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Abstract 

The Water Framework Directive (WFD), adopted in 2000 (2000/60/EC), is one of the 
first European directives in the domain of water, where economics is an integral part of 
the decision-making processes surrounding its implementation in Member States. The 
implementation process has been an import learning process so far for both experts and 
policy makers. Many decision issues have been clarified in the past few years, but many 
policy and research questions related to the development of the first integrated river ba-
sin management plans in 2009 remain open. Besides imperfect knowledge and informa-
tion about the functioning of the water environment (labelled natural uncertainty in this 
paper) and the current and future social and economic values of water systems to human 
beings (labelled social uncertainty in this paper), political uncertainty exists about the 
decision issues, the decision criteria, the decision-making procedures and the political, 
institutional, social, financial and economic consequences of the decisions to be taken.  

Although a strict distinction between these three sources of uncertainty is questionable 
since it has been argued that scientific knowledge and the characterization of uncertainty 
is not independent of political context and are in fact co-produced by scientists and the 
society and institutions within which they are embedded, this paper shows that their in-
teraction is at the core of the main uncertainties underlying the economic analysis in the 
WFD. The main objective of this paper is to identify, classify and assess the main uncer-
tainties surrounding the economic analysis in the WFD, i.e. the economic characteriza-
tion of river basin districts, the identification and construction of a baseline scenario, the 
selection of a cost-effective programme of measures and the cost recovery of water ser-
vices. This is done with the help of practical examples derived from the implementation 
of the WFD in the Netherlands so far. 

Natural uncertainty is the predominant type of uncertainty in the selection process of a 
cost-effective programme of measures, whereas social uncertainty plays particularly an 
important role in the assessment of the effectiveness of pricing policies in the cost-
effective programme of measures. Most political uncertainty occurs in the definition of 
environmental objectives related to good status and the identification of socially and 
economically acceptable measures to reach these objectives and hence the interpretation 
of the concept of disproportionate costs.  
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‘By ‘uncertain’ knowledge, I do not mean merely to distinguish what is known for cer-
tain from what is only probable. The game of roulette is not subject, in this sense, to un-
certainty. The sense in which I am using the term is that in which the prospect of a 
European war is uncertain, or the price of copper and the rate of interest twenty years 
hence. About these matters there is no scientific basis on which to form any calculable 
probability whatever. We simply do not know.’   

 

John Maynard Keynes, 1937. 

 

 

‘It is trivial to note that the future is uncertain. It is, however, far from trivial to analyze 
that uncertainty.’  
 

 Karl-Göran Mäler, 2002



Uncertainties in the economic analysis in the WFD 

1 

1. Introduction 

The Water Framework Directive (WFD), adopted in 2000 (2000/60/EC), is one of the 
first European directives in the domain of water, where economics is an integral part of 
the decision-making processes surrounding its implementation in Member States. The 
implementation process has been an import learning process so far for both experts and 
policy makers. Many decision issues have been clarified in the past few years, but many 
policy and research questions related to the development of the first integrated river ba-
sin management plans in 2009 remain open. Besides imperfect knowledge and informa-
tion about the functioning of the water environment (natural uncertainty) and the current 
and future social and economic values of water systems to human beings (social uncer-
tainty)1, political uncertainty exists about the decision issues, the decision criteria, the 
decision-making procedures and the political, institutional, social, financial and eco-
nomic consequences of the decisions to be taken2. Although a strict distinction between 
these three sources of uncertainty is questionable and it has been argued that scientific 
knowledge and the characterization of uncertainty is not independent of political context 
and are in fact co-produced by scientists and the society and institutions within which 
they are embedded (Funtowicz and Ravetz, 1992; Jasanoff, 1996; Sarewitz, 2004), this 
paper will show that their interaction is at the core of the main uncertainties underlying 
the economic analysis in the WFD. 

The main objective of this paper is to identify, classify and assess some of the main un-
certainties surrounding the economic analysis in the WFD. This will be done based upon 
practical examples derived from the implementation of the WFD in the Netherlands so 
far. Uncertainty and its integration in decision-making surrounding the implementation 
of the WFD is identified as one of the main issues that require further investigation ac-
cording to the Guidance Document on the Economic Analysis published in 2002 by the 
Water and Economics Working Group (WATECO) under the WFD Common Implemen-
tation Strategy. Following mainstream thinking (e.g. Faber and Proops, 1990; Costanza, 
1994; Shackley and Wynne, 1996; Sarewitz, 2004), uncertainty is generally defined in 
this paper as limited (incomplete or imperfect) knowledge or information about current 
or future environmental, social, economic, technological, political or institutional condi-
tions, states or outcomes and the implications or consequences of these current or future 

                                                   
1 The distinction between natural and social uncertainty is based on Bishop (1979). Bishop distin-
guishes between natural and social uncertainty, where natural uncertainty derives from imperfect 
knowledge of the natural environment and social uncertainty concerns variables such as future in-
comes and technologies that will influence whether or not a resource is regarded as valuable. 
2 In the context of political decision-making, a distinction has been made between goal uncertainty 
(policy objectives), action uncertainty (composition of alternative sets of measures) and yield uncer-
tainty (costs and benefits of alternative sets of measures) (van Asselt, 2000). 
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conditions, states or outcomes3. Assigning probabilities to (reaching) these uncertain 
(potential) states or outcomes has been the most common strategy to deal with uncer-
tainty in science, policy and decision-making, and provides the basis for the distinction 
between uncertainty and risk. Here, risk is defined as the probability of facing or reach-
ing a specific (potential) state, condition or outcome4. Awareness of (existing knowledge 
or information about) potential states or outcomes obviously is a prerequisite in order to 
be able to assign any probabilities. This is usually referred to as ignorance in the litera-
ture (e.g. Faber and Proops, 1990), where ignorance is defined as the lack of awareness 
of (potential) states, conditions or outcomes. 

Following these definitions and the distinction made by Brown (2004) in HarmoniRiB 
between statistical uncertainty (all outcomes and probabilities known), scenario uncer-
tainty (some outcomes known, no probabilities known), qualitative uncertainty (some 
outcomes and some probabilities known) and recognised ignorance (no outcomes 
known), the types of uncertainty found in the economic components in the WFD ad-
dressed in chapters 3-7 in this paper can globally be categorised as shown in Figure 1.1. 

 

Type of uncertainty Statistical            
uncertainty 

Scenario            
uncertainty 

Qualitative    
uncertainty 

Recognised   
ignorance 

Natural uncertainty 
 

  

 
Social uncertainty 
 

 
 

Chapter 
3 

 

 
Political uncertainty 
 

 

 
 

Chapter 
6 

 
 
 

Chapter 
4 

 
 

 
 
 

Chapter 5 

 

Explanatory note: 
Chapter 3: Economic river basin characterization 
Chapter 4: Baseline scenario 
Chapter 5: Selection cost-effective programme of measures 
Chapter 6: Cost recovery water services 
 

Figure 1.1: Categorization of the main economic elements in the WFD addressed in 
this paper according to the types of prevailing uncertainties 

 

 

                                                   
3 This definition differs from the one adopted in HarmoniRiB, where uncertainty is defined from the 
perspective of an individual person (e.g. decision-maker) who lacks confidence in a specific outcome 
of an event or action instead of uncertainty defined as resulting from the total body of available 
knowledge and information. Walker et al. (2003) furthermore distinguish between epistemic and sto-
chastic uncertainty, where the former refers to uncertainty due to imperfect knowledge and informa-
tion and the latter to uncertainty due to the inherent variability in natural events or phenomena. In this 
paper, I use these two types of uncertainty interchangeably unless explicitly indicated. 
4 Again, this definition differs from the one used in HarmoniRiB, where risk is defined from the per-
spective of an individual person (e.g. decision-maker), i.e. her representation of an event where she 
assumes she knows all potential outcomes and associated probabilities. 
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The remainder of this paper is organized as follows. Chapter 2 provides an overview of 
the inclusion of the notion of risk and uncertainty in economic theory and briefly de-
scribes the economic analysis in the WFD, highlighting the main components. Uncer-
tainties surrounding the main components of the economic analysis in the WFD are sub-
sequently discussed and illustrated with the help of practical examples in chapters 3 to 6. 
Finally, chapter 7 summarizes the main findings and concludes. 
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2. Background 

2.1 Economic theory underlying risk and uncertainty 

In the economic literature, a long-standing debate exists around the distinction between 
risk and uncertainty. Bernoulli (1738) was the first to introduce the notion of expected 
utility in the context of risk, decomposing the valuation of a risky venture into the sum of 
utilities from outcomes weighted by the probabilities of these outcomes. However, it was 
not until 1921 when the notions of risk and uncertainty were defined separately by 
Knight in his book ‘Risk, Uncertainty and Profit’ and not until 1944 when the notion of 
risk was formalised by Von Neumann and Morgenstern in expected utility theory. 

In Knight’s interpretation, risk refers to situations where the decision-maker can assign 
mathematical probabilities to the randomness, which he is faced with. In contrast, uncer-
tainty refers to situations when this randomness cannot be expressed in terms of specific 
mathematical probabilities. Following this definition, a number of decision theories un-
der uncertainty were developed in economic theory, of which the work by Von Neumann 
and Morgenstern on expected utility theory (1944) was the first to trigger subsequent 
work by Savage (1954), allowing objective and subjective probabilities to be determined 
jointly in expected utility theory, and Arrow (1953) and Debreu (1959) and their state-
preference approach to uncertainty where no mathematical probabilities are assigned at 
all. 

Hence, three basic strands of thought can be distinguished in economic choice theory 
under uncertainty: one assigning objective probabilities to random events (Von Neu-
mann-Morgenstern), one not assigning any probabilities to random events because of 
lack of knowledge and arguing that probabilities really are only beliefs with no necessary 
connection to the true randomness of the world, if random at all (Arrow and Debreu), 
and one assigning objective and subjective probabilities to random events (Savage). 
Contrary to the utility function in decision making without uncertainty, which is only 
able to rank alternatives, the Von Neumann-Morgenstern utility function has the advan-
tage that it is able to also measure the strength of preferences over outcomes (van Zandt, 
2003). It is this expected utility theory, measuring the strength of preferences, which un-
derlies neo-classical economic welfare theory today. However, opinions differ regarding 
the assigning, nature and interpretation of the (un)known probabilities.  

More recent definitions of risk and uncertainty in the environmental economics literature 
include for example the ones given by Faber and Proops (1990) and Costanza (1994). 
According to Faber and Proops (1990), risk means that future events are not known for 
certain, but can be associated with known objective or subjective probability distribu-
tions, while uncertainty means that some future events are definitely unknowable and 
cannot be associated with probability distributions based on past knowledge. Costanza 
(1994) defines risk in a similar way as an event with a known probability and true uncer-
tainty where objective or subjective probabilities are not known. 
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Most economic choice theories nowadays treat uncertainty as a state that can in principle 
be known through objective or subjective probability distributions and preferences for 
specific probability distributions (e.g. risk averse, risk neutral or risk loving attitudes or 
behaviour). In assuming that all uncertainty can be quantified by given probabilities, the 
economic approach treats the problem as an analysis of risk rather than true uncertainty 
(Crowards, 1996). Although this approach is powerful for non-complex and non-
dynamic systems, such as the transaction between a household and a producer, it is not 
considered adequate for integrated economic-biophysical-social systems with new cur-
rently unforeseen or unknown (i.e. novel) and uncertain future outcomes (de Wit, 2002). 
The degree to which a studied future system can be treated as a risk or as an uncertainty, 
depends to a large extend on the novelty contained in the system. When the system con-
tains no or little novelty, probabilistic approaches are sufficient. However, when the de-
gree of novelty increases, due to complexity and dynamics in the system, probabilistic 
approaches would not be sufficient to predict and manage future events. According to 
Costanza (1994, p.97), ‘most important environmental problems suffer from true uncer-
tainty, not merely risk’. 

2.2 The economic value of additional information 

The reduction of uncertainty surrounding scientific knowledge and information is the 
standard model for informing the correct course of action (Sarewitz, 2004). Uncertainty 
in decision-making can in some instances be reduced by new research and the availabil-
ity of new information5. New information can change (1) the a-priori expectations, 
probabilities or beliefs about certain outcomes (into posterior beliefs), (2) the potential 
outcomes themselves and (3) preferences over acts or actions (van Zandt, 2003). Deci-
sion-making conditional on additional information and the corresponding updating of be-
liefs incorporating the newly acquired information is analyzed using Bayes’ theorem. 
According to the Bayesian approach, an agent’s beliefs are represented by a subjective 
probability measure or Bayesian prior. There is no meaningful distinction using this ap-
proach between risk, where probabilities are available to guide choice, and uncertainty, 
where information is too imprecise to be summarized adequately by probabilities (Miao 
and Wang, 2004).  

Alternatively, decision-makers can wait to take a decision based on expectations about 
future changes. For example, farmers who carry large losses may be rationally keeping 
their operation alive on the chance that the future will be brighter (Dixit, 1992, p.109). In 
other words, waiting has positive value. Agents decide when to exercise an ‘option’ 
analogous to a financial call option – a decision-maker has the right but not the obliga-
tion to buy an asset at some future time of its choosing. This options approach has been 
widely applied in investments and corporate finance (Dixit and Pindyck, 1994). In the 
environmental economics literature (e.g. Pearce and Turner, 1990), the concept of option 

                                                   
5 This is not necessarily always the case as Sarewitz (2004) shows in a number of case studies where 
political stakes and also the number of scientific and institutional players play a significant role. Also 
Rosenberg (1994) points out that the very act of estimating probabilities may actually increase the 
complexity of the system being studied as that system now includes the cognitive states of the experts 
who are doing the estimation. 
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value has been introduced, which is akin to the insurance premium that a risk-averse in-
dividual is willing to pay to maintain a resource for future use. However, this risk pre-
mium, as an addition to expected consumer surplus, still relies on assigning probabilities 
to a number of alternative outcomes, each with known payoffs (Crowards, 1996). Quasi-
option value refers to the gains from delaying a decision that would impinge on the envi-
ronment, contingent on acquiring improved information in the future. This too is 
founded on expected utility theory, based on (subjective) probabilities assigned to future, 
known outcomes. Therefore, whilst these option values may help to estimate the full 
benefits of preservation, they do not solve the problem of true uncertainty in the context 
of irreversibility (Bishop, 1978; Crowards, 1996). 

2.3 Dealing with uncertainty in practice 

Except for the use of probabilistic (Bayesian) approaches, there exist no detailed, practi-
cal, prescriptive guidelines on how to conduct an uncertainty analysis in economic 
analyses. The box below presents, as an illustration, the guiding principles to uncertainty 
assessment in economic analysis provided by the US Environmental Protection Agency.  

 
Uncertainty is inherent in economic analyses, particularly those associated with environ-
mental benefits for which there are no existing markets. The issue for the analyst is not how 
to avoid uncertainty, but how to account for it and present useful conclusions to those mak-
ing policy decisions. Treatment of uncertainty, therefore, should be considered part of the 
communication process between analysts and policy makers. Transparency and clarity of 
presentation are the guiding principles for assessing and describing uncertainty in economic 
analyses. Although the extent to which uncertainty is treated and presented will vary accord-
ing to the specific needs of the economic analysis, some general minimum requirements ap-
ply to most economic analyses. In assessing and presenting uncertainty the analyst should, 
if feasible:  

• present outcomes or conclusions based on expected or most plausible values; 
• provide descriptions of all known key assumptions, biases, and omissions; 
• perform sensitivity analysis on key assumptions; and 
• justify the assumptions used in the sensitivity analysis. 

The outcome of the initial assessment of uncertainty may be sufficient to support the policy 
decisions. If, however, the implications of uncertainty are not adequately captured in the ini-
tial assessment then a more sophisticated analysis should be undertaken. The need for ad-
ditional analysis should be clearly stated, along with a description of the other methods used 
for assessing uncertainty. These methods include decision trees, Delphi-type methods, and 
meta-analysis. Probabilistic methods, including Monte Carlo analysis, can be particularly 
useful because they explicitly characterize analytical uncertainty and variability. However, 
these methods can be difficult to implement, often requiring more data than are available to 
the analyst. Confidence intervals are generally useful to describe the uncertainty associated 
with particular variables. When data are available to estimate confidence intervals they can 
serve to characterize the precision of estimates and to bound the values used in sensitivity 
analysis. 
 
Source: Guidelines for Preparing Economic Analyses, United States Environmental Protection Agency, Septem-
ber 2000. 
 
Box 2.1: Guiding Principles for Uncertainty Analysis 
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The situation is more or less the same for the practical implementation of environmental 
policy in Europe and elsewhere. General guiding principles are advocated, but no stan-
dard prescription is available. Examples are the precautionary principle or the adoption 
of safe minimum standards. Costanza and Cornwell (1992) argue that one of the main 
reasons for the problems with current methods of environmental management tackling 
uncertainty are not just related to its existence, but the radically different expectations 
and modes of operation that scientists and policymakers have developed to deal with it. 
The notions of the precautionary principle or safe minimum standards when facing true 
uncertainty (for example in the context of (ir)reversible climate change) suggest clear 
decision rules to avoid environmental degradation beyond certain threshold values. 
However, there is a distinct lack of clarity surrounding the science, economics and poli-
tics of what such values entail (Crowards, 1996). 

2.4 The economic analysis in the WFD 

The WFD is one of the first European Directives in the domain of water, which explic-
itly recognizes the role of economics in reaching environmental and ecological objec-
tives. The Directive calls for the application of economic principles (e.g. polluter pays 
principle), approaches and tools (e.g. cost-effectiveness analysis) and for the considera-
tion of economic instruments (e.g. water pricing methods) for achieving good water 
status for water bodies in the most effective manner. The Guidance Document on the 
Economic Analysis prepared in 2002 by the European Water and Economics Working 
Group (WATECO) advises that the various elements of the economic analysis should be 
integrated in the policy and management cycle in order to aid decision-making when 
preparing the river basin management plans. The integration of economics throughout 
the WFD policy and decision-making cycle is presented in Figure 2.1. 

The main elements of the economic analysis are found in Articles 5 and 9 and Annex III 
in the WFD. Economic arguments also play an important role in the political decision-
making process surrounding the preparation of RBMP in Article 4 where derogation can 
be supported by the strength of economic arguments when setting environmental objec-
tives. The economic analysis can be summarised as follows: 

1) Economic characterisation of the river basin (Article 5) 

• Assessment of the economic significance of water use in the river basin. 

• Forecast of supply and demand of water in the river basin up to 2015. 

• Assessment of current cost recovery by estimating the volume, prices, invest-
ments and costs associated with water services in order to be able to assess cost 
recovery of these water services, including environmental and resource costs. 

2) Cost-effectiveness analysis (Article 11 and Annex III) 

• Evaluation of the costs and effectiveness of the proposed programme of meas-
ures to reach the environmental objectives. 

3) Disproportional costs (Article 4) 

• Evaluation whether costs are disproportionate. 
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4) Cost recovery and incentive pricing (Article 9) 

• Assessment of the distribution of costs and benefits and the potential impact on 
cost recovery and incentive pricing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: WATECO Guidance Document 

Figure 2.1: The role of economics throughout the WFD implementation process 

 

The three main steps in the economic analysis identified by WATECO (2002) and the 
associated time path are illustrated in Figure 2.2. The first step, the economic characteri-
sation of river basins, has recently been completed. In the next two years (2005-2006) 
the preliminary findings so far in the different European river basins regarding the main 
water users (sources of pollution) and so on will be further elaborated (including the 
more detailed definition of environmental objectives) and a start will be made with the 
identification of additional measures needed to reach good water status in a second step. 

By the end of 2007 each EU Member State has to produce an overview of its basic and 
additional measures according to Article 11, from which the most cost-effective pro-
gramme of measures will be selected in step 3 by the end of 2008. Based on a cost-
effectiveness analysis of programmes of measures, the question whether the total costs of 
additional measures to reach good water status are disproportionate will be addressed by 
the end of 2009. Finally, the financial implications of the basic and additional measures 
for different groups in society has to be evaluated by 2010, including the level cost re-
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covery, changes in the use and level of economic instruments (e.g. levies, taxes, water 
prices) and their role in achieving a more efficient and sustainable water use. 

 
Source: modified from the WATECO Guidance Document 

Figure 2.2: Steps in the economic analysis in the WFD and corresponding time path 

 

Although the WATECO Guidance acknowledges that uncertainty surrounding the eco-
nomic analysis is one of the main issues that require further investigation, especially 
throughout the process of identifying measures, costs, effectiveness and time-lagged ef-
fects of measures, the Guidance it self does not provide any recommendations on how to 
do this. How uncertainties manifest themselves in the various components of the eco-
nomic analysis in the WFD will be dealt with in the next chapters. 
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3. Uncertainty surrounding the economic characterization of river 
basins 

3.1 Introduction 

One of the first reporting requirements in the WFD is a description of the river basin district, in-
cluding an assessment of the economic importance of current water use. This means that different 
types of water use have to be identified in a river basin district and where possible quantified in 
terms of physical water use and corresponding economic significance. Physical water use refers to 
groundwater and surface water extraction for different socio-economic activities (e.g. crop culti-
vation in agriculture, food processing, energy generation, etc.). However, water use also includes 
the use of water systems as a sink for residual pollution (emission of wastewater and pollutants) 
by socio-economic activities. Economic significance can be usually measured with the help of in-
dicators like production value, value added and employment (e.g. WATECO, 2002).  

One of the main problems for the economic characterization of river basin districts is the fact that 
there is a mismatch between the spatial scale at which hydrological and biochemical data about 
water use are collected, aggregated and published and the spatial scale at which economic data are 
collected, aggregated and published. Availability of data and information about the economic sig-
nificance of different water-related economic activities is usually not the main problem. Most 
European MS, except perhaps the recently included new MS, have a well functioning System of 
National Accounts (SNA) from which key indicators like production value and value added and 
can be derived. The reliability of these data may be a reason of concern, but the statistics are con-
structed in principle in accordance with an internationally adopted methodology, i.e. the European 
System of Accounts (ESA) (Eurostat, 1996), which is based on the worldwide SNA (United Na-
tions, 1993). The use of such an internationally accepted method allows for international compa-
rability. However, the available economic data are not aggregated and published at the level of 
river basin districts, but at the level of administrative units (e.g. municipality, county, province or 
country), and are furthermore usually not directly related to any water use6. This may result in un-
certainty surrounding the identification of the main water users and sources of pollution in a basin 
district. 

Another problem is that the various information sources behind the collection and aggregation of 
physical water use data and data about the economic value of socio-economic activities apply dif-
ferent water use categories. Hence, even if physical and economic data are made available at the 
same spatial level (river basin district), the underlying categorisation of water use and water users 
often differs, making it hard if not impossible to directly relate water use to different socio-
economic activities. Other problems, besides the use of different spatial scales and classifications, 

                                                   
6 According to the Handbook on Integrated Environmental and Economic Water Accounting, drafted by the UN, 
‘… it is important that the spatial reference is the same for hydrological and economic data.’ However, ‘river 
basins for which hydrological data is usually available, do not generally coincide with administrative regions 
for which economic information is collected’ (to be published in 2005, p.17). According to the European Task 
Force on Water Satellite Accounts (2002, p.4), the implications of the WFD include ‘an increase in the demand 
for water-related data of various kinds (water supply and use, economic data, water quality etc.) that are inte-
grated and consistent and more focus on the geographical boundaries of the data, i.e. water bodies and river ba-
sin districts’.  
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include the use of different sampling and aggregation procedures and the use of different statistics 
from different sources (observations, calculations and sometimes model simulations). 

3.2 Integrated environmental-economic river basin accounting 

In order to meet the growing demand for information about the economic value of water use and 
the wider economic consequences of water policy and management, the possibilities of linking ex-
isting water information systems to the economic accounting system have been investigated in a 
number of European countries. This research has resulted in the Netherlands in the creation of a 
new integrated water economics information system called the National Accounting Matrix in-
cluding Water Accounts for River Basins (NAMWARiB) (Brouwer et al., 2005). NAMWARiB 
provides information about the linkages between the physical water system and the economy at 
national and river basin scale. This involves not only linking water related environmental data to 
economic data, but also presenting these data at the relevant spatial scale through upscaling and 
downscaling. It is this issue of matching available data across different scales, which has proven 
to be one of the major challenges in the compilation of a new integrated river basin information 
system and has resulted in a major source of uncertainty.  

The structure of NAMWARiB is based on the National Accounting Matrix including Environ-
mental Accounts (NAMEA), which was developed by Statistics Netherlands in the beginning of 
the 1990s (de Haan et al., 1993). Basically, NAMWARiB consists of three different, but consis-
tently and coherently interlinked accounts:  

• An economic account, containing economic activities by sector at national and river basin 
level based on the System of National Accounts (SNA). 

• An emission account, containing the emission of wastewater and pollutants to surface wa-
ter at national and river basin level based on National Emission Registration. 

• A water balance account, including water intake and water discharge at national and river 
basin level based on a National Water Survey undertaken every five years by Statistics 
Netherlands. 

Water and pollution (emission) flows are directly related to economic activities. A distinction is 
furthermore made between groundwater and surface water use in economic activities. The public 
water sector is singled out as a separate branch of industry, as well as environmental taxes related 
to water.  

NAMWARiB presents information at the level of the seven WFD river basin districts in the Neth-
erlands: Rhine-North, Rhine-West, Rhine-East and Rhine-Centre, Meuse, Scheldt and Ems (Fig-
ure 3.1). The regional economic accounting system at COROP level, the official regional adminis-
trative economic units distinguished by Statistics Netherlands, provides the basis for the compila-
tion of NAMWARiB. The five indicators or variables in the regional economic accounts include 
production (at basic prices), use of intermediary products (at purchase prices), gross value added 
(at market prices), employers’ wages and labour force. The economic data at the level of the 40 
COROPs are aggregated to the seven river basins in a number of steps (Figure 3.2). In a first step, 
data for COROPs which are situated entirely in one river basin are allocated directly to this river 
basin. This is the case for 23 of the 40 COROPs in total. For the remaining 17 COROPs, data are 
allocated in subsequent steps on the basis of the distribution of employees in the specific branches 
of industry in these 17 COROPs. The economic data are allocated to two or more river basin dis-
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tricts with the help of the estimated percentage of employees working in a specific river basin. 
These percentages are estimated by identifying: 

1) the specific branches of industry in the remaining 17 COROPs; 

2) the total number of employees working in these branches of industry; 

3) the municipalities in which the business units in these branches of industry are located; 

4) which of these municipalities fall entirely in one specific river basin, and which munici-
palities overlap with other river basins. 

 

Figure 3.1: The Netherlands split up in the seven river basins distinguished in the WFD and 
the underlying 40 geographical economic units (COROPs) 

 

Hence, after the specific branches of industry have been identified in these 17 COROPs, these 
branches of industry and the number of employees working in these branches of industry are 
linked to the municipalities in which the underlying business units are found. These municipalities 
are linked again to the specific river basin districts in which they fall. Business units and their 
number of employees in municipalities falling entirely inside a specific river basin district are al-
located directly to that specific district (Step 2 in Figure 3.2). For those municipalities located 
partly in one and partly in another river basin district, the identified business units are linked in a 
next step to the postal codes within these municipalities. Also these postal codes are allocated to 
river basin districts. Business units in postal code areas, which fall entirely within one specific 
river basin district, are allocated directly to that district (Step 3 in Figure 3.2). For those remaining 
postal codes found in two or more river basins, business units and their employees are allocated to 

Formateret: Punktopstilling
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a specific river basin on the basis of the area of the postal code falling in that river basin district 
(Step 4 in Figure 3.2). Most of the economic data can be allocated in this way directly at the level 
of COROPs. On average, 65 percent of the employees in each branch of industry are found in 
COROPs falling entirely in one specific river basin district. Twenty seven percent of the eco-
nomic data per branch of industry are allocated at the level of municipalities and 3 percent at 
postcode level. Five percent of all data is allocated by considering the area within postcode areas.  

Emission data are supplied by the Dutch National Emission Registration system and include 78 
substances to the aquatic environment originating from economic activities. Most data are avail-
able at the level of individual plants, including their x and y coordinates, making it relatively easy 
to attribute these emissions to one of the river basin districts. In NAMWARiB, the regional emis-
sions add up to the national totals. In some cases a problem arises if the location of an economic 
activity does not correspond with the location of the emission source. For instance, a factory is lo-
cated in one river basin, but its wastewater is transported to and discharged in another river basin. 
In these cases, the emissions are allocated to the river basin in which the economic activities take 
place, i.e. where the factory is located, although the actual pressure occurs in another river basin.  

 
Source: Brouwer et al. (2005). 

Figure 3.2: Allocation of economic data across river basins 
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Water flow data are based on the National Water Survey conducted by Statistics Netherlands once 
every five years. The most recent surveys were in 1996 and 2001. This survey comprises business 
level data on water use by industry, mining and electricity companies. Additional information 
about water use in agriculture is supplied by the Dutch Agricultural-Economic Institute (LEI). 
Also the regional water flows in NAMWARiB add up to the total of the national water flow. The 
results from the National Water Survey are allocated to the different river basin districts in the 
same way as for the economic data. First, those business units are selected which are located in a 
municipality falling entirely in one specific river basin. Those business units falling in municipali-
ties, which cover two or more river basins, are allocated to a specific district in a second step 
based on the postal codes. If postal codes are found in more than one river basin, business units 
are allocated to a district based on the share of the total area falling in this district. If no postal 
code is known, the municipality in which a business unit falls is allocated to districts based on the 
municipality’s area size. 

3.3 Practical examples 

3.3.1 Uncertainty resulting from the allocation of economic data to river basins 

Besides the sheer lack of data, an important source of uncertainty and error in integrated river ba-
sin accounting results from linking available hydrological, emission and economic data from dif-
ferent data sources collected at different scales and allocating these data to river basins. Associ-
ated with this are problems of confidentiality of data when disaggregating data to small river ba-
sins. 

In order to get some indication of the economic value of water related activities in different river 
basins, ready available national economic data (from the System of National Accounts) are some-
times allocated to river basin districts based upon the district’s relative area size in a country. Us-
ing this approach and comparing the results with those obtained through the more refined alloca-
tion rules used in NAMWARiB, the resulting errors (assuming that the procedure applied in 
NAMWARiB is correct and comes closest to the ‘truth’) can be as high as 240 percent (see Table 
3.1).  

Another more refined approach than simply using relative area size as the key to the allocation of 
national economic data to river basin districts is to use the available economic information from 
the regional accounts at the level of the 40 COROPs. In a first step, the data related to COROPs 
falling entirely in a river basin are allocated 100% to that specific basin. In a second step, the data 
related to COROPs falling in two or more river basin districts are allocated to these river basins 
based upon the relative share of the COROP’s area size falling in these different basins. Using this 
approach, differences compared to NAMWARiB are considerably lower, not exceeding 12 per-
cent (Table 3.1). The difference averaged across all seven basins is in this case only about 7 per-
cent. 

Other types of uncertainty caused by the allocation of economic data to basins are related to the 
location of water related economic activities. Certain companies consist, for example, of various 
sub-branches and the location of the administrative headquarters differs from the location of the 
sub-branches or production units spread throughout the country and across river basin districts. 
The allocation of the economic data to river basin districts is usually based on the location of the 
administrative headquarters, and not necessarily the location of the sub-branches. It is unknown 
for how many companies this is actually the case and to what extent this distorts the allocation of 
economic data across districts. 
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 GRP based upon different allocation methods 
(€ 106) 

River basin 
district 

NAMWARiB Based on area 
size basins 

Based on area size 
COROPs in basins 

Ems 10,618 23,438 9,326 
Scheldt 9,491 28,186 10,083 
Meuse 75,982 68,127 82,783 
Rhine-Central 27,806 52,319 29,533 
Rhine-East 38,483 60,143 37,740 
Rhine-North 19,581 67,195 21,582 
Rhine-West 185,008 71,644 175,927 
  

 
 

Total1 371,053 371,053 371,053 
Notes:  
1 Obviously, GRP aggregated across all basins (=GDP) is the same irrespective of the allocation method used. 
Differences occur when allocating economic values across basins based on different methods. 

Table 3.1: Gross Regional Product (GRP) per river basin in 2000 based on three different al-
location methods and corresponding differences in GRP 

 

Related to this is the location of the sources of pollution and the allocation of the emission data. In 
some cases, the source of pollution and the treatment of the pollution are not located in the same 
place. In NAMWARiB pollution data are allocated to the district where the household or com-
pany is located which produce the wastewater. This may result in a bias in the representation of 
the pressures exerted across different basins. An example is the largest wastewater treatment facil-
ity in the Scheldt basin7, which receives approximately 85 percent of all its wastewater from 
households and companies located in the neighbouring Meuse basin, but discharges all of the 
treated wastewater in the Scheldt basin.  

Also water used for drinking water production and distribution may originate from a different 
river basin district than where it is actually consumed. NAMWARiB allocates all water use to the 
basin in which it is actually consumed, which does not always necessarily correspond with the ba-
sin where it is extracted. In the Scheldt basin approximately 55 percent of all water used for drink-
ing water production has its origin in the Meuse basin (Evides, 2004). Nevertheless, all water ex-
tracted is allocated to the Scheldt, resulting in a considerable bias (overestimation) of the actual 
pressure exerted on the limited available fresh groundwater resources in this basin for drinking 
water purposes. 

Confidentiality is another important issue when disaggregating data to the level of river basin dis-
tricts. Individual companies or business units cannot be identified, either directly or by combining 
data. Confidentiality only plays a role in economic and water flow data. For regional emission 

                                                   
7  Total treatment capacity: more than 400 thousand inhabitant equivalents, which equals more than one third of 
the total treatment capacity in the entire basin. 
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data, no special confidentiality conditions apply in the Netherlands8. In the economic accounts, 
confidentiality problems are solved by adding data of a specific sector to another sector. In the 
case of water flow data, confidential information is not aggregated to another sector because of 
fear that this will alter the results. However, the confidential information is included in the aggre-
gated total water use. Confidentiality is compromised when disaggregating national data to the 
level of river basin districts in 6 of the 36 economic sectors (17%). The standard procedure is to 
add the confidential information from one sector to another sector. Hence, the data in 6 of the re-
maining 30 sectors (20%) are distorted and have to be interpreted with the necessary care as they 
actually refer to two sectors. 

3.3.2 Uncertainty resulting from the allocation of emission data to economic sectors 

Another important source of uncertainty and error is the allocation of available emission data to 
economic sectors. Emission data are usually provided by or related to sources of pollution (e.g. a 
wastewater treatment plant), which do not necessarily correspond directly with the economic ac-
tivities or sectors identified in conventional accounting, like the SNA. This is also the case for the 
sources of pollution identified in the Dutch Emission Registration system. These differ from the 
conventional categorization of economic activities according to the Dutch Standard Business 
Categorization (SBI), which is based upon the European Nomenclature des Activités économiques 
des Communautés Européennes (NACE), which is in turn based upon the worldwide used UN In-
ternational Standard Industrial Classification (ISIC). Sources of pollution in the Dutch Emission 
Registration system include for example recreational shipping, traffic or atmospheric depositions, 
which are not an economic sector in the SNA. Hence, an important task is to translate the sources 
of pollution identified in the Dutch Emission Registration system to economic sectors.  

At river basin level, this results in considerable differences between the categorization used by 
river basin managers based upon their own Regional Emission Registration (RER) system – 
which provides the basis for the National Emission Registration system used in NAMWARiB – 
and the economic sectors identified in NAMWARiB. This is illustrated for some of the most im-
portant polluting substances in the Scheldt river basin district in Table 3.2.  

For most substances, the estimates used in NAMWARiB (based on the allocation of emission data 
to conventional economic sectors) show a much higher share of households in total emissions 
than the numbers based upon RER, except for Nickel (Ni) and Phosphorous (P). Also the contri-
bution of agriculture to the emission of Nitrogen (N) is higher in NAMWARiB than in RER.

                                                   
8 With regard to economic data, one important condition is that a sector should consist of at least three or more 
companies. Another condition is that the largest company cannot employ more than 75 percent of all employees 
in a specific region. Also for water flow data the publication requirement is that a sector should consist of at least 
three or more companies. Furthermore, the largest company in a specific branch of industry in a specific region 
may not use more than 70 percent of the total freshwater consumption in that region. 
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Relative share of a sector in the total emission of a pollutant in % 

 

 Cd Cu Hg Pb Ni Zn P N 

 PS ES PS ES PS ES PS ES PS ES PS ES PS ES PS ES 

Households 5 9 9 25 1 18 12 29 12 7 11 14 20 15 15 19 

Agriculture 20 17 9 9 - - 12 30 12 21 11 27 20 20 15 22 

Chemical industry 11 2 7 2 13 6 3 0.2 4 11 4 4 9 5 5 3 

Trade and service - 1 6 8  64 - 5 4 1 8 4 - 0.1 - - 

Energy sector - - 6 - 13 - 3 - 4 - 4 - - - 4 - 

WWTP 28 11 13 5 28 12 11 6 14 19 13 9 22 14 14 23 

Road transport  6 - 8 0.3 - - 12 0.2 11 0.1 11 1 - - - - 

Commercial shipping - - 15 13 - - 4 4 0 - 6 10 - - - - 

         

Total emission (kg/yr-1) 1,335 109,610 313 64,064 80,511 720,987 2,834,914 59,719,275 

   Explanatory note: 

   PS: Emission data following the identified Pollution Sources in the Dutch Emission Registration system 

   ES: Emission data allocated to Economic Sectors 

 

Table 3.3: Estimation of the emission of pollutants from different Pollution Sources (PS) as identified in the Dutch Emission Registration system and their allo-
cation to Economic Sectors (ES) as identified in the System of National Accounts (illustrated for the Scheldt river basin district, year 2000) 
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On the other hand, the chemical industry is responsible for a lower share of total emis-
sions of all pollutants except Nickel (Ni) according to NAMWARiB. Also the contribu-
tion of road traffic to the emission of Cadmium (Cd), Copper (Cu), Lead (Pb), Nickel 
(Ni) and Zinc (Zn) and wastewater treatment plants to the emission of Nickel (Ni) and 
Nitrogen (N) are relatively lower in NAMWARiB than in RER. Hence, the identification 
of the most important pressures in the basin differs according to which type or source of 
information is used. Only in the case of Lead (Pb) is agriculture identified as the most 
important pollution source in both NAMWARiB and RER. However, the estimated rela-
tive contribution of agriculture is in NAMWARiB more than twice as high as in RER. 
Remarkable differences are furthermore found for Copper (Cu), Mercury (Hg), Lead 
(Pb) and Zinc (Zn), where completely different pollution sources are identified in 
NAMWARiB and RER. For instance, in the case of Mercury (Hg), NAMWARiB identi-
fies the sector Trade and Services as the main source of pollution, whereas based upon 
RER wastewater treatment plants are considered the most important source of pollution, 
followed by the chemical industry and the energy sector. The results for Nitrogen and 
Phosphorous are fairly similar, using either NAMWARiB or RER. 

3.3.3 Uncertainty resulting from the lack of data 

Information about water extraction and discharge is collected once every five years. The 
most recent surveys were in 1996 and 2001. If one wants to relate economic data for dif-
ferent water related sectors in say the year 2000 to the amount of water used by these 
sectors in that specific year, water use per sector has to be extrapolated based upon these 
five yearly water surveys. This may result in considerable errors. Agriculture is a good 
example where weather conditions during a specific year may have a significant impact 
on water extraction for irrigation purposes and where extrapolation can result in serious 
bias. 

Based on extrapolation of the results from the 1996 and 2001 Water Surveys, the average 
annual change in total water extraction and total water consumption across the different 
river basin districts in the Netherlands is the same: 8.7 percent. Table 3.3 presents the ex-
trapolated average annual percent changes in water consumption by different water use 
sectors across the seven basin districts.  

 

Sector Ems Scheldt Meuse RhineC RhineE RhineN RhineW Total 

Households 
-0.6 -0.6 -0.6 0.2 -0.6 -0.6 -0.6 -0.5 

Agriculture -12.5 -13.0 -11.9 -11.1 -11.3 -10.5 -12.2 -11.9 
Food industry -1.1 -5.8 -1.3 -1.4 0.6 -2.7 3.0 0.0 
Chemical industry -13.6 47.7 -9.1 6.9 -9.0 30.0 1.9 4.5 
Metal industry n.a. 26.7 -4.9 n.a. -1.7 n.a. n.a. 7.0 
Water companies 0.6 2.5 -0.4 -1.5 -0.5 1.2 1.0 0.4 
Energy sector n.a. n.a. 205.9 n.a. n.a. n.a. 4.8 18.5 
         
Total -0.2 6.5 49.9 -2.8 -5.3 17.2 4.6 8.7 
Notes:  n.a.: not available as a result confidentiality problems. 



 Institute for Environmental Studies 

20 

Table 3.3: Annual percent change of total water use per sector across river basin dis-
tricts based on extrapolation of the 1996 and 2001 National Water Sur-
veys 

 

Between 1996 and 2001, water extraction increased most in the Meuse basin, followed 
by Rhine-North. The energy sector is mainly responsible for this increase in the Meuse 
basin. Almost all water used in the energy sector is for cooling purposes and surface wa-
ter extracted by this sector (on average across all basins 60% freshwater and 40% salt 
marine water) is discharged again afterwards, sometimes resulting in a significant impact 
on water quality and fish, especially during extreme dry periods when water flows are 
low. In Rhine-North the chemical industry alone is responsible for a 30 percent increase 
in water consumption. However, the relative share of the chemical industry in total water 
consumption in this basin is negligible (1%). No information is available about the share 
of the energy sector in total water use in Rhine-North, because of confidentiality reasons. 
It is hence unknown and uncertain which sector is responsible for the increase in water 
use in this basin. 

When comparing the average annual change between 1996 and 2001 in the Scheldt dis-
trict (6.5% per year, mainly caused by the chemical and metal industry) with information 
provided by the largest water company in this district about the actual annual change in 
water consumption by different sectors (Evides, 2004), the results based on extrapolation 
of two data collection points appear to overestimate the actual level of extraction and 
consumption by a factor 3. During the period 1999-2003, changes in annual water supply 
range between 0.3 and 5.5 percent in absolute terms and the average change is 1.9 per-
cent. Taking this information as the correct point of reference, the error in extrapolating 
information about total water consumption between 1996 and 2001 is considerable 
(given a total water consumption in the Scheldt by different economic sectors and 
households of 1.5 billion cubic metres in 2001). 

3.4 Conclusions 

The economic characterization of river basins according to Article 5 in the WFD mainly 
involves statistical uncertainty in view of the fact that economic and water use time se-
ries and monitoring data are often already available in many European countries, but not 
related to the same geographical unit, i.e. the river basin district, or directly related or 
linked to each other, but instead collected and published separately at different adminis-
trative levels. Linking economic and emission or water abstraction data at the same spa-
tial scale means furthermore that uncertainties and errors inherently found in the eco-
nomic and water data may affect each other, for example, simply by allocating emission 
data to economic sectors. It was shown that this simple allocation procedure produced 
considerable statistical uncertainty as to what is the main economic source of pollution in 
a specific river basin district. For the decision-maker dealing with the implementation of 
the WFD, this information is of paramount importance when defining the extent and 
cause of the problem, and the underlying sources for the statistical uncertainty surround-
ing this information should be addressed in more detail and be made more explicit than 
currently could be done in this paper. 
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Another important issue is that the integrated river basin accounting system presented in 
this chapter (NAMWARiB) describes the pressures exerted on the water system, not the 
state of the water system or the impact of the emissions on the water system. In the case 
of the emission of phosphorus, nitrogen and heavy metals, an attempt is made in NAM-
WARiB to link the emission of these polluting substances to state variables based on 
their contribution to environmental themes like eutrophication and the dispersion of 
heavy metals in the water environment with the help of emission equivalents and a decay 
function. However, this produces only a very rough indicator of the state of the water 
environment. In practice, the relationship between pressures (e.g. emission of a pollutant 
in tons/year) and impacts on the water environment (e.g. concentration level of a pollut-
ant in mg/litre) are characterized as highly dynamic, non-linear and complex. The impact 
of an emitted polluting substance on the water environment depends upon its pathway 
(transportation route) and decay (in time and space) along this pathway and is further-
more influenced by the state of the environment. For example, Phosphorous runoff from 
agricultural land increases if soils are saturated. However, actual runoff is also deter-
mined by soil type, the presence of buffer zones before a pollutant enters the water sys-
tem, the nutrient retention and export capacity of buffer zones and the location of both 
pollution source and buffer zone in the landscape.  

In summary, causal relationships between pressures and impacts on the water environ-
ment are not only highly complex (dynamic, non-linear), but also highly contextual. That 
is, the extent to which pressures result in water quality deterioration - and hence impair 
good chemical or ecological water status as prescribed by the WFD - depends upon local 
geographical, hydrological and biochemical characteristics of the environment in which 
polluting substances are released. This ‘recognised ignorance’ makes it very hard, if not 
impossible to predict with a high degree of certainty what the effects are eventually of 
the emission of polluting substances on water quality or the reduction of emissions 
through all kinds of possible measures. Lack of fundamental knowledge about these 
causal relationships makes this one of the most important sources of uncertainty in water 
quality management. 
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4. Uncertainty surrounding future demand and supply of water 

4.1 Introduction 

According to WATECO, the projection of trends in driving forces up to 2015 basically 
consists of an assessment of trends of key hydrological and socio-economic factors and 
drivers that are likely to affect pressures (e.g. demography, climate, sector policies, tech-
nological development) and/or the forecasting of changes in pressures based on changes 
in economic and physical drivers and proposed water-related measures. The expected in-
formation requirements include:  

• Prospective analyses of likely development of key economic sectors or economic 
drivers influencing significant pressures. 

• General information on population growth, economic growth, sector growth pat-
terns, future policies and forecasts of the impact of climate change. 

• Studies on existing and projected water balance. 

• Inventory of existing measures (and costs) for complying with existing water 
legislation. 

• Identification of technological developments in the water sector. 

 

The assessment and forecasting of trends should result in a so-called ‘baseline scenario’ 
for driving forces and pressures. This baseline scenario serves as a point of reference for 
assessing the extent of the water problem in 2015 and the costs and effectiveness of a 
proposed programme of measures to solve this water problem. The scenario presents an 
overview of driving forces and pressures on the water system (water use) until and in-
cluding 2015 when water quality has to meet the WFD environmental objectives. Al-
though WATECO guidance talks about ‘a baseline scenario’, typically several scenarios 
are usually used to describe possible future trends or situations in view of the inherent 
uncertainty in forecasting or predictions. Scenarios are one of the most common ways in 
economic analysis to deal with uncertainty, including the use of different assumptions or 
scenarios in sensitivity analysis. Scenario uncertainty means that some possible out-
comes are known or expected, but not their probabilities.  

4.2 Scenarios 

In view of the fact that the future is usually surrounded by many uncertainties, scenarios 
describing possible future outcomes and the way towards a predicted outcome, i.e. ‘fore-
casting’, or alternatively the way back from a predicted outcome, i.e. ‘backcasting’ or 
‘hindcasting’, are important tools to deal with uncertainties about future developments. 
A distinction can be made between policy scenarios focusing on additional or new policy 
measures and scenarios focusing on autonomous trends and developments. The former 
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include endogenous variables or parameters, which can be changed and influenced by 
the relevant authority, while the latter include exogenous variables or parameters (e.g. 
climate change). Combinations of these two main types of scenario are also possible. 

 

According to the Intergovernmental Panel on Climate Change (IPCC), a scenario is a 
coherent, internally consistent and plausible description of a possible future state of the 
world. Corresponding with the definition of scenario uncertainty used in HarmoniRiB 
(Brown, 2004), Parry and Carter (1998) argue that a scenario is not the same as a fore-
cast, because it does not attach probabilities to a particular outcome, rather it presents a 
series of pictures or images of how the world could look like under different conditions. 
A growing body of research explores the applicability of scenario-based ‘futures’ as a 
means of obtaining a better understanding of the potential for societal adaptation to fu-
ture environmental change, especially climate change (e.g. Lorenzoni et al., 2000). 

An important first step in the construction of scenarios is the identification of specific 
uncertain trends and developments which are expected to bear a significant relationship 
to the water problem at hand, such as, for example, population growth and the effect on 
sewage and wastewater flows, economic development and the effect on the emission of 
polluting substances into water, social trends in water use etc. Secondly, if possible, 
these trends and developments and the surrounding uncertainty margins should be quan-
tified through relevant parameters and indicators. Obviously, social and natural scientific 
uncertainty about important natural (and partly human induced) exogenous driving 
forces such as climate change and sea level rise and human induced exogenous driving 
forces such as population growth and economic development increases the further the 
time horizon. A final step is to vary the relevant parameters and indicators through the 
compilation of a number of distinct scenarios. 

Hence, important scenario uncertainties relate to the identification of the key driving 
forces and trends in the pressures they exert. Included in this are demographic and socio-
economic developments, including social behavioural changes in life and consumption 
patterns and corresponding social uncertainties surrounding these developments and 
changes. But, also environmental developments and corresponding natural scientific un-
certainties (e.g. climate change) and political-institutional changes and associated politi-
cal uncertainties related directly to the organization of future water management or indi-
rectly through developments in other influential policy domains like the European 
Common Agricultural Policy (CAP). Inherent to the development of scenarios is an im-
portant degree of uncertainty related to conflicting political convictions about future de-
velopments and environmental-economic relationships. Identifying and quantifying the 
corresponding changes in pressures depends on technological developments and their ef-
fect on the efficiency of water use, measured, for example, in terms of emission coeffi-
cients. Uncertainty surrounding possible changes in emission coefficients can be due to 
statistical and qualitative uncertainty. 

In the next paragraphs, these scenario uncertainties will be illustrated based on the base-
line scenario developed for the implementation of the WFD in the Scheldt river basin 
district (Nieuwkamer et al., 2003). Important driving forces exerting significant pres-
sures on the water system include households, agriculture and the chemical industry. For 
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households and agriculture, incidental local studies were used about future develop-
ments. For industry, including chemical industry, existing long-term scenarios developed 
by the Dutch Central Planning Agency (CPB) were used: Divided Europe, European Co-
ordination and Global Competition (CPB, 1996)9. The predicted annual economic 
growth in each of these scenarios differed considerably (ranging from 1.5% in Divided 
Europe to 3.25% in Global Competition). For the implementation of the WFD in the 
Scheldt basin, the European Coordination scenario, based upon further pan-European 
coordination of environmental and economic policy, was considered most plausible and 
therefore used as a basis. The expected growth in this scenario for the economy as a 
whole is 2.75 percent annually. For all economic sectors, also trends were identified 
based on past developments using time series data from Statistics Netherlands. In some 
cases, this results in considerable differences. 

The baseline scenario provided the basis for the preliminary assessment of the extent to 
which environmental water quality objectives are expected to be met given current and 
expected future changes in water quality and water quality management. Largely be-
cause of fundamental lack of knowledge regarding the causal relationship between pres-
sures and impacts, the water quality impact assessment was surrounded by many uncer-
tainties. These uncertainties could only be described in a global way as they partly reflect 
‘recognised ignorance’. 

4.3 Practical examples 

4.3.1 Uncertainty surrounding relevant driving forces: population growth 

Starting with population growth, some 470 thousand people currently live in the Scheldt 
basin. Population data going back decennia are usually ready available, either from local 
(municipality level) or regional (province level) statistics or national census data. The 
population in the Scheldt has increased from about 375 thousand people in 1970 to ap-
proximately 460 thousand in 200010. This corresponds with an average growth of almost 
0.8 percent per year over this 30-year period (Figure 4.1).  

Extrapolation of this trend until 2015 results in a total population of 511 thousand. Based 
on the Province’s strategic policy document for the region until 2030 (Strategische Visie 
Provincie Zeeland, 2003), a more modest growth is expected of 0.3 percent per year until 
2010 and 0.2 percent per year after 2010, resulting in a total population of 480 thousand 
in 2015. The difference between trend extrapolation and the regional vision hence is 31 
thousand people. This does not appear to be a very big difference, but related to a total 
current population of 470 thousand people, this is almost 7 percent. 

                                                   
9 Making projections of the development of the Dutch economy and the world economy (the Dutch 
economy is an open economy) is one of the Central Planning Agency’s core activities. The long-term 
scenarios developed by the Central Planning Agency present different, but plausible and internally 
consistent panoramic views of the Dutch economy in the next 20 to 40 years, and sometimes even fur-
ther in the future. These scenarios are developed in order to aid long-term policymaking in the Nether-
lands and support strategic choices. 
10 Mysiak and Sigel (2004) give an example of uncertainty when disaggregating population statistics 
to a river basin district in Germany. 
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Figure 4.1: Predicted population growth in the Scheldt basin based on two different 

methods 

 

Important in any scenario development exercise, especially when different methods pro-
duce different outcomes, is expert and policy maker understanding of the reasons why 
certain developments are expected, predicted or foreseen. Regarding expected population 
growth, a national trend is that cities increasingly compete for people. More and more 
people live in cities and the region concerned is not only at the periphery, but also 
largely rural in nature. Without new urban planning and necessary high quality invest-
ments in urban development, the local governments fear that more young people will 
move away to the highly urbanized areas north-west of the Scheldt district (‘Randstad’: 
Rotterdam, The Hague, Amsterdam). Regional policy aims to maintain a modest in-
crease in population growth in the area (Evaluatie Streekplan Zeeland, 2002). It is there-
fore uncertain which future development will prevail. 

4.3.2 Uncertainty surrounding relevant driving forces: agricultural development 

Expected developments in agriculture are based on a regional study carried out by the 
National Agricultural-Economics Institute (LEI) and the extrapolation of trends from the 
past. The future development of the agricultural sector in the Scheldt basin is measured 
in terms of changes in area size (Figure 4.2 and 4.3). The regional predictions for arable 
land and grassland clearly show a different picture compared to the extrapolation of 
trends from the past. The area used for arable farming is expected to decrease, whereas 
the area used for dairy farming is expected to increase. 
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Figure 4.2: Prediction of changes in arable land in the Scheldt basin based on a  

  regional sector study and trend analysis 
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Figure 4.3: Prediction of changes in grassland in the Scheldt basin based on a  

  regional sector study and trend analysis 

 

The regional study about future agricultural developments is largely based upon national 
and regional trends (where shifts can be observed away from arable farming), and re-
gional policy laid down in the area’s regional plans (Streekplan Zeeland, 1997; Strate-
gische Visie Provincie Zeeland, 2003), which aims to encourage diversification and high 
value added production systems. Currently, approximately 80 percent of all agricultural 
land in the area is used for arable farming. The value added of arable farming is much 
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lower than dairy farming or horticulture. Hence, a future trend away from low value 
added arable farming seems to be more likely. To what extent a shift will take place to 
higher value added activities such as dairy farming, horticulture or fruit cultivation is un-
certain. This depends inter alia upon European agricultural policy, future restrictions on 
the limited fresh groundwater reserves in the basin, local nature development plans and 
associated claims on the limited fresh groundwater reserves and to some extend in the 
long run possibly also on climate change and the associated saltwater intrusion in the 
area.  

4.3.3 Uncertainty surrounding relevant driving forces: industrial development 

Figure 4.4 shows the results when the Central Planning Agency’s European Coordina-
tion scenario is applied to the chemical sector in the Scheldt basin. The predicted devel-
opment is measured in terms of production value. The expected annual growth of the 
chemical sector is high, corresponding with expectations about the sector’s future devel-
opment at national level. The average annual growth rate is 4.9 percent from 2000 until 
2010 and slightly lower (3.6% per year) from 2010 until 2015. 

Extrapolation of trends from the past results in an even higher growth rate (8.9% per 
year). However, contrary to the available information for the agricultural sector, the 
available information for the chemical sector is very limited and only covers the period 
from 1995 until 2000. This time period is considered too short in order to be able to pro-
duce a reliable trend analysis. One rule of thumb is that for trend analysis and trend ex-
trapolation, the period in the past for which data and information are available should be 
at least as long as the forecast period. 
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Figure 4.4: Prediction of production changes of the chemical industry in the Scheldt  

  basin based on a national scenario analysis and trend analysis 
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4.3.4 Uncertainty surrounding trends in pressures 

The assessment of uncertainties surrounding future pressures is illustrated based upon a 
time series analysis of possible trends using the available data in NAMWARiB. In 
NAMWARiB, trends in economic driving forces can be linked to pressures such as wa-
ter consumption, wastewater production and the emission of polluting substances (nutri-
ents, metals etc.). An example is given in Figure 4.5. At a national level, real economic 
growth (in terms of GDP in constant prices) over the period 1996-2001 was 18 percent 
(an average growth of 3 percent per year).  
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Figure 4.5: Economic growth, wastewater production, emission of nutrients and met-

als in the Netherlands over the period 1996-2001 (1996=100) 

 

Total wastewater production remained more or less the same over that same period, 
whereas the emission of nutrients decreased significantly by approximately 15 percent 
and the emission of metals by about 10 percent. Figure 4.5 hence seems to suggest that at 
the national level economic activities use the water environment in a more efficient way. 

Although diagrams like these have to be interpreted with the necessary care (they pro-
vide, for instance, no hard evidence of a direct link between production and water use 
such as wastewater production or emission of pollutants), these types of indicators are 
helpful in assessing the success (or failure) of environmental (sector) policy, as they pro-
vide important insight in the environmental efficiency of economic activities, i.e. the re-
lationship between production output and the use of the environment or environmental 
inputs. They may also provide a basis for trend analysis. Based upon the observed devel-
opment of economic activities within sectors and corresponding water use over the past 5 
or 10 years, one can extrapolate this development into the future11. 

                                                   
11 It has to be pointed out again that a longer time period than the past 5 years is preferred when trying 
to detect trends in economic driving forces and associated pressures.  
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Figure 5.6: Extrapolation of economic growth, wastewater production, emission of 

nutrients and metals in the Netherlands until 2015 (1996=100) 

 

Based on the average growth rates in Figure 4.5 and assuming that the observed trend of 
a more efficient water use will continue into the future, economic driving forces (produc-
tion volumes) and corresponding water pressures can be estimated (Figure 4.6). Needless 
to say that these numbers have to be used very carefully in any analysis and should, if 
possible, be supplemented with more ‘qualitative data’ regarding expected regional, na-
tional or international (sector) policies and/or technological change. 

4.3.5 Uncertainty surrounding technological developments 

Technological change is an on-going process and often an important driving force be-
hind evolving economies. Uncertainties related to technological developments essen-
tially relate to (1) the technology itself and (2) its possible implications and conse-
quences (Smit and van Oost, 1999). Related to the first point, it is usually very difficult 
if not impossible to foresee how and in which direction certain technological changes or 
developments will evolve further and how they will be embedded in society. Take the 
first car, airplane or computer as an example. Nobody could foresee more than 100 years 
ago how cars, airplanes, computers and internet would change our way of life, bring 
worlds together and affect our natural environment. Related to this and the second point 
is the way the effects of certain technological developments are perceived and valued 
from a socio-economic and cultural-historic point of view. Different groups of people 
may hold very distinct ideas and opinions about whether certain technological changes 
are or were for the better or the worse. 

Examples of important technological developments related to the reduction of emissions 
of pollutants into surface waters have taken place in wastewater treatment plants 
(WWTP) and in industry. Tertiary treatment is common practice nowadays in WWTP in 
the Netherlands. Since approximately a decade, membrane filtration, a process using dif-
ferent types of filters (reverse osmosis, nano, ultra and microfiltration) to separate liq-

Kommentar [s.j1]: Ik snap 
natuurlijk wat je hier probeert te 
doen, maar ik heb toch wat 
problemen met dit figuur (26), met 
name omdat we natuurlijk al 
economische data voor 2002 en 
2003 hebben en we weten dat we 
nu in een recessie zitten (terwijl in 
de figuur staat dat de economie in 
2002 en 2003 gewoon door stijgt. 
Voeg deze data toe en / of gebruik 
in ieder geval stippellijntjes. Ik zou 
de voorspelling ook minder lang 
maken. 
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uids, has been introduced gradually, replacing conventional technologies for wastewater 
treatment and the filtering of extracted surface and groundwater for production purposes 
in dairy, food and beverage and chemical industries. 

A benchmark of the wastewater treatment performance of the Dutch water boards carried 
out in 2002 (Unie van Waterschappen, 2003) shows, for example, that the treatment per-
formance has improved, on average, from 86% in 1999 to more than 91% in 2002. The 
treatment performance is an indicator of the performance of the sewage treatment plants 
operated by the water boards with regard to the removal of oxygen-binding substances, 
phosphate and nitrogen and hence how clean the water is before it is discharged again. A 
treatment performance of 100% requires (1) 75% phosphate removal, (2) 75% nitrogen 
removal and (3) 90% removal of oxygen-binding substances. The first two requirements 
are legal requirements since 1996 (based on ‘Lozingenbesluit Wvo Stedelijk Afvalwa-
ter’), while the third requirement is a non-legal norm imposed by the sector self for a 
well functioning wastewater treatment facility. On average, 79% phosphate removal was 
achieved in 2002. In addition, 75% nitrogen removal is aimed for by 2006. In 2002 the 
percentage removal of nitrogen averaged 69.4%. Based upon the foreseen future invest-
ments, it is not certain that the 75% target for nitrogen removal will be achievable by 
2006 (Unie van Waterschappen, 2003). Compared to other European countries, the num-
ber of households connected to sewage and sewage treatment systems in the Netherlands 
is high (Eurostat, 2003). Also the treatment of sludge per inhabitant is low compared to 
other European countries, among others because of the use of sludge fermentation pro-
cedures. Contrary to many other European countries, sludge is not used in agriculture 
anymore (Unie van Waterschappen, 2003).  

4.3.6 Uncertainty surrounding current policy 

Policy has played an important role in the technological changes that have taken place in 
the past 3 decades, especially the introduction of the national pollution law for surface 
waters (Wet Verontreiniging Oppervlaktewateren) in 1970 and the European Urban 
Wastewater Treatment Directive in 1991 (91/271/EEC). However, the inclusion of pre-
vailing or current policy (measures) introduces an important additional source of uncer-
tainty in the construction of scenarios (policy scenarios and scenarios describing 
autonomous developments). The identification of current policy usually is an important 
political question and open to political uncertainty, which cannot be determined by sci-
entific knowledge or measurement. Prevailing policy today may be gone tomorrow. To 
what extent prevailing policy is considered an autonomous (exogenous) trend or devel-
opment often is an arbitrary decision. In some cases the fact that policy has been laid 
down in official policy documents or regulations is considered as prevailing policy. In 
other cases prevailing policy is considered an exogenous development if there exists a 
fixed financial budget for it. On the other hand, in times of social and economic decline 
and budget cuts current policy may become very uncertain, even if it is supported by ex-
isting financial funds. The decision to consider something as prevailing policy has a sig-
nificant impact on the subsequent analysis of the problem and necessity to come up with 
solutions or programmes of measures and the distribution of the associated incremental 
costs over current or future Governments and often also different Departments. For in-
stance, the identification of prevailing agricultural policy is politically highly sensitive 
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because of the political and financial implications (and responsibilities) such a decision 
has for all the parties involved, including the Agriculture and Water Ministry. The actual 
effectiveness of prevailing policy, both agricultural and water quality policy, is another 
type of scientific uncertainty.  

4.4 Conclusions 

Scenario development is an important way of dealing with uncertainty. Scenarios are de-
fined here as autonomous or exogenous environmental, demographic, socio-economic, 
political-institutional, technological trends and developments. Typically, scenario uncer-
tainty implies that some possible outcomes are foreseen or known, but not their probabil-
ity of occurrence. Scenario development is not the same as forecasting or predicting out-
comes. The latter are a way of dealing with ‘qualitative uncertainty’ where one is able to 
assign subjective or objective probabilities to possible outcomes.  

The development of ‘a baseline scenario’ as prescribed in the economic analysis in the 
WFD is surrounded by a variety of natural, social and political uncertainties, making it 
hard if not impossible to justify the construction of merely one scenario. In view of the 
diverse nature of the different types and sources of uncertainty surrounding ‘the baseline 
scenario’, one quickly comes to the conclusion that several possible futures can and 
should be identified and elaborated in order to provide a robust assessment of future wa-
ter quality problems across river basin districts and hence the necessity for policy meas-
ures to deal with these problems. This was furthermore illustrated in this chapter by 
showing that predictions based on one of the scenarios developed by the Central Plan-
ning Agency differed considerably from the results of ordinary trend analysis.  

A related problem is that driving forces may not be independent entities, but are actually 
strongly correlated and interdependent. For example, economic development has an ef-
fect on demographic trends, lifestyle, consumption patterns etc. Another important 
methodological issue not addressed in this chapter (and also not in the WATECO guid-
ance) is the question whether scenarios consist of driving forces only, driving forces and 
pressures or driving forces, pressures and impacts. For the purpose of assessing the ex-
tent and nature of water quality problems in river basin districts (the main purpose un-
derlying Article 5 in the WFD), this distinction is irrelevant as one has to consider the 
whole environmental-socio-economic cause-effect chain in order to be able to assess fu-
ture water quality problems. Hence, even if they are constructed separately, driving force 
scenarios have to be linked to pressure scenarios and impact scenarios. Linking envi-
ronmental, demographic, socio-economic, political-institutional and technological driv-
ing forces to pressures in scenario development implies dealing with a complex range of 
social, natural and political uncertainties at the same time. It usually depends upon the 
specific circumstances and often the strength of the voices heard in scenario develop-
ment which type of uncertainty prevails. The use of interactive, participatory expert and 
stakeholder approaches to scenario development is essential in complex multi-
stakeholder decision-making contexts like the WFD in order to get to grips with the 
complex and wide range of relevant issues and uncertainties. However, this requires 
transparent scenario development practice and procedures. As in the previous chapter, 
the link between pressures exerted by the identified key driving forces and correspond-
ing impacts remains one of the most important sources of natural scientific uncertainty.  
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5. Uncertainty surrounding the selection of a cost-effective 
programme of measures 

5.1 Introduction 

According to the WATECO guidance, the definition of the programme of measures and 
the ranking of possible basic and supplementary measures based on cost-effectiveness 
criteria is the key economic input into the preparation of the RBMP. The main steps 
identified in the guidance include the estimation of the costs of each measure, the estima-
tion of the effectiveness (environmental impact) of each measure and the ranking of cost-
effectiveness of measures. Hence, the information needed basically relates to the costs of 
potential measures and their effectiveness. It is here where most of the natural, social and 
political uncertainty comes together as the work presented in the previous chapters is an 
integral part of the cost-effectiveness analysis. 

The cost-effectiveness analysis should be conducted at the river basin level. In some 
cases, it may be more practical to undertake the analysis for sub-basins. However, the 
hydrological integrity of the basin needs to be kept, starting for example with the most 
up-stream sub-basin and working downwards. According to WATECO, specific care 
needs to be given to the choice of the effectiveness indicator as different effectiveness 
indicators may lead to different rankings of measures. Furthermore, specific attention 
may be required as the effectiveness of measures can often be assessed qualitatively only 
for a few environmental indicators, and not for the range of environmental issues en-
compassed in the definition of good water status. Attention should also be paid to the as-
sessment of different costs in the cost-effectiveness analysis. Often, information may not 
be available for specific cost types.  

Finally, WATECO states that uncertainty about costs, effectiveness and time-lagged ef-
fects of measures needs to be dealt with throughout the economic analysis process, and 
more generally throughout the process of identifying measures and developing the river 
basin management plan. Sources for uncertainty are highly diverse according to situa-
tions and river basins, but will exist with regards to the assessment of pressures, impacts, 
baseline scenario, costs or effectiveness. It is important that key areas of uncertainty and 
key assumptions made for the analysis are clearly spelt out and reported along the results 
of the analysis, so a comparison between analyses undertaken in different river basins 
and regular updates of the analysis will always be possible. A sensitivity analysis is re-
quired for assessing the robustness of the results. 

5.2 Cost-effectiveness analysis 

The purpose of a cost-effectiveness analysis is to find out how predetermined targets, 
e.g. nutrient or other pollutant loads in a catchment or estuary, can be achieved at least 
costs. Theoretically speaking, the least cost allocation of pollution abatement strategies is 
found if and only if the marginal costs of the proposed measures are equal. The marginal 
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costs of these abatement measures can for example be defined as the increase in total 
abatement costs when pollution loads are decreased by 1 kilogram. As long as marginal 
costs are not equal, it is theoretically possible to obtain the same level of pollution reduc-
tion at lower costs by shifting emission reduction from high cost measures to lower cost 
measures.  

In principle, a cost-effectiveness analysis also answers the question who has to reduce 
emissions by how much in order to be able to achieve the predetermined policy objec-
tives at least costs. In the WFD a cost-effectiveness analysis has to be carried out at 
catchment level. Hence, also the spatial distribution of costs plays an important role and 
the question where measures should be taken. This is visualised with the help of Figure 
5.1 for a specific case study carried out in the EU funded project EUROCAT: the Hum-
ber catchment in the North-East of England. The Humber catchment includes the Hum-
ber estuary and the catchments of the river Ouse (C1) and Trent (C2). Sources of pollu-
tion (S) and potential measures (M) are also shown in Figure 5.1. Pollutants (e.g. nutri-
ents or trace metals) are discharged and transported (T) into the Humber estuary directly 
and indirectly by point and non-point (diffuse) sources. The river courses can be consid-
ered important sources of diffuse pollution (S1-S6). However, also within the estuary a 
number of important point and non-point sources are present (S7-S10). Different types of 
measures may be available to tackle these various sources of pollution. 

The various steps distinguished in a cost-effectiveness analysis are described in Box 5.1. 
These steps are taken in sequence, but important feed-backs may exist between steps as 
learning more about the problem, the source-effect pathway and possible solutions, the 
same step may be revisited several times. The outline of the various steps shows that car-
rying out a cost-effectiveness analysis is a multi-disciplinary exercise, requiring the input 
and collaboration of different scientific disciplines, such as natural scientists and econo-
mists, and technical engineers, but also the input and collaboration of policy and deci-
sion-makers as they determine the scope and objective of the analysis.  

 

 
Step1: Identify the environmental objective(s) involved 
 
Step 2: Determine the extent to which the environmental objective(s) is (are) met 
 
Step 3: Identify sources of pollution, pressures and impacts now and in the future over the appropriate time    
             horizon 
 
Step 4: Identify measures to bridge the gap between the reference (baseline) and target situation  
             (environmental objective(s))  
 
Step 5: Assess the effectiveness of these measures in reaching the environmental objective(s) 
 
Step 6: Assess the costs of these measures 
 
Step 7:Rank measures in terms of increasing unit costs  
 
Step 8: Determine the least cost way to reach the environmental objective(s) based on the ranking of  
             measures 
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Box 5.1: Steps in a cost-effectiveness analysis 
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Figure 5.1: Illustration of catchment wide relationships 
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A number of approaches are used in practice at varying levels of complexity, scale, 
comprehensiveness and completeness for carrying out a cost-effectiveness analysis. 
These are discussed, for example, in Zhang and Folmer (1995). A distinction is made be-
tween bottom-up and top-down approaches. The bottom-up approach focuses on techno-
logical details of measures and their impact on individual enterprises (micro level), 
whereas top-down approaches usually consider the wider economic impacts of pollution 
abatement and reduction measures or strategies, often without detailed technical specifi-
cation of the proposed measures (macro level). 

Bottom-up approaches can also be characterised as being more technical engineering ap-
proaches, including often detailed information about the technical characteristics of pro-
duction processes and only limited information about the financial engineering costs of 
emission abatement technologies. Top-down approaches on the other hand focus much 
more on the economic relationships and consequences involved and much less on the 
technical specification of measures. Examples of bottom-up approaches are simple ap-
proaches comparing a limited number of abatement technologies usually on a very local 
scale based on their engineering costs and emission reduction capacity and the use of 
dynamic optimisation models (usually through linear programming (LP) models to 
automatically prioritise between various abatement measures and technologies at enter-
prise and sometimes also at sector level). Examples of top-down approaches are input-
output and computable general equilibrium models. The inclusion of indirect effects de-
pends upon the extent to which these indirect effects are considered more or less relevant 
for the final decision-making procedure. 

In summary, the main uncertainties underlying the cost-effectiveness analysis of pro-
posed programmes of measures include: 

1) Political and natural scientific uncertainty about the environmental goals and pa-
rameters: i.e. the target situation and how the achievement of this target situation 
is measured. In view of the fact that both the outcome (good status) and probabil-
ity of reaching the outcome are uncertain, this mainly involves qualitative uncer-
tainty. 

2) Natural uncertainty about the sources of pollution: point sources or diffuse 
sources and the extent to which these sources (and pressures) contribute to (im-
pact on) the water quality problem through the often complex environmental 
source-effect chain in time and space. This includes scenario uncertainty about 
possible future sources of pollution as discussed in the previous chapter. 

3) Natural uncertainty about the effectiveness of proposed measures taken at source 
or the effect side of the ecology-economy interface on the ecology of the water 
system (again in time and space). This largely concerns qualitative uncertainty, 
but sometimes also recognized ignorance. 

4) Social uncertainty about the direct and indirect costs of proposed measures. Indi-
rect costs are related to the fact that an economic activity has various forward 
and backward links to other economic activities. Interventions in one activity 
may therefore result in a chain reaction throughout the entire economic system 
(depending on the nature and the extent of the intervention). In order to be able 
to asses these multiplier effects accurately, a profound understanding of the 
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structure of the economy at river basin scale is required. Given current under-
standing of these economic relationships at regional levels, statistical and some 
degree of qualitative uncertainty play a role here. 

 

In the next paragraphs, these sources of uncertainty will be illustrated with the help of a 
cost-effectiveness analysis carried out for the revision of the existing European Bathing 
Water Directive (76/160/EEC) (Brouwer and Bronda, 2005). This revision process has a 
number of important similarities with the current implementation of the WFD. 

5.3 Practical examples 

5.3.1 Uncertainty surrounding environmental goals and parameters 

There are over 600 official bathing locations in the Netherlands where bathing water 
quality monitoring takes place during the bathing season (April-September). Bathing wa-
ter quality consists of the following three main aspects: hygiene, transparency and toxic-
ity as a result of algae blooms. The Bathing Water Directive (BWD) focuses mainly on 
hygiene, i.e. faecal contamination of bathing water through humans and animals. The 
1976 Directive established 19 parameters against the then prevailing background of 
knowledge and experience with water quality problems. In 2002, the Commission pro-
posed a reduction in the number of parameters, from 19 parameters to 2 key microbi-
ological parameters in the new Directive, complemented by visual inspection (algae 
bloom, oil) and pH measurement in fresh waters (EC, 2002). Under the 1976 BWD, 
three microbiological parameters are monitored: Total Coliforms (TC), Faecal Coliforms 
(FC) and Faecal Streptococci (FS). The first two parameters (TC and FC) are in the same 
family of bacteria and have a legally non-binding ‘guide value’ and legally binding 
‘threshold value’:  

- TC: guide value 500 TC/100 ml; threshold value maximum 10,000 TC/100 ml 

- FC: guide value 100 FC/100 ml; threshold value maximum 2,000 FC/100 ml 

The third parameter (FS) only has a ‘guide value’ for bathing water quality and is there-
fore measured only incidentally in the Netherlands (Brouwer and van Pelt, 2002). 

The two indicator parameters retained in the revised Directive are Intestinal Enterococci 
(IE) and Escherichia Coli (EC). The reasons for this proposed reduction of parameters in 
the new Directive are twofold. Firstly, an assessment of monitoring results and trends 
has led to the conclusion that microbiological faecal pollution is, in the vast majority of 
cases, the limiting factor for achieving good bathing water quality. Secondly, the WFD 
has established a comprehensive chemical and biological monitoring system for all wa-
ters including coastal waters, to be operational by the end of 2006 (EC, 2002). An essen-
tial prerequisite of the proposed parameter values is that the level of protection of Euro-
pean citizens is maintained. However, establishing scientifically sound and generally ac-
ceptable relationships between concentration levels of polluting substances in water – be 
it bacteria, nutrients, heavy metals or persistent organic pollutants - and their impacts on 
humans, plants and animals usually is surrounded by many uncertainties as a result of a 
fundamental lack of scientific knowledge and evidence (see Box 5.2).  



 

39 

 

The proposed threshold values for the two microbiological parameters IE and EC in the revised BWD 
are based on available scientific evidence provided by two epidemiological studies looking at the rela-
tionship between faecal pollution and health impacts in recreational waters. A World Health Organiza-
tion (WHO) epidemiological study carried out in the UK from 1989 to 1992 (Kay et al., 1994) examined 
the relationship between the level of microbiological contamination based on IE and the level of illness 
with people bathing in contaminated water. The WHO defines a 1% risk for illness occurrence due to 
bathing as ‘an excess illness of one incidence in every 100 exposures compared to non-bathers’. The 
dose-response relation between contamination risk and the 95th percentile value of the IE indicator for 
contracting gastro-enteritis (GI) and acute febrile respiratory illness (AFRI) by bathing in microbiologi-
cally contaminated water is shown in Figure 5.2. 

 

   95th percentile value of EI/100ml 

Source: European Commission (2002). 

Figure 5.2: Risk of contracting gastro-enteritis (GI) and acute febrile respiratory illness (AFRI) 
due to Intestinal Enterococci (IE) exposure 

A second epidemiological study carried out in Germany (Wiedenmann et al., 2002) confirmed the WHO 
research on IE and concluded furthermore that the expected health risks of the presence of EC in bath-
ing water are 2 to 3 times lower than for IE. Based on these two studies the European Commission 
proposed the legally binding ‘Good Quality’ value and ‘Excellent Quality’ guide value for IE and EC 
concentrations in bathing waters presented in Table 5.1. 

Microbiological parameters Excellent quality (guide) 

(cfu/100 ml) 

Good quality (obligatory) 

(cfu/100 ml) 

Intestinal Enterococci (IE) 100 200 

Escherichia Coli (EC) 250 500 

Source: European Commission (2002). 
 
Table 5.1: Proposed bathing water quality objectives 

The proposed standards are equivalent to a risk of 5% (good quality) and 3% for contracting gastro-
interitis and to a risk of 2.5% (good quality) and 1% for contracting AFRI. The 1976 BWD guide stan-
dards carry a bathing risk of 5% for gastro-enteritis and the obligatory standards a risk of about 12% to 
15%. When asked for advice about the proposed parameters and threshold values by the EC, the Sci-
entific Committee on Toxicity, Ecotoxicity and the Environment (SCTEE) concluded that the proposed 
values are in an acceptable range, but that it is not possible to set scientifically sound limit values 
based on current knowledge and information. 

Box 5.2: Natural scientific uncertainty in establishing bathing water threshold values 
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This therefore is often a very difficult part in any political negotiation process surround-
ing the formulation of concrete water policy objectives, including indicator parameters 
and specific threshold values. 

Besides the combination of recognized ignorance and qualitative uncertainty about the 
relationships between concentration levels of polluting substances in water and their im-
pacts on humans, also an important degree of uncertainty plays a role as a result of cur-
rent monitoring practices. Presently, the two-weekly monitored TC and FC values during 
the bathing season are tested based upon their 95-percentile: antilog ((µ)+(1,65 x σ))12, 
where µ and σ are the mean and standard error respectively of the log10 value of the 
measured values and σ reflects any statistical uncertainty as a result of the inexactness of 
available data and information or the lack of observations and measurements. If the cal-
culated 95-percentile exceeds the imposed threshold value, the bathing location does not 
comply with the obligatory standard and additional measures aimed at reaching the stan-
dard are needed.  

However, the accuracy and reliability of the estimated 95-percentiles is questionable in 
view of the fact that monitoring takes place once every two weeks and weather condi-
tions are not taken into account, making it hard if not impossible to assess the precise na-
ture of possible non-compliance, i.e. structural or incidental as a result of, for instance, 
heavy rainfall and storm water overflow the night before the sample was taken. Further-
more, the indicator parameters may show faecal bathing water contamination, but not 
necessarily the presence of viruses, which are equally detrimental to human health (vi-
ruses may still be present while the water is safe from a bacteriological point of view). 

5.3.2 Uncertainty surrounding sources of pollution 

Non-compliance is currently limited to less than 5 percent of all 600 bathing sites. How-
ever, the proposed new bathing water quality (BWQ) standards for escherichia coli and 
intestinal enterococci are expected to result in a substantial increase in the number of 
non-complying bathing sites to more than 30 percent (Brouwer and van Pelt, 2002)13. 
Most of these sites (about 95%) concern inland waters, only a few are coastal bathing lo-
cations. At these sites, measures will have to be taken in order to comply with the new 
BWQ standards. 

However, before identifying measures, first the underlying sources of the observed bac-
teriological contamination at these sites have to be identified. This pollution enters sur-
face water bodies through various pathways. As a first step in the analysis, all possible 
sources of pollution and pathways were identified. This was done on the basis of a litera-
ture review and additionally through expert meetings. The main sources of pollution of 
BWQ deterioration are summarised in Figure 5.3. 

                                                   
12 Antilog is the number for which a given logarithm stands (i.e. the number of which a given number 
is the logarithm).  
13 Based on the proposed standard of 500 cfu/100 ml for escherichia coli and the 95 percentile of the 
available monitoring data between 1998-2000 (with a minimum of 20 observations per location per 
year). 
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A distinction can be made between point sources (e.g. insufficiently treated wastewater 
discharge from wastewater treatment plants (WWTP), untreated wastewater from com-
bined storm water overflow (CSO), untreated discharge from food or other organic proc-
essing industries), diffuse human sources (e.g. manure or slurry spread on agricultural 
land, wastewater discharge from boats), diffuse animal sources (e.g. bird colonies, horses 
and dogs on beaches) and external sources, i.e. sources which are located outside the 
realm of influence of water managers in the Netherlands (e.g. pollution from abroad 
which enters Dutch bathing locations through the rivers Rhine, Meuse or Scheldt and il-
legal discharges). 

 

Source: Brouwer and van Pelt (2002). 

 

Figure 5.3: Potential sources of bathing water quality deterioration 

 

Pollution can furthermore occur directly at the bathing water site (e.g. pollution by bath-
ers, horses and dogs on site) or indirectly through various pathways (e.g. cattle drinking 
at a river which is close to a bathing site, manure or wastewater discharged into a ditch 
which is connected to a river, waste water discharged by commercial and recreational 
boaters to a system of interconnected rivers and lakes). In the case of indirect pollution, 
bacteria dilute and dissolve before they reach the bathing site and the receptor (bathers). 
An important distinction can be made between standing waters at bathing sites such as 
an isolated lake and flowing waters at bathing sites such as a river or canal. In the former 
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case the sources of pollution are local (on site), whereas in the latter case various off-site 
(upstream) sources of faecal pollution may play a role. The faster the flowing water, the 
larger the area of influence. On the other hand, flowing water results in a diminishing 
concentration of bacteriological contamination. Hence, the location of the bathing site in 
the water system is of utmost importance when assessing potential sources of pollution 
and their pathways, making it difficult to come up with generally applicable solutions for 
all bathing sites in the Netherlands.  

In view of the limited time and financial resources available, it was impossible to inves-
tigate in detail all bathing sites, which are expected not to be able to comply with future 
bathing water quality standards (170 in total). Therefore, a sample of 30 sites was se-
lected from the expected non-complying 167 inland and 3 coastal bathing sites. A ran-
dom sample of 27 locations was taken from the 167 freshwater inland locations, while all 
three non-complying coastal bathing sites were included in the investigation. At each of 
these 30 sites, the potential sources of pollution were identified with the help of: 

1) A previously developed GIS model (Brouwer and van Pelt, 2002), which in-
cludes information about the location of and pressure exerted by important po-
tential sources such as storm water overflow, marinas, effluent from WWTP and 
the direct discharge of manure into surface water. The model also shows how 
different hydrological units in the Netherlands are interconnected and is hence 
able to simulate pollution pathways, i.e. show how pollution in one hydrological 
unit can affect other units where bathing sites are located.  

2) A questionnaire survey sent to the water managers responsible for the water 
quality at the different bathing locations asking them to indicate which sources 
they believe are responsible for possible bathing water contamination. The re-
sults from this survey were compared with the findings from the first step. 

In those cases where the results from the first and second step did not correspond, fol-
low-up telephone interviews were held with water managers, trying to find out what 
really is causing the problem at a specific site. In some cases, the outcome of this inter-
view was that a source, which had not been identified in the first step, was added to the 
list based on the information provided by the water manager. In other cases, the assess-
ment of sources of pollution by the water manager could be dismissed based on available 
factual data and information about the presence of potential sources. 

The sources of bacteriological contamination identified at these sites are presented in 
Table 5.2. In view of the scientific uncertainties in establishing ‘hard’ causal relation-
ships between sources and water quality at the selected bathing sites, an important start-
ing point in the assessment of the sources of pollution was that each potential source or 
pathway is considered a factor of influence unless it could be proven not to be. From Ta-
ble 5.2 it can be seen that the following six sources were identified in more than 30 per-
cent of the investigated sites wastewater from CSO, wastewater discharge from boats at 
marinas, wastewater discharged at marinas, pets in water or at beaches, bathers and bird 
colonies at or near bathing locations. 

The other sources were identified at less than 30 percent of the sites investigated. Six po-
tential sources identified in the previous stage (i.e. discharges from food and organic 
processing industries, slaughterhouses, non-functioning sanitary facilities at bathing lo-
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cations and illegal discharges) could not be identified at any location. Obviously, illegal 
discharges are difficult to prove as these are not registered or difficult to observe and 
were therefore not mentioned by any of the water managers. They may nevertheless play 
an important role explaining why sites are contaminated. However, the extent to which 
illegal discharges play a role is unknown and hence uncertain. 

 

 
 
Source of pollution 

# bathing locations where 
the source was proven to be 

a factor of influence 

# bathing locations where the 
source could not be excluded 

as a factor of influence 
Discharge of untreated sewerage 1 2 
CSO without measures 7 4 
CSO with measures 0 3 
Insufficiently treated discharge from WWTP 1 2 
Manure from farm 0 1 
Manure from agricultural land 0 2 
Manure from cattle drinking at water side 0 2 
Wastewater discharge at marinas 6 5 
Wastewater discharge from recreational boats 9 3 
Wastewater discharge from commercial ships 3 2 
Pets in water or at bathing water location 6 8 
Bathers 12 7 
Bird colonies at or near bathing location 9 7 
Large international rivers 1 0 

Table 5.2: Results from the assessment of sources of pollution of bacteriological 
contamination at a random sample of bathing sites in the Netherlands 

 

The last column in Table 5.2 shows the number of bathing locations where specific 
sources of pollution could not be excluded as a factor of influence, because it was not 
possible to prove that they were non-existent. For instance, untreated sewerage could be 
shown to be a factor of influence in a third of all the locations investigated, but could not 
be excluded as a factor of influence in two-thirds of the locations. 

The identified sources of pollution were linked to the bathing sites’ percentile values 
with which they exceed the new BWQ standard. This was done in order to be able to get 
an indication of the weighted contribution of the sources to the overall bathing water 
quality problem and hence value the relative contribution of the identified sources to this 
problem. A source which contributes 10 percent to a 95 percentile value which is twenty 
times higher than the standard is, for instance, considered relatively more important than 
a source which contributes 100 percent to a 95 percentile value twice as a high as the 
standard. The weighted contribution of the various sources is presented in Figure 5.3. 

Important observations from Figure 5.3 are, first of all, the high percentage (22%) of 
non-identified sources of pollution. These often include a mix of different sources at or 
near large flowing surface waters, for which the exact origin of pollution is difficult or 
impossible to determine. Secondly, the large contribution of diffuse sources is remark-
able, i.e. wastewater discharge from recreational boats (13%), bathers (10%) and bird 
colonies (11%). Hence, largely due to the complex and diffuse nature of bacteriological 
contamination of bathing waters there is a strong case of recognized ignorance, making it 
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hard if not impossible to identify the exact causes underlying the observed bathing water 
quality problem as the basis for the subsequent identification of potential measures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Brouwer and Bronda (2005). 

Figure 5.3: Estimated relative contribution of pollution sources to the overall prob-
lem of bacteriological bathing water contamination 

 

Important observations from Figure 5.3 are, first of all, the high percentage (22%) of 
non-identified sources of pollution. These often include a mix of different sources at or 
near large flowing surface waters, for which the exact origin of pollution is difficult or 
impossible to determine. Secondly, the large contribution of diffuse sources is remark-
able, i.e. wastewater discharge from recreational boats (13%), bathers (10%) and bird 
colonies (11%). Hence, largely due to the complex and diffuse nature of bacteriological 
contamination of bathing waters there is a strong case of recognized ignorance, making it 
hard if not impossible to identify the exact causes underlying the observed bathing water 
quality problem as the basis for the subsequent identification of potential measures. 

5.3.3 Uncertainty surrounding the costs and effectiveness of possible measures 

On the basis of the inventory of potential sources of pollution and their pathways, four 
different types of measures were subsequently identified by the same experts who also 
identified the potential sources and pathways: 

• measures targeted at point sources 
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• measures aimed at the elimination or dislocation of discharges 

• measures targeted at the pathway of bacteriological contamination 

• instruments aimed at changing human behaviour. 

 

Examples of the first type of measures are the treatment of effluent wastewater from 
WWTP (enlargement capacity and/or disinfection techniques), increasing overflow ca-
pacity or the use of individual treatment systems of wastewater (e.g. on boats). Examples 
of the second type of measures are the connection of individual households or plants to 
the sewer system, the dislocation of a WWTP or marina outside the sphere of influence 
of a bathing site or the construction of non-grazing buffer zones for cattle along rivers. 
The third type of measures consists, for example, of hydrological isolation of bathing 
water through the construction of a dam or refreshment of bathing water at isolated sites 
with stagnant water. Finally, examples of the fourth type of measures include informa-
tion and education programs or signs aimed at changing the behaviour of bathers them-
selves, recreational boaters or people who walk their dogs near bathing sites or legisla-
tion such as the prohibition of the presence of pets or horses at beaches. 

Generally, the effectiveness of the latter type of measures (e.g. awareness programs) is 
more liable to social uncertainty than technical measures (which are largely open to natu-
ral scientific uncertainty regarding their effectiveness in reducing water pollution levels) 
in view of the fact that they are aimed at changing often unpredictable human behaviour. 
Even though prohibition signs are put in place, people may still ignore them. Also the 
use of economic instruments such as fines or penalties results in uncertainty as to what 
exactly their effectiveness will be. This depends upon public perception of the degree of 
enforcement of these instruments, i.e. the perceived probability of getting caught, and 
public attitudes and behaviour towards compliance with rules and laws14.  

Based on the assessment of sources of pollution, sets of measures were identified per 
bathing location and the costs and effectiveness of these measures estimated. Costs and 
effectiveness of measures were estimated on the basis of a database with potential meas-
ures, their costs and effectiveness available from a private water engineering company 
who was paid to provide the data, supplemented with expert judgement and in a few 
cases some additional field research. The measures most frequently identified at the dif-
ferent locations are presented in Figure 5.4.  

Refreshment of bathing water (circulation or suppletion) and disinfection (UV and chlo-
ride) of suppleted water are the most frequently proposed measures (at a third of all sites 
investigated), followed by the prohibition of pets or horses at bathing locations (at a 
quarter of all sites) and the construction of wastewater disposal tanks for recreational 
boating at marinas. The measures presented in Figure 5.4 mainly refer to bathing sites 
with standing waters. Coming up with appropriate (effective) measures for sites with 

                                                   
14 The effectiveness of economic instruments in general to stimulate sustainable water use by pricing 
specific water services depends on the price and income elasticity of the water service in question (see 
chapter 6). 
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flowing waters is difficult as these measures often have to deal with a mix of diffuse 
sources of pollution. The degree of control at these sites is much lower. 

The costs and effectiveness of the identified measures are presented in Table 5.3. The 
unit costs are based upon the available information about the one time off investment 
costs and annual exploitation costs of the specific measures. In order to be able to add up 
the one time off investment sum and the annual exploitation costs, the investment costs 
are recalculated into an annuity with the help of a capital recovery factor at an interest 
rate of 4 percent over a 20-year period. The effectiveness of the measures is based upon 
the estimated average pollution reduction capacity of each specific measure across all 
sites, i.e. the reduction of the concentration of FC colony forming units (cfu) per 100 
ml15. 
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Figure 5.4: Most frequently identified measures at bathing sites (relative number of 
times identified across all sites in %)  

 

From Table 5.3 it can be seen that preventive measures at the source (sanitary facilities 
at bathing sites, disinfection of effluent from wastewater treatment plants and the instal-
lation of wastewater disposal tanks at marinas) are among the most effective measures. 
However, additional treatment of WWTP effluent through UV disinfection is also among 
the most expensive measures. Putting up nets in order to create buffer zones on agricul-
tural land situated along watercourses to prevent cows or sheep to get too close to the 
waterside (and hence to prevent that their excrements directly enter water courses) is the 
cheapest measure. 

                                                   
15 The estimation is based upon expert judgement of the expected effectiveness of each measure to re-
duce concentration levels at the different sites. Average effectiveness is calculated based on the reduc-
tion of concentration levels across all selected sites. 
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Dividing the unit costs by the effectiveness of a measure results in a cost-effectiveness 
indicator. This is presented in the last column of Table 5.3. The costs to reduce the con-
centration of one cfu FC per 100 ml range from €0.10 (nets to keep cattle away from wa-
tercourses) until €3.19 (UV disinfection of WWTP effluents). Based upon the cost-
effectiveness of each measure, these measures can now be ranked, starting with the 
measure with the least cost per reduced concentration cfu, i.e. nets to keep cows and 
sheep away from the waterfront near bathing sites. Hence, when looking for the least 
cost way to reduce or eliminate the concentration of bacteria at bathing sites, one should 
start with putting up nets on agricultural land along watercourses, followed by sanitary 
facilities at bathing sites, pets prohibition signs at bathing sites, and so on.  

 

 
Measure 

Effectiveness 1 
(cfu per 100 ml yr-1) 

Costs 2 
(€ yr-1) 

Cost-effectiveness 
(€ per cfu per 100ml) 

At source    
Wastewater disposal tanks for boats 16,700 1,850 0.11 
Sanitary facilities at bathing site 26,200 5,050 0.19 
Disinfection effluent WWTP 22,500 71,700 3.19 
Nets to keep cows away from water 4,400 450 0.10 
Along pathway    
Refreshment/suppletion 13,500 25,400 1.88 
Disinfection water suppletion 10,300 6,500 0.63 
Construction of dams 10,600 3,700 0.35 
Dislocation of discharges    
Relocation storm water overflow 12,800 15,100 1.18 
Social instrument    
Prohibition sign for pets and horses 11,000 2,600 0.24 
Note: 
1 Reduction of colony forming units (cfu) FC. 
2 Price level 2002. 
 

Table 5.3: Identified measures, their unit costs and contamination reduction capacity 

 

However, the estimation of the cost-effectiveness of these single measures is surrounded 
by natural, social and political uncertainty. Natural uncertainty is mainly related to the 
dose-effect relationship between a specific measure and the effect of this measure on 
concentration levels at bathing sites. Some measures are taken at the source of the pollu-
tion while others are taken along the pathway of the pollution. In all these cases a quali-
tative assessment was made of the dose-effect relationship based on expert knowledge, 
expressed in a probability of completely eliminating current bacteriological contamina-
tion levels.  

Social uncertainty mainly relates to the estimation of the direct and possibly indirect 
costs of imposing measures on different actors, including water managers, recreationists, 
farmers and the tourist and recreation industry. Social uncertainty is also related to pub-
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lic behaviour in the case of prohibition signs, the use of wastewater disposal tanks at ma-
rinas or the use of sanitary facilities at bathing sites.  

Finally, political uncertainty surrounding the selection of the most cost-effective pro-
gramme of measures is related to the fact that in practice usually other criteria than those 
presented in table 5.3 may also play a role. Examples are possible side-effects of meas-
ures on the water environment (e.g. wider water quality control through investments in 
WWTP, the enlargement of the carrying capacity of the existing sewer system for storm 
water overflow or the dislocation of storm water overflow), legal and administrative con-
sequences of certain measures (e.g. enforcement of prohibition), the time needed to im-
plement a measure and/or the time needed before the measure actually becomes effective 
(i.e. when the first results manifest themselves), or the wider socio-economic effects of 
specific measures (e.g. closure of bathing sites, especially along the busy coast, is not 
considered an option because of the disproportionate costs to the tourist industry16). 

These uncertainties were accounted for in a recently developed uncertainty model by 
Brouwer and de Blois (forthcoming) for the cost-effectiveness analysis in the WFD. The 
structure of this model is presented in Figure 5.5. 

 

 
Figure 5.5: Model structure cost-effectiveness and uncertainty analysis 

 

For each measure, an uncertainty margin or interval is indicated (e.g. based on expert 
judgement) for the assessment of the measure’s effectiveness and cost. This uncertainty 
margin reflects the minimum and maximum (interval) value of the effectiveness or cost 
at a specified probability or confidence level and underlying probability distribution. Be-
sides simple deterministic analysis (i.e. assuming there exists no uncertainty), the current 
model allows three different distributions to be specified: Normal, Uniform and Triangu-
lar. The appropriate type of distribution depends on the conditions surrounding the spe-
cific parameter or variable (i.e. effectiveness or cost estimation). Based on this informa-
tion where the analyst is asked to specify for each measure: 
                                                   
16 In a non-published study carried out by Rijkswaterstaat in 2004, it was estimated that the total an-
nual loss of income in the retail and catering business at coastal bathing sites and marinas could add 
up to €5-8 million. 
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(1) name, 

(2) effectiveness (e.g. emission reduction), 

(3) uncertainty margin surrounding the estimated effectiveness and probability distribution, 

(4) cost, 

(5) uncertainty margin surrounding the cost estimate and probability distribution, 

(6) level of confidence, 

Monte Carlo analysis is then used to randomly generate values from the pre-specified 
probability distributions for the estimated effectiveness and cost of each measure17. 
Based on these random values for both costs and effectiveness, the cost-effectiveness of 
each measure is calculated, resulting in a large collection of cost-effectiveness values per 
measure from which a new uncertainty margin or interval and probability distribution is 
estimated. Based on these uncertainty distributions of the cost-effectiveness per measure, 
for every two measures the probability is calculated that one is more cost-effective than 
the other (currently assuming a Normal distribution, but any other distribution may ap-
ply). This in turn provides the basis for the renewed ranking of measures based upon the 
simulated uncertainty intervals underlying their cost-effectiveness. The model was origi-
nally developed to see how natural uncertainty underlying the assessment of the effec-
tiveness of measures and social uncertainty underlying the assessment of the cost of 
measures influence each other and how these different types of uncertainty can be dealt 
with simultaneously in an integrated assessment procedure like cost-effectiveness analy-
sis.  

Based upon the specification of the uncertainty and probability distributions underlying 
the estimation of the effectiveness and costs of the measures considered in this case 
study (see Figure 5.5), the uncertainty analysis shows that a differential ranking of meas-
ures results when accounting for the uncertainty underlying the assessment of both the 
effectiveness and costs of the identified measures. This is illustrated by the output from 
the uncertainty model developed by Brouwer and de Blois (forthcoming) in Figure 5.6. 
Note that in Figure 5.6 the reciprocal of the cost-effectiveness indicator is presented 
simply for illustration purposes. The bars in Figure 5.6 represent the measures (1-9) in 
Figure 5.5. The higher the bar, the more cost-effective the measure. 

Whereas measure number 9 (nets to keep cows and sheep away from water) is most cost-
effective in the deterministic model, i.e. not taking any uncertainty into account, fol-
lowed by measure number 1 (wastewater disposal tanks for boats), this order is reversed 
when taking underlying uncertainties into account. Another interesting observation from 
                                                   
17 The Monte Carlo method or analysis is a means of statistical evaluation of mathematical functions 
using random samples. A simulation calculates multiple outcomes of a model by repeatedly sampling 
values from the probability distributions for the uncertain variables and using those values for the cal-
culation. This requires a good source of random numbers. There is always some error involved with 
this scheme, but the larger the number of random samples taken, the more accurate the result.  In its 
pure mathematical form, the Monte Carlo method consists of finding the definite integral of a function 
by choosing a large number of independent-variable samples at random from within an interval, aver-
aging the resulting dependent-variable values, and then dividing by the span of the interval over which 
the random samples were chosen. 
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Figure 5.6 is that the absolute and relative differences in cost-effectiveness between 
measures is less profound when accounting for uncertainties, demonstrating the impor-
tant role uncertainty can play in the final selection of a cost-effectiveness programme of 
measures as prescribed by the WFD. The combined effect of the different types of uncer-
tainty underlying the effectiveness and cost assessment of each measure in the cost-
effectiveness indicator is presented in the one but last column in Figure 5.5. Obviously 
these uncertainty margins depend heavily on the assumed underlying probability distri-
butions and confidence level of the cost and effectiveness estimates, but they show that 
the relationship between the natural and social uncertainty is not straightforward (e.g. 
linear additive). 
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Figure 5.6: Uncertainty model output: cost-effectiveness results with and without ac-

counting for uncertainty underlying the effectiveness and costs of measures 

 

Often in cost-effectiveness analysis of water quality projects, most uncertainty results 
from a profound lack of knowledge or information about the actual dose-effect relation-
ships underlying specific measures (i.e. natural uncertainty), especially in the case of dif-
fuse pollution sources. Imperfect or incomplete knowledge and information about the di-
rect financial or economic costs of measures is usually expected to play much less of a 
role, although indirect sector and macro-economic effects can be significant in the case 
of large scale water quality interventions involving multiple economic sectors as seems 
to be the case in some countries in the context of the WFD. Also in this case study the 
estimated uncertainty margins surrounding the effectiveness of measures were larger 
than the cost estimates for most measures (see Figure 5.5). 

5.4 Conclusions 

This chapter presented a discussion about the natural, social and political uncertainties 
surrounding the selection of a cost-effective programme of measures. According to 
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WATECO the cost-effectiveness analysis is the key economic input into the preparation 
of the river basin management plan (RBMP) and uncertainty about costs, effectiveness 
and time-lagged effects of measures need to be dealt with throughout the process of 
identifying measures and developing the RBMP. This chapter started with a presentation 
of the different steps identified in a cost-effectiveness analysis. The main objective of 
this chapter was to demonstrate that uncertainty plays a role in each single step of the 
cost-effectiveness analysis and this was illustrated with the help of a case study, which 
shows a close resemblance with the implementation process of the WFD, namely the EU 
Bathing Water Directive (BWD).  

The identification of environmental objectives is the first essential step in the cost-
effectiveness analysis. The uncertainties surrounding the (in the WFD currently ongoing) 
process of objective identification are partly based on natural uncertainties regarding the 
most appropriate reference state of ‘good water status’ (some undisturbed pristine state 
100, 200, 500 or 1000 years ago?) and the feasibility of reaching such a state in practice 
(qualitative uncertainty), and partly on socio-political uncertainties regarding the current 
and future social value of good water status and the socio-economic, legal, institutional 
and administrative implications and consequences of this new water quality objective 
(also largely qualitative uncertainty). A combination of natural and socio-political uncer-
tainty was clearly present and in the process of establishing environmental objectives in 
the revision process of the BWD. In this specific case, no clear-cut scientific link could 
be established between bacteriological exposure levels and health risks (in the end the 
new standards were underpinned with evidence from only two studies) and socio-
political uncertainty about the socio-economic implications and consequences of new 
bathing water quality standards, especially for the recreation and tourist industry in some 
South European countries, but also the Netherlands and the UK for instance (see Geor-
giou et al., and Brouwer and Bronda in Brouwer and Pearce (2005) for a more detailed 
discussion). 

The second step (problem definition/gap analysis) is mainly surrounded by statistical un-
certainty about the current natural status of water systems based upon available monitor-
ing data (or the lack thereof). This was also discussed in chapter 3. Monitoring practices 
may also be a factor of influence as was illustrated for the case of bathing water quality. 
Some degree of more qualitative uncertainty may also play a role as a result of latent or 
time lagged effects of pressures from the past (e.g. stocks of phosphorous in adjacent ag-
ricultural lands to watercourses or accumulated stocks of contaminated sediments in wa-
tercourses) on current and future water status. 

The future status of water systems is closely related to the third step where scenario un-
certainty about future sources, pressures and impacts on water quality have to be deter-
mined. This includes natural, social and political uncertainty as was illustrated in chapter 
4. 

The identification of possible measures to bridge the gap between the expected and de-
sired water status in 2015 in step 4 may involve some degree of uncertainty regarding the 
‘best available technique’ (BAT) nature of the measures (are the identified measures 
really BAT?) and socio-political uncertainty with respect to the social and political ac-
ceptability of certain measures, sometimes also related to considerations like ‘best avail-
able technique not entailing excessive costs’ (BATNEC) as outlined in the 1996 Inte-
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grated Pollution Prevention and Control (IPPC) Directive (96/61/EC). Uncertainty about 
this latter consideration may be a dominant factor of influence in the final selection of 
the programme of measures, catered for in the WFD in Article 4 (labelled ‘dispropor-
tionate costs’), and should theoretically follow the estimation of the most cost-effective 
programme of measures in step 8, but will in practice often also play a role during the se-
lection of possible measures already. 

The fifth step (assessment of the effectiveness of measures) is surrounded by natural un-
certainty given the often weak scientific underpinning of dose-effect relationships. In 
this chapter a case study was presented where the uncertainty margins associated with 
different types of possible measures were explicitly quantified based on expert judge-
ment.  

The same applies to step 6 where the costs of the possible measures were estimated. Also 
here social uncertainty about the direct and indirect financial and economic effects were 
estimated with the help of expert judgement. Social uncertainty referred here mainly to 
the estimation of the direct and indirect costs of the identified measures across different 
groups in society, but also to human behaviour as social instruments were also included 
as a possible measure in the cost-effectiveness analysis. The indirect effects of the possi-
ble measures depend on the nature and the scale of the foreseen implementation of these 
measures in different sectors. 

In the WFD indirect effects are expected to play an important role in for example the ag-
ribusiness (primary agricultural sector and associated businesses such as food and bever-
ages processing industry) and the chemical industry. However, indirect effects as a result 
of changes in household (consumer) behaviour (consumption patterns) may also play a 
role if a large share of the implementation costs are passed on to households (directly 
through prices and taxes for water services (see chapter 6) or indirectly through an in-
crease of other product prices). Hence, to what extent and through which mechanisms 
indirect effects manifest and possibly reinforce themselves is uncertain and the subject of 
ongoing research18. 

These uncertainty margins were subsequently used as input in a recently developed un-
certainty model for the cost-effectiveness analysis in the WFD. This model was devel-
oped with the main aim to assess and illustrate how natural and social uncertainties in 
cost-effectiveness analysis interact and as a result affect the ranking of measures in the 
final step of the cost-effectiveness analysis. The uncertainty analysis in the case study 
presented in this chapter showed that there does not appear to exist a straightforward re-
lationship (e.g. linear-additive) between natural and social uncertainty.  

Moreover, the various steps in the cost-effectiveness analysis are so interdependent and 
interrelated that it is almost impossible to indicate at which stage (or step) most uncer-
tainty occurs. In fact, uncertainties accumulate when going through the various steps. It 
is probably fair to say that natural uncertainties surrounding existing cause-effect rela-
tionships in water systems (including uncertainties about the spatial and temporal dimen-
sions of water quality problems) are the predominant source of uncertainty in the cost-
effectiveness analysis, manifesting itself in the first steps of the identification of envi-

                                                   
18 See www.falw.vu.nl/ivm/watereconomics. 
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ronmental objectives and problem definition as a result of the qualitative uncertainty and 
partly recognized ignorance surrounding cause-effect relationships and in subsequent 
steps as a result of the same uncertainties surrounding environmental dose-effect rela-
tionships of possible measures.  
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6. Uncertainty surrounding the cost recovery of water services 

6.1 Introduction 

According to Paragraph 1 in Article 9 in the WFD, ‘member states shall take account of 
the principle of recovery of the costs of water services, including environmental and re-
source costs, having regard to the economic analysis conducted according to Annex III, 
and in accordance in particular with the polluter pays principle’. Water services are de-
fined in paragraph 38, article 2 in the WFD: ‘Water services means all services which 
provide, for households, public institutions or any economic activity: (a) abstraction, im-
poundment, storage, treatment and distribution of surface water or groundwater; (b) 
waste water collection and treatment facilities which subsequently discharge into surface 
water.’ 

In practice, the distinction between water use and water services is not very clear-cut and 
surrounded by many political obstacles related to the discrepancy between current and 
potentially future pricing of water use and services. The WATECO guidance regards wa-
ter services as the link between the environment and water use, consisting of activities 
which change important characteristics of water or wastewater. It is this change in water 
or wastewater characteristics which the WATECO guidance calls a water service. Water 
use is defined as an activity which has a significant impact on a water body’s status. It is 
unclear, however, what is considered a significant impact. An alternative approach to 
and definition of the concepts of water services and water use are given in Brouwer et al. 
(2004b). 

The WATECO guidance identifies four different types of information necessary to as-
sess the current levels of cost recovery: 

• Estimation of the costs of water services, including financial, environmental and 
resource costs. The financial costs broken down into operating, maintenance and 
capital costs. 

• Estimation of the price or tariff currently paid by the users and evaluation of tax 
transfers. 

• Assessment of the extent of financial and environmental cost recovery by water 
service and sector. 

• Assessment of the contribution to cost recovery from key water uses. 

If felt necessary, a review of incentive pricing properties of existing tariffs can be initi-
ated on the basis of the information above. Principles for allocating costs of water ser-
vices to categories of water users will need to be defined in a coherent manner. The main 
output of this element in the economic analysis is an assessment of the current extent of 
cost-recovery. Assessing incentive pricing properties of existing tariffs may be difficult 
in practice, but is an essential step so as to inform the future introduction of incentives in 
tariffs by 2009. 
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6.2 Cost recovery 

The cost of a productive activity consists, in theory, of the opportunity costs of the nec-
essary inputs. The opportunity cost of employing an input is the highest net benefit gen-
erated had it been employed elsewhere. If input and output markets exist and function 
well, the opportunity costs are reflected in the market prices paid for the inputs. For ex-
ample, the price of the necessary labour, equipment or electricity to produce a good or 
service. The principle of cost recovery implies that the economic production costs of a 
good or service – measured through their opportunity costs - are fully recovered. 

However, in some cases, inputs are used or outputs produced for which no markets exist 
and hence also no market prices are available to reflect their opportunity costs or which 
are traded in distorted markets, which do not reflect the real opportunity costs of the in-
puts used or outputs produced. These inputs or outputs usually involve so-called public 
goods or services, i.e. goods or services (consumed or produced) which can technically 
and often also institutionally or politically not be broken down in separate and individu-
ally purchasable units. Examples include resources such as air and water and their natu-
ral purification processes (or their function as a disposal sink for emitted pollutants). 
Here, environmental damages caused by water use (e.g. water abstraction or the emission 
of pollutants) often does not result in a private cost to individual agents, but does result 
in a social cost to society (Brouwer et al., 2004c). This is what the WFD refers to as en-
vironmental and resource costs. Environmental costs are defined as the economic dam-
age costs to the water environment and other water use(r)s caused by alternative compet-
ing water use (e.g. water abstraction or wastewater discharge), while resource costs are 
defined as the opportunity costs of using water as a scarce resource in a particular way 
(e.g. through abstraction or wastewater discharge) in time and space. 

Besides environmental damage not accounted for through market prices (i.e. market 
prices only reflecting the private opportunity costs and not the social opportunity costs), 
Renzetti and Kushner (2004) distinguish a number of other reasons why a government 
agency or firm’s private accounting of the costs of its activities may differ from the full 
economic cost of those activities.  

First, there may be accounting guidelines set out in government regulations, which dic-
tate the way in which costs are recorded. For example, utilities may be prevented from 
assigning a competitive rate of return as part of the opportunity cost of its purchased 
capital goods.  

Secondly, a water utility may receive subsidies from other agencies. These could include 
direct subsidies such as capital grants from senior levels of government or indirect subsi-
dies as might occur if a municipal water utility were to receive services from the city’s 
legal department without charge.  

Thirdly, analysts and utility regulators may disagree in how completely they wish to see 
an agency move to full cost accounting. For example, some may argue that it is sufficient 
to see that operation and maintenance costs are fully accounted for. Others may argue 
that operating and maintenance plus capital costs must be fully accounted. Still others 
would argue that also external costs such as environmental damages and the opportunity 
cost of raw water supplies must be included.  
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A fourth factor that inhibits implementation of full cost recovery is a lack of standard-
ized guidelines for these types of accounting. Although there exists a large body of eco-
nomic research devoted to measuring whether a household, government agency or firm’s 
accounting of the costs of its activities accurately reflect the costs borne by all of society, 
such as road transportation or the generation of electricity19, there is a limited literature 
that is concerned with applying the principles of full cost accounting to water and sew-
age utilities.  

Finally, because of the novelty of this approach to water and sewage utility accounting, 
there may be difficulties in collecting the data needed to estimate some cost components. 

Other important issues that play a role when trying to assess the level of cost recovery of 
water services and which add to the level of complexity and uncertainty when trying to 
assess cost recovery of water services include: 

• In some cases there does not exist a clear direct relationship between the service 
in question, the provider of the service and the user of the service. For example, 
the management of rivers and watercourses (e.g. dredging) serves both commer-
cial and recreational shipping and flood control. Flood control management is 
another example of the provision of a public good, which cannot technically be 
broken down in individual units and sold to individual beneficiaries. 

• In other cases, there exist interdependencies between water services and their 
costs. For example, an increase in the level of sewerage provision levels (e.g. in-
crease in connection rate) will also result in an increase of water treatment costs. 

• Not all costs are always clearly visible. For example, environmental and resource 
costs. Or costs are financed through different financial channels and by different 
institutions (e.g. local tax revenues and general income taxation). 

Uncertainties when assessing cost recovery mainly concern statistical uncertainties, i.e. 
lack of data or information related to the (1) production costs of water services, (2) fi-
nancial flows of payments from consumer (beneficiary or polluter) to the supplier of a 
water service, (3) incentive compatibility of existing economic instruments used to pay 
for water services and (4) environmental and resource costs of water service provision.  

However, the environmental assessment of damage to the water environment or to water 
resources as a result of current or future water use (which underlies the estimation of en-
vironmental and resource costs) is fraught by uncertainties due to limited knowledge 
about cause-effect relationships and this specific part in the assessment of cost recovery 
can hence also be characterized as ‘recognized ignorance’. Furthermore, during the first 
year(s) of the implementation of the WFD, the definition of water services appeared to 
be a highly sensitive political issue due to the uncertainty about the political, institu-
tional, legal and socio-economic implications of the identification and definition of spe-
cific water services across river basins in the Article 5 reports (2004-2005) for future 
pricing policy according to Article 9 in 2009. 

                                                   
19 In Europe, a major EU funded research study was undertaken over the past 10 years to estimate the 
external costs to the environment and human health of electricity production from fossil, nuclear and 
renewable sources (ExternE: Externalities of Energy). 
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In the next paragraph, the statistical uncertainty underlying the conventional financial 
cost accounting or estimation procedures will be illustrated in a qualitative way, fol-
lowed by a qualitative description of the statistical uncertainty surrounding existing cost 
recovery based pricing and financing mechanisms for water services. These mechanisms 
are mainly related to the financial costs of water service provision levels. In the final 
paragraph, an attempt is made to assess the statistical uncertainty underlying existing 
economic estimates and estimation procedures of the environmental costs of water use. 

6.3 Practical examples 

6.3.1 Uncertainty surrounding the costs of water services 

Overall, the water sector is fairly capable of estimating the financial costs of water man-
agement measures. Costs are usually registered in accountancy reports, resulting in many 
cases in the availability of time series of annual costs and expenditures. In the Nether-
lands, a standard methodology and procedure have been developed (by the Ministry of 
Transport, Public Works and Water Management) for the calculation of costs for infra-
structure projects, including water infrastructure, the so-called ‘Project Ramingen Infra-
structuur’ (PRI) methodology. In this methodology cost categories and cost types are 
identified, which have to be reported in the explorative, planning and implementation 
phase of investments in water infrastructure projects. The required degree of accuracy 
and confidence surrounding these cost estimates differs depending upon the phase in the 
decision-making cycle (Table 6.1). 

 

 Required accuracy 

 

Policy phase 

 

(σ/μ*100%) 

Confidence    
interval 

Lower bound 
estimate 

Upper bound 
estimate 

Explorative ≤ 50% 1.0* σ 15% 15% 

     

Planning ≤ 25% 1.6* σ 5% 5% 

     

Implementation ≤ 10% 2.3* σ 1% 1% 

Source: Adapted from Directoraat-Generaal Rijkswaterstaat (2004). 

 

Table 6.1: Required degree of accuracy of cost estimates for water infrastructure 
projects at different stages of policy or decision-making 

 

The accuracy of the estimates has to be reported explicitly at all times. The different 
types and categories of costs are presented in Table 6.2. Table 6.2 shows that ‘unfore-
seen costs’ and ‘unforeseen cost categories’ are explicitly accounted for in any appraisal.  
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The difference between ‘to be specified foreseen costs’ and ‘unforeseen costs’ can be 
explained with the help of the distinction between qualitative uncertainty and recognized 
ignorance. Foreseen costs that still have to be specified can be considered qualitative un-
certainty and unforeseen costs can be regarded as recognized ignorance. Although stan-
dard cost accounting procedures exist, it is not unusual for the government to underesti-
mate the total costs of large infrastructure projects. In fact, many examples exist where 
total costs ex post exceed total costs ex ante by a factor 2 or more. Hence the emphasis 
on ‘known’ and ‘to be specified’ direct and indirect costs in order not to forget that cost 
assessments are often incomplete and surrounded by many uncertainties. On top of that, 
the standard error around the average cost estimate has to be estimated and presented, as 
well as the appropriate confidence interval (depending upon the desired degree of accu-
racy) and the corresponding variation coefficient (σ/μ).  

 

 COST TYPES  

 Foreseen costs 

 Direct costs Indirect costs 

COST CATEGORIES Known To be specified Known To be specified 

 

Unforeseen 
costs 

 

Total 

Construction costs X1 Y1 Q1 Z1 C1 Σ 

Property costs X2 Y2 Q2 Z2 C2 Σ 

Engineering costs X3 Y3 Q3 Z3 C3 Σ 

Other costs X4 Y4 Q4 Z4 C4 Σ 

Total primary costs Σ Σ Σ Σ Σ Σ 

Unforeseen project  C5 Σ 

Investment costs excl. VAT     Σ Σ 

Value Added Tax  Σ 

Investment costs incl. VAT  Σ 

Range at .. % confidence interval 

Standard error estimate 

Variation coefficient estimated percentage 

 

Source: Directoraat-Generaal Rijkswaterstaat (2004). 

Table 6.2: Standard cost calculation scheme for water infrastructure projects based 
upon the Dutch PRI methodology 

 

In practice, a distinction is furthermore made between ‘normal’ and ‘special’ events in 
cost accounting. Uncertainties surrounding ‘normal’ events relate, for example, to varia-
tion in the number of hours needed to dredge a watercourse (e.g. ditch or channel) and 
the corresponding variation in unit prices as a result of economies of scale. The unit cost 
price of dredging 40 hours per week is higher than the unit cost price of dredging 80 
hours per week. Uncertainties related to ‘special’ events include, for example, the num-
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ber of times that dredging has to be stopped as a result of objects found in the water-
course (e.g. refrigerators or bicycles), estimated in terms of probability and associated 
costs. Finally, so-called ‘planning uncertainties’ are usually also accounted for as a re-
sult of, for example, different options to store and treat sludge at different locations. 
Each location has different transportation and treatment costs. 

A remarkable observation from Table 6.2 is that no explicit distinction is made between 
capital costs and operation and maintenance costs as advised in the WATECO guidance. 
Hence, although uncertainties are explicitly accounted for, cost estimates of water pro-
jects carried out by the central government require recalculation into these three main 
cost categories. An important reason for this is that the PRI methodology is mainly used 
for ex ante cost accounting of infrastructure investment projects and less for cost calcula-
tions of water services provided by different water agents.  

When comparing the standard cost accounting procedure of the central government with 
those applied by water boards, drinking water companies or local governments (province 
and municipalities), it appears that these are largely incompatible, making it hard if not 
impossible to compare the costs of water services provided by different water managing 
authorities (Fiselier, 2003). Another important issue is that the cost accounts published 
by the central government are estimations, not actual costs. In practice, the difference be-
tween estimated and actual costs is not expected to be very big, but differences are nev-
ertheless possible. On the other hand, drinking water companies and water boards pub-
lish their actual costs. 

The available information in the Netherlands about the total annual production costs of 
the two main water services identified Europe wide, i.e. wastewater collection and 
wastewater treatment, are presented in Figures 6.1 and 6.2.  
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Figure 6.1: Total annual sewerage operation 
and maintenance costs and revenues from the 
sewerage tax (price level 2002) 
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Figure 6.2: Total annual costs for water quality            
management and revenues from pollution levy water 
boards (price level 2002) 

 

Wastewater collection costs are borne by municipalities, who are responsible for waste-
water collection in the Netherlands, whereas wastewater treatment is the responsibility of 
the Dutch water boards. The total costs of the other Europe-wide acknowledged water 
service, drinking water supply, was 1.4 billion euros in 2001 (Vewin, 2004). In view of 
the fact that the estimation procedures of these cost estimates have remained more or less 
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the same based upon standard accounting principles over the past 10 years, the accuracy 
of the estimates is considered high (variation coefficient ≤10% and 95% confidence in-
terval)20. 

For the purpose of the WFD, it is the allocation of these publicly available total costs to 
river basin districts, which introduces some degree of error (see chapter 3), or the break-
down of the total cost estimates into more refined and detailed service provision units. 
For example, the proposed distinction in the WFD between the production of drinking 
water and the distribution of drinking water (see paragraph 6.1). In this latter case, arbi-
trary allocation rules have to be formulated in order to be able to divide for instance ad-
ministration and overhead costs across these two specific sub-services. However, the sta-
tistical uncertainty surrounding these river basin wide indicators of total annual costs for 
the purpose of cost recovery assessment remains limited.  

6.3.2 Uncertainty surrounding the incentive compatibility of existing pricing 
mechanisms for water services 

Although transparency is an important guiding principle in the WFD, also advocated in 
the WATECO guidance, complex pricing and payment mechanisms in the water sector 
across Europe (including cross-subsidization) may result in a distorted picture of who 
pays exactly for which water service. This makes it difficult to assess the extent to which 
the polluter and beneficiary pays principles are applied. The assessment depends upon 
the specific water service considered. Some services are pure public goods, making it 
difficult to assign any property rights and pricing mechanisms to these goods or services 
at all. Other services are more amendable to the application of economic pricing systems. 
For example, flood protection (as a pure public good) is a highly disputed water service 
in the context of the WFD for several reasons. 

In European countries like the Netherlands and Hungary flood control is mainly pro-
vided by the central government and financed through general income taxation (Brouwer 
et al., 2004c). Flood protection benefits are difficult to allocate across individual benefi-
ciaries, i.e. people living behind embankments or dikes from a technical and institutional 
point of view. This is technically speaking difficult, because it requires an assessment of 
exactly how much someone benefits from a flood protection scheme depending on where 
this person lives. This is institutionally speaking perhaps even more so difficult, because 
it probably requires a revolution in the general public’s attitudes towards flooding, their 
acceptance of flood risks and acceptance of compensation for flood damages or their 
willingness to pay for flood protection or damage insurance premiums. 

In the Netherlands, most water management costs are recovered by charging the users of 
the services provided. Water pricing policy is, wherever possible, based on the benefici-
ary and polluter pays principle. Still, pricing and financing structures can be complex. 
For example, consumers of drinking water pay drinking water companies the production 

                                                   
20 Author expert judgement. The author has collected and published information about the costs and 
revenues of water management in the Netherlands for the annual progress report ‘Water in Beeld’ is-
sued by the Commission for Integrated Water Management (CIW) chaired by His Royal Highness 
Prince Willem Alexander, from 1999 until and including 2004. 
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costs of drinking water, and on top of that indirectly the general value added tax (VAT), 
the State ground water tax, the Provincial groundwater levy and a tax on tap water (Fig-
ure 6.3). The groundwater tax and levy can be considered as a way to internalize the ex-
ternal social costs of groundwater extraction and the associated environmental and re-
source costs. However, the groundwater tax is not earmarked, meaning that it is not actu-
ally used to compensate for any environmental damages caused by groundwater extrac-
tion and in that sense not really an internalized environmental cost (see Brouwer et al. 
(2004c) for a more detailed discussion about the internalization of environmental and re-
source costs in the context of the WFD)21.  
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Figure 6.3: Various components of the average drinking water price (in €/m3) in 2001 

 

Information about the average drinking water price paid by households is publicly avail-
able, but drinking water prices paid by companies are confidential. Companies pay dif-
ferent prices depending upon the quantities consumed and quantity discounts obtained. It 
is therefore unknown and uncertain to what extent potential cross-subsidization takes 
place, i.e. households paying part of the production costs of drinking water supplied to 

                                                   
21 In 2002, the total revenues from the groundwater tax were approximately 180 million euros. The 
groundwater levy is based on the 1982 Groundwater Act. This Act enables Provinces to issue permits, 
which allow companies (agriculture, drinking water companies and industry) to extract groundwater. 
The revenues of the fee paid for this permit are used to fund measures to mitigate any negative envi-
ronmental effects caused by excessive groundwater use and research into groundwater depletion. 
Companies pay a fee for the permit and, additionally, a levy on every cubic metre extracted. The fee 
and the extraction levy differ per Province. Extraction levies vary between 0.003 and 0.05 euros per 
cubic metre extracted. In most cases, a certain groundwater volume can be extracted free of charge, 
ranging across Provinces between 10,000 and 100,000 m3. Compared to the State tax for groundwater 
abstraction, the total revenues from the Provincial levy are very low. In 2002, the total revenues were 
about 17 million euros. 
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large companies. Recent evidence from France shows that the amount of cross-
subsidization is limited (Laurans, 2004).  

The operation and maintenance costs of wastewater collection (i.e. sewage system, 
which transports wastewater to wastewater treatment plants operated by water boards) 
are borne by municipalities and most of these costs (84%) are recovered from the users 
of this service (households and industry) through a sewerage levy (Figure 6.1). The re-
mainder is paid out of general local taxation, usually property taxes. No data or informa-
tion is available about the extent to which households and industry contribute separately 
to the recovery of the operation and maintenance costs of the sewage system and hence 
to what extent the polluter pays principle applies. In order to measure this more precisely 
or accurately, a wastewater metering system would have to be installed in individual 
households, requiring a substantial investment sum and associated (costly) administra-
tion system. Part of the revenues from the sewerage levy are also used to subsidize rela-
tively expensive individual wastewater treatment systems in remote rural areas where 
houses are not connected to the sewerage system. However, in the Netherlands the rate 
of unconnected households is very low (about 1%)22. 

A pollution levy is imposed by water boards and central government on all discharges to 
the sewage system or directly to surface waters under the national Surface Water Pollu-
tion Act. Polluters discharging to the sewage system or local or regional surface waters 
pay the levy to the water boards, whereas polluters discharging into state owned waters 
pay the levy to the Central Government. The levy covers in principle all the water 
board’s wastewater treatment costs and the costs of meeting the water quality objectives 
(Figure 6.2)23. Water boards discharging wastewater from the wastewater treatment 
plants into state owned waters pay half of the levy to the central government. The levy is 
calculated on the basis of oxygen consuming substances and heavy metals in water pol-
luting emissions. The amount of pollution is expressed in population equivalents (p.e.). 
The pollution levy is charged to households and companies. Households pay a fixed an-
nual rate, either based on a one-person household equivalent or a three-person household 
equivalent, while companies and organisations pay a charge which varies with the 
amount of pollution discharged with their waste water. This is hence a more sophisti-
cated system based upon the polluter pays principle than for wastewater collection. Most 
large companies treat their own wastewater and then discharge it directly into state-
owned surface water. Those discharging in state waters pay a levy to the state.  

                                                   
22 More importantly is the fact that the capital investment costs incurred decades ago in most munici-
palities in the Netherlands (in many cases after the Second World War in the 1940s and 1950s) have 
never been depreciated in an economically appropriate manner. As a result, the necessary replacement 
investment costs in the next ten years (until 2015) are expected to result in significant increases in 
sewerage levies across the country. 
23 In 2002, total revenues from the pollution levy received by the water boards were 1 billion euros. 
Seventy percent of these total revenues were paid by private households and 30 percent by agriculture 
and industry. Furthermore, the average annual costs paid for own wastewater treatment (labelled ‘self 
services’ in the context of the WFD) are more or less the same as what industry pays to the water 
boards, i.e. approximately 310 million euros annually over the period 1996-2002. The total costs for 
water quality management in 2002 were 1.2 billion euros, hence giving a cost recovery rate in that 
year, calculated as total revenues divided by total costs, of 88 percent (Figure 6.2). 
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In summary, the cost recovery rate of the production costs of the three water services 
drinking water supply, wastewater collection and wastewater treatment is relatively high 
in the Netherlands. Each of these services has its own pricing mechanism and the extent 
of cross-subsidization seems limited. However, the extent to which the pricing and fi-
nancing mechanisms for these services provide an incentive to use water efficiently is 
questionable as this depends upon the price and income elasticity of the water service 
concerned, which is usually low for household consumption (Dalhuisen et al., 2001) and 
often unknown for industrial and agricultural water use. 

6.3.3 Uncertainty surrounding estimated environmental and resource costs 

The financial costs presented in paragraph 6.3.1. may not include all economic costs in-
volved in the provision of a specific water service. For instance, the environmental dam-
age costs as a result of wastewater discharge after treatment may not be accounted for, or 
potential resource costs caused by pumping up scarce surface water or groundwater for 
drinking water purposes during dry periods when drinking water use is in conflict with 
agriculture and nature conservation. Based on the estimation of environmental damage 
costs, through direct or indirect economic valuation methods (see Box 6.1), existing pric-
ing and financing mechanisms can be reviewed to assess to what extent the estimated 
damage costs have actually been internalised.  

 
 

In environmental economics, a number of economic valuation methods have been developed to esti-
mate the economic value of these non-priced environmental goods and services. Economic values are 
measured in money terms through the concept of willingness to pay (WTP) or willingness to accept 
compensation (WTAC). In economics, values are determined by what individuals want (individual pref-
erences) and are measured by the extent to which they are willing to trade-off scarce means such as 
time or money income to obtain something (secure a gain), preserve something (prevent a loss) or ac-
cept in compensation when losing something. Aggregated across those who benefit from natural re-
sources and their services and who will hence be affected by any change in their provision level, in-
cluding quality level, the aggregated WTP or WTAC amount provides an indicator of their total eco-
nomic value (TEV). The WTP approach has become the most frequently applied and has been given 
peer review endorsement through a variety of studies (e.g. Cummings et al., 1986; Arrow et al., 1993). 
One important reason for this endorsement is that WTP is theoretically constrained by income levels 
whereas WTA is not. The WTP measure is therefore believed to produce more reliable valuation out-
comes. 

Environmental economists have introduced a taxonomy of this TEV, distinguishing between use values 
and non-use values, in order to account for the various reasons and motives people may have to value 
environmental change. This TEV of the environment, including environmental (damage) costs, can be 
estimated with the help of direct and indirect economic valuation methods (e.g. Johansson, 1987; 
Mitchell and Carson, 1989; Freeman, 1993). Direct methods (also called stated preference methods) 
refer to contingent valuation (CV) and contingent ranking (CR) techniques, with which individuals are 
asked directly, in a social survey format, for their willingness to pay (WTP) for a pre-specified environ-
mental change. WTP can also be measured indirectly by assuming that this value is reflected in the 
costs incurred to travel to specific sites (travel cost studies) or prices paid to live in specific neighbour-
hoods (hedonic pricing studies). The latter two approaches measure environmental use values through 
revealed preferences, while CV is believed to be able also to measure non-use or passive use values 
through stated preferences. 

Box 6.1: Economic values and valuation methods 
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The extent to which these economic valuation methods are subject to uncertainties and 
produce estimation errors has not been subject to systematic analysis. In general, a dis-
tinction is made in the economic valuation literature between validity and reliability. Va-
lidity refers to the question to what extent a method measures what it is intended to 
measure. This is often called the ‘true’ economic value of the environmental goods or 
services involved. Since this true economic value is unknown (the reason why it is being 
measured through different valuation methods), the validity of economic valuation re-
search is tested in practice by looking at the consistency of research findings compared 
to the theoretical starting points24. Reliability concerns the replicability of findings, for 
example with respect to the extent to which the method is able to produce the same out-
comes at different sites across different groups of people at different points in time. Reli-
ability is usually associated with the degree to which variability in contingent valuation 
(CV) responses can be attributed to random error. 

According to Bateman and Turner (1993), reliability is related to two potential sources 
of variance: variance introduced by the sample and variance introduced by the method. 
The usual solution to the former is to use large samples. The general approach in the lit-
erature for examining the latter has been to assess the consistency of CV estimates over 
time in so-called ‘test-retest’ studies (e.g. Loomis, 1989; McConnell et al., 1998). To 
date test-retest studies have only considered relatively short periods, ranging from two 
weeks (Kealy et al., 1988 and 1990) to two years (Carson et al., 1997). These have sup-
ported the replicability of findings and stability of values across such modest periods25. 
In a recent test-retest study covering a time period which is more than double that con-
sidered in previous test-retest analyses (Brouwer and Bateman, 2005), average WTP val-
ues and WTP functions appear to be significantly different across this longer time period 
for a number of reasons, including those expected from standard economic theory 
(changes in preferences and incomes). 

In practice, benefits transfer is often used as an attractive and cost-effective alternative to 
usually time consuming and costly original valuation work. Developments in the imple-
mentation of the WFD regarding the estimation of environmental and resource costs and 
the underpinning of the concept of disproportionate costs also point in this direction (e.g. 
EA, 2004). Benefits transfer is a technique in which the results of previous environ-
mental valuation studies are applied to new policy or decision-making contexts. In the 
literature, benefits transfer is commonly defined as the transposition of monetary envi-
ronmental values estimated at one site (study site) to another site (policy site). The study 
site refers to the site where the original study took place, while the policy site is a new 
site where information is needed about the monetary value of similar benefits. 

                                                   
24 In the CV literature a distinction is made between four different validity concepts (e.g. Mitchell and 
Carson, 1989): content validity, criterion validity, convergent validity and construct validity. It is 
mainly the last two validity concepts, which have been tested most in the existing literature. A number 
of studies have compared, for instance, the outcomes of contingent valuation studies with those from 
travel cost or hedonic pricing studies or other valuation studies (e.g. Smith et al., 1986; Carson et al., 
1996) or the outcomes of different WTP elicitation formats in CV such as open ended or dichotomous 
choice WTP questions (e.g. Desvousges et al., 1983; Bateman et al., 1995). 
25 An overview of studies investigating the reliability of CV estimates is found in McConnell et al. 
(1998).  
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Although benefits transfer is used extensively in practice, very little published evidence 
exists about its validity and reliability. Table 6.3 gives an overview of water related stud-
ies, which tested the reliability of the transfer of WTP values. Although not complete, 
Table 6.3 shows that most studies tested the reliability of transferring contingent valua-
tion results. Three studies investigate the transferability of travel cost studies. The esti-
mated benefits in these studies are related to different types of water use, such as recrea-
tional fishing, boating or other recreational water use (also the study by Bergland et al. 
(1995) and Parsons and Kealy (1994) look at water quality improvements for recrea-
tional use). The last column presents the range of transfer errors found in these studies, 
i.e. the absolute error when using the estimated economic value of a specific water use or 
water quality deterioration from another study in a new policy context. So, a transfer er-
ror of 50% means that the value from the previous study used in the new policy context 
is 50% higher or lower than the ‘true’ value in the new policy context. A range of trans-
fer errors is presented as the reliability of benefits transfer was tested for at least two 
sites (transferring a WTP value from say site A to site B and the other way around) and 
for both WTP values and WTP value functions (see Brouwer (2000) for more details).  

 

 

Study 

 

Valuation method 

 

Estimated benefits 

Transfer errors 
(%) 

Loomis (1992) Travel cost sport fishing benefits 5 – 40 

Parsons and Kealy (1994) Travel cost water quality improvements 1 – 75 

Loomis et al. (1995) Travel cost water based recreation 1 – 475 

Bergland et al. (1995) Contingent valuation water quality improvements 18 – 45 

Downing and Ozuna (1996) Contingent valuation saltwater fishing benefits 1 – 34 

Kirchhoff et al. (1997) Contingent valuation white water rafting benefits 6 – 228 

Brouwer and Bateman (2005) Contingent valuation flood control benefits 4 – 51 

Source: Adapted from Brouwer (2000). 

Table 6.3: Errors found in water related economic valuation studies testing benefits 
transfer 

 

From Table 6.3, it is difficult to say how large the errors can be expected to be on aver-
age when using existing economic value estimates in new decision-making contexts. In 
some cases they can be very low, in other cases they can be as high as almost five times 
the value, which would have been found if original valuation research was carried out. 
No distinct differences can be found based on Table 6.3 when comparing transfer errors 
for contingent valuation and travel cost studies.  

Another illustration of the accuracy underlying the use of existing economic estimates as 
proxies for environmental and resource costs is presented in Table 6.4. Table 6.4 pre-
sents an overview of the results of a meta-analysis of 30 CV studies of wetlands in tem-
perate climate zones. The CV studies focus on different issues related to wetland conser-
vation and were carried out at different points in time (in the 1980s and 1990s) in differ-
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ent places (different countries in Europe and North America). A statistical meta-analysis 
of the findings of the different CV studies produced the summary statistics shown in Ta-
ble 6.3.  

 

 Mean WTP Standard error Min WTP Max WTP 

Wetland type     

Saltwater 84.3 40.8 28.5 205.5 

Freshwater 88.4 9.2 1.5 400.5 

Wetland function     

Flood water retention 138.9 36.6 36.0 265.5 

Water recharge 32.3 10.2 4.5 88.5 

Pollutant retention 78.8 8.9 13.5 261.0 

Wildlife habitat 114.2 19.2 1.5 516.0 

Wetland value     

Use value 102.2 12.6 13.5 516.0 

Non-use value 53.3 7.2 18.0 117.0 

Use and non-use 95.7 19.4 1.5 400.5 

Continent     

North America 106.2 11.7 4.5 516.0 

Europe 49.2 12.6 1.5 265.5 

Source: Adapted from Brouwer et al. (1999). 

Table 6.4: Break-down of average economic values found in the literature for wet-
lands in temperate climate zones in US$ per household per year (price 
level 1995) 

 

The summary statistics (average WTP values) show a high degree of variability (meas-
ured through the minimum (Min) and maximum (Max) average WTP values found in in-
dividual studies). Standard errors, measures of the accuracy of the estimated average 
values, range between 10 and 50 percent of the summary statistic’s average value (i.e. 
variation coefficient). The 95 percent confidence interval around these estimates is al-
most two times higher. For instance, the 95 percent confidence interval around the aver-
age economic value of freshwater wetlands is US$ 70.4 – 106.4, whereas the 95 percent 
confidence interval around the average economic value of saltwater wetlands is US$ 4.3 
– 164.3. 

Comparing these summary estimates with the estimated economic values related to water 
use in a number of recent original CV studies carried out in the Netherlands, the latter 
appear to produce considerably more accurate results (Table 6.5). The variation coeffi-
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cients of the estimates presented in Table 6.5 range between 8 (contaminated sediment 
clean-up) and 15 percent (good status WFD).  

 

Study Policy domain Estimated benefits Mean WTP1 
(€/household/year) 

Brouwer (2004a)  EU WFD 
(2000/60/EC) 

Reaching good water status 
in all Dutch river basins 

80-100 
(2003) 

Brouwer et al. (2004d) Ecological restoration 
lakes 

Restoration biodiversity en 
recreational opportunities 

60-95 
(2002) 

Brouwer (2004b) Contaminated sedi-
ment clean-up 

Restoration biodiversity and 
human health benefits 

50-65 
(2004) 

Brouwer (2003) Revision EU Bathing 
Water Directive 
(76/160/EEC) 

Reduction health risks from 
bathing in open (coastal and 
inland) waters 

30-40 
(2002) 

Note: 
1 95% confidence interval (price level between brackets). 
 

Table 6.5: Overview of economic values related to water use found in the Netherlands 

 

An interesting finding is that when comparing the economic value presented in Table 6.4 
for the biochemical wetland function pollutant retention (including recycling and export) 
underpinning water quality improvements with the economic value presented in Table 
6.5 for reaching good water quality status (after adjusting the former for differences in 
price levels and currencies), they appear to be more or less the same (approximately €90 
per household per year). This can be regarded as support for the validity and reliability 
of the economic values specifically related to water quality improvements as foreseen in 
the WFD found so far. 

6.4 Conclusions 

This chapter reviewed the available data and information for cost recovery assessment of 
water services. Statistical uncertainty plays a relatively minor role in the assessment of 
the costs of provision of the main water services distinguished in the WFD: drinking wa-
ter supply, wastewater collection and treatment. Political uncertainty about the identifi-
cation and definition of (a wide range of) water services has played a much more impor-
tant role in the Article 5 reports of EU Member States (MS). In view of the uncertainty 
about the implications of identifying and defining a wide range of water services for fu-
ture pricing policies, most EU Member States, including the Netherlands, approach the 
concept of water services carefully. 

In practice this means that water services are identified based on existing pricing and fi-
nancing mechanisms for specific well-established water management tasks such as 
drinking water supply or wastewater treatment for which data are usually also relatively 
easy obtainable. However, it is uncertain what the political, institutional, legal, financial 
and economic consequences are if in addition also for example navigation, hydropower 
or flood control are nominated as water services and become liable to future pricing 
policies. Many countries do not seem to be ready yet to face the consequences when im-
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posing far reaching new pricing policies for these currently mostly priceless water ser-
vices. 

In the Netherlands, existing price and financing structures for water services such as 
drinking water supply or wastewater collection and treatment are based on the principle 
of cost recovery. The current levels of financial cost recovery can easily be assessed 
based upon the ready available (time series) data and information about the revenues 
from these existing pricing mechanisms. These revenues are published annually by the 
suppliers of the water services based upon actual market revenues in the case of drinking 
water companies or incomes from an earmarked levy in the case of wastewater collection 
by municipalities and wastewater treatment by the water boards. Hence, there is virtually 
no uncertainty involved in the reporting of the current level of cost recovery for these 
well-established water services. 

There is, however, some uncertainty related to the incentive compatibility of these exist-
ing price and finance mechanisms as a result of the existence of (minor) distorting cross-
subsidization mechanisms. Incentive compatibility refers to the extent to which existing 
price and finance structures stimulate a more efficient use of water services and the ex-
tent to which the polluter or beneficiary pays principle applies. The latter are guiding 
principles in Dutch water policy for already more than a decade, but cannot be fully sub-
stantiated due to lack of (confidential) data and information on the one hand and on the 
other hand the fact that there does not exist an integrated metering and cost accounting 
system for tap (drinking) water, wastewater collection and wastewater treatment. Hence, 
the application of the polluter pays principle cannot be one hundred percent established. 
This and the fact that the price elasticity of household water consumption is usually rela-
tively low and often unknown for industrial and agricultural water use, results in some 
degree of uncertainty as to whether existing pricing mechanisms aimed at cost recovery 
are at the same time also incentive compatible. 

The largest source of uncertainty by far is the extent to which environmental and re-
source costs are accounted for through current price and finance structures. It is un-
known and uncertain in most EU MS what the economic value of environmental and re-
source costs of current (let alone future) water use are as a result of the difficulties of 
quantifying them in both physical and monetary terms. First of all, the causal relation-
ship between water use and environmental or resource damage is surrounded by both 
qualitative uncertainty and recognized ignorance. Secondly, the WFD objective of good 
chemical and ecological water status, the most obvious point of reference for the identi-
fication and quantification of environmental and resource costs (defined here as the dif-
ference between the status quo and good status), is not clear yet (i.e. combination of both 
natural scientific and political uncertainty). Thirdly, contrary to existing cost accounting 
standards, no standard guidelines exist as to how to value environmental and resource 
costs from an economic point of view. Furthermore, existing ‘preference based ap-
proaches’ (see Box 6.1) are time and place dependent and surrounded by many social 
uncertainties. 

In this chapter, the potential for error in the economic valuation of environmental and re-
source costs was assessed based upon existing value estimates. That is, assuming that the 
underlying physical relationships with environmental and resource damage are known 
and correctly represented in the economic valuation studies concerned, the statistical ac-
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curacy of economic value estimates was reviewed. It was shown that in some cases er-
rors can be substantial when relying on the use of existing value estimates (called bene-
fits transfer). However, when relying on original valuation studies, the statistical accu-
racy of the estimated economic values is considerably higher. 

Applying the existing guidelines regarding the required statistical accuracy of cost esti-
mates to the average value estimates presented in the previous section in Table 6.4 (in 
terms of their variation coefficients; see Table 6.1 in paragraph 6.3.1), these estimated 
values can be used in principle in the explorative phase of policy and decision-making, 
but their use in the planning and implementation phase is questionable. On the other 
hand, the statistical accuracy of the original valuation results presented in Table 6.5 is 
much higher, allowing for their use in the planning and even implementation phase.  

An important question though is how much confidence one has in these estimates. In Ta-
ble 6.5 the 95 percent confidence intervals are presented, but other confidence or prob-
ability (1-α) levels can also be used (resulting in different value ranges) depending upon 
other (often subjective) evaluation criteria such as the validity and internal consistency 
of the applied stated preference studies. Tests of the validity and consistency of the 
stated preference studies presented in Table 6.5 do not result in a rejection of the out-
comes and justify the use of the valuation results in the explorative and planning phase 
of policy and decision-making (Brouwer, 2005).  

However, the generic and spatially non-differentiated nature of the valuation scenarios 
usually used in these studies do require careful attention when translating the results into 
practical policy advice and management guidance at the implementation level. Espe-
cially in contexts where the required degree of accuracy is high such as price setting and 
pricing policy of water services, and the inclusion of environmental and resource costs is 
politically highly sensitive in view of the possible financial and economic consequences 
for the users of the water services involved, including their (international) competitive-
ness. Also here though, social uncertainty prevails as to the exact extent of the impact of 
the (further) internalization of environmental and resource costs through existing or new 
price instruments on the financial and economic conditions of households, industry and 
agriculture as this depends among others on the price, income and substitution elasticity 
of their demand for the water services involved. 
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7. Summary and main conclusions 

The main objective of this paper was to identify, classify and assess some of the main 
uncertainties surrounding the economic analysis underpinning the implementation of the 
WFD, i.e. the economic characterization of river basin districts, the construction of base-
line scenarios, the selection of a cost-effective programme of measures and cost recovery 
of water services. This was illustrated with the help of examples from the Netherlands. 

In order to present and discuss the variety of identified uncertainties encountered in the 
economic analysis in the WFD in a more structured way, the following two classification 
levels were used: 

1) natural uncertainty-social uncertainty-political uncertainty 

2) statistical uncertainty-qualitative uncertainty-scenario uncertainty-recognized ignorance. 

The first classification level relates to the main work field or domain to which the uncer-
tainty pertains or in which the uncertainty arises, i.e. the domain of social or natural sci-
ence and the political domain. The second classification refers to the intrinsic nature of 
the identified uncertainty (irrespective of work field or domain), based on the classifica-
tion used in the EU funded project HarmoniRiB. Whereas the first classification level 
knows no scale (‘nominal scale’ if you like), the degree of uncertainty increases when 
going from statistical uncertainty (all outcomes and probabilities known) to qualitative 
uncertainty (some outcomes known, some probabilities), scenario uncertainty (some out-
comes known, no probabilities known) and recognized ignorance (no outcomes known 
and hence obviously also no probabilities) at the second classification level. 

The different issues or elements in the economic analysis were presented in different 
chapters (chapter 3-6) and each of these issues (or chapters in which they were dis-
cussed) were already pre-classified in a simple two-dimensional box in the introduction 
of this paper. As also indicated but not elaborated in the WATECO guidance, the selec-
tion process of a cost-effective programme of measures (chapter 5) is most imbued with 
different types of uncertainty compared to the other elements in the economic analysis. 
River basin characterization and baseline scenario are however an integral part of the 
cost-effectiveness analysis and essential first steps before the selection process of a cost-
effective programme of measures can start. Ultimately, all different types of uncertain-
ties surrounding the economic analysis in the WFD find their way and accumulate in the 
selection process of measures. 

Although not addressed in a separate chapter, this implicitly includes the assessment of 
disproportionate costs according to Article 4 in the WFD in view of the fact that the con-
cept of disproportionate costs refers to a skewed distribution (discrepancy) between ob-
jectives (and their definition as an essential first step in the cost-effectiveness analysis) 
and measures for reaching these objectives and hence the uncertainty surrounding these 
two variables. Furthermore, the assessment of disproportionate costs is subjective 
(WATECO, 2002) and proves to be surrounded by political uncertainty as to their exact 
definition at what scale in the practical implementation of the WFD. Concrete national or 
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European benchmarks do not exist, also not in comparable Directives such as the IPPC 
Directive where the concept of Best Available Techniques Not entailing Excessive Costs 
is introduced or the Habitats Directive which talks about ‘imperative reasons of overrid-
ing public interests, including those of a social or economic nature’ to justify exemp-
tions. 

Finally, excessive or disproportionate costs often play an important role in practice dur-
ing the first stages of a cost-effectiveness analysis as a political screening criterion. In 
theory the assessment of disproportionate costs follows the assessment of the least cost 
way to reach the WFD environmental objectives of good chemical and ecological status 
and the corresponding distribution of the financial burden across different groups in so-
ciety (households, agriculture and industry) through existing or future pricing policies as 
formulated in Article 9 in the WFD based on the polluter pays and cost recovery princi-
ple. The uncertainties underlying cost recovery and pricing policies were presented in 
chapter 6 and include uncertainty about the incentive compatibility of existing pricing 
mechanisms and the extent to which environmental and resource costs of water use are 
accounted for. Economic instruments (e.g. pricing policies) aimed at encouraging desired 
water use by different groups in society (consumption of water or emission of pollutants 
to water by households, agriculture and industry) in order to achieve good water status 
and reduce the environmental and resource costs of water use can also be included in the 
cost-effectiveness analysis, resulting in uncertainties regarding the unpredictability of 
human behaviour and often the lack of knowledge regarding the price and income elas-
ticity of specific forms of water use. 

In conclusion, natural uncertainty is the predominant type of uncertainty in the selection 
process and corresponding steps of a cost-effective programme of measures, whereas so-
cial uncertainty plays particularly a role in the assessment of the effectiveness of pricing 
policies in the cost-effective programme of measures. Most political uncertainty occurs 
in the definition of objectives and the identification of socially and economically accept-
able measures and hence the interpretation of the concept of disproportionate costs. 
Natural uncertainty ranges from qualitative uncertainty to recognized ignorance and so-
cial uncertainty from statistical to scenario uncertainty. Political uncertainty mainly in-
volves qualitative uncertainty. 
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