity (and quality) interventions, or 
measures, required for the Tagus basin in Portugal.   These measures are 
discussed in the following sections. 
 

Table 6.1 Water Resources Assessment Scenarios 

Scenario Description Assessment objective 

1 Baseline scenario – identification of 
water scarce areas 

We need to know (for each sub-basin or 
sub-basin grouping) if there is a water 
imbalance on a monthly basis that current 
storage/regulation cannot cope with, and 
if so, how much new equivalent volume 
do we need to construct to eliminate the 
water deficit on a monthly time step. 

2 Scenario 1 plus water quantity 
interventions (equivalent storage) to: 
i. eliminate water scarce areas; and 
ii. achieve E-flow targets 

In addition to the new equivalent volume 
identified in Scenario 1, we need to know 
how much more volume (separated into 
equivalent volume and real volume to 
compensate for loss of storage for HPP by 
sub-basin) we now need to both eliminate 
water imbalance on a monthly time step 
at critical control points and to achieve 
compliance with the E-flow targets. 

3 Scenario 2 plus water quantity 
interventions to achieve local 
short/medium term socio-economic 
development goals 

As above, but overlain by changing water 
demands created by socio-economic 
development scenario for basin as defined 
in Basin Plan.  (In the case of the Tagus 
pilot, negligible difference was found in 
terms of the calculated volume for 
Scenarios 2 and 3.) 

4 Scenario 3 overlain with IPCC climate 
change scenario A1BAverage 

As above, but overlain by chosen climate 
change scenario for basin. 

5 Scenario 3 overlain with IPCC climate 
change scenario A1Bmax 

As above, but overlain by chosen climate 
change scenario for basin. 

 
 

6.2 WATER QUALITY MEASURES 

6.2.1 Identified Water Quality Objectives 

In summary, the water quality analysis (Section 5) concluded: 
 
• there are no priority DO problems to address; 

 
• there are no priority pH problems to address; 
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• for nutrients, approximately 67% of the main reservoirs are hyper-
eutrophic, but there is no eutrophication in the estuary – indicating that 
conditions are limited by P as opposed to N. This is supported by a high 
level of P throughout the basin; and 
 

• there are no data on Annex X Priority Substances. 
 
Therefore, the water quality objective (WQO) for the basin plan identified by 
this study is to bring the reservoirs close to a mesotrophic status, where it is 
assumed that this would be synonymous to the EU Good Ecological Status 
(GES).  The first goal is therefore to prevent and control hyper– 
eutrophication. The second goal, carried out contemporarily, is to plan for the 
attainment of the final goal which would be to bring the reservoirs close to a 
mesotrophic status.  
 
In addition, although no biological water quality data were analysed, it is 
assumed for the purposes of this study that if water quality measures are 
introduced to deliver good physical-chemical quality and if the flow regime is 
addressed to achieve E-flows (see above) then GES will follow.   
 

6.2.2 Programme of “No Regrets” Measures to Address P Problem: 

(1) Watershed management leading to a significant reduction of nutrient 
loads in particular from phosphorus, inter-alia: 
• Control of soil erosion in the steep upper catchment were soil erosion 

appears to be a problem, 
• Ban on phosphate based detergents, 
• Reducing nutrient losses from agriculture by rapidly implementing soil 

conservation best management practices and stopping over fertilization. 
 

(2) In-reservoir nutrient management of eutrophic or hyper-eutrophic 
reservoirs including, inter-alia: 
• Chemical precipitation of phosphorus.  
• Sediment removal.  
• Aeration.  
• Sediment oxidation - Oxidation of the sediment with a solid granular 

oxidant.  
• Fish management.  
 
(3) A large program of buying / leasing riparian land surrounding the 
reservoirs and their tributaries and establishing protective buffer zones (Major 
Cost Item) where vegetated buffer strips or restored wetlands are very 
effective for removing nitrate-N (more than 90 %) and phosphorus (about 
50%).  
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Riparian Buffer Zone Constructed Wetland 

 
 

 
6.3 WATER QUANTITY MEASURES 

The Quantity Challenge: 
 

The basin has become highly regulated, adversely impacting the flows required to 

sustain the natural ecology of the basin.  The environmental flow components most 

impacted are the low-flows and the high pulse flows. 

 

Table 6.2 summarises the ‘equivalent volumes’ estimated by the hydrological 
assessment as required in order to achieve E-flow conditions at key control 
points in the various river sub-basins under the different scenarios shown in 
Table 6.1.   As described earlier, these are the estimated volumes that need to 
created - either through efficiency in the operations of existing infrastructure, 
or through reduction in socio-economic demands, or through the construction 
of new storage, or a combination of all of the above – for the attainment of 
both water quantity objectives and water quality objectives in the basin. 
 
To reiterate, the concept of ‘equivalent volumes’ is defined for the purposes of this 
study as estimated volumes that need to created - either through efficiency in the 
operations of existing infrastructure, or through reduction in socio-economic 
demands, or through the construction of new storage, or a combination of all of the 
above - that result in attainment of both water quantity objectives and water quality 
objectives (complying with WFD: 
• Art 1: Sustainable water use; 
• Art 4: Achieving good ecological status where possible through measures that are 

physically possible and not disproportionately costly; 
• Art. 9: Ensuring cost recovery where resource and environmental costs are 

included; and 
• Art. 11: Doing the above in the most cost-effective way – the Least Cost Plan). 
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Table 6.2 Equivalent Volume (MCM) Requirements for Tagus River Basin under Various Climate Change Scenarios  

 

Tagus sub-basin 

Scenario 1 Scenario 2 & 3 (similar results) Scenario 4 Scenario 5 

Existing 
Storage 
MCM 

Water 
Scarce 
Area? 

Eq. storage – 
E-flow (ext. 
low flow) 

MCM 

Eq. storage – 
E-flow (pulse 

flow) 
MCM 

Eq. storage – 
Total E-flow 

MCM 

As % 
increase of 

existing 
storage 

Eq. storage – 
Total E-flow 

MCM 

As % 
increase of 

existing 
storage 

Eq. storage – 
Total E-flow 

MCM 

As % 
increase of 

existing 
storage 

Bouca 1,666 No 74.4 129.5 203.9 112.2% 136.48 108.2% 275.73 116.6% 

Agroal 0 No 3.4 14.1 17.5 - 17.66 - 20.79 - 

Castelo de Bode 1,095 No 60.4 163.2 223.6 120.4% 173.19 115.8% 249.02 122.7% 

Foz do Cobrao 372 No 2.6 36.5 39.1 110.5% 36.64 109.8% 64.81 117.4% 

Pracana 1,119 No 10.5 43.3 53.8 104.8% 73.3 106.6% 73.76 106.6% 

Almourol 2,190 No 194.9 555.3 750.2 134.3% 491.38 122.4% 1,224.98 155.9% 

Ponte V. Formosa 0 No 1.5 20.1 21.6 - 23.19 - 21.99 - 

Pavia 0 No 1.2 13.7 14.9 - 14.67 - 14.09 - 

Ponte Coruche 3,816 No 21.6 50.6 72.2 101.9% 55.6 101.5% 558.41 114.6% 

Ponte S. Estevao 521 No 0 12.6 12.6 102.4% 17.34 103.3% 95.16 118.3% 

Total storage 
(MCM) 

10,779  370.5 1,038.9 1,409.4 113.1% 1,039.5 109.6% 2,598.7 124.1% 
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The measures available to re-naturalise priority components of the Basin’s 
flow regime are varied but ultimately involve either:  
 
• the reduction of socio-economic water demand that generated the need for 

the current level of water regulation and storage (primarily from 
agriculture or public water supply); 
 

• the release of waters from dams by HPP operators to meet E-flow 
requirements when it is not in their economic interests to do so; or 

 
• to introduce further regulation into the basin specifically to address the 

flow regime needs of the natural ecology in the form of new storage (in the 
form of green infrastructure – wetlands or other). 

 
The quantification of the extent of the problem has been determined in terms 
of the ‘equivalent volume’ of flow that needs to be reintroduced into the flow 
regime specifically for ecological needs.  The value calculated as shown in 
Table 6.2 is 1409 million cubic metres. 
 
 

6.4 BASIN PLAN - FINANCING PLAN & COST RECOVERY 

In order to generate revenue from water user charges to help finance the 
measures necessary for the achievement of the above water quality and 
quantity objectives a water pricing mechanism is required. 
 
Table 6.3 shows the outline of a simplified water pricing mechanism used to 
estimate potential revenues in the Basin from Water User Fees.  Three levels of 
water use fee were assumed (low, medium and high) in order to generate a 
range of revenue for comparison. 
 

Table 6.3 Estimates of Potential Revenues from Water User Fees 
Water User 

Group 

Average 

Annual Level 

of Water Use 

Potential User 

Charges & 

Revenues  

(Low charge 

Scenario) 

Potential User 

Charges & 

Revenues 

(Medium 
Charge 

Scenario) 

Potential User 

Charges & 

Revenues (High 

Charge 

Scenario) 

HPP1 1,550,000  

megawatt-

hours
2
 

 

Tax on HPP 

energy sales of 

10% of total 

(€7.75 million) 

Tax on HPP 

energy sales of 

20% of total3 

(€15.50 million) 

Tax on HPP 

energy sales of  

25% of total 

(€19.375 

million) 

Irrigation
4 881 hm

3 

(145,160 ha) 

Fixed charge of  

€15/ha + 

consumption 

charge of  

€0.005 

Fixed charge of  

€25/ha + 

consumption 

charge of  

€0.01/m3 

Fixed charge of  

€35/ha + 

consumption 

charge of  

€0.03/m3 

                                                      
1 Average annual energy sales generated in the basin from large HPP 
2 Energy Sale value of 50€/MWh 
3 Similar to Spain 
4 In an average year 
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(€6.58 million) (€12.44 million) (€31.51 million) 

Public Water 

Supply
1 

182 hm
3
 

 

0.03 €/m3 

(€5.46 million) 

0.05 €/m3 

(€9.10 million) 

0.10 €/m3 

(€18.20 million) 

Industry 

(Direct 

Abstraction) 

80 hm
3
 0.05 €/m3 

(€4.0 million) 

0.08 €/m3 

(€6.4 million) 

0.11 €/m3 

(€8.8 million) 

 

Total Revenues 

  

€23.8 

million/year 

 

€43.4 

million/year 

 

€77.9 

million/year 

 
Table 6.4 Estimated Potential Cost of Measures 

Measures Units  Low Cost 

Scenario 

 Medium Cost 

Scenario 

 High Cost 

Scenario 

Quantity 

Measures 

Equivalent 

Storage Required  

(1409 MCM) 

(€0.5//m
3
) 

 

(€705 million) 

(€0.85//m
3
) 

 

(€1,198 

million) 

(€1.25//m
3
) 

 

(€1,761 

million) 

Quality 

Measures 

Establishing 

protective buffer 

zones @ 

€280/hectare/year 

150,000 

hectares 

 

(€42 million 

/year) 

200,000 

hectares 

 

(€56 million 

/year) 

300,000 

hectares 

 

(€84 million 

/year) 

 

 
Inspection of Table 6.3 shows that the level of revenues that can be generated 
by water user fees (even in the high charge scenario) is relatively low; 
generating only a potential €77.9 million/year, and inspection of Tables 6.3 and 
6.4 together indicate that the cost of measures cannot be funded from water 
user tariffs alone and additional financial support from national government 
and the EC would be required. 
 

                                                      
1 4 million residents using an average of 125 l/c/d 



 

Annex J1 

Tagus Basin Climate Change Projections 



 

 

This graph shows two features of the projections. First there is a wide difference between the 

projections in terms of mm/year. Secondly the projections fail to capture much of the inherent 

variability in the precipitation.  

 



 

 

Note that the A2 and B1 scenarios only cover the period 2000 to 2100. 

 



 

 

 

 

With Spain the projections have much more variability than for Portugal. This is probably due to the 

proximity of the ocean in the case of Portugal. 



 

 

 

 



 

As with precipitation there is significant variation between models. Normally projections are 

presented as ‘anomalies’, the difference relative to average over a fixed period, for example 1950 to 

2000. This has the effect of hiding the difference between the models.  In general the modelled 

temperatures are closer to the observed than is the case with precipitation. 

e

 

 



 

 

 

 



 

As with Portugal there is a large difference between the models. 
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Naturalised Flows 



 

Naturalised flow - Spain 

Artificial components 

River Tajo to Embocador 

The following chart shows the artificial influences on flow for the river Tajo to Embocador.  

 

In influences are grouped under here headings: irrigation, storage and other. The others includes 

industrial and municipal demands and cooling water. 

In this, as in all the other sub-catchments, the change in storage has the largest day-to-day influence 

on flow. The figures of around 20 m3/s for ’other’ represents the transfer out of the Tajo to the 

Segura basin. 

River Jarama to Aranjuez 

The following chart for the River Jarama to Aranjuez suggest that irrigation and the influence of 

reservoirs have a similar relative influence to that in the Tajo to Embocador. 

-60

-40

-20

0

20

40

60

80

100

120

01-Jan-99 01-Jan-00 01-Jan-01 01-Jan-02 01-Jan-03 01-Jan-04 01-Jan-05 01-Jan-06 01-Jan-07 01-Jan-08 01-Jan-09 01-Jan-10 01-Jan-11

In
fl

u
e

n
ce

 o
n

 f
lo

w
 -

m
3
/

s

River Tajo to Embocador - artificial influence on flow

Irrigation Storage Other Demands



 

 

In this case the ‘other’ represents the demand for Madrid. 

River Tajo at Talavea 

The next chart is for the part of the River Tajo upstream of Talavera and downstream of Embocador 

and Aranjuez. 
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This chart and the previous two are at the same scale. As can be seen, in this basin the ‘other’ 

demands are relatively small. It should be noted that whilst the plot shows the artificial influences 

just in this part of the basin, in fact the artificial influences are applied cumulatively as one moves 

down the basin. 

River Tajo at Alcantara 

The final chart of artificial influences is for the Tajo at Alcantara. In this case the scale of the graph is 

very different. The others had a maximum of 120 m3/s, here the maximum is 1000 m3/s. 

 

As with the chart for the Tajo at Talavera only the artificial influences in that part of the basin are 

plotted. The chart shows that for this part of the basin irrigation demand is much larger than the 

other demands. 

Summary of artificial components 

In summary the averages of the three components are:  

• 46.5 m3/s for irrigation, 

• -0.5 m3/s for storage, 

• 44.5 m3/s for others. 

The low figure for storage reflects the fact that the influence of storage should zero over the long 

term.  

The figure for irrigation is equivalent to 1467 MCM. A table in section 3.1.5  of the draft basin plan 

for the Tajo which summarises demand has 1686 MCM as the irrigation demand. After allowance is 

made for return flow, the figures are equivalent. The figure for ‘others’ is equivalent to 1404 MCM. 
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The equivalent figure in the table is 882. However that table does not include the inter-basin 

transfer of 650 MCM. So again the two values are equivalent. 

Flow of the Tajo at Embocador/Villarubia 

The next chart shows the naturalised for the Tajo at Embocador. In fact the name ‘Embocador’ is a 

misnomer as the flow data at the nearby site of Villarubia were more complete and were in fact 

used. This chart clearly shows the influence of storage on flows and shows the extent to which 

variations are buffered by the reservoirs. 

 

Flow of the Jarama at Aranjuez 

The next chart is for the Jarama at Aranjuez. In this case the influence of storage on flows, relatively 

speaking was not was as significant. 
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Flow of the Tajo at Talavera 

The flow record at Talavera is actually a composite. From 1942 to 1967 it is based on the Talavera 

gauging site. From that date until 2008 it is based on the discharge from two reservoirs just 

upstream: Castrajon and Cazelegas. There was a three year period of overlap and this was used to 

adjust the record from the dams to that at Talavera by multiple regression. 

Even though the adjusted flow at Talavera reflects all the storage upstream of it some of the floods 

we only slightly buffered. 

Flow of the Tajo at Alcantara 

The next charts shows the naturalised flow for the Tajo at Alcantara 
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What is interesting, and perhaps a bit surprising, is that despite the large amount of storage in the 

basin, some winter floods are able to pass through the dams with moderate buffering effect. 
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Naturalised flow - Portugal 

Artificial components 

The map below shows the station with flow measurement retained for analysis. The map also shows 

the defined sub-basins within Portugal. 

 

 

 

• Reservoirs 

Data on reservoirs in Portugal were obtained from two sources, Wikipedia and the SNIRH web site. 

The Wikipedia data were used to get information on the purpose of the reservoir and the 

construction date.  He following table shows the storage of major reservoirs by sub-basin. 



 

Reservoir Storage (major reservoirs) 

Gauged sub-basin Storage MCM 

Bouca  1666 

Agroal 0 

Castelo de Bode 1095 

Foz do Cobrao 372 

Pracana 1119 

Almourol 2190 

Ponte Vila Formosa 0 

Pavia 0 

Ponte Coruche 3816 

Ponte Santo Estevao 521 

Total storage 10779 
 

The data from the SNIRH were used to get the variation in storage during the period of calibration of 

the model. Data were available for all reservoirs but at a variable times step. In some case daily, in 

some case monthly and in other cases they were intermittent. A program was written to read the 

data file, interpolate the change in storage between measured points and calculated the rate of 

change of storage. 

• Abstractions and discharges 

The SNIRH site has data on monthly abstractions and discharges by basin and by types of use: 

agriculture, diverse, industrial and municipal. In many cases data were incomplete with data for a 

few years only. These data were used to establish a monthly pattern of abstractions for each of the 

four types of data. Data were also available from the ARH UNESCO report (United Nations World 

Water Development Report, World Water Assessment Programme (UNESCO). The Tagus River Basin 

District – Portugal , table 20) for current abstractions and discharges. These gave average annual 

demands under similar headings for each sub-basin. To get the artificial influence data for each basin 

the average annual value was adjusted on the basis of the monthly distribution. A disadvantage of 

this method is that it makes no allowance for the growth in demand nor for year-to-year variations 

in irrigation demand. 

This table is taken from the UNESCO report. It shows the demands by sub-basin in hm3 /year 

(MCM/year).  The tables “agriculture” refers essentially to irrigation and “tourism” to golf-course 

watering. 

Water needs hm3/year 

Sub-basin Urban Industry Agriculture Livestock Tourism 

Rio Erges 0.17 0.01 2.15 0.08 0 

Ribeira do Aravil 0.12 0.01 16.40 0.08 0 

Rio Pônsul  2.30 0.25 59.51 0.21 0 

Rio Ocreza  4.05 0.85 18.77 0.17 0 

Rio Zêzere  24.78 7.88 91.47 0.65 0 

Rio Almonda  3.78 5.94 26.54 0.03 0 

Rio Alviela  4.40 3.85 15.18 0.39 0 



 

Rio Maior  9.95 4.22 44.90 0.69 0.35 

Rio Alenquer  3.04 3.05 4.60 0.06 0 

Rio Grande daPipa 1.96 0.85 0.82 0.07 0 

Rio Trancão  34.51 4.93 8.86 0.12 0.16 

Grande Lisboa  87.96 9.76 0.98 0.02 0.389 

Rio Sever  0.67 0.41 1.61 0.09 0 

Ribeira de Nisa 0.46 0.09 2.82 0.08 0 
Vala de Alpiarçae de Ulme 
Ribeira 3.13 3.73 44.15 0.04 0 

Ribeira de Muge 1.25 0.62 29.18 0.14 0 

Ribeira de Magos 1.71 0.55 31.77 0.08 0 

Rio Sorraia  13.77 9.74 297.49 3.14 0.94 

Tejo Superior  5.78 4.32 29.77 0.26 0 

Tejo Inferior  5.29 2.08 50.92 0.17 0 

Estuário   131.73 21.49 100.33 0.70 1.83 

Ribeiras Costeiras doSul 1.53 0.03 0.67 0.01 0 

Água Costeira doSul 24.30 1.02 1.80 0.01 0.189 
 

This table of monthly flow distribution was taken from data on the SNIRH site. As data were not 

available for all sites for all year the demand data that were available were expressed as percentage 

for month and average to get the following table. 

Monthly flow distribution 

Month Agriculture Municipal 

1 0.001051 0.083608 

2 0.000906 0.072716 

3 0.004109 0.080819 

4 0.034269 0.075918 

5 0.104802 0.08172 

6 0.179579 0.088542 

7 0.256739 0.096259 

8 0.229385 0.094741 

9 0.096503 0.092061 

10 0.089687 0.087147 

11 0.001991 0.072346 

12 0.000978 0.074122 
 

The demands were given for named sub-basins which did not correspond to the gauged basins. The 

following table shows the distribution of demands from ‘named’ to ‘gauged’ sub-basins. 

 
Named sub-basins 

Gauged sub-

basin 
Rio 
Erges 

Ribeira 
do 
Aravil 

Rio 
Ocreza  

Rio 
Zêzere  

Rio 
Almonda  

Rio 
Alviela  

Rio 
Sever  

Ribeira 
de Nisa 

Rio 
Sorraia  

Tejo 
Superior  

Tejo 
Inferior  

Bouca  0.7 

Agroal 



 

Castelo de 
Bode 0.3 
Foz do 
Cobrao 0.5 

Pracana 
  

0.5 
        Almourol 1.0 1.0 1.0 1.0 1.0 

Ponte Vila 
Formosa 0.2 

Pavia 
        

0.2 
  Ponte 

Coruche 
        

0.4 
  Ponte Santo 

Estevao 
        

0.2 
  Vila Franca 

de Xira 
    

1.0 1.0 
    

1.0 

 

A program was written to read these files and the observed data and calculate the naturalised data. 

No separate files were produced of artificial influences. 
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Hydrological Model Results 
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Hydrological Modelling Results 

 
In the following pages we show the hydrological modelling results for the different 
scenarios as two charts for each Tagus sub-basin.  One of them shows the average monthly 
flow under certain conditions. The other shows the flow duration curve under the same 
conditions.  The conditions are: 
 
• Observed flow (blue line). These are flows that were observed at the gauging station and they reflect 

the abstractions and reservoir storage upstream.  Note: They cannot be directly compared with 
other flows as the period of measurement, sometimes as short as 3 years, is different to the 
simulated flows on which the other lines on the graph are based. 

• Natural flow (red line).  A naturalised flow record was produced at each measuring site for the 
period of observed flow. This record was used to calibrate the hydrological model. The model 
was then used to simulate natural flows for the period 1971 to 2009. This is the record plotted on 
the charts. 

• A1B scenario (solid green line). These are simulated flows based on average A1B projected of seven 
climate models. 

• A1Bmax scenario (short dashed green line). This is he A1B scenario with maximum temperature 
increase  and smalled precipitation increase and expected to have maximum effect. 

• A1Bmin scenario (long dashed green line). As above but minimum effect. 
• A2 (thin orange line). As A1B but with the A2 scenario. 
• B1 (thin purple line). As A1B but with the A2 scenario. 

 



 

1 Tajo at Villarubia 

 

 

 

0

20

40

60

80

100

120

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fl
o

w
 -

m
3
/s

Average monthly flow - River Tajo at Vallarubia

Measured (1999-2008) Natural A1B

A1BMax A1BMin A2

B1



 

 

2 Jarama at Aranjuez 
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3 Tajo at Talavera 
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4 Tajo at Alcantara 

 

 

 

 

0

100

200

300

400

500

600

700

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

F
lo

w
 -

m
3
/s

Average monthly flow - River Tajo at Alcantara

Measured (1999-2008) Natural A1B

A1BMax A1BMin A2

B1

0.1

1

10

100

1000

10000

100000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

F
lo

w
 -

m
3
/s

Percentage of time above flow value

Flow duration curve - River Tajo at Alcantara

Measured (1999-2008) Natural A1B

A1BMax A1BMin A2

B1



 

5 Bouça 
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ANNEX K – FINAL ADMINISTRATIVE PROGRESS REPORT 

 
 
 
The following sections summarise final progress with the various tasks 
defined in the project specification (Section K1), key stakeholder meetings 
organised and/or attended for the project (Section K2), and the status of all 
project deliverables (Section K3).  The final section also provides the location of 
the final deliverables that are annexed throughout this main report. 
 

K1 PROJECT TASKS 

 

Task Description Summary of progress 

Task 1: Detailed Project 
Design 

This task involved the selection of case 
study river basins and water utilities to 
be studies for the project, and the 
development of a detailed study 
methodology.  During this stage, 
discussions were held with officials and 
industry representatives from a number 
of member states in order to identify and 
select examples with a range of 
regulatory, water resource, socio-
economic and operational efficiency 
contexts. 

Complete.  A detailed project 
methodology was developed and 
presented in the project Inception 
Report.   

Task 2: Preparation of 
Case Studies 

The preparation of the case studies 
formed the main phase of the project. 
The scope of analysis for each case study 
included: a physical, regulatory and 
socio-economic context analysis 
(including inter-alia at national, 
basin/sub-basin and water utility level); 
a technical & operational analysis (of the 
specific water utility); and a financial & 
economic analysis.   

Complete.  The final 7 case study 
reports are presented as annexes 
to this report.  
 

Task 3: Preparation of 
Consolidated Analysis 

Following completion of the case studies, 
a consolidated analysis was prepared 
detailing the possibilities and options for 
improving water efficiency in 
distribution systems in the EU that could 
feed into the stakeholder consultation 
process for the EC’s policy review on 
Water Scarcity & Drought. 

Complete.  The final 
consolidated analysis is 
presented within the main body 
of this report. 
 

Task 4: Preparation of 
Policy 
Recommendations 

On the basis of the consolidated analysis 
of the case studies, a series of policy 
recommendations were developed 
detailing how the findings of the project 
could be integrated into policy at the EU, 
national or local level.  The analysis 
included an assessment of the 
environmental, economic and social 
consequences of the proposed measures. 

Complete.  The final policy 
recommendations are presented 
within the main body of this 
report. 



ERM/SOL;VENTA EUROPEAN COMMISSION 

2 

Task Description Summary of progress 

Task 5: Preparation of 
Ad-Hoc Briefing Notes 

The final stage of the project involved 
the preparation of 3 ad-hoc briefing 
notes (to be identified by the EC) to 
assist with the ongoing process of policy 
review on Water Scarcity & Drought.  
The final choice of briefing notes are 
described in Section 2.3. 

Complete.  The 3 briefing notes 
(on Valuing Ecological 

Externalities, Setting Water 

Quantity and Quality Targets and 
Application of Study 

Recommendations to Tagus River 

Basin) have been completed and 
are annexed to this report.   

 
 

K2 STAKEHOLDER MEETINGS 

 
The following key stakeholder meetings were organised and/or attended 
during the course of the project. 
 
• An inception meeting was held in Brussels on 11th January with the EC 

contract manager and key project team members.  Thereafter, regular 
(approximately 4-6 monthly) project progress meetings were held in 
Brussels throughout the course of the project. 

 
• Ongoing meetings were held throughout the study period with key 

stakeholders from all of the case studies in Table K1.  These meetings were 
carried out to collect data, develop the case studies and discuss the study 
findings and conclusions.  

 
• Key members of the study team also attended and presented the 

preliminary study findings and conclusions at the following events 
throughout the course of the project: 

 
i. Water Resource Efficiency Workshop, European Environment 

Agency, Copenhagen, 16-17 June 2011 
ii. Cleantech Roundtable Event: Efficient Water Distribution Solutions - 

Key to Safeguarding Europe's Water, Brussels, 8 November 2011 
iii. Third Water Loss UK Seminar, Birmingham, 26 March 2012. 
iv. Green Week 2012, Brussels, 22-25 May 2012 
v. EEA Grants Conference on Water and Adaptation to Climate 

Change, Lisbon, 7-9 October 2013 
 
• Finally, two project steering committee meetings were organised and held 

during the second phase of the project in 2012: in Brussels (EC offices, 25 
April 2012) and Lisbon (EPAL offices, 4-5 July 2012).  The purpose of these 
meetings was to share, discuss, test and ratify the case study findings and 
preliminary and draft final policy recommendations with selected key EU 
agency and water industry stakeholders.  The meeting participants are 
listed in Table 2.2. 
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Table K1 Project Steering Committee Meeting Participants 

Name Organisation Brussels –  

25 April 2012 

Lisbon –  

4-5 July 2012 

Charlotte BOUGAUX-
GINSBURGER 

Aqua Publica Europa &  
FNCCR - Département eau et 
assainissement, France 

No Yes 

Luis BRANCO EPAL, Portugal No Yes 
Selçuk COŞKUN Water Directorate, Turkey Yes No 
Andrew DONNELLY EPAL, Portugal No Yes 
Henriette 
FAERGEMANN 

EC DG Environment Yes Yes 

Milo FIASCONARO  Aqua Publica Yes No 
Dominique GATEL EUREAU Yes Yes 
Ulrich HAARMAN VKU, Germany Yes No 
Stephen HART EIB Yes Yes 
Sabine HOEFNAGEL ERM UK No Yes 
Ana Margarida  LUIS EPAL, Portugal No Yes 
John MAGUIRE Solventa Yes Yes 
Jean-Jacques MARSALY SUEZ, France Yes Yes 
Jim MARSHALL Water UK Yes No 
Basilio MARTINS EPAL, Portugal No Yes 
Ana Amelia SANTOS EPAL, Portugal No Yes 
Francisco SERRANITO EPAL, Portugal No Yes 
Tim SMITH ERM UK Yes Yes 
Elif TORCU-TAS EC Delegation, Turkey Yes Yes 
Ines TRINDADE ARH Portugal No Yes 
Arnaud Uzabiaga ERM France Yes No 
Mireille VANDOMME CEEP General Secretariat, 

Germany 
Yes No 

 
 

K3 PROJECT DELIVERABLES 

 
Deliverable Status Location in 

document 

Inception Report Already submitted. Not included. 
 

Case Study Reports  Complete. Annexes A to G 

 
Interim Report Already submitted. Not included. 

 
Consolidated Study Findings and 
Policy Recommendations Report 
 

Complete.   
 
Note: this document contains two 
deliverables from the original 
project specification – the 
Consolidated Report and Policy Paper 
on water efficiency. 
 

Main Report 
Section 3 and 4 

3 Ad-Hoc Briefing Notes:  

Briefing Note 1 – Comparison of 
Methods for Valuing Ecological 
Externalities for River Basin 
Planning Purposes 
 

Complete. 
 

Annex H 
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Briefing Note 2 –  Setting Water 
Quantity and Quality Targets for 
River Basin Planning Purposes 
 

Complete Annex I 

Briefing Note 3 – Example 
application of project 
recommendations to Tagus River 
Basin, Portugal 
 

Complete Annex J 

Draft Final Report Complete (this document) 
 

- 

Final Report Due by end of Month 30  
 

- 
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across the following  

countries worldwide 
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Australia  New Zealand  

Belgium   Panama  

Brazil   Peru  

Canada   Poland  

Chile   Portugal  

China   Puerto Rico  

Colombia  Romania  

France   Russia  

Germany  Singapore  

Hong Kong  South Africa  

Hungary  Spain  

India   Sweden  

Indonesia  Taiwan  

Ireland   Thailand 

Italy   United Arab Emirates  

Japan   UK  

Kazakhstan  US  

Korea   Venezuela 

Malaysia  Vietnam 

Mexico   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ERM’s London Office 

ERM

2nd floor 

Exchequer Court 

33 St. Mary Axe 

London EC3A 8AA 

T: +44 20 3206 5200 

F: +44 20 3206 5440 

www.erm.com 


