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The Millennium Ecosystem Assessment (MEA), launched by the U.N. in 2001 and made public in 2005, is a

decisive step toward better integration of environmental goods and services in formulating development policies

and economic strategies. By popularising the notion of ecosystem services and by proposing a quantitative

estimate of the material and immaterial benefits drawn by humans from ecological services, MEA served as an

invitation to think differently about the relations between humans and nature.

In a context of climate change and biodiversity loss, the notion of ecological services has rapidly gained ground

in political debates. It was a key topic during the 10th Conference of the Parties to the Convention on Biological

Diversity, held in Nagoya in October 2010, and a guiding concept in drafting the new French biodiversity strategy

that was adopted in May 2011. The recent intergovernmental platform on biodiversity and ecosystem services

(IPBES) was further proof of both the relevance and the international standing of the concept.

The goal of good water status, particularly good ecological status, set by the European water framework directive

in 2000 has led to major efforts to preserve and restore aquatic environments. The ecological services provided

by aquatic environments are now a topic of growing interest to water managers and, more generally, to all

stakeholders in society interested in the quality and sustainable management of aquatic environments. For a least

a decade, numerous multi-disciplinary programmes have been carried out by a wide range of institutions in the fields

of both fundamental and applied research.

The Scientific council on water and aquatic environments, managed by Onema, is active in the efforts to provide

the concept of ecological services with an operational basis. Jean-PierreAmigues and Bernard Chevassus-au-Louis

wrote this book which discusses the existing studies, clarifies the main concepts, identifies the major issues and

presents the various steps and methods used to assess services. The results expected of these methods are

examined, their potential for use in management is discussed and the best manner to interpret the results is

proposed.

At a time when decision-makers and stakeholders have made clear the need for assessments of environmental

projects, it was important to discuss the elements of what could become guidelines for assessment of the

ecological services rendered by aquatic environments. This book provides managers with key concepts on

addressing "why assessments are necessary" and "how the results of an assessment can be used". There is of

course no single, universal method of assessing services. For each case encountered, it is necessary to adapt the

general principles and devise a particular approach. The goal of this book is to assist in launching a dynamic new

approach to the problems concerning the environment and resources.
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Assessing the services provided to humans by ecosystems and their

resources is of the utmost relevance today. It spans diverse concerns from

the microeconomic study of the impact of manmade structures, the subject

of a recent report by the Centre for Strategic Analysis (CAS) in 2009, to

analysing the consequences of the loss of biodiversity worldwide. This was

the subject of The Economics of Ecosystems and Biodiversity (TEEB),

a study initiated in March 2007 during the German presidency of the G8

meeting in Potsdam and coordinated by economist Pavan Sukhdev, who

presented its definitive findings in Nagoya in the autumn of 2010.

The perception that biodiversity is rapidly eroding, that we still have

no control over the phenomenon and the resulting sense of increasing

rarity, including that of "ordinary" biodiversity, is certainly what prompted this

study into the value of this resource.

Aquatic ecosystems, often considered solely from the point of view of their ability to provide water for diverse

uses, are particularly concerned by these questions on a number of levels.

� Biologically speaking, they often harbour novel forms of biodiversity represented by countless zoological
or botanical groups that are not or are only infrequently present in terrestrial ecosystems.

� As "receptacles" of products of numerous human activities, their biodiversity would appear to be

especially vulnerable.

� Economically speaking, initial studies (discussed in this book) have often revealed high values for the
services provided by these environments.

� Finally, in the regulatory field, various texts, above all the Water framework directive in 2000, have made
mandatory the use of evaluations in conjunction with management policies, particularly by introducing the

notion of "disproportionate costs" as a criterion to justify not meeting the objective of good ecological status

for water bodies by 2015. This notion of disproportionate costs evidently calls for a metric (to determine

disproportionality) and this could be the benefits expected from good ecological status.

The Scientific council for water and aquatic environments, managed by Onema, decided to draw up a

discussion paper on the issues involved in such assessments, the concepts required and the methods to

be used. In June 2009, it set up a working group chaired by Bernard Chevassus-au-Louis and comprising

members of the Scientific council and Onema staff. The group regularly reported its findings during the plenary

sessions of the Scientific council.

A number of decisions made prior to drafting this book should be mentioned here.

� First, unlike the CAS report, this book does not produce reference values. The CAS report (p. 123-124)

contains a number of bibliographical references on this topic, to which we can add the French studies by

Laurans et al. (1996) on the Seine-Normandy basin, EcoWhat-ACTéon (2009) on the Adour-Garonne basin as

well as the recent compilations by Morardet (2009) and Aoubid and Gaubert (2010). However, the primary

objective here is to offer a framework for critical analysis of existing and future research because, as we shall

see below, these studies are extremely varied in both their methods and findings.

� Even though the goal here is to provide managers with relevant information for their policies, this book

focuses solely on the assessment of services, i.e. it does not address how findings should be used for such

Foreword
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diverse management tools as incentives, taxes, regulations, payment of services, user rights, etc., nor,

consequently, the relative merits and limits of such tools. These aspects are an important, but complex field that

would exceed the scope of this discussion.

� This book does not reiterate the analyses that have already been covered in-depth in the CAS report

(especially the question of the links between biodiversity and ecological services and the long-term approach),

but does refer to them when necessary. On the other hand, it does take into account a number of recent

articles presenting progress in certain analyses, particularly concerning the definition of concepts associated with

the notion of services.

� Finally, the book deliberately ventures outside the strict framework of aquatic environments, particularly

concerning two aspects. First, many of the analyses presented here can be applied to all terrestrial and

aquatic ecosystems. Secondly, as will become apparent below, we encourage readers to consider aquatic

environments in the broader context of landscape ecology, i.e. that of an entire territory comprising diverse

terrestrial and aquatic environments and their functional interactions.

This book begins with "key points" and an analytical summary, and is then divided into three
main sections.

� The first section discusses the issues involved in assessing ecological services. It focuses on the
consequences of shifting the water-management perspective from the human water cycle to the much larger natural
water cycle including aquatic ecosystems. It then analyses how these issues are addressed by policy makers via two
examples. The first deals with the role of water in the national biodiversity strategy (SNB), adopted in 2004 and reviewed
in 2011 prior to adopting a new SNB for the 2011-2020 period. The second deals with the impact of the Water
framework directive on planning in each river basin.

� The second looks at the required concepts. It particularly questions the relevance of the notion of aquatic
ecosystems and proposes a technique to define the spatial and functional units that must be taken into account
for service assessment. It also clarifies the notions of environmental versus ecological services, benefits, services
and functions of ecosystems and sets out diverse typologies for these services.

� Finally, the third section examines economic valuation, its concepts and tools. Based on a precise
definition of ecological services, it shows that economic valuation lies at the interface between a supply of services
subject to specific infrastructure and demand influenced by socio-economic behaviour. It elaborates on the idea
that, from a cost-benefit point of view, valuation falls under the framework known as a "collective environmental
responsibility system". It ends with a presentation of the main valuation methods and their operational potential for use
in water management.
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Assessing the ecological services of aquatic
environments

The success of the Nagoya Conference in 2010 ushered in heightened

awareness of the fact that biodiversity loss represents a major issue for

humanity. In particular, The Economics of Ecosystems and Biodiversity

(TEEB) report stressed the importance of the goods and services provided

by biodiversity that contribute to human well-being, including the resources

used, climate regulation, free-time activities and educational services.

Generally called "ecosystem services" (we prefer "ecological services"),

these services would appear to be all the more important and diversified

when they come from aquatic environments. Identifying, characterising and assessing ecological services

constitutes a process that water managers will have to use increasingly often in the future. This will require a

combination of different types of analysis, including ecological, economic, legal, sociological and political.

This book identifies the main issues involved in these assessments, discusses the required concepts and
methods, and suggests specific ways in which they can be put into practice.

Until now, water managers have addressed the availability and quality of water resources, which were

qualified in chemical or bacteriological terms in view of the intended use, i.e. for agriculture, industry or drinking

water. The difficulties encountered by managers in these fields are well known, whether they concern upgrading

urban wastewater treatment to meet European standards or controlling agricultural pollution. Today, they must

confront challenges of at least equal proportions to achieve the goal of good ecological status set by the Water

framework directive for 2015. In response to this new requirement to take into account aquatic environments

and their overall ecological operation, managers must equip themselves with the means to observe and

understand the dynamics of natural environments, enhance their ecological-engineering capabilities and

develop new governance tools that involve stakeholders and users more directly in environmental protection.

In this context, the assessment of ecological services is a means to assist in defining strategic management

guidelines and launching debate on these guidelines.

We consider it important to distinguish between the various concepts.

� Environmental services and ecological services. "Environmental services" can include services from the

physical compartment (mineral resources, transport capacity, etc.), but that do not depend on the operation of

the biological compartment, whereas "ecological services" include the biological compartment.

� Ecological services and benefits obtained from ecosystems. The term "ecological services" should include only

the specific contribution of natural capital. "Benefits obtained from ecosystems", on the other hand, may include

the human investments made to draw benefit from these services.

To justify these distinctions, we emphasise in particular the fact that the maximisation of environmental services

or benefits obtained from ecosystems can turn out to be unfavourable to ecological services in the strict sense

of the term.

Key points
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The ecological-service approach cannot be used directly to assess ecosystem operation. It is also necessary

to analyse the different functions of these ecosystems and it would be best to summarise that analysis with

indicators such as "good ecological status", which needs to be perfected to that end.

In operational terms, the unit whose ecological services are to be assessed must be carefully defined. This

book suggests using the notion of "hydrosystem" to go beyond the conventional notion of ecosystem, take into

account the physical, biological and socio-economic dimensions of an aquatic environment and acknowledge the

difficulty in drawing a clear distinction between the "natural" and "anthropogenic" aspects of these environments.

It then sets out a step-by-step approach to identifying spatial units that are relevant both ecologically speaking

and in terms of their management.

Ecological services can be grouped according to different criteria and the four groups of the Millennium

EcosystemAssessment (supporting services, provisioning services, regulating services and cultural services) are

useful for educational purposes, but less so for operational purposes. This book stresses the need to choose

criteria suited to the objectives of the policy to be implemented.

In economic terms, the concept of ecological services makes a clear distinction between the environment as

natural capital, a source of wealth to be preserved for present and future generations, and as an area in which

goods and services are produced ("ecological services" contribute to social well-being and the conservation

of natural resources). This distinction is the means to establish a link between sustainability and protection of

natural environments through effective management of the ecological services they provide.

The ecological services that are genuinely valued by society are, for the most part, developed or "secondary"

services, a combination of different primary supporting, provisioning or regulating services. Economic valuation

is useful for assessing these developed services, but it appears futile to assess primary services using this

method.

Two other concrete limits to assessment are worth highlighting. One concerns the difficulty in distinguishing

the intrinsic value of services provided by nature from the value of man-made equipment enabling society

to make use of them. The other arises from the volatility of demand and the possible distortion of users' and

citizens' perceptions of the value of such services.

Different methods can be used to assess ecological services, most of which seek to measure

the benefits obtained by users from these services. We also explore other approaches which are useful from the

cost-effectiveness point of view advocated by the WFD and better suited to operational management of the

supply of ecological services.

To conclude, we expect the assessment of ecological services to help develop a results-based culture in

water policy. But this objective calls for a double approach. The concerned scientific communities must improve

assessment methods and managers must adopt and implement assessment tools. This double approach implies

greater dialogue between environmental scientists and decision-makers.
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The key issues and their acknowledgement

In a nutshell, the recent history of water management in France can be summed up by the transition from
"small-scale" to "large-scale" cycle management. Management of the "small-scale" cycle set objectives focusing

above all on the availability and quality of the water resource alone. To meet these objectives, the Water Agencies

and stakeholders in the water industry developed a technical governance model that became a benchmark at

international level. Management of the "large-scale" water cycle shifts attention to the quality of natural environments

– especially their ecological quality. This transition from the "small-scale" to the "large-scale" water cycle poses

a technical and organisational challenge for the French water industry, discussed in the first section of this work.

First of all, the main challenges brought about by the transition from the "small-scale" to "large-scale"
cycle are summarised:

� stakeholders must equip themselves with suitable means for observing and understanding the dynamics of

natural environments for guiding their action effectively. This involves adapting their working methods to the change

in management focus called for by the transition to the "large-scale" cycle. Various points are mentioned before

being expanded on later on in the publication: definition of the pertinent spatial management units in both

ecological and socioeconomic terms, necessity to take on board the functionalities of environments without sticking

solely to follow-up of indicators or results rundown-style approaches, importance of having long-term records of the

ecological status of environments and, lastly, of taking explicit account of their dynamics and changing trajectories;

� water managers must also have access to ecological engineering tools for crafting and conducting the

programmes of measures required to achieve good ecological status pursuant to the Water Framework Directive

(WFD);

� lastly, they must adapt their governance system to involve stakeholders more in political decision-making

and users and citizens more in the protection of aquatic environments.

The presentation of these various challenges suggests that there should be several purposes to the assessment

of ecological services in their consideration by water stakeholders. This is because it meets two complementary

expectations of stakeholders, namely to help them in their decision-making and actions whilst shedding light on the

key issues of the public debate on protecting aquatic environments. The second and third sections go into the

different procedures in more detail

Secondly, the general expectations mentioned previously are compared with what managers actually do
in practice through two specific actions.We look at the way in which ecosystem services are defined and taken

on board in the National Biodiversity Strategy (SNB) and Water Management and Development Master Plans

(SDAGEs). We also consider how they are assessed and included in decision-making processes and we identify

the intervention tools used in this regard:

� the National Biodiversity Strategy adopted in 2004 certainly incorporates the notion of ecosystem service as

defined by the Millennium EcosystemAssessment (MA). It is important to recognise the value of these services and

assess the contribution they make to human well-being and economic activity at the same time as drafting and

setting up all the SNB action plans. The notion is also a strong feature of initiatives raising the awareness of

economic and social stakeholders and consultations and intervention tools (which are not clarified in the SNB)

likely to influence the behaviour of biological diversity. Aquatic environments are clearly factored into the SNB

objectives which stress the pressures affecting water quality (diffuse and point source pollution) and habitats



(modification of morphology). Major priority is given to preserving wetlands, mainly because of their fragility.

In terms of the ecological services provided by aquatic environments, the SNB highlights their importance for

making the water resource available for multiple uses and for good aquatic ecosystem functioning. However, the

operational phase of action plans only makes limited reference to aquatic environments, although a significant

breakthrough has been made with the French Environment Round Table (Grenelle de l'Environnement), which

makes water and aquatic environments the cornerstone of the ecological continuity restoration initiative (green

and blue corridors), in keeping with the WFD. The assessment conducted in 2010 led to the new SNB (2011-2020)

which seeks to resolve the problems identified during its first phase and encourage public and private stakeholders

to take account of the biodiversity stakes;

� the Water Management and Development Master Plans (SDAGEs), drawn up by the Basin Committees

pursuant to the 1992 Water Law and the 2006 Law on Water and Aquatic Environments, are decentralised

planning tools for a balanced approach to managing the water resource. The very process of writing the SDAGEs,

which closely involves local stakeholders, is a good example of how the consideration of ecological services is

gradually being grasped whilst maintaining a highly operational view of the means and courses of action to take.

Accordingly, after two or three decades focusing on combating major point source pollution, the 1992 Water

Law defines water as a common heritage, establishes the principle of balanced management and defines

wetlands. The first SDAGEs, scaled to the six large basins in mainland France and the basins in the overseas

départements, are thus a landmark step that we shouldn't ignore: since some of them define the concept of

"free space" for rivers to move within; and wetlands, in sharp decline, are brought to the fore and must be the

subject of proactive policies. In parallel, the Water Management and Development Plans (SAGEs), drawn up on a

more local scale, take over and contribute to recognition of the diverse functions of aquatic environments.

The notion of ecosystem services, or ecological services, does not appear as such in the 2000 Water Framework

Directive. That said, "good ecological status" – required for all surface aquatic environments by 2015 – is not

completely unrelated to this concept. The new 2009 SDAGEs clearly refer to the environment's functions (purifying,

storing, water regulation), as well as what is at stake with regard to wetlands, biological reservoirs, migratory fish

and biodiversity. The social value of ecological services is acknowledged for supplying us with drinking water,

existing and potential economic activity (tourism, leisure, etc.) and for human health. These values back up lines

of thought in documents intended for public consultation;

� the new SDAGEs, together with the French Environment Round Table, also set highly specific objectives for

challenges directly associated with ecological services: preservation of river mobility spaces and good functioning

spaces, protection of abstraction point supply areas and preservation of flood control areas. The intervention tools

at the disposal of SDAGEs have a regulatory bearing and must also be used by other planning initiatives (local town

planning, regional coherence plan), which ensure that the functions of aquatic environments are taken into

account at local level. Compensation measures are also planned should functions be lost.

However, in methodological terms, although the Water Framework Directive has stepped up stakeholders' efforts

to increase economic studies (costs of action programmes, collection of the cost of services, justifications for

disproportionate costs), the fact is that the assessment of ecological services is still in its very early stages for two

reasons: the lack of precise assessment protocols, defined according to suitable spatial and temporal scales, as

well as the absence of explicit mention of assessment in the procedures for negotiating environmental objectives

and for making decisions in terms of public environmental policy.

It appears clear today that water management stakeholders increasingly appreciate the merits of taking

ecological services into account. And yet, it seems that some debates would certainly gain clarity and some

ambitions political clout if aspects of assessment methods – such as procedures for involving stakeholders in the

use of such methods – were to allow better qualification of such services.

13
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Analysis of concepts relating to service
assessment

The second section of this publication casts a critical eye over the various concepts called on by the notion of

ecological service.

It starts by questioning the relevance of the concept of ecosystem as a unit producing these services. The
analysis highlights – particularly in France – the past and present importance and diversity of interactions between

the physical, biological and socioeconomic dimensions of an aquatic environment and the difficulty in drawing

a concrete distinction between what comes under the "natural" dimension and what reflects the "anthropic"

dimension of these environments. This is why we recommend using the broader concept of "hydrosystem" to

acknowledge how closely interlinked these different compartments are.

The question of the concrete limits of this hydrosystem – i.e. the spatial unit that we shall seek to
identify and whose services we wish to assess – is then explored, for while the different physical, biological
and socioeconomic compartments are closely interlinked, they nevertheless have different spatial limits. Moreover,

the importance of the relations between aquatic and terrestrial environments must also be considered –

particularly the key role played by the interfaces between both these complexes in the development of countless

ecological services (denitrification, mitigation of erosion, etc.). There is therefore a choice to be made when

defining the hydrosystem for operational purposes. An iterative step-by-step approach is proposed to identify this

spatial unit, with the result that the hydrosystem represents both a functional unit in ecological terms and an

explicit or implicit "space for governing" these services.

Several clarifications are then given between notions that are often viewed as one and the same:

� an initial, minor, distinction is to be made between "ecological services" and "ecosystem services". The first term

strikes as more generic as it can be applied to composite spatial units grouping together a variety of ecosystems;

� a second, much more significant, distinction is made between "ecological services" and "environmental

services". The latter can include services provided by the physical compartment (mineral resources, transport

capacity, etc.) but that do not depend on the way the biological compartment functions. We place particular

emphasis on the need to make this distinction so as to reveal any contradictions arising in a general assessment

between the use of these two types of services, such as the possible reduction in ecological services due to

greater use of physical resources;

� the third, essential, distinction must be made between "ecological services" and "benefits obtained from (or

created) by ecosystems". Indeed, the latter notion includes human investments – sometimes to a considerable

extent – to benefit from ecological services, which is the case for many recreational activities in aquatic

environments. These expenses – even if some of them can be used to measure the value attached to these

services – cannot be viewed as a "production" of the hydrosystem. Although it slashes the estimation of the

ecological service in the strict sense of the term, this distinction appears worthwhile. Firstly, for taking account of

the fact that investments made to increase the created benefits can sometimes deteriorate the ecological service

(for example some tourist developments that become too popular for their own good) and, secondly, to avoid the

assumption that estimating the ecological service will define the "best choice" for using this service (as in the case

of arbitration between recreational and professional fishing for migratory fish).

More succinctly, this publication also mentions the "green GDP" issue, which leads to the definition of a third

complex: that of benefits obtained from ecosystems (as elements of well-being) but which are not included in the

"conventional" GDP since they are not subject to market trade (think walks along riverbanks). We stress that the



purpose of this distinction between ecological services, created benefits and contribution to the green GDP is not

to define the "right notion" to use, merely to require explanations to be given as the choices made for economic

valuation.

Lastly, the merits of introducing a distinction between end or intermediate ecological services and ecological

processes or functions are examined from an economic and ecological angle. As regards economic analysis,

it seems difficult – and hardly relevant – to identify, and assess, the upstream processes contributing to the

production of services. However, in ecological terms, it is clear that the notion of functional analysis – i.e. of

examining the ability of aquatic environments to provide services in a sustainable manner – needs developing

since the direct, short-term, assessment of services completely ignores their sustainability. We do, for all that,

highlight the complexity of identifying these different functions and the need to develop summary indicators of

"ecosystem health" summing up this functional analysis, particularly by perfecting the current indicators of "good

ecological status".

This section will end by identifying the different ecological services that can be assessed from the diverse
lists we find in the literature and by addressing the question of their typology. Even if the four-group
typology (supporting, provisioning, regulating and cultural services) put forward in 2005 by the Millennium

Ecosystem Assessment is by far the most widely used, it is more of educational than operational use because of

the many instances in which "double counting" is possible when assessing services. To give an example, two other,

more political, typologies are suggested and discussed:

� one is based on identifying the public or private nature of services by comparing two traditional criteria – that

of rivalry (their use by some may or may not restrict their use by others) and of exclusion (whether or not it is

possible in practice to prevent use by some). Taking fishing as an example, we point out that attributing a service

to one of the four categories thus created is not an intrinsic property of the service, rather it can depend on the

public policies likely to alter its status and which must therefore be considered;

� the second distinguishes services depending on where they are used – from services produced and used in a

given territory (like many "local" recreational services) to services that are mainly of benefit to other territories. This

is again a matter of asking the "political" question – for a given typology – of the weight that should be accorded

to these different services (simply adding the values together is not enough) and, through this, of ecological

solidarity, i.e. the transfers of benefits to be carried out at different scales (between countries, regions, towns, etc.),

between producers and users of these services.

15
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Economic valuation of services

The third section of this publication looks at the economic valuation of services. The notion of ecological services

is more complex than it first appears and this section endeavours to shed light in this regard. It also sets out an

operational framework for conducting the economic valuation of ecological services.

We begin by defining the notion of ecological service as precisely as possible – viewing nature both

as a capital and an area in which environmental goods and services are produced. Then the merits of this notion

with respect to the more traditional categories of "natural heritage" or "environmental good" are illustrated. The

notion of ecological services enables a more precise approach to be taken to the question of environmental

property. It encompasses in a common perspective the production of both environmental goods and complex

services by nature. Lastly, it allows the problems posed by the joint dynamics of natural environments and

societies to be tackled with more precision.

We then turn our attentions to the link between natural capital and ecological services. We argue in
favour of an open approach to this question, given the great complexity of the natural and social phenomena in play.

The ecological services that are genuinely appreciated in society are, for the most part, developed or "secondary"

services, obtained by bringing together different primary supporting, provisioning or regulating services - as

described in the MA's typology.

It therefore seems fairly pointless working back to the value that can be attributed to these primary services by

assessing secondary services since it is impossible to pinpoint the specific contribution a primary service makes

to a developed service. The purpose of economic service valuation is to tie the ecological status of environments

in with the different sociological categories concerning human "well-being" in the broad sense: utilisation of

natural resources, health, quality of life, aesthetic satisfaction, etc. This correlation is not direct however, but based

on the historical, anthropological and social architecture organising our mediation with nature. In the context of
economic service valuation, this mediation can be analysed as a supply-demand type relationship.
This point is expanded upon next. Regarding supply, the importance of enhancement infrastructure providing
access to ecological services needs noting. Here again, the assessment of ecological services comes up against

an identification issue: in general it isn't possible for all practical purposes to distinguish the intrinsic value of

services provided by nature from the value of manmade equipment enabling society to make use of them.

Regarding demand, it appears that individual and social behaviours largely influence the economic values attributed

to nature. These behaviours may be poorly informed or subject to distortions in perception, which expose

socioeconomic valuations to sudden changes in environmental attitudes or behaviours.

Assessing assumes having criteria for judging a given situation and thus leads fairly naturally on to
questions of choosing decision and policy lines – an aspect we discuss fourth in this section. For
decision-making purposes, economic service valuation is one of the steps taken in a cost-benefit analysis of

public choices in favour of the environment. In turn, cost-benefit analysis is just one stage in the broader context

of policy definition and implementation that we call a "collective environmental responsibility system" – a political

system established by law and social practice. Under such a system, we are no longer dealing with "one"



assessment but "assessments" in the plural since both private and public stakeholders express diverse

assessment needs for conducting their actions. These various needs are grouped into three main areas:

utilisation and protection of natural resources; regulation of the behaviour of economic stakeholders,

households and businesses; and funding of nature protection or ecological damage compensation policies.

Assessment therefore meets two complementary expectations of social stakeholders: having operational tools

for making environmental decisions on the one hand and enlightening the political debate on the nature protection

stakes on the other – which means supporting changes made to the collective environmental responsibility

system.

After identifying these expectations, we go on to discuss the existing assessment types which we split into
three categories: "eco-centred" assessments borne by environmental sciences, "socio-centred" assessments

performed in the field of human and social sciences, and "co-assessments" – multidisciplinary approaches aimed

at making integrated diagnoses of the relations between humans and nature.

Our sixth subject of interest will be the more specific problems posed by the economic valuation of
ecological services. Our intention is not to provide a detailed inventory of existing economic valuation methods
since there are many methodological guides that have already done this.

Instead, we endeavour to pinpoint what these methods have in common and what sets them apart and to

gauge their potential for application in various contexts as well as their limits. Alongside a summary of the usual

environmental valuation methods (travel cost methods, hedonic pricing approaches or contingent valuations),

we go into more detail about the opportunity cost approaches which, although not as well-known as

the aforementioned methods, have potential for managing the supply of ecological services through the

cost-effectiveness angle advocated by the WFD.

We end by putting forward an operational framework for conducting the economic valuation of
ecological services for hydrosystems.

17
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Conclusion

The conclusion reiterates the fact that the new requirements of theWFD for protecting natural environments
call for significant changes to be made to public water management initiatives. Assessment of ecological
services should therefore help to bring about these changes by identifying courses for action that are both

pertinent in ecological terms and realistic from an economic and social viewpoint.

Since the work of the Millennium EcosystemAssessment in 2005, assessment of ecological services has gradually

gained acceptance within the scientific community and among decision-makers. Pavan Sukhdev's report on

"The Economics of Ecosystems and Biodiversity" at the United Nations Conference in Nagoya, as well as the

discussions sparked by it, are a fairly effective illustration of the importance attached to ecological service

assessment in the environmental political debate today.

These changes bring with them two complementary challenges however:

� first of all, the scientific communities concerned must adapt and update assessment methods accordingly and

improve the reliability and relevance of the values produced. This is a scientific challenge calling for disciplinary and

cross-disciplinary research combining environmental and living sciences more closely with human and social

sciences than is currently the case;

� secondly, environmental managers and stakeholders must fully comprehend the stakes entailed in the

assessment of ecological services, for producing assessments and assessment methods of genuine use to public

decision-making does not merely involve transferring scientific knowledge to users, but requires fully committed

efforts from scientists and managers to working together.

If these two challenges are to be met, suitable scientific programming is necessary as well as the
creation of a dialogue interface between scientists and managers – with the long-term in mind.
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The first part of this report seeks to place the assessment of ecological services in the context of changes in

the French water policy. We believe that it is useful to put this issue into context for two reasons. The first

relates to the provisions of the European water policy, which places the emphasis on achieving a good
ecological status for environments and the long-term monitoring of national water policies. The second

reason results from the observation that in practice, the development of assessment approaches for ecological

services remains inadequate in water management.

If we want the assessment of ecological services to become a decision-making and debating support tool

with regard to the options available to policy decision-makers, it must be compatible with the operational
expectations of managers, and in addition, it should be appropriated by all stakeholders in the water sector

and in organisations responsible for addressing the issues. The second and third parts of this report place the

emphasis on the assessment methods and principles for the services and on the state of the art in this field,

but translating these principles into the effective management of environments is not a simple matter. In

practice, assessment must form part of a restrictive policy and operational context. Furthermore, it must be

undergoing profound change, under the impetus of the Water Framework Directive (WFD).

In this new context, a performance guarantee becomes more of a necessity for the water sector which, until

now, has been mainly driven by a resource-based culture prioritising compliance with the regulations in force.

The assessment of services is expected to play a key role in this transition to a results-based culture. Let us

remember that this change concerns all public policies, in addition to the specific fields of the environment and

water management. As we shall see, it represents a difficult technical and organisational challenge for the

managers of aquatic environments. In the first sub-section, we shall endeavour to define the expected

outcomes of this challenge which can be summarised as the transition from a type of management that
focuses mainly on the issues of quality and availability of water alone, to a management style that
focuses more on the ecological status of aquatic environments (Figure 1).

Although the value of ecological services is now recognised within the expected outcomes of water policy, in

practice, it is far more frequently mentioned than actually measured. It is clear that the use of the assessment

of ecological services is still in its infancy, both in the design and operation of the actions undertaken for the

protection and restoration of aquatic environments. We thought it was important to identify the reasons for this

relative under-development. To this end, we shall discuss this matter in a second sub-section, based on two

recent examples: the implementation of the National Biodiversity Strategy (Stratégie nationale pour la

biodiversité - SNB) and the creation of new Water Management and Development Master Plans (Schémas

Directeurs d’Aménagement et de Gestion des Eaux - SDAGE), resulting from the European Community obli-

gations introduced by the WFD.
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Achieving good ecological status for aquatic environments: a new
challenge for public policy.

Figure 1
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We shall now develop the idea that the recent trend in water policy can be described as the transition from the

management of the «small-scale» water cycle – mainly concerned with the status of water alone – to the

management of the «large-scale» water cycle, including the good ecological status and functions of natural

environments. Our definition of the «small-scale» water cycle differs from the common understanding of this term

by managers. Here, it designates what is usually called the large-scale water cycle, with our own «large-scale»

water cycle thus being analogous to a «very large-scale cycle», including the associated natural environments;

the terminology is misleading. Our own terminological choice emphasises that the management of aquatic

environments cannot be reduced to managing the availability or quality of the water resource alone. The change

driven by the WFD implies broadening the focus from water quality alone to the overall ecological situation of the

environments. It also implies extending the scope of the social values taken into account in the conduct of water

policy beyond merely market values for the use of water (drinking water supply, provision of water for industry

and agriculture) towards non-market values, even for the non-use of aquatic environments. Finally, it requires a

change in the governance of water policy towards a greater involvement of the users and those responsible for

addressing the issues involved in the protection of natural environments.

From the small to the large-scale water cycle

� French water policy before the WFD

Until the Water Framework Directive (WFD) came into force, the main lines of the French water policy may be summed

up as follows.

The 1964 French Water Law, on which current French water policy still largely bases its legal and administrative

framework, was written in response to three concerns (Valiron, 1990). First, the post-war context required supplies

of both good quality drinking water for the population and water for industries and agriculture. Secondly, with the swift

urbanisation and industrialisation taking place in France, it was vital to limit the contamination of raw water by indus-

trial and urban waste. Lastly, the necessary funds for meeting these two objectives needed securing over the long term.

The law would make a highly original proposal for the time – of using a system of delegated agencies, the basin

financial agencies, which would subsequently become the Water agencies (Figure 2). Another first was that, rather

than exercising their jurisdiction over France's usual administrative units (communes [districts], départements [counties]

or regions), these agencies would do so within the hydrographic boundaries of the large watersheds (with ad hoc

division for overseas territories at a later date). Finally – through yet another unprecedented approach for the times,

when political and administrative centralism was prevalent – these agencies would work in a decentralised context,

giving relative carte-blanche in financial decisions to local councillors and to those who would become known as

«stakeholders», users' representatives and water beneficiaries, grouped within Basin Committees.
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Three main stages in the Water agencies' action in favour of aquatic environments can be identified since this

law came into force. The first runs from the 1970s to the early 1980s and saw the Agencies focusing their

attentions on bringing industrial pollution under control, by far the most worrying at this time. Despite

resistance from the stakeholders and the opposition of the Treasury to the principle of fiscal resources being

allocated to institutions outside of its jurisdiction, they would succeed in setting up an effective system for

drawing up contracts with manufacturers under which the latter received financial assistance with limiting their

pollution. The three keys to the success of this policy are as follows: first, the manufacturers were subject to

legislation on classified installations and were already monitored by the competent water policing services

in this regard; secondly, the pollution needing limiting came from point sources located well within the basin with

characteristics that could be measured directly as it was discharged from the installation; lastly, it was often in

the manufacturers' own interests to reduce their effluents under operations rationalising or upgrading their

manufacturing procedures (changing to closed-circuit systems for example).

From the 1980s, the Water agencies would invest increasingly in controlling urban drainage, once again

raising objections from some local councillors who took issue with the principle of fees. Prompted by the urban
waste water treatment directive (UWWTD) in 1991, their work would have to take significant changes on

board with both the spiralling numbers of pollution sources requiring treatment and the sheer financial figures in

play. While the doubling in fees in 1993 would give Water agencies the means for their policy, their success

in this regard would come to depend largely on an often strained co-management approach with the local

authorities. The UWWTD objectives would not be met fully in mainland France until 2010 – a good twenty years

later.

From the mid '90s, the Water agencies assumed more sweeping responsibilities in water management for

the purposes of implementing the WFD. The Basin Committees took on new stakeholders, particularly nature

protection associations. Their remit was extended within a broader prospective framework than that of their

initial work programmes, the scope of SDAGEs (Water Management and Development Master Plans). Lastly, their

duties were no longer limited to managing industrial and urban pollution – henceforth encompassing the worrying

rise in agricultural pollution, the problems of quantitative management due particularly to the development

of irrigation and the stakes tied in with the ecological quality of water and associated natural environments.

Introduced by the 1992 Water Law and built on by the 1995 Barnier Law, this new status as a global stakeholder

would be strengthened by the French Law on Water and Aquatic Environments (LEMA) in 2006 and is now firmly

established with the application of the Water Framework Directive.

The basin circumscriptions in France.

Figure 2
Artois-Picardy Water Agency

Seine-Normandy Water Agency

Rhin-Meuse Water Agency

Loire-Brittany Water Agency

Rhône-Mediterranean and Corsica Water Agency

Adour-Garonne Water Agency

Martinique Water Office

Reunion Island Water Office

No Water Agencies or Offices
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� « Small-scale » and « large-scale » water cycle
The general trend of these changes can be summarised as the transition from management of the «small-scale»

water cycle to that of the «large-scale» water cycle. Table 1 illustrates the key characteristics involved in this tran-

sition which we shall expand on below.

The «small-scale» water cycle more or less equates to both the physical and political context in which the Water

agencies – and more widely those involved in the water sector – have been working until now. The «large-scale» water

cycle focuses more on the associated natural environments and no longer the raw water resource alone (Figure 3).

For all those involved, the transition to the «large-scale» water cycle poses a challenge that is at
once technical and organisational. It is with this in mind that we shall discuss the issues involved in assessing
ecological services.

Figure 3

From the small to the large-scale water cycle.

The "small-scale" cycle:
water as a vector of mutual influences

Physico-chemical indicators
of the environmental status

Scale of connecting watersheds, upstream-downstream
flow: basin solidarity

Interaction: identified emitters-receivers

Identification of emitters-emissions,
receivers-contaminant doses

Holding polluters responsible for the consequences
(effects on what is being polluted

and the quality of raw water)

"Polluter should pay" principle, water policing,
legal action

The "large-scale" water cycle :
water as a living environment

Biological indicators

Scale: environments, habitats, corridors
and spatial definitions other than watersheds.

Interaction: delay effects, resilience, blurred identification
of often non-human emitters-receivers

No single bijection of impacts, impact factors

Polluters are scattered and difficult to identify

Participative schemes, voluntary commitments,
contracts

Justify funding and projects

Key characteristics of the small- and large-scale water cycleTable 1



25

Before we begin, a few major aspects of «small-scale» cycle management are worth highlighting, since the strength

of the French water management model lies in its coherency from both a technical and political point of view.

Its area for application is the watershed. Flow in a watershed is organised in an upstream-downstream fashion as

regards transfer of the resource volumes available and of pollutants. This plan is, of course, complicated somewhat

by the joint exploitation of surface and groundwater, but experience shows that the action of Water agencies has

focused above all on surface aquifers, which backs up our view that their management approach concerns the «small-

scale» water cycle first and foremost. The pressures on the resource within a watershed can be depicted as a

matrix of users' reciprocal impacts on each other. Aquatic environments are considered to be vectors of mutual

influence on the wastewater contamination and sampling practices of economic and social stakeholders – whether

these concern conflicts of use in times of shortage or transfers of pollution to rivers or aquifers. Ecosystems in their

strict sense are to some extent «transparent» in the management of the small-scale cycle, which focuses solely on the

status of the resource flowing in environments. It is therefore assumed that assessment of the status of environments

in this regard can be reduced to a matrix of physico-chemical quality indicators of the water resource alone.

These indicators can be linked more or less directly (with precision for industrial or urban resources but with more

difficulty for agricultural pollution) with emissions, and therefore emitters, as well as with receivers – the users who

notice first-hand a deterioration in water quality. As such, it is possible to implement the «polluter should pay» prin-

ciple and to define specific programmes of measures with the identified emitters in mind. The measures are

adjusted in proportion to the severity of the breaches in raw water quality. It is through this strategy that Water

agencies have traditionally been able to clear up most of the pollution «black spots» in France. At this stage, this

approach comes across as being curative above all – fitting for contexts where pollution already exists, but with little

focus on prevention or indeed on preservation measures for environments whose status is still good.

This consistency can also be found in the governance of the water system (Figure 4). Water quality is assessed,

and the necessary curative actions defined, through the technical and engineering expert appraisals of Water

agencies, water-policing services and, when necessary, the local authorities of major urban areas, manufacturers,

engineering firms as well as private water suppliers. These appraisals cover a broad spectrum, ranging from knowing

the status of raw water to controlling the technical processes for purifying water for drinking or drainage. The financial

cost of the work that needs doing can be shared between the stakeholders within the Basin Committees by identifying

the emitters responsible, as well as the receivers. The Water agencies' expert appraisals take an objective approach

to identifying the links between impacts and emissions at different geographical levels, thereby substantiating

the basin solidarity principle underpinning the assistance and fee policy and the drafting of SDAGEs. Lastly, these

appraisals avoid a systematic recourse to court settlements of disputes by fostering a more flexible management

upstream of conflicts that can arise between local stakeholders.

Figure 4

Basin and sub-basin water governance.

Large basin
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Water Management and
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To sum up, a coherent approach to managing the «small-scale» water cycle depends on three highly complementary

dimensions: a physical dimension associated with the natural «object» being managed – a resource flowing

through a network of watersheds; a technical dimension where technology provides both a measurement

network identifying the impacts and sources of pollutant emissions and an engineering of suitable curative

processes; lastly, a politico-economic dimension in which collective water governance can call on an objective

assessment of stakeholders' contribution to a basin's water quality and of the outcome of their financial efforts in

improving it. The transition to the «large-scale» water scale calls this coherency into question – as
regards all three dimensions. We shall examine this now..

From the physico-chemical quality of the «resource» to the ecological
quality of environments

Let us begin by looking at the technical and operational aspects of «large-scale» cycle management. The WFD

has introduced new categories of biological indicators and hydromorphological elements that round off the

physico-chemical monitoring traditionally conducted by the Water agencies. Table 2 shows which biological

quality indicators are considered when assessing the good status of water bodies.

� The status of good ecological status indicators
Table 2 sheds immediate light on one of the main difficulties encountered in the changeover to the large-scale

water cycle. A chemical indicator, for example the atrazine concentration of a water body, may be compared

to an admissible concentration limit that is independent of the water body in question. It is also possible to

compare the status of all French water bodies on the basis of the atrazine concentration criterion, and therefore

to rank them by level of contamination.

Quality elements

Liological quality elements (e.g. those indicated
in Annex V of the WFD) are determined

Composition, abundance and biomass
of phytoplankton

Composition and abundance of aquatic flora
(other than phytoplankton, e.g. angiosperms,
macrophytes, phytobenthos and macroalgae)

Composition and abundance of macroalgae

Composition and abundance of angiosperms

Composition and abundance of macrophytes

Composition and abundance of phytobenthos

Composition, abundance and diversity
of benthic invertebrate fauna

Composition, abundance and age structure
(except transitional waters) of ichtyofauna)

Other non-compulsory species (e.g. zooplankton)

Coastal

x

x

x

x

x

x

-

x

Transitional
water bodies

x

x

x

x

x

x

x

x

Lakes

x

x

x

x

x

x

x

x

Rivers

x

-

x

x

x

x

x

x

Quality
groups

Biology

"Surface water" biological indicators in the Water Framework Directive (from the “Rapportage sur la mise
en œuvre de la DCE”, Guide méthodologique, Onema, 2009).

2Table
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However, an indicator such as the composition and abundance of angiosperms will have a completely different

ecological significance depending on whether it is applied to a water body in the marshlands of West France

or in the Camargue in South France. In other words, the biological indicators adopted in the WFD cannot be
interpreted in terms of ecological quality outside of the type of environment in which they have been
measured. What's more, a classification of the different water bodies based on this indicator would make no

biological sense. Finally, taking this particular indicator into consideration on its own tells us nothing of the

ecosystem's status, which can only be assessed through a summary of all of the indicators presented. Such

an assessment must also factor in the specific ecology of the observation site, which raises the thorny issue

of choosing where to take the measurements for a given water body.

This highly specific example illustrates the difficulties created by the transition in management scale – from the

resource to environments and habitats. These can be grouped under different sub-headings that we will look at

in turn:

� definition of the pertinent unit of space;

� consideration of the ecological interactions;

� sensitivity of the environments to external factors and monitoring of disturbances;

� changing dynamics;

� management priorities and ecological types of environments.

� The pertinent unit of space
The WFD's definition of water bodies is predominantly based on Water agencies' previous plans for managing

the resource and monitoring its status. It does, however, introduce the explicit consideration of wetlands as well

as protected exceptional environments (Figure 5) which, incidentally, are not considered to be «water bodies»

but specific units of space contributing to good ecological status. That said, this distinction does not concern the

«ordinary» natural environments included in most water bodies. Moreover, assessment of good ecological
status cannot be limited to river corridors in the narrow sense of the term and must be able to apply to

any territory upholding sound ecological solidarity with strictly aquatic environments. Even as regards corridors

themselves, the current breakdown of water bodies provides only very patchy cover of the ecological mosaic of

habitats. The thinking behind the ecological status of hydrosystems should be based on a division into coherent

functional units from an ecological viewpoint and on an appropriate provision of instruments on each site given

the characteristics of these units. We will come back to this question of how to define pertinent units of space

in Part 2.

Nature reserves: a specific management framework.

Figure 5
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� Consideration of ecological interactions
As far as the «resource» is concerned, the gravitational laws of flow and mechanics of porosity strongly

influence the scale and nature of interactions between water bodies, as well as their sensitivity to contaminants.

The physical and chemical laws organising these interactions act in the same way on all watersheds or sub-basins,

at least at the medium level on which the management focuses. It is a completely different story as regards

biological interactions, for these concern species that move from one habitat to another, from upstream to

downstream or vice-versa as well as, for many species, crosswise between aquatic and land habitats. These

movements can be ample and rapid, such as the daily migrations of birds between daytime feeding zones and

nighttime rest zones, or much slower, like the colonisation of banks by plant species, which can push back

rivers' currents due to winds (Figure 6). They also include interactions between species sharing the same
habitat and are organised depending on different trophic levels and different strategies of interaction:

competition, predation, commensalism, etc. Understanding the ecological interactions is key to assessing the

good functioning status of ecosystems whether our focus is on one habitat or a group of habitats lining a river.

It also assumes an explicit consideration of their own differences.

� Sensitivity of the environments to external factors and monitoring of disturbances
The quantitative or qualitative sensitivity of a water body to external environmental factors can be assessed

by taking account of meteorological conditions and of the water body’s position within the water cycle.

Furthermore, by making a logical distinction between entry and exit points, both quantitative and qualitative

reports of the physical and chemical status of the water body can be drawn up. However, the sensitivity of living

environments to external factors is not due solely to the chemical composition or meteorological conditions of

water. Depending on its type, the environment will react in a very different way to a change in its external

environment. These changes will disturb its functioning regime in various ways. One type of disturbance,

for example a naturally or anthropically caused change in the flow regime, will have very different results

depending on the type of environment in question and the disturbances it has already undergone. This means

that record-based approaches, measuring the net effect of the flow regime disturbances on a given habitat after

Colonisation of the Loire by different plant species.

Figure 6
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several years for instance, do not enable a conclusion to be drawn on the vulnerability of this habitat, as this

conclusion assumes knowledge of the entire chronology of events that have led to its current status.

� Changing dynamics
Factoring in the changing dynamics of environments is a new challenge for water managers. This is particularly

the case with the hydromorphological indicators introduced by the WFD, but equally challenging are the

specifically biological progressive dynamics of environments. The analysis and study of these dynamics raise

complex scientific questions and concern a number of phenomena that have been poorly understood or even

unexplored until now. Yet this is a defining issue for any aquatic environment preservation policy.

In «small-scale» cycle management, the resource's dynamics were analysed by looking at previous records. This

involved a retrospective study of the quantitative availability of the water and its quality with a view to

assessing how effective managers' interventions have been. Prospective questions were given short shrift,

or broached solely from an objectives angle through SDAGEs. Lastly, criteria for assessing the resource's

dynamics were based on the idea that «more is better», i.e. that an increase in availability or improvement in

quality pointed to a positive dynamic while a drop in available volumes or deterioration was a negative change.

Consideration of environments' changing dynamics therefore implies a significant change in approach, for they

can only be fully understood from a prospective point of view. Moreover, any simplistic judgement of their

nature should be avoided. The swift decline in some species and their replacement by others – indigenous or

introduced – can signify a positive dynamic in the way an ecosystem is reorganising itself and reflect a better

expression of its evolutionary potential. This point is particularly important for the past and future evolution of fish

populations. Because of glaciations and its location to the far west of Eurasia, France's native fish populations

are relatively lacking in species. At least 19 of the 45 species currently recorded in the Seine basin are not

considered native for example (Belliard et al. 1995). Their presence is the result of direct (introductions) or

indirect (diverse developments) human intervention. Without regarding all successful «acclimatisations» in a

positive light, as was the case in the 19th century, it seems difficult to qualify all these new species as

undesirable in theory.

Likewise, while rises in water level (Figure 7) can have detrimental socioeconomic consequences, they also

help to maintain the dynamics of biodiversity in the flood plain, and therefore its ability to adapt to future changes.

More broadly, the positive role of «intermediary disturbances» is now recognised by scientists and calls

upon managers to review their ideas of what constitutes a «good» development, often designed to date in
terms of state of balance and «stabilisation».

While rises in water level can have detrimental socioeconomic consequences, they also
help to maintain the dynamics of biodiversity in the flood plain.

Figure 7

©
M
.
B
ra
m
ar
d
-
O
n
em
a



30

� Management priorities and ecological types of environments
In the small-scale water cycle, it is possible to build fairly simple correspondences between a gradient

of intervention priorities on water bodies and a gradient of their physico-chemical status. There are no

basic correspondence tables of this type for natural environments. Both «exceptional» and «ordinary»
environments exist within so-called «sensitive» environments from an ecological viewpoint. What's

more, there is no reason for an ordinary environment to cost significantly less to protect than an exceptional

environment. This is taken into account in the WFD's typology of water bodies, in fact (Table 3). It thus

distinguishes heavily modified water bodies (HMWBs), meaning too altered by human activity to hope for

restoration of their authentically natural ecological functions, from natural water bodies. But this does not mean

all efforts to resolve the poor ecological status in HMWBs should be abandoned.

This brings us to the subject of division between preventive and curative actions. As a rule, we expect

environmental preservation to see a greater proportion of preventive expenditure than at present with regard to

the traditional curative actions of Water agencies. This is one of the main focuses of ecological engineering.

The results of the Water agencies' curative actions in this respect are somewhat mixed. They show that

although the measurement points of very poor quality have fallen significantly, a great many water bodies that

used to be of very high quality have deteriorated over the years. In a nutshell, the variance in water quality
has tended to fall without its average quality showing the same proportion of improvement. This

phenomenon is a direct consequence of the resource managers' priorities for action, which focused primarily on

resolving the most serious breaches of water quality in basins.

When applied to the protection of environments, this line of reasoning can have very negative consequences

for their overall quality. We have noted that modest, inexpensive actions are perfectly capable of bringing about

a marked improvement in the ecological quality of diverse environments (Figure 8). But it will be tempting to steer

most funds towards «symbolic» environments under threat instead of painting a complete picture of what's

needed to protect environments at basin level. In other words, it should be possible to construct a good

protection policy on the basis of a double typology: an environments typology, drawn up according to their

specific ecological characteristics and their degree of vulnerability, and a management typology, partially

separated from the first, identifying those environments susceptible to the most effective, low-cost protection

based on the argument for cost-effectiveness in the WFD.

Good Status in 2015

All
WBs2

6089

293

104

38

6524

376

rivers

lake

coastal

transitional

TOTAL

urface
water

Including
MWBs

101

205

4

7

317

Including
MEA

67

39

0

0

106

Good Status in 2021

All
ME2

2673

103

29

35

2840

124

Including
MEFM

142

68

5

7

222

Including
MEA

23

21

0

0

44

Good Status in 2021 Less stringent
objective

All
ME2

2019

42

24

23

2108

64

Including
MEFM

109

29

1

10

149

Including
MEA

26

5

0

0

31

Including
ME2

43

1

0

7

51

8

Total
number of

WBs2

10824

439

164

96

11523

572

Water bodies as per the Good Status objectives from data reported to the European Commission in 2010.Table 3

11/08/2011
SFA/DCIE/ONEMA

Groundwater1

1- FRJG 203/205/206 non qualified and therefore excluded from this summary
2- Water bodies
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Progressing frommarket and non-market uses to ecological services
and values for non-use

As we have seen, the transition to the large-scale water cycle poses a tough technical and operational challenge

for managers, calling for action that may at times have nothing in common with the usual practices involved

in managing water quality and availability. This leads to a more political problem of formulating arguments to

justify the envisaged environmental protection actions to stakeholders.

It is generally expected that the socioeconomic assessment be able to meet this need for justification.

History shows us, however, that economic practices have only played a very minor role in past water policy, even

concerning market values for drinking water supplies and provision of water for industry and agriculture.

The changeover to the large-scale water cycle calls for further consideration of non-market values – and

even values pertaining to the existence – of natural environments.

� From a normative approach to socioeconomic knowledge of uses
In small-scale cycle management, user mediation at the resource revolved around pressure and impact
calculations. That said, neither the costs nor benefits of these pressures made much of a contribution to basin

management, which followed an approach that was at once technical and normative. European environmental

policy lines prior to the WFD naturally reflected these approaches by laying down standards in terms of limit

values for contaminants (e.g. the Nitrates Directive) or for drainage water quality (e.g. Urban Waste Water

Directive).

Local councillors, by tacit agreement with the governmental bodies, were considered the only legitimate

representatives of drinking water consumers and it was not therefore necessary to involve the latter in

decisions relating to tariffs or other matters. In this division of responsibilities, the public water services were in

charge of ensuring compliance with the standards, often in liaison with private suppliers, while local councillors

managed the system – most basin intervention measures being overseen by local authorities.

From the 1990s, the joint efforts of civilian representatives, nature or consumer protection associations and the

French Ministry for the Environment of the time finally put paid to this form of direct co-management. It

then became apparent that water sector stakeholders actually knew very little about the socioeconomic
determining factors of water use, both in the field of population drinking water supplies and industry and

agriculture. It was as much in the interests of these new stakeholders in water matters as in the Ministry for the

Environment's – albeit for fairly different reasons – that this problem be put on the local political water agenda.

Modest, inexpensive actions are perfectly capable of bringing about a marked improvement in the ecological
quality of diverse environments.

Figure 8
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Successive reforms starting with the 1992 French water law would introduce the obligation of taking uses, and

therefore users, into account when defining the water policy objectives at basin level. It is worth mentioning

circular M49 which requires local authorities to keep separate accounts for water services, the Voynet reform

which amends the makeup of Basin Committees' and Water agencies' Boards of Directors to let in association

representatives, and the creation of the French Institute for the Environment (IFEN) and Water Cost

Watchdogs. These reforms would end up having little impact on the usual management practices of Water

agencies, save for the addition of economists to their workforces.

Even today, there is still a surprising lack of studies on understanding the socioeconomic determining
factors of the market uses of water. And what's worse is that local stakeholders remain more or less in the

dark about the findings of studies commissioned by the Ministry on this theme during the 1990s. One such study

conducted in 2000, for example, was already forecasting a probable 20% decrease in drinking water consumption

over the next two decades following the significant hike in water bills instituted in the early '90s (Amigues,

Nauges, Thomas, 2000). The current concerns of managers in this context over the future funds secured through

fees payable by urban users are no secret (these fees account for more than 90% of Water agencies' means).

And yet this is a situation for which we have had at least a decade to prepare.

The same can be said for the large agricultural basins of Loire-Brittany or Adour-Garonne and the challenges

of regulating effluents from intensive livestock farming in Brittany or of irrigation in South-West France. These

have been well-documented in socioeconomic terms since the 1990s, and yet the stakeholders responsible

have been shamefully ineffective in tackling them. Regarding Adour-Garonne for example, the first remotely

reliable measurement of water volumes extracted by basin irrigation users would not be set up until the turn of

this century – accompanied by a basic mapping of their abstractions. This is in spite of the fact that there had

been severe drought in this very same basin back in 1990 and 1991, when the opportunity to assemble water

storage structures shot to the top of the local political agenda.

We see the same problem arising with regard to future changes in water use. It would have been logical for

the preparatory discussions on the Water Management and Development Master Plans (SDAGEs) to draw on

an expert appraisal of the probable changes in water use by different users over the medium term; this should

have gone a long way to determining the priorities for action and the scale of the actions to take. However, reality

tells a different story. The SDAGE preparatory documents on this subject basically build on current trends with

no thought given to the consequences of agricultural policy reorientation, industrial changes in the current

economic context or the water consumption practices of urban users.

Even if the Water agencies and the Ministry have made real progress over the last fifteen years in their efforts

to fill these gaps in knowledge, we are still a long way off getting the full, uniform picture of the market valuation

of water at national level.

Curiously enough, the same cannot be said of non-market uses, particularly recreational uses, of water

(Figure 9). Relations between water managers and the fishing community have always been complex, as regards

both professional and recreational fishing activities, at times and in some basins showing solicitude, at others

and elsewhere indifference. Yet the tools wielded by the 1976 French law on nature protection, completed by

the 1984 fishing law, should have enabled managers to put together a proactive policy for managing fishing

environments, and more generally natural environments. Such a policy would have placed France well ahead

of its European counterparts and thus helped to amass a wealth of experience in the current operational context

of the WFD.

These observations aside, most Water agencies have nevertheless encouraged the socioeconomic study of

recreational water use, primarily in the fishing sector but also with regard to tourism and the practice

of whitewater sports. The first of this type of research harks back to the work carried out on Lakes Bourget and

Annecy in the 1970s. It is in this context that a timid development, but one all the same, can be observed in

socioeconomic valuation studies of the water resource and associated natural environments.

A report on behalf of the French Ministry for Ecology (Amigues, Arnaud, Bonnieux, 2003) reviewed the results

of these efforts and still presents the most exhaustive summary to date of the economic expertise available on

measuring the economic value of water in France. Generally speaking, a correct grasp of the merits of

environmental protection implies the broadest possible consideration of the potential benefits of their existence.
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A wide array of recreational activities are practised on or in water.

Figure 9
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� Progressing from market and non-market values of use to total economic value
Generally speaking, a correct grasp of the merits of environmental protection implies the broadest possible

consideration of the potential benefits of their existence.

Economists have established the concept of the total economic value of environments so as to identify

this overall benefit. The total economic value is the sum of the benefits offered by market and non-market

ecosystem services, plus the legacy values of a healthy natural heritage to future generations, and so-called

«non-use» or «existence» values concerning the very existence of environments that are likely to produce

ecological services for human use, or not as it may turn out. Studies seeking to produce such estimations of total

economic value have swiftly encountered the following problem (Freeman, 1993): non-use or existence values

seem to account for 50 to 80% of total economic value, with market uses only corresponding to about ten

percent, on a par with non-market values of a slightly higher amount. This throws up considerable sums for
the total economic value of hydrosystems (Sukhdev, TEEB, 2010), and the sheer size of these figures is

hugely problematic for economists. On the one hand, they have been obtained from contingent valuation

protocols of varying reliability, as only contingent valuation can measure non-market values in principle. On the

other, they are arrived at by adding together values obtained on point sites with the high risks of twice-counting

and overestimating values because of what economists call the «inclusion bias».
Biodiversity valuation studies give a clear example of this notion. They show that consent to pay individuals

hardly varies – whether protecting a particular species, ecosystem or the biodiversity of an entire continent.

Answering a questionnaire on a specific aspect of biodiversity thus includes an assessment by the individual

of the value s/he attributes to protecting biodiversity in general, hence the term of inclusion bias to describe this

distortion of declared values with respect to the environment under appraisal.

Lastly, concerning public decision-making, the odds are that studies on the existence value of health facilities,

educational establishments, post offices in rural areas or back-to-work schemes will produce very high

declared values regardless of their actual effectiveness or their excessive operating costs for the service

provided. Ultimately, environmental action overall would not necessarily benefit all that much from such a review

of public action priorities on the basis of the existence value of the various public services provided in the

community.

The dilemma of the existence value can therefore be summed up as follows: ignoring it will seriously detract value

from natural environments; including it runs the risks of wild overestimations and loss of assessment credibility

in public choices.

� The role of the economic assessment of services
Progression to the large-scale water cycle calls for a considerable increase in socioeconomic expertise
of the valuation of water and associated natural environments. Herein lies the socioeconomic challenge

of ecological service valuation. We will discuss the methodological and conceptual aspects of the economic

assessment of services in Part 3. Before that, we will try to define the role that assessment could (or should)

play in the transition from the small-scale to the large-scale water cycle. This role is, in fact, twofold (Figure 10):

� it first of all concerns the relevance of choices regarding technical interventions in environments. In this

instance, assessment helps to look for the most appropriate and cost-effective measure for resolving the

problem in question;

� secondly, assessment also plays a more political role in debates about the various possible strategies
for managing environments and as a deliberation and involvement tool for stakeholders. We will leave

the second point to the next section – and broach the first point now.
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Assessing above all involves appraising the state of a situation or its changes under way according to
a certain reference framework. It thus allows for the identification and location of problematic situations,

determination of the scale of measures to take and setting of the first priorities for action in different environments

of interest. Assessment then focuses on measuring the outcome potential of a variety of possible technical

interventions. It is only after these first two stages that economic assessment – which weighs the expected

benefits of the action against its cost – rounds off this diagnosis by writing off those initiatives that would incur

disproportionate costs and pinpointing the most cost-effective measures. We can thus summarise the

main stages that should be included in a service assessment approach to aquatic environments. The rest of this

report will go into the expected outcomes and difficulties in more detail.

Analysis and identification of the situation. The quality and pertinence of the reference framework used

at this stage are essential here. For the purposes of inter- and intra-basin comparability, this framework
must be as uniform as possible and cover the largest possible number of ecological situations – which are

by construction very different, as we have seen. A detailed framework would effectively cover the variety of

environments to be considered but produce incomprehensible diagnoses. A simpler framework would not

identify the low signs of ecological degradation of some environments. In all cases, it would probably be

The assessment stages are:

� analysis and identification of the situation;

� identification of the best measures for resolution or preservation;

� economic assessment and political choice.

The dual role of ecological service assessment in water management.

Figure 10

1
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necessary to supplement the interpretation obtained from this framework with one-off studies on sites

identified in advance as being particularly sensitive or important. This is because an assessment may well

produce observations, but no explanations of the causes behind the ecological status observed in environments.

The merits of discussing the pertinent territorial scale for implementing the reference framework come

to the fore in this instance. The information provided by indicators of the biological status must be optimised in

relation to their spatial scale of application. At this point, thought should also be given to the instruments that will

be used for measuring the good status, and where they will be placed.

Identification of the best measures for resolution or preservation. The previous stage should have

highlighted any discrepancy as regards the good status of the environments identified and pinpoint an initial

series of local situations on which diverse technical measures will focus, with a view to improving or preserving

the ecological status of the environments. Additional studies on these sites of interest should also have

revealed the deterioration factors of sites with a poor status or singled out the determining factors of the good

status of sites that need protecting over the long-term.

This stage entails no longer assessing an ecological status but ecological engineering actions. This

assessment will draw on experience gained from other sites and thus depend on the transposability of the

action on the site of interest. It will also seek to determine the scale of this action and do an initial calculation
of its cost.

In the small-scale cycle, the range of possible interventions in terms of wastewater drainage (Figure 11),

producing drinking water or managing supply sources is typically pretty limited. This is because of a longstan-

ding process involving the rationalisation of techniques and optimisation of their performances.

This is not the case with respect to river or lake restoration or the protection of riparian vegetation and wetlands, for
which the range of technical measures possible is much more extensive (Figure 12). These make use of technologies
that are often much simpler to implement, but which need adapting on a case-by-case basis and the consequences
of which are less certain. Assessment must play a part in reducing this uncertainty.

Let us once again stress the need to avoid a static vision of the notion of «status». As we have already highlighted,
what need protecting, and even improving when necessary, are the changing dynamics of
environments rather than their conformity to a reference status that is obviously contingent.

2
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The techniques for restoring aquatic environments should be adapted on a case-by-case
basis.

Figure 12
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Economic evaluation and political choices. In the strictly technical field, economic assessment above all

focuses on the costs of the actions being considered. By assessing the costs and the positive impact of the

measure in mind on the ecological situation, it is possible to determine which measures are most cost-effective

(see text box). According to the WFD, it is these measures that should be pursued. A careful distinction must be

made between the cost-effectiveness approach and a cost-benefit analysis (see text box).

The cost-effectiveness approach
This is based on a pre-defined objective, for example, achieving good ecological status on a given water

body. Of the possible measures that could be taken to achieve this good status, this approach identifies

those that can meet this objective at the lowest cost.

Cost-benefit analysis
This does not factor in a pre-defined objective. Cost-benefit analysis compares the benefits of a series

of possible objectives for the community against the costs they will incur to be met. It thus ends up

selecting those objectives which offer up the most added value in terms of difference between expec-

ted benefits and their implementation costs.

Economic assessment can therefore open up a debate on the opportunity of different measures by comparing

their socioeconomic benefits, in terms of ecological service supply, with their costs. This is where the notion of

disproportionate costs (for the expected benefits) comes into play. It should be kept in mind that cost-benefit
analysis is not meant to produce sufficient conditions for getting certain things done or not. Conducting a cost-

benefit analysis involves examining a series of tabled measures from the viewpoint of its financial and
economic relevance. As a result, such an analysis can do no more than produce the necessary – but insufficient

– conditions for undertaking or abandoning a project after an examination of its economic realism. The same goes

for life cycle analyses that, while often making a useful contribution to assessing the relevance of a project, are

not enough to act on decisions.

It can be seen that economic assessment of ecological services provides managers with two types of service.

First, it makes a worthwhile addition to the information provided by indicator tables of the good status of

environments. It does this by clarifying the social value of its determining factors and weighing up the importance

of achieving a good status on specific sites or environments with regard to the overall ecological quality of a

hydrosystem. Secondly, it helps managers to apply the thinking behind their chosen actions to the
socioeconomic sector and thus to be able to justify their action to stakeholders and users who are asked to

support their action financially or politically.

From users to stakeholders

Here we expand on the idea that a carefully considered use of ecological service assessment implies changes

in the way in which the water sector is governed, primarily in terms of relations between managers, stakeholders,

local councillors and the general public. The information garnered from the assessment helps not only managers

to make more justified decisions but also local councillors and citizens to understand the ecological stakes of

protecting environments.

The transition to the large-scale water cycle also implies an ad hoc change in water governance. The WFD

places considerable emphasis on the necessary involvement and consultation of stakeholders, who act on

behalf of civil society. We have seen that this method of partnership differed from the French tradition of direct

negotiations between governmental bodies and local councillors – and was more in line with what exists in other

EU Member States. Although the developments of the last two decades have moved things in the right

3
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This commitment to involve stakeholders as expressed by the WFD has two objectives in mind :

� establish ecological solidarity for the basin between stakeholders;

� help to bring about a resulted-based culture in water management.

Let's look at these two objectives in turn.

direction in this regard, there is still a long way to go in achieving a satisfactory inclusion of users and stakeholders

in political decision-making. Table 4 illustrates the variety of stakeholders concerned by the management of

water and aquatic environments.

Categories of use

Consumption,
production, storage
of the resource

Production-related
uses

Material treatment,
transport and storage

Network, infrastructure

Recreational uses:
leisure activities,

relaxation

Ecological uses :
biodiversity,
preservation,
protection

Uses

Drinking water

Health (mineral water and spas)

- Halieutic production :
commercial fishing, aquaculture

and shellfish farming
- Industrial water: industrial supplies

(manufacturing, cooling, washing processes)
- Hydroelectricity

- Geothermal energy
- Agricultural water: supplies for agriculture

and irrigation
- Extraction of river and sea materials

- Drainage: household and industrial wastewater
- Spread of agricultural pollution

- Purification and storage of wastewater
- Human health

(biological and chemical contamination)

- Navigation: navigable rivers, canals, etc.
- Port activity

(commercial and recreational)

- Amateur fishing
- Hunting

- Bathing and other water sports
- Outings

- Amenities (contemplation of sites
and landscapes)

- Protection of fauna and flora
- Reproduction (wetlands, spawning grounds)

- Deferred uses for oneself and for future
generations (sustainable development)
- Observation and study environment

(training, research)
- Passive use (existence of biodiversity, etc.)

- Protection from flooding (wetlands)
- Protection from fires

Users, stakeholders

Drinking water consumers, consumer protection
associations

- Bottling manufacturers
- Spa operators

- Professional fishermen
- Shellfish farmers, aquafarmers

- Manufacturers
- Hydroelectricity operators

- Farmers
- Aggregate extractors

- Associations (health)
- Water companies

- Health sector
- Local authorities, public stakeholders

- River and canal craft professionals
- Yachtspeople

- Amateur fishermen
- Fishing federations

Hunters (waterfowl) and their federations
- Tourists, walkers,

practice of whitewater sports
- Tourism professionals

- Nature protection associations

- Scientists

- General public

- Future generations, Civil protection insurance
companies, Floodplain residents

Main characteristics of the small- and large-scale water cycle in terms of uses and users.Table 4
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� Ecological solidarity for the basin
The absence of property rights on natural environments is often cited as one of the main obstacles to effective

management of the large-scale water cycle. But this overlooks the fact that the raw water resource is not under

anyone's ownership in the small-scale cycle either. Public stakeholders have nevertheless long been able to act

on and manage this resource. One of the major consequences of this absence of clearly defined property rights

for water is the creation of multiple externalities between water users. These are produced by the way one or

more users act on other users. One example is that the policy for fertilising or protecting farmers' crops (Figure

13) is partly responsible for the deterioration in water quality, which has a negative repercussion on drinking

water consumers. The Water agencies' fee system, and more generally the implementation of the «polluter
should pay» principle, aims to put a price, and therefore a value, on these externalities. With such a price

to pay, those responsible for negative externalities are impelled to change their behaviour by reducing their

pollution which – previously free – becomes an expense for which they are liable

Working at the geographical level of the watershed, Water agencies make the principle of basin solidarity a

reality. The fee system, at least in theory, enables what economists call the internalisation of external effects,
i.e. the introduction of price signals prompting users to take into account the consequences of their habits for

the community – whether this concern pollution or diversion for their benefit of the available resource.

In management of the small-scale cycle, this principle of solidarity mainly applies to the quality and quantitative

availability of water. Transition to the large-scale cycle implies a parallel shift in this principle towards what we

might call ecological basin solidarity. This change in solidarity between users, not just of water, but also of

natural environments, will not happen overnight however, since the property rights over the services provided

by these environments are even more ill-defined than those over the water resource in the strict sense.

Paradoxically, the past disinterest of riverside owners in the resource and the common pool resource status

attributed to water has actually facilitated public action in terms of ecological river management. One only needs

to recall the heated debates with real estate owners sparked by the introduction of Natura 2000 sites to be

convinced of this – not to mention the complex history of natural parks in France. The minimal involvement

of owners in riverbank management – with the notable exception of agricultural rip-rap – does not look likely

to change any time soon. The public authorities can therefore hope for some leeway in conducting their
protection projects for aquatic environments. There is still the issue of financial compensations for loss

of use of river areas and involving owners in the everyday challenges of preservation, but this should be

addressed through local negotiations.

Fertilisation is partly responsible for the deterioration in water quality: a negative externality for drinking water
consumers.

Figure 13
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The problem for public authorities is more to decide who amongst them will take responsibility for the
developments required to achieve good statuses. Water agencies have, for several years, been facing this

problem of there not being enough takers for overseeing drainage within communities, particularly rural ones, even more

so in the agricultural sector. The same goes for actions to restore rivers or wetlands. Water agencies and public

authorities therefore often come up against the following institutional quandary: either task Water agencies themselves

with overseeing certain developments; or develop direct management by the State.

With the river contracts, Water agencies do, however, have a tool that is in principle well adapted to managing

hydrosystems. Abstraction protection plans may also be extended to include more effective management of associated

ecosystems in land areas. Moreover, the French Law on Water and Aquatic Environments (LEMA) introduces the

possibility for territorial communities, such as regions and départements, to invest in water management. It seems

entirely possible for these larger communities to assist districts and Water agencies in plans for managing aquatic

environments. In fact, they already do in many basins. It should be pointed out, however, that river «contracts»
resemble more a sort of voluntary commitment from communities than a legally-binding contractual obligation

between the parties. In particular, no sanction is stipulated in the event of failure to honour the commitments made by

the parties.

The fact remains that the question of who takes charge arises at district and unitary authority level. Transition

to the large-scale cycle will require more action on the part of mayors on matters that do not directly concern the

immediate interests of their citizens. Things are moving in the right direction at least. We can thus cite the countless

«river» unitary authorities already in place in France (they make up 70% of the Rhône Mediterranean and Corsica basin

for example). In view of the current reform of regional authorities in particular, national and regional discussions are

now being held as to how to finance and ensure the long-term utility of such structures.

We are faced with a new aspect brought about by the changeover to the large-scale cycle: the principle of local

solidarity for a basin, which hinges on interdependency between stakeholders' decisions, no longer applies so easily

to aquatic environments. For some «exceptional» natural environments, it is perfectly logical to imagine their

management coming under the national authority, or even that they be financed by the European budget. In all cases,

public action remains reliant on political support from the local councillors of Basin Committees, since budgetary

circumstances make any increased financial investment from the State, through the French Ministry for Ecology, highly

unlikely.

This is an important point for the success of the Grenelle de l’Environnement's commitments. The French

Environment Round Table enabled an agreement to be reached between parties on a series of specific objectives

such as creating green and blue corridors. But the Grenelle participants were wary of defining who was responsible

for conducting the actions discussed and how the financial cost would be split between the parties concerned. The

justified emphasis on the necessity of results that we will look into below does not, for all that, take care of the issue
of means and of dividing tasks up between stakeholders in the water sector.

� Evaluation and decision performance
Establishing a results-based culture in water management is one of the primary objectives of the WFD. The

French water sector has above all been accustomed to a means-based obligation. The objectives were defined

at national or European level and then translated into regulations and standards. Managers were responsible

for ensuring that private and public stakeholders complied with any amendments to the regulations in force.

Introduction of the Water Management and Development Master Plans (SDAGEs) saw the first shift away
from this means-based culture as it forced local stakeholders to adopt a strategic view of the resource

status that they wished to obtain at basin level. Measures and means thus became conditional upon meeting

the objectives they had set themselves – at least in theory. In reality, it has turned out that the requirements of

European directives and the national water policy still largely dictate the SDAGE objectives, with a variable
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assumption from basin to basin of the local water management stakes by decision-makers – despite the

commendable efforts of agencies to involve all stakeholders in working groups as far as possible.

For the culture of public management, which influences European as much as national decision-makers,

assessment is called to play a key role in promoting a results-based culture. It is expected that this assessment

will improve decision performance at no less than three distinct levels.

The three levels of decision performance:

� pertinence of the actions to take;

� justification of the action and opening debate;

� update of the collective environmental responsibility system.

Pertinence of the actions to take. This first level involves definition of the pertinent action to take with

regard to the problem confronting the decision-maker – something we have already discussed at length.

Justification of the action and opening debate. This second level involves justification of the action

and opening it up for debate by the public stakeholders. So that the assessment of ecological services can

improve the quality of collective arbitration, it must be possible to adopt – and thus be adopted – by those

involved. This particularly assumes that the stakeholders will be equipped with the means to carry out their own

assessments and cross-surveys. These are replacing «top-down» assessments which used to be the only

reference for making decisions.

The technical competence level of associations, NGOs and other stakeholders is getting better and better and

this trend looks set to continue in the future. Many of them today are able to produce reports and studies of the

same calibre as those produced by the State. It is more than likely that they will seize the opportunities created

by the WFD to adopt the field of ecological service assessments as their own with a view to stepping up their

capacity for wielding pressure on the public authorities and, if possible, their influence on decisions. While

this change may appear to be for the good of public debate quality and collective decision-making, it raises

difficulties when the assessment protocols of ecological services – as we have already mentioned – are still

far from stabilised in scientific and operational terms, running the risk of abuse for certain interests and

manipulation of the terms of reference of the debate.

Update the collective environmental responsibility system. At the third level, the major challenge

of an environmentally-oriented water governance in the context of the large-scale cycle is to uphold what we

call a certain collective environmental responsibility system. We will expand on this in Part 3.

As we have already mentioned, the political expectations when setting up the small-scale water cycle

management system were fairly clear. The purpose was to guarantee the broadest possible access to the

resource for all users, while at the same time protecting them from the negative consequences – in terms of

pollution – of other users' habits. The underlying model of environmental responsibility of the small-scale cycle

therefore gives priority to meeting human needs – and diminishing the resulting adverse effects. We can't really

speak of an authentically «environmental» responsibility system then, since the human and social aspects tend

to monopolise the expected outcomes. A constant shift in the law has nevertheless been in motion since

the 1970s towards obtaining an official recognition of the legal status of the environment. Successive

water laws would emphasise the importance of environmental protection in water policy objectives, and these

1
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legal breakthroughs would be reflected in the French Environment Code and WFD alike. This progress is in
keeping with the public's expectations regarding environmental protection, a sign of the significant shift

in the collective environmental responsibility system in both French and most other European societies. This

leads us to a third level of intervention in the assessment of ecological services – giving a direction and
framework to the newly emerging environmental responsibility system.

The first step is to enable this assessment to inform citizens and public opinion. In this context, the hope

is that national and local public opinion can put pressure on local councillors to invest more in the ecological

management of environments. Another aim is to encourage a positive trend of public opinion with regard to

hikes in water bills to create the necessary financial resources. Two remarks can be made on this subject:

� contingent valuation studies have largely exposed the public's doubts that local politicians will actually devote

the sums raised through these price hikes to environmental protection. Asked who they would prefer to see

managing these funds, they overwhelmingly answered in favour of someone separate from local politics – and

from the State – and of his or her action to be supervised by associations, scientists and users;

� moreover, the public authorities must keep a close eye on problems of fairness and implicit redistribution
created by environmental taxes. To try and prevent deadlocks, an environmental tax based on household

water bills must see concurrent discussions in parallel on a social tarification of the resource which guarantees

access to drinking water for the poorest populations. These discussions were in fact initiated in 2009 by the

French National Water Board (CNE), chaired by André Flageolet, with the purposes of uniting the fundamental

human right to water, the supply of high-quality drinking water services and the inclusion of households who are

struggling financially.

The public also sets particular store by the monitoring of measures and assessment of their actual impact in
the field. The public authorities should consequently be more systematic in conducting post-assessments of

their action, which is to say – should get closer to the results-based approach we have discussed above. Such

efforts should go beyond the simple reporting requirements for the WFD, especially since this only applies to a

sample of water bodies. Alongside their usual communication channels with local councillors and stakeholders,

Water agencies are going to have to equip themselves to be able to promote their action more effectively to the

media and the general public.

The water situation in the small-scale cycle is made up of laborious trends and localised accidents of variable

proportions. In the large-scale cycle, the responsiveness and plasticity of environments can bring about swift

positive or negative change. This problem was hardly perceptible at a time before systematic monitoring of water

quality. But once this information has been obtained and publicised, problems regarding the management of local
ecological crises can arise, generally catching the stakeholders unawares. At the news – unheard of to date

because of no information – of a swift decline in a fishing population for example, public opinion will demand

an equally swift response from managers to hastily reverse the situation (Figure 14). And yet action plans

typically tend to focus more on gradually restoring good status than on crisis management. This is reminiscent

of a typical civilian protection situation, in which the means mobilised during a catastrophe represent years

of prevention savings. The changeover to the large-scale water cycle must go hand in hand with increased

participation from the public – with all the problems of distorted perception and mistaken interpretation of the

situation that this brings.



The Arctic charr of the Alpine lakes, a relic of the Ice Age, has been highly endangered
by the eutrophication of these lakes in the eighties and, later on, by global warming
(Lake Geneva has become more than a degree's centigrade warmer in 30 years).

Figure 14
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To conclude, the development of approaches for assessing ecological services cannot be whittled down to the

simple matter of choosing the methods for calculating the value of environments or of producing figures and

indicators of the ecological status of natural environments. For the process to be effective, it must reflect and

take on board the arrangements and objectives of the water policy. Assessment of services can also play a

role in advancing, in return, this context itself by providing water management stakeholders with the tools for

discussion and sharing the challenges they face.

In this first sub-section, we have endeavoured to summarise those contextual elements we considered to be the

most relevant in this regard. Specific examples of environmental policies in practice are now needed to back up

these general considerations. Part 2 focuses on two such examples: the French National Biodiversity Strategy

(SNB) and the Water Management and Development Master Plans (SDAGEs), set up to meet the WFD

objectives.



Consideration of ecological services in French
public policies
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Let us now look at the way in which ecosystem services are defined and addressed in the French National

Biodiversity Strategy (SNB) and Water Management and Development Master Plans (SDAGEs). How are they

assessed and included in decision-making processes, and what intervention tools are used to this end?

Adopted in 2004 and revised in 2011, the SNB is one of the political initiatives in the field of nature conservation

that most faithfully integrates the notion of ecosystem services in line with the Millennium Ecosystem

Assessment (MA). These need to be recognised for their value and assessed as regards their contribution

to human well-being and to economic prosperity when drafting and putting in place all of the SNB's action

plans. This notion is also a key aspect of schemes seeking to raise the awareness of economic and social

stakeholders (like support and commitment), discussions and intervention tools (in preparation for the revised

SNB, a «courses of action» guide is due to come out in late 2011) likely to influence the habits of biological

diversity users.

Drawn up in accordance with the 1992 French Water Law and then the 2006 French Law on Water and

Aquatic Environments (LEMA) by the Basin Committees, SDAGEs are decentralised planning tools for a

balanced management of the water resource – from both a qualitative and quantitative point of view. Merely the

drafting process of the SDAGEs, in which local stakeholders have been closely involved, is a shining example

of the gradual progress being made in the consideration of ecological services – with as strong an operational

focus as always on means and the courses of action taken by local water managers. It is worth pointing out more

generally that, over time, the water policy has taken on an ever closer governance to territories and concepts

and approaches that instinctively recognise the value of ecological services.

The French National Biodiversity Strategy, ecosystem services and
aquatic environments

The SNB gives concrete form to France's commitment to the Convention on Biological Diversity (CBD),

which it signed in 1994. Back then, the French Ministry for the Environment had been tasked with presenting

a strategy that could be applied across all State departments with the specific aim of halting the loss of

biodiversity by 2010 – to which all EU countries had committed. This commitment has been pushed back to

2020, and it is with a view to keeping this commitment that the new SNB and EU Biodiversity Strategy

(communication of the European Commission) have been adopted – both as of May 2011.

The first SNB 2004-2010 had four overarching objectives and was set out in ten sectoral action plans, most

written between 2005 and 2006 and updated in 2009 to factor in the commitments of the French Environment

Round Table (Grenelle). The new SNB 2011-2020 breaks down into six strategic goals, covering a total of 20

targets in line with the Aichi Targets of the CBD Strategic Plan.
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It seeks to:

� protect, restore, enhance and promote the values of biodiversity;

� ensure its sustainable and fair use;

� get everyone and all activity sectors involved to this end.

In concrete terms, it relies on the voluntary commitment of stakeholders, defined with the help of the Guide for

action (not published to date).

Transcribed in the framework

Transcribed in the framework of the SNB, French nature conservation policy clearly takes account of
the notion of ecosystem services as conceived by the MA. Recognition of their value and assessment of

their contribution to human well-being and to sectoral economic activity were defining issues across all action

plans stemming from the previous SNB (see Annex 1) and are still just as central to the new objectives. They

emerge both in schemes seeking to raise the awareness of economic and social stakeholders and discussions

and intervention tools that can be used to influence the habits of biological diversity users at national and

international level.

� At international level

The SNB intends to build on international action on protecting biological diversity and, by extension, the

associated ecological or ecosystem services. It would particularly be worth recalling the landmark debates held

during the United Nations Conference on Environment and Development in 1992, known simply as the Rio

Summit, as well as the World Summit on Sustainable Development in Johannesburg ten years later.

The United Nations Conference on Environment and Development in 1992, at which the Convention on

Biological Diversity was signed (see text box), paved the way to a firm commitment from the Parties to

implement protection policies for biological diversity, foster its sustainable use and share out the benefits

gained from using genetic resources. The French National Biodiversity Strategy (SNB) was drawn up on the basis

of this Convention. The Convention Parties often take a proactive approach to implementing the CBD's

programme of work. That said, this programme continues to be heavily influenced by current political and

economic goals.

The Convention on Biological Diversity

The Convention on Biological Diversity has seven thematic programmes of work, one of which addresses

Inland Waters Biodiversity, and such cross-cutting issues as: climate change and biodiversity;

ecosystem approach; identification, monitoring, indicators and assessment; economics, trade and

incentive measures (which includes the valuation of biodiversity and the removal of perverse incentives).

The World Summit on Sustainable Development in Johannesburg in 2002 (Figure 15) confirmed France's

commitment to reducing the sources of degradation and loss of biological diversity. The Millennium
Development Goals, set by this Summit, also make access to and management of water key targets in the

pursuit of sustainable development.



Figure 15
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A certain number of key messages have emerged for decision-makers from these two international summits

hosted by the UN:

� access to water and the quality of water and aquatic environments play a part in achieving the Millennium

Development Goals;

� managing the scarcity and quality of water are given objectives;

� managing water as an economic good goes hand in hand with assessing the contribution that the good functioning

of aquatic environments – also considered to be public goods (or common pool resources) – makes to ecological

services;

� integrated management of environments broadens the scope from water in its physical environment to

ecosystems by incorporating interactions between aquatic environments, forests and human societies;

� preservation of wetlands – the ecosystems that have lost the most ground in terms of surface area – is now a goal

in its own right, and one that is upheld by the RAMSAR Convention which recommends specific actions.

The Ramsar Convention

The Ramsar Convention, officially called the Convention on Wetlands of International Importance

especially as Waterfowl Habitat, is also commonly referred to as the Convention on Wetlands.

Be that as it may, although the political debate was fuelled by the subject of protecting the biological diversity

of natural environments – and therefore of aquatic environments – the gap between the management of these

environments and that of water in its usual sense (drinking water and drainage services) remains as wide as ever.

Aquatic environments still fall largely within the scope of environmental management, while the water resource

remains a socioeconomic responsibility for the purposes of drinking water, industry, energy and agriculture.

� At national level
Several political initiatives on the environment led to the French National Biodiversity Strategy (SNB)

being drawn up and put into practice. Adopted in June 2003, the French National Strategy for Sustainable
Development (SNDD) made preservation of the natural and cultural heritage one of its pillars. The French

National Committee for Sustainable Development has become the political authority that should enable

the environment to be taken into account in sectoral policies. This is a strong sign of a possible paradigm shift

– confirmed by the French Environmental Charter.

The SNB, adopted in 2004 and revised in 2011 (Figure 16), is a practical offshoot of the SNDD's natural and
cultural heritage pillar, but it extends its purely naturalist framework to include the impacts of economic

activity on biodiversity. However, although the SNB can influence political courses of action – and even planning

objectives – it has no legal authority. In its startup phase, the goal of halting the loss of biological diversity

One of the flagship international meetings.
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involves preservation of genetic diversity, species, the diversity of ecosystems, particularly through services

provided to human societies, and landscapes in the form of functional and cultural expression of territories.

Aquatic environments are considered through the diversity of aquatic species (especially fish populations) on

the one hand and by ecosystems on the other – wetlands in particular. The latter are symbolic ecosystems

(Figure 17) due to their vulnerability to economic development and also because they are now accorded spe-

cial attention at international level by the RAMSAR Convention.

The French National Biodiversity Strategy is a practical offshoot of the French
National Strategy for Sustainable Development.

Figure 16

Wetlands, symbolic ecosystems.

Figure 17
a b
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The health of biodiversity and the identification of threats to the latter are taken firmly on board in the SNB. It

points out that aquatic environments are endangered by pressures affecting water quality (diffuse and point

pollution) and habitats (hydrological and morphological modifications and obstacles to river flow). In terms of

the ecological services provided by aquatic environments, the SNB stresses their importance, particularly a

resource's supply of good quality water for multiple uses and for the functioning of an aquatic ecosystem in itself.

The first SNB had set up ten sectoral action plans (Figure 18), or programmes of work for each economic

sector (agriculture, international cooperation, land-based transport infrastructure, sea, natural heritage,

town planning, forests, research, tourism and overseas).

For overseas, the strategy comprised ten local plans: Guadeloupe, French Guiana, Martinique, Mayotte, New

Caledonia, French Polynesia, Reunion Island, Wallis and Futuna, Saint Pierre and Miquelon, French Southern

and Antarctic Lands and the Scattered Islands. This illustrates the importance of biodiversity conservation in

these regions.

Each plan was overseen by the technical ministry concerned, and a steering committee set up whose members

included economic stakeholders, members of the public and nature protection associations. Indeed, the SNB

sought to mobilise stakeholders, incorporate the value of services provided by nature, take greater
account of biodiversity in sectoral policies and develop scientific knowledge and observation. The

policy lines of the SNB were clear. It was not merely an additional intervention policy. It aimed to raise

awareness, mobilise and pool actions with a view to stepping up the effectiveness of existing policies.

As a result, the plans put forward actions to preserve the role of aquatic environments and the services

provided (Table 5 and Annex 1). But this improvement was not as significant in the intervention tools proposed

– no more than in the processes helping stakeholders to adopt the SNB. This was because the action plans were

simply fitted into the framework of existing sectoral policies without overhauling or changing them. All they did

was improve these policies by fostering voluntary initiatives on the part of private stakeholders and by focusing

on raising awareness, providing information and promoting good practices and responsible behaviour with

regard to biodiversity.

A few of the SNB's sectoral action plans.

Figure 18
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Sub-actions relating to aquatic environments

Draw up guidelines for the green and blue corridors and support
their implementation at regional level.

Rivers and aquatic environments: application of the WFD (review
of river basins, setup of the surveillance programme, definition of

management plans and programmes of measures, implementation
of the water law.

Wetlands: Continue and resume implementation of the national
wetlands plan. Designate wetlands of international

importance for the Ramsar List.
Acquisition of 20,000 ha of wetlands to counter destruction:

encourage purchases by Water agencies.

Grassy banks and planted buffer zones at least 5 metres
wide along rivers and water bodies listed in urban-planning

documents.
Extension of grassy banks along all rivers in vulnerable

areas in 2009 (4th action programme 2009-2013 pursuant
to the "Nitrates" Directive).

Restore continuity for freshwater ecosystems:
elimination of hydroelectric concession dams should

operation not be renewed under a general agreement
on sustainable hydroelectricity in keeping with the restoration

of aquatic environments (blue corridor).

Coastline : measures by the coast Interministerial Committee
for Land Planning and Development (CIADT); long-term strategy

of the French Conservatory of the Coast.

Increase the means of the French Initiative for Coral Reefs (IFRE-
COR) for a sustained action in favour of coral reefs and their asso-

ciated ecosystems.

Setup of national action plans for endangered species in mainland
France and in its overseas départements.

Draw up a terrestrial and marine invasive species plan.

Provide for marine and coastal ecosystem reconstitution
and restoration measures in management plans
(revised SDAGE) and programmes of measures

that will be decided on at the scale of a river basin.

Continuity of freshwater ecosystems: possibility of intervening on
private sites with the owner's agreement.

Give official form to the administration doctrine on water,
fishing and nature policing. Set up a nature policing unit in
départements/forge closer ties between the water police

and hunting police. Boost the human resources for nature
policing by the public institutions working in overseas

départements (national parks, ONF, ONCFS and ONEMA)
to ensure the regulations are implemented effectively.

Actions relating
to aquatic environments

Develop specific plans
for natural infrastructure

Save endangered
wild species

Tackle invasive species

Consolidate expertise and
management

Renew and extend legal
provisions

Increase the effectiveness
of nature policing

Number of actions
(2009-2010)

4 actions
and

30 sub-actions

3 actions
and

14 sub-actions

3 actions and 10
sub-actions

Priorities

Maintain the good
ecological quality

of the territory

Support concerted
natural heritage

management
as it picks
up pace

Continue to
renew rights

and economic
tools

An example of how aquatic environments have been addressed in an action plan:
the natural heritage action plan.Table 5
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Water and aquatic environments were thus very much a feature of the 2004 SNB, but it is nevertheless noticeable

that, in its startup phase, it was too simplistic in its approach to the latter for several reasons:

� aquatic environments were only perceived as «containers» of a physical resource, water, and water is not

biodiversity;

� the compartmentalised vision between aquatic and terrestrial environments persisted;

� the failure to pay full attention to knowledge on the biological wealth (macrophytes and invertebrates) in the

aquatic environment on the part of nature conservation associations, institutional and private stakeholders

limited the scope covered by biodiversity conservation actions;

� during this initial drafting stage, the way the French Ministry for the Environment was organised – divided into

different departments, one in charge of biodiversity and the other in charge of problems relating to water as a

resource – did not facilitate incorporation of the specific issues involved in managing aquatic environments in

the SNB’s action plans. This situation should improve once a single department overseeing both water and

biodiversity has been set up.

In 2006, the Grenelle de l’Environnement (Table 6), the roadmap for French environmental policy over the next

five years, shored up the SNB by identifying a number of specific actions in favour of biological diversity. In turn,

these have been included in the sectoral action plans that were revised in 2009. This concerns commitment 84

which calls for the SNB to be extended with concerted regional strategies. Based on the Grenelle’s conclusions,

the water resource and aquatic environments are taken on board to a greater extent in the SNB – which now

lays down actions or sub-actions associated with ecological continuity, the green or blue corridor and

implementation of the WFD.

Phosphates
Ban phosphates in all laundry detergents by 2012.

Abstraction points
Complete the protection perimeters around drinking water abstraction points by 2010,

Extended action plans to protect the 500 abstraction points the most under threat by 2012.

Drainage
Stepping up the compliance of wastewater treatment plants with the standards with a view to reaching a 98%

conformity level by 2010 and 100% level by 2011.
Consideration of wastewater drainage arrangements in the examination of building permits.

Creation of a new competence for districts to inspect non-collective drainage systems.
Development of rainwater and wastewater recovery and reuse in compliance with health requirements.

Green and blue corridor
Planting of grassy banks at least 5 metres in length along rivers by 2015,

a green and blue corridor for preserving ecological continuity.

Irrigation
The Prefect may provide a single organisation with a sampling authorisation on behalf of

all irrigation users to encourage collective sampling management.

Networks
Local authorities must assess the heritage of their water supply network and draw up an improvement works

programme if the network leak rate exceeds a set rate for each département.

Research and development
Authorisation given to public drinking water and drainage services to fund R&D programmes

to facilitate the development of new techniques –
particularly with a view to adapting to climate change.

Grenelle «water» commitments.Table 6



52

Despite the clear desire to place biodiversity at the heart of French environmental concerns, the political efforts

remain minimalist, for what is needed is to mobilise stakeholders rather than construct an intervention policy in

which biodiversity would influence sectoral policy objectives. The initial motivation for the SNB was to mark a

turning-point in the way nature protection is addressed – by phasing biodiversity into sectoral policy. We have

mentioned a paradigm shift that would be required of the economy. Some have seen this as grounds for an

institutional change in the way the State is organised and governed in this respect (standards, regulations and

processes). But for now, the fact is that:

� The State was responsible for overseeing the SNB, taking charge of the actions to be implemented and

promoting the same «conventional» intervention tools within its competence (agro-environmental measures,

organic production grants, etc.);

� Local stakeholders working in the region (including local and regional authorities) were pretty much ignored.

Some will say that, at the collective level (steering committees), certain stakeholders were neither represented

nor invited;

� As for water governance staff, they were completely excluded from the entire process. Some will argue that

the arrival of «allocation factors on biodiversity» sidelined the option by «environment type” and water

continued to be perceived solely as a physical resource, completely unrelated to biodiversity. Institutional logic

was in no small part responsible for this dichotomy between protecting biodiversity and managing water and

aquatic environments. The French Ministry for Ecology at the time comprised two distinct departments: one in

charge of nature and landscapes and the other in charge of water. What’s more, the latter was hardly consulted

in the drafting stages of the SNB. Neither did it sit on the interministerial steering committee tasked with

monitoring the action plan agenda.

It is difficult to grasp why the water governance sector was not called on more often in the SNB’s action plans,

when the intervention tools mentioned in some of these same plans come directly from the water policy and the

WFD. This is particularly the case for the Ecophyto fee, agro-environmental measures or the Water agencies’

grants system. This sector’s participation would have made the results hoped for at local level under the SNB

more operational. Take, for example, the Local Water Commissions that act with respect to Water Management

and Development Plans (SAGEs), or the Basin Committees which decide on the intervention programme of

Water agencies.

One of the key questions broached by economic analysis is that of transaction costs. These are defined as costs

incurred by participation and negotiation, and we know they can be high in a governance process. When it is

well worth stakeholders working together, these costs are borne by the stakeholders themselves on a

voluntary basis. Once these costs outweigh the benefit of taking part in the process, they can lead to forms of

withdrawal and thus to low turn-outs. And yet the rise in consultation processes launched by the State – with

similar goals but without coordination of existing decision channels – means that stakeholders must step up

their efforts to take part in such channels. They must thus choose whether or not to participate based on how

high the stakes are.

The assessment findings of the SNB, initiated by the French Ministry for Sustainable Development in 2010, are

not positive – particularly as regards the actual integration of biodiversity in sectoral policies (according to the

French National Biodiversity Strategy - 2004-2010 Report - DICOM-DGALN/BRO/11022 – May 2011).

But they do show that the SNB plays a key role in getting all the stakeholders involved. The new SNB 2011-2020

builds on this mobilisation by rallying the State, regional authorities and economic and public stakeholders even

more around six strategic targets: instill in people a desire to act for biodiversity, preserve the living environment

and its ability to evolve, invest in a common pool resource (ecological capital), ensure the sustainable,

equitable use of biodiversity, see that policies are consistent and actions effective and develop, share and

promote the value of knowledge.



Article 1 of the 1964 Water Law provided for a harmonisation of the requirements for use and environmental
protection.

Figure 19
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Instead of breaking down into action plans, this new SNB seeks to involve the various stakeholders : the point

is to ensure that we are all aware of certain facts and values helping us to recognise our daily dependence on

the services rendered by biodiversity and to make the right decisions and moves.

The notion of ecological services is therefore clearly highlighted, given that the good functioning of ecosystems

is a fundamental condition for the production of countless services worth our while and the preservation of a great

many remarkable, and more common, species. Accordingly, the preservation and restoration of ecosystems are

gradually becoming a new activity sector in its own right – even if the drivers for action are yet to be specified.

The new SNB does not explicitly integrate water governance, but the various water laws have introduced

specific planning schemes that have taken increasing account of the notion of biodiversity and ecological

services at each reform. This is what we will go into below.

Water Management and Development Master Plans (SDAGEs) and
regard for ecological services

It is interesting to examine how ecological services have been factored into the water policy by looking at its

planning schemes – the details of which need highlighting. A retrospective analysis of the three water laws from

1964, 1992 and 2006 – taking account of the objectives of the 2000 European Water Framework Directive –

shows that increasing attention has been paid to ecological services, in a more or less explicit manner. These

successive water laws give an initial indication of this progression, which we will have a look at now. Beyond a

summary of their main recitals, we will endeavour to shed light on the governance methods set up by local water

stakeholders on the basis of these laws, thus attesting to a gradual assimilation of ecological services by these

stakeholders. First, we will go back over the legislative assessments.

� 1964 Water Law
The provisions in Article 1 of the 1964 Water Law call for […] prevention of water pollution and water

regeneration, with a view to meeting or uniting the requirements of:

� drinking water supplies for populations and public health;

� agriculture, industry, transport and all other human activity in the public interest;

� biological life in the receiving environment, especially the fish population, as well as leisure activities, water

sports and site protection;

� water flow and conservation.
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Articles 13 and 14 of this law provided for the creation […] within each basin or group of basins […] of a basin

committee made up, in equal parts, of representatives of the different categories of users and competent

persons, representatives appointed by the local authorities, government representatives [...] and of a basin

financial agency, a public administrative establishment, civil in nature and financially independent, tasked with

facilitating the diverse actions in the shared interest of the basin or group of basins.

Article 14 attributes a twofold role to these agencies: setting and collecting fees from public or private bodies,

insofar as these public or private bodies make the agency's work useful or necessary, and attribute grants and

loans to public or private bodies for carrying out activities in the shared interest of the basin.

The main outcomes of this first water law – from the viewpoint of our arguments – are essentially:

� the importance of preventing water pollution for economic development, health and protection of receiving

environments has been recognised;

� the «large-scale (eco)system» that is the river basin has been recognised as a coherent unit for managing

the water resource for the first time;

� the «polluter should pay» principle has been set up, indirectly recognising the need to compensate damage

caused by urban and economic activity – if not to ecosystems, then at least to water quality;

� an original form of governance has been set up with the basin committee, the «water parliament», and the

Water agency, the mutual financial organisation that manages the system of fees with a view to reinvesting

these in «damage repair» operations.

Although it was highly original for the time, and gradually accorded greater financial powers (the Water

agencies got investment in the water sector well and truly rolling), there are limits to the system with regard to

our subject:

� discussions focused on pollution black spots (large communities, major industrial sites) (Figure 20);

One of the limits of the system introduced by the
1964 law was that it looked no further than pollution
black spots. The case of the Drôme basin. (Source:
http://gesteau.oieau.fr/sites/default/files/1-5.jpg)

Figure 20
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� a dominant financial vision, rather than an incentive-based approach that might have been expected from

the introduction of fees. The goal is first and foremost to reinvest the fee money in projects that ensure a«fair»
return to fee-paying users;

� neither the environment nor aquatic environments represent the core business of basin committees or Water

agencies.

However, with the creation of this system came a heightened awareness of how ecosystems function and
of their worth:

� the services in charge of monitoring environmental quality helped to initiate an ecology culture by developing

key indicators, not only on the physico-chemical quality of environments, but also on aquatic fauna – above all

by developing the tools of the SEQ-Eau (water quality evaluation system), which comprises both physical and

biological parameters;

� the first results of water quality modelling revealed the «self-purifying» function of environments and helped

to shed light on this ecological service – even if it is not yet named as such.

In the 1980s, the Water agencies gradually invested in river development works. The approach was hydraulic,

justified by the need to prevent flooding, but it was this intervention on natural environments that brought about

a steady increase in approaches associated with ecosystem services within agencies. For the first time,

agencies used fees to fund actions that were only indirectly linked to these fees – primarily based on urban

and industrial pollution. But this wasn't without political problems: industrial users in particular had difficulty

accepting that part of the money from their fees went to pay for actions on rivers: controlling erosion,

maintaining banks, fish structures (Figure 21), enhancement of surrounding areas, etc. These debates on the

legitimacy of these new interventions (without specific contribution from the activity sectors behind the damage

justifying them) were nevertheless useful in opening up the first exchanges on the interests for the agency – and

therefore for the water policy – of paying closer attention to ecosystems.

From the 1980s, the Water agencies thus begun to branch out from the strict framework of urban and industrial

pollution prevention and the French Ministry for the Environment sent out a circular on river contracts.
These contracts were innovative in the global approach they took – focusing on pollution prevention, physical

restoration of environments and communication/awareness-raising all at once. The measures were still rather

narrow in scope though, with no real regulatory weight, acting on the river in its strict sense (the low-flow

channel and banks). That said, several initiatives (e.g. in the Ardèche – a pioneering watershed for this

procedure) stem more or less explicitly from a heightened awareness on the part of communities of the services

rendered by a healthily functioning river (the economy of the Ardèche valley is intricately linked to the quality

of its river).

Professional users' fees can finance fish passage structures.

Figure 21
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� 1992 Water Law
Based on the experiences gained across France and aware that, firstly, the simple contractual programming tools

no longer sufficed and, secondly, the water policy needed a new direction, a major revision of the water policy

was put forward in the 1990s. As a result, Article 1 of the French Water Law of 3 January 1992 (Figure 22) lays

down the principle that water belongs to the nation's common heritage and its protection, enhancement
and the development of its useable resource – whilst respecting natural balances – are in the public
interest. The 1992 Water Law also defines the principle of «balanced management» which aims to:

� preserve aquatic ecosystems, sites and wetlands […];

� protect against all types of pollution and restore water quality […];

� develop and protect the water resource;

� determine the value of water as an economic resource […] in line with the […]requirements concerning : i)

health, public health, civil defence and drinking water supplies for the population; ii) free water flow,

conservation and protection against flooding; iii) agriculture, fishing and marine cultures, freshwater fishing,

industry, energy generation, transport, tourism, leisure activities and water sports […].

Lastly, the 1992 Water Law makes provision for planning tools at large basin level (Water Management and

Development Master Plans/SDAGEs) and sub-basin level (Water Management and Development Plans/SAGEs).

Drawn up by the basin committees, SDAGEs set the main guidelines for a balanced management of the water

resource within each basin or group of basins, as stipulated in Article 1. SAGEs – written by the local water

commissions – do the same at sub-basin level. Both plan types wield regulatory influence and must address

every aspect of water and aquatic environment management.

This law thus breaks new ground in its resolve to replace a conventional approach by sector of use with

a global approach, including not just the preservation of aquatic ecosystems but also the development and

protection of the water resource. This is so as to satisfy a certain number of uses – it being recognised that

a healthy ecosystem is a prerequisite for the quality and quantity of possible uses. While the reference to

Article 1 of the 1992 Water Law lays down the
principle that water belongs to the nation's common
heritage.

Figure 22
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ecological services is still not explicit, this new water law represents a genuine opportunity for basin organisations

to make aquatic ecosystems and their ecological services a central consideration for debate and therefore for

the programmes of work of water stakeholders. Despite the time this learning and assimilation would take, basin

committees – responsible for drafting SDAGEs – would add provisions to their fundamental objectives with a

direct link to recognition of the new requirement to manage ecosystems – and thus to take ecological services

into account.

The first SDAGEs

Adopted in 1996, the first SDAGEs make explicit reference to this new aspect of water management (see

text box).

Adour-Garonne SDAGE 1996
The less disturbed aquatic ecosystems are, the better they help to maintain hydrodynamic balances

and regulate water flow. They also increase the self-purifying capacity of rivers, thereby improving

their quality. It is therefore necessary to restore natural regulation phenomena and river dynamics so

as to «give aquatic environments back the capacity to function normally and regenerate (...)».

Rhône Mediterranean Corsica SDAGE 1996

Aquatic environments and wetlands are complex, dynamic and interdependent environments whose

physical and functional components need preserving or restoring to maintain their essential roles in

terms of regulating water resources, self-purification, landscape and biodiversity.

Once identified and recorded, wetlands should gradually be characterised from a double point of view:

- biological: rarity of species present, diversity, etc.

- functional: environment dynamics, functional relations with other environments and the watershed,

«services rendered» (levelling of rising water levels, self-purification).

Seine Normandy SDAGE 1996

River valleys are the seat of multiple economic stakes, areas where construction is possible, potential

sources of aggregate and groundwater sources. Aquatic environments have an ecological and

functional value that it is necessary to preserve. At the bottom of valleys more than elsewhere,

wemust therefore be careful to take necessary account of the hydraulic and environmental constraints

in land use.

The objective is to«maintain a suitable plant cover for the soil conditions in the bottom of valleys (...).

Natural floodplains contain most of the wetlands of ecological interest. It is therefore paramount to

maintain them for sustainable flood prevention. (...) Procedures to protect abstraction points must be

followed through and strategic potential resources shielded from pollution risks by seeking protective

soil cover in these areas and a form of management to adapt (...). »

Beyond the actual purpose of a more functional approach to managing environments, now acknowledged by

the SDAGEs, the major breakthrough is that these concepts are based on scientific findings, clarifying the

ecology of ecosystems and revealing the services provided, for example by a healthily functioning river area.

Accordingly, and to give an example, a multidisciplinary summary conducted over the whole of the Ain lower

valley made it possible to compare hydrological, geomorphological, biological and economic data and spotlight
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the different services provided by this ecosystem (self-purification, quality water resource, wellspring of

biological diversity, fishing area and whitewater sports, etc.). This summary and revelation of the social and

economic benefits reaped from a healthily functioning system prompted some local councillors to change the way

they addressed river management: no longer«preventing» but«assisting nature» to benefit over the long-term

from the services provided. By learning from this type of example, it has been possible to transpose the concept

of good functioning status with regard to rivers in the SDAGEs – and therefore to make it a more common

feature to some extent.

Wetlands

The first SDAGEs also brought wetlands and their associated stakes to the fore. They are based :

� on the one hand on the Water Law, which defines wetlands. Wetlands are «areas of land, exploited or not,

that are usually flooded or saturated with freshwater, saltwater or brackish water on a permanent or temporary

basis; vegetation, when present, is dominated by hygrophilic plants for at least part of the year». The French

Decree of 30 January 2007 specifies the criteria selected for characterising these environments (morphology,

hygrophilic plants, etc.);

� on the other hand on the crystal-clear conclusions of Préfet Bernard’s report in 1994 which described a steady

disappearance of these environments and thus the serious challenges they represent in terms of preserving

the biodiversity heritage, as well as the associated services provided.

In general, all of the SDAGEs devote one of their policy lines specifically to wetlands. For example, the Rhône

Mediterranean Corsica SDAGE states that, once identified and recorded, wetlands should gradually be

characterised from a double point of view: biological (rarity of species present, diversity, etc.) and functional

(environment dynamics, functional relations with other environments and the watershed, «services
rendered» - levelling of rising water levels, self-purification, etc.).

A significant amount of ground has been covered then, between a time when practically all basin committees

focused on was the approval of fees from agencies, and the era of the SDAGEs, which included a list of

wetlands needing protection and laid down rules for the effective management of these environments. The

ambition to preserve wetlands – given the amount that still needed doing to halt their disappearance – would be

highlighted by other texts outside of the water sector. For example, the 2005 law on rural area development
stipulates that :«The preservation and sustainable management of wetlands are of general interest. National,

regional and local rural area development policies – along with the attribution of public grants – take account

of the specific difficulties of conserving, exploiting and sustainably managing wetlands, as well as of their

contribution to policies on the preservation of biological diversity and the landscape, on water resource

management and on flooding prevention, particularly through suitable methods of farming, pastoralism,

forestry, hunting, fishing and tourism. To this end, the French State and its public establishments, regions,

départements, districts and their clusters see to the coherency of diverse public policies in these areas – each

within their expertise.»

Authorisation and declaration systems

The 1992 Water Law therefore marks a key turning point in achieving explicit recognition of the stakes involved

in protecting ecological services. It does not shed any more light as such on the question of how to quantify these

services or of their value, but goes some way to developing intervention tools likely to maintain a certain level

of integrity in the functioning of aquatic ecosystems – particularly for the benefit of the services they provide.

Regulatory tools continue to be the State's main leverage for guaranteeing the long-term application of its

policies. Although the regulatory influence of SDAGEs«in itself» remained modest, it gathered strength through

authorisation and declaration systems under the 1992 Water Law, which regulated «interventions,

structures, works and activities» impacting the aquatic environment. These authorisations had to be

«compatible» with the SDAGE.
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The new generation of SDAGEs: the positive impetus given by the WFD

A new chapter would begin with the arrival of the European Water Framework Directive (WFD) on 23 October

2000, which lays down the current framework for European water policy. The good ecological status
objective (Figure 23) for all surface aquatic environments and groundwater bodies gave a significant fresh boost

to the quality objectives policy which, at national level, was showing signs of weakness. Good ecological status

gives top priority to the biological quality assessment of environments and is an undoubted milestone in the

consideration of ecosystems in their entirety. Admittedly, some will note that the indicators given for qualifying

good status remain fairly static – without clearly referring to the good functioning of environments or the

associated ecological services. Moreover, wetlands are not addressed directly as the WFD does not consider

these specific environments to be water bodies. However, the European Commission (communication of

29 May 1995 to the European Parliament and the Council) does recognise the important functions of wetlands

in protecting water resources.

The notion of «ecological services» is not specifically referred to as such in the WFD either – in its recitals or

the various articles. We might nevertheless suggest that «good status» – a requirement for all surface

aquatic environments by 2015 – is not completely unconnected to this approach. We might even go further in

this regard by stating that the Directive presents good status as one of the cornerstones for sustainable social

and economic development. Indeed, Member States are called upon to demonstrate – by the notion

of disproportionate costs – that achieving good status in some cases is simply not feasible by 2015 if the expected

benefits fall short of the costs that would be incurred. The services provided are naturally considered in this line

of thinking, but assessment of the benefits provided by ecological services is not easy to clarify since the

cost/benefits ratio in most cases reverses after the 2015 deadline. This is in fact one of the difficulties in

conducting economic assessments of ecological services today.

� The 2006 French Law onWater and Aquatic Environments (LEMA)
The WFD has been transposed primarily into French law by the Law of 21 April 2004 and the Decree of 16 May

2005. These standards would be extended under the LEMA in 2006 (Figure 24), and by other implementing

The good ecological status objective for all surface
aquatic environments and groundwater bodies gave a
significant fresh boost to the quality objectives policy.

Figure 23
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Drinking water reservoirs, abstraction supply
areas: a resource preservation approach can be
justified in socioeconomic terms.

Figure 25
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regulations (particularly ministerial orders on water bodies, the good status of water, etc., dated January 2010).

Combined with the tools that already existed in the French Environment Code, these new instruments would help

to increase the level of consideration given to ecological services.

This new law brings about the notions of «wetlands of special environmental interest» (ZHIEP) – including

strategic wetlands for water management (ZSGE) – and «supply areas for drinking water abstraction», for

which the Grenelle de l’Environnement (French Environment Round Table) has defined targets that have been

adopted by the SDAGEs. In this context, the «drinking water supply» service comes into its own within the

soil-groundwater-river system and the corresponding policy is now deliberately geared towards a prevention

strategy. This is because several case studies have clearly shown that a prevention approach is fully justifiable

in socioeconomic terms – beneficial to farmers and drinking water consumers alike.

The 2006 French Law on Water and Aquatic Environments
(LEMA) is one of the tools that would help to increase the level
of consideration given to ecological services.

Figure 24
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The LEMA thus establishes a regulatory framework that explicitly recognises certain functions and services
of aquatic or surrounding ecosystems, and seeks to preserve them by setting specific rules for these zones.

Lastly, the LEMA has made it possible to simplify the water policy by revising some of the thresholds of the

«water law» nomenclature downwards and by changing the declaration procedure. This is not necessarily for

the better – even if the State departments can now focus their attentions on so-called «vital» activities.

� The second generation of SDAGEs
With the application of the LEMA, the 1996 SDAGEs had to be revised to incorporate the WFD requirements.

Long and difficult negotiations were required before the second generation of SDAGEs were finally adopted in

2009, together with their programmes of «measures», i.e. their action plans (Figure 26). This is because the

Directive not only completely rewrote the technical terms and points of reference (water bodies, good status,

recovery of service costs, disproportionate costs, etc.), but also raised the issue of the social and economic

stakes at the political level of good status.

The new SDAGEs of 2009 are black and white in their reference to environmental functions (purification,

retention, water regulation), as well as to the stakes involved in preserving wetlands, biological reservoirs,

migratory fish and biodiversity. Ecological services are defined as a social value and are mentioned for

drinking water supplies, existing and potential economic activities (tourism, leisure activities, see Figure 27) and

human health. The value that can be attributed to such services is used as a basis for argument in

documents for public consultation. With respect to intervention tools and operational instruments, these SDAGEs

– together with the Grenelle de l’Environnement (French Environment Round Table) – set highly specific targets

on themes tied directly in with ecological services.

Adopted in 2009, the second generation of SDAGEs was published
along with an action plan.

Figure 26



©
J.
R
.
M
al
av
o
i-
O
n
em
a

The preservation of mobility areas is also broached in the SDAGEs.

Figure 28
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The intervention tools put at the disposal of SDAGEs wield some regulatory influence and apply to other

planning initiatives too (PLU, SCOT), thus prompting a genuine acknowledgement of the functions of aquatic

environments at local level. In this regard, the way in which wetlands, flood expansion plains, water
abstraction supply areas and everything that concerns the «good functioning» and mobility areas of
ecosystems should be taken on board is clearly explained. Here are some examples from different SDAGEs in

mainland France.

The Seine-Normandy and Loire-Brittany SDAGEs point out the need to preserve mobility areas (Figure 28),

particularly through public easements pursuant to article L. 211-12 of the French Environment Code. The

Rhine-Meuse, Rhône Mediterranean, Corsica, Seine-Normandy and Adour-Garonne SDAGEs provide for

preservation of mobility areas through town planning documents. The Rhine-Meuse SDAGE organises its

precepts depending on the characteristics of the mobility area by distinguishing between«non-mobile areas»,

«functional mobility areas» – on which preservation will be the priority – and «areas that are potentially

mobile but damaged or restricted by an intervention and on which mobility can no longer be expressed – hence

the priority, in liaison with all the stakeholders and according to the technical and economic feasibility, will be to

restore or manage it».

Concerning wetlands (Martinez, 2010), SDAGEs call for the identification of all wetlands. The purpose of this

identification is to ensure the subsequent management and preservation of these wetlands through action plans

and real-estate or financial instruments. The administrative authority may – inside wetlands – draw up an action

plan to restore, preserve, manage and promote ZHIEPs sustainably. At the request of the State, regional

Ecological services - such as tourism - are mentioned loud and clear in the new SDAGEs.

Figure 27
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authorities or their clusters, it can also introduce public easements for preserving or restoring strategic wetlands

for water management (ZSGEs) by requiring owners and operators to refrain from any act that might harm the

nature or role of the wetlands, like their maintenance or conservation, through drainage, filling or ploughing up

grasslands in particular.

SDAGEs then recall how wetlands can be impacted by work or operations subject to authorisation or

declaration under the Water Law and that, as such, these operations must put in place compensatory

measures. These might involve recreating equivalent wetlands from the viewpoint of their functions and

biodiversity. Lastly, with a view to setting up effective operations management at local level, the SDAGEs

recommend claiming back wetlands, raising the awareness of local stakeholders and the public about their role

at territorial level and finding out more about the functions of these environments (self-purification, flooding

expansion, etc.).

Actions to restore the functions of aquatic environments are heavily promoted by the SDAGEs, and they no

longer only concern rivers. Indeed, another breakthrough in the 2009 SDAGEs is that soil protection and

management are clearly described as a requisite to restoring good status and maintaining ecosystem services.

Accordingly, controlling land use in connection with agriculture becomes a priority particularly for preserving

rivers. To limit transfers of diffuse pollutants, all the SDAGEs recommend planting buffer zones: grassy banks,

embankments, hedges, ditches (Figure 29) to «limit transfers towards aquatic environments» (Rhone

Mediterranean),«limit pollutant transfers» (Adour Garonne) or«form filtering zones for pollutant run-off»
(Rhine Meuse). Artois Picardy provides for «agricultural methods that should be practised to reduce the

amounts of plant protection products used», particularly«maintaining and extending fixed vegetation in the

landscape (hedges, grassy banks, embankments)». Adour Garonne stipulates that«measures relating to grassy

banks should be set up on watersheds whose good status or drinking water resources are impacted by diffuse

pollution». Classification of riparian forests and woodlands in urban planning documents is also recommended.

To limit transfers of diffuse pollution, the SDAGEs recommend planting buffer zones such
as grassy banks.

Figure 29
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Other recommendations concerning the preservation of flood expansion plains also reflect the attention

paid to ecological services. Rhône Mediterranean thus provides for «maintenance of sufficient plant cover

and buffer zones to avoid erosion and worsening of flows during flooding». Its SDAGE also stipulates that

riparian vegetation management factors in «specific flooding targets».

It is thus abundantly clear that the new generation of SDAGEs goes one step further in recognising ecological

services through operational provisions that are based on an ever more detailed series of regulations – the

concept of «good ecological status« having undoubtedly given a significant political boost to this progression.

� Adoption and local implementation of basin policies
This determined ambition to«gain back ecologically functional environments« is not without its problems when

put into practice, however. We only need to look at how the restoration of ecological continuity is implemented

for example (Figure 30). The SDAGEs are based on article R.214-1 of the French Environment Code, which

defines the ecological continuity of rivers as «the free movement of biological species and the unrestricted flow

of natural sediment transport.« Pursuant to article R.214-109 therein, an engineering structure is an obstacle

to ecological continuity when:

� it does not allow for the free movement of biological species, particularly because it significantly obstructs

their access to areas essential for reproduction, growth, feeding or shelter;

� it prevents the unrestricted flow of natural sediment transport;

� it interrupts lateral connections with biological reservoirs;

� it substantially affects the hydrology of biological reservoirs.

The SDAGEs have sought to identify these engineering structures or obstacles to continuity so as to adjust

them as appropriately as possible (adjustments to existing structures, maintenance of passageways and

coordinated management of chains of structures) – or even get rid of them. Restoration actions are prescribed

for rivers considered to be the most important, given their role as a biological reservoir or in sediment transport.

This policy has come up against fierce opposition, not least from operators of hydroelectricity generation plants,

who can produce economic evidence putting a figure on the loss of hydroelectricity generation or the investment

necessary to bring their engineering structures into compliance. What «value» can be put forward in response

to such figures for restoring continuity? The ecological arguments often seem ineffectual when set against

economic ones – driving some stakeholders to put a figure on the ecological services provided and thus to arm

themselves with an argument to match their opponents'.

This is also an issue for the setup of«biological reservoirs», which results from a choice giving more«weight»
to the ecological preservation of an area than a potential economic use through hydroelectricity development.

An example of ecological continuity restoration.

Figure 30
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French water policy has changed course significantly over the past fifteen years. Designed in the wake of the

Second World War with a view to finding a compatible balance between the swift growth in water uses and the

preservation of water quality, the policy found a useful basis in the decentralised governance system – by major

basin – introduced by the 1964 Water Law. The creation of Water agencies, territorial approach to managing

the resource – involving both local authorities and stakeholders in the decision-making – and financial

independence gained from the fee system all ensured the success of the French water management model,

sanctioned by the WFD which adopts and extends its core components.

It has had to tackle endless new challenges over time – surely one of the toughest being the conscious

consideration of the ecology of aquatic environments. Tackling it implies a change in the way the management

– and associated stakes – of water are broached, whilst procuring the necessary intervention tools and

technical terms of reference for achieving the good ecological status of environments. It also implies painting a

larger picture of the water policy's geographical area for action than the mere network of rivers within watersheds.

The SDAGE example gives a good illustration of the progress that has been made by local managers in this

regard.

The 2006 Water Law and SNB – as well as the 2005 law on rural development or laws brought about by the

Grenelle de l’Environnement (French Environment Round Table) – show an overall convergence of general
policy lines towards improved protection of natural environments, particularly aquatic environments
and wetlands. That said, we have highlighted the difficulties encountered with practically applying this concern.

At least three main reasons seem to be able to explain this:

� despite the administrative streamlining in 2005-2006, the proliferation of texts with diverse legal statuses

– ranging from very restrictive regulations to instructions of a general nature – does not make the task of local

stakeholders responsible for the concrete implementation of these policies any easier. Working in a context

subject to both environmental and economic constraints that they have to manage along with their financial

capacities, these stakeholders struggle to prioritise areas for action and establish methods of effective local

territorial governance to meet the objectives set both by the WFD and French environmental policy. We

can also mention the State departments' lack of means to monitor installations sufficiently and – when this

monitoring is performed – the lack of sanctions in most cases that, if taken, would have served as examples;

� the transition from management of the resource to management of environments requires local stakeholders

and technical support services alike to adapt. Their situation is further complicated by the complexity of the

ecosystems needing managing and their hugely variable status, functions and changing dynamics. Closer and
greater communication between managers and scientists – at both the technical and political levels –
appears vital in this regard. In addition, even within the scientific community, a process of multidisciplinary

co-construction must take firmer root than at present in view of the highly complex stakes and phenomena at play;

� the physico-chemical nature of water forges a fairly direct link between users – both with respect to sharing

the resource out and to pollution. This link substantiates the principle of basin solidarity, around which local

stakeholders can participate together in managing a common pool resource, the available resource and

its quality within a watershed. This simple solidarity principle has broken down in the transition to natural

environments as stakeholders have come to fund actions that have no direct link with their actual impact on

the quality of the resource. In this situation, tensions and risks of deadlock have arisen with some stakeholders

refusing to commit fully to restoring environments.
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Assessment of ecological services can provide solutions to these various problems insofar as the management

objectives have been set in advance. Through an objective definition of the links between environmental

functions and services provided to communities, assessment helps to shed light on the orders of priority for
action and to justify the use of tools by managers more effectively. Assessment also plays an invaluable
educational role in guiding stakeholders in making the necessary change to their water management approach,

and in helping them to integrate the benefits of a healthy ecosystem. Lastly, by associating environmental

protection with socioeconomic values, assessment of ecological services helps communities to better
grasp the economic merits of protecting ecosystems, thereby expediting the establishment of renewed
financial solidarity around the protection and restoration of aquatic environments.

The next two sections of this report have been written with these points in mind. Above all they seek to clarify

the concepts and methods involved in assessing ecological services, in keeping with the need for dialogue

between scientists and managers that we have shown to be wholly worthwhile in the current context of French

water policy. We will also identify the limits and difficulties of service assessment and try to better define the

application potential of these methods in public decision-making. On a final note, we will make some general

and practical recommendations as to their operational implementation by managers.
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The notion of "ecological services of aquatic ecosystems" is a complex one, in which it is worth defining each term

precisely so that the object of assessment can be identified clearly.

We will start by looking at the notion of ecosystem – with regard to how far it is capable of encompassing, within the

same "system", all of the human and non-human stakeholders that will be involved in developing ecological services.

We will then examine whether it is relevant to consider aquatic environments – extended to include the notion of

"wetlands" even – as objects whose services we will want to assess: because of the myriad interactions between

these environments and "terrestrial" environments – and the key role of these interactions in forming services –

should we consider a much larger spatial unit, comprising a patchwork of terrestrial and aquatic environments, a

"landscape" in the ecological sense of the word?

Lastly, we will turn our attentions to what exactly we should understand by "ecological services". While we can agree

on qualifying a set of goods and services provided by nature and from which humans benefit in this way, we shall

see that this set can vary in size. In particular, depending on the definitions and scientific disciplines, it may or may

not comprehend remunerated services on a market, imply the actual functioning of the ecosystem or take account

of our contribution to the production of these services.

What object for analysis?

The vast majority of studies on the ecological services of aquatic environments qualify the object providing such

services – a lake, peat bog, inland pond – as an "ecosystem", without questioning the pertinence of resorting to this

concept (Figure 31). As a result, the notions of "ecological services" and "ecosystem services" are often considered

to mean one and the same thing. Neither do these studies challenge the limits of their subject – which are deemed

to be defined clearly enough by the environment under study. We will begin by looking more closely at these two points.



The notion of "aquatic" ecosystem embraces highly diverse environments. What's more, if we are to apply
the concept of ecosystem to such environments, we must question the functional limits of these "systems".

Figure
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Ecosystem or hydrosystem?

� The conventional "two-tier" diagram
In a conventional diagram (Figure 32), an ecosystem is depicted as a system made up of several interacting

parts, which in turn can be split into two main sub-assemblies: the abiotic parts (the physical environment

and its physico-chemical characteristics), and the biotic parts (all of the living organisms, microorganisms,

plants and animals). The interactions between these constituent parts are multiple, but generally entail

exchanges of matter, energy and – lastly and more rarely identified – exchanges of information. The

latter exchanges naturally have a physical vehicle (odour molecules, sound or electromagnetic waves), but

these material contents are not enough to grasp what their role is – when it may be decisive in ecosystem

dynamics. Hence the point of specifically identifying these information exchanges.

Such a system is not closed: beyond the solar energy flow that fuels its dynamics, it exchanges material,

energy and information flows with other ecosystems – and this is particularly true for aquatic ecosystems

(with the exception of deep sea ecosystems, which are sustained by diverse sources of chemical energy).

However, the notion of ecosystem implies the existence of a barrier – a physical and functional limit to the

system – defined by the fact that the exchanges within the system predominantly occur between it and the

outside.

The subject of ecological services calls us particularly to think about the exchanges of this ecosystem
with human societies, their practices and organisations. This social component is typically portrayed as a

distinct "sociosystem" that will interact with the ecosystem: it receives a certain number of "products" from

the ecosystem – called ecological services and goods – and gives a certain number of its own "products"

in return, which are likely to modify the ecosystem. This brings us to the question of positive or negative

environmental impacts.

Figure 32

"Conventional" diagram of an ecosystem and its relation with the sociosystem.
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There are many reasons justifying this conventional, two-tier diagram:

� the delimitations of ecosystems and sociosystems do not generally overlap, as they are subject

to different criteria. In the first case, we will consider the (relative) uniformity of habitats and, in the

second, the "territorial" units of management (district, region, etc.) – even if these units often use ecosystems

for delimitation, particularly rivers;

� the sociosystems likely to influence a given ecosystem are manifold and sometimes a great distance

away. The examples of acid rain, unintentional or deliberate introduction of species and global warming

show that the decisions and behaviours of distant sociosystems may nevertheless have a considerable

effect on a local ecosystem – even one that is "protected". On the other hand, a particular sociosystem

(e.g. a large urban area) may wield extensive influence over numerous distinct ecosystems via the

multiple population flows it generates – whether these be incoming, outgoing, daily or more sporadic;

� the processes regulating the way a sociosystem functions and evolves – such as the type of goods and

services exchanged within it – differ markedly from those of an ecosystem. Think of the fierce debates

sparked over sociobiology and its claim to explain the dynamics of human and insect societies by similar

laws and processes.

The merits of an integrated diagram

We can nevertheless make several arguments in favour of an alternative, comprehensive
diagram – particularly for aquatic ecosystems – one which integrates all of the biotic, abiotic and
socioeconomic parts as well as all of their interactions within a single "hydrosystem". This

alternative depiction is shown in Figure 33 (O'Neill, 2001, also provides an in-depth critical analysis of the

conventional model of an ecosystem).

Figure 33

Integrated diagram of an "hydrosystem" and its abiotic, biotic and socioeconomic parts.



Albi bridge and sill and wetland in the Camargue.
Most of France's aquatic environments are
fashioned by human activity and development
which determine their structure and ecological
functioning.

Figure
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To start with, it is worth pointing out that both the abiotic and biotic compartments of ecosystems have

been transformed by past and present human activity – especially in developed countries where human

settlement dates back millennia, such as France: a long river like the Seine has been considerably

"anthropised" lengthwise, widthwise, in its flow rates and with regard to its water's physico-chemical

composition – not to mention the makeup of its fish population, since many species have been introduced.

By their physical nature and their function, a sill, rocky bank or bridge piers belong to the abiotic component

and can act in a similar way to "natural" entities, even though they are also expressions of the sociosystem.

There are countless examples of these "hybrid objects" – one of which are the pollard oaks in areas of

bocage, whose peculiar shapes have arisen from the fact that the trunks belong to the owners and the

branches the farmers – or of aquatic ecosystems held to be an exceptional natural heritage, and yet they

have been entirely fashioned by human activity: for instance the Camargue where the Dombes lakes are

highly symbolic in this context (Figure 34).

As a result, there doesn't seem much point in trying to pinpoint the "natural ecosystem" that interacts
with the sociosystem within this overall area. The same goes for the terrestrial ecosystems with which the

river interacts: primarily wooded before the clearing sweeps of the Middle Ages, the drainage basin is now

massively given over to annual crops of species that have by and large been introduced (wheat, corn,

potato); by contrast, meadows – other ecosystems created by humans (in temperate climates, natural

meadows are essentially limited to mountainous areas, above the forest floor) – are swiftly declining – from

our doing.

We could, of course, consider that, even if the structures of ecosystems have been profoundly altered by

human activity, it is still possible to draw a distinction between the processes occurring within them:

a chemical reaction, transport of suspended matter, prey-predator or host-parasite relation are specific to

the eco-system, while a market exchange or the drafting of a regulation are inherent to the sociosystem.

In reality, this distinction is not as clear, however; because although the physico-chemical or biological

processes are naturally different and independent from social processes – rain cannot be decreed for example

– their intensity will often depend on their interaction with the sociosystem: the scale of parasitism in fish may

depend on repopulation or the introduction of species, just as the scale of solid transport will depend both

on agricultural practices in the drainage basin and the diverse regulations affecting river flow and speed.

The argument that the spatial limits of ecosystems and sociosystems do not overlap – often put forward

to justify a dual model – also merits discussion. For it can be observed that this phenomenon also exists
within the ecosystem itself, between abiotic and biotic compartments, and even within these compartments.
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Accordingly, since the last glacial period, some geological and geomorphological formations associated

with river activity (terraces, alluvial groundwater, old meanders, etc.) are now colonised by terrestrial

biocoenoses (ecological communities); vice versa, aquatic environments and their populations can – at

varying intervals – extend to temporarily encompass terrestrial ecosystems, including even sociosystems

such as cities and their inhabitants. This movement is, in fact, often necessary for the conservation of

certain constituents of the aquatic ecosystem – such as the reproduction of pike in floodplains (Figure 35)

– or terrestrial ecosystem, such as the regeneration of herbaceous plants after rising water levels have

washed away the woody parts.

We can also point out the fact that – while plant populations are indeed linked to an ecosystem – the

"attribution" of an animal, insect, fish, bird or mammal species to an ecosystem often only corresponds to

a more or less temporary occupation of this ecosystem: the vital areas are specific to each species and can

include distinct, and sometimes distant, ecosystems (for example migratory birds and fish, Figure 36).

Incidentally, even the definition of an "aquatic ecosystem" often comes from the sociosystem and debates

held within. Take the complex ongoing discussions on how to define the notion of "wetland" for instance –

depending on whether you take pedological or floristic criteria into account for example1. This definition of

Potential spawning ground for pike near Hazebrouck (North France). Temporary flood-
plains play a key role in the reproduction of many aquatic species.

Figure 35
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Salmon swimming up the Alagnon river (Massif Central). Species of all kinds spend time
in several ecosystems during their biological cycle – at times travelling great distances bet-
ween them.

Figure 36
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1- http://www.zones-humides.eaufrance.fr/?q=node/61
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wetlands, pursuant to the Water Law, stems from articles L. 211-1 and R. 211-08 of the French Environment

Code. Following the various discussions, these have since been extended by French Order of 24 June

2008, amended, and, finally, clarified by a circular dated 18 January 2010.

To conclude, without disputing the fact that the type of flows between or within the compartments is

different in ecosystems and sociosystems, we might posit, first, that these are always exchanges of matter,

energy or information and, second, that the entities exchanged between humans are often constituted from

the resources of ecosystems (including coins!), and often find their way back there eventually in some form

or another.

This is why, for analysing a specific given situation, we suggest using the integrated diagram of a
hydrosystem with all of its parts and processes that we have presented (Figure 33). In addition to

seeming truer to real life, this diagram is not without concrete consequences. It particularly requires a more

accurate identification and characterisation of the often complex nature of all these parts and processes.

This is because, according to this diagram, human activity should be viewed not just as a user of ecological

services but also as a contributor to their production, and both these dimensions need to be looked at

specifically. On the one hand they involve different timescales: the production dimension needs to be

addressed from a medium- to long-term perspective – today we are preparing the ecological services of

tomorrow – while ecological service use lies within a relatively short-term context; on the other, the

stakeholders – those who produce and consume or will consume – of such services are also different, which

brings up the problem of redistribution, whether this occur between stakeholders in the same territory or

between different territories. We'll come back to this later.

Which spatial unit is relevant?

� The specifications
Admitting this necessity to take full account of the various biotic, abiotic and socioeconomic parts of the

hydrosystem, two additional aspects need considering for a concrete definition of the spatial unit that will

be analysed.

First of all, the physical delimitation of aquatic ecosystems (especially wetlands) poses methodological
and conceptual problems for several reasons:

� aquatic environments are subject to major variations in their principal resource (water) and, in some cases,

to a spatial connectivity that is difficult to assess (e.g. transitional systems between the water table and river,

interface systems between freshwater and saltwater environments, or river systems with variable flooding rates);

� particularly when disturbed, aquatic ecosystems and wetlands are in fact a juxtaposition of varied habitats that

are more or less interconnected. They are therefore more like a patchwork (or "landscape" in the ecological

sense of the term), whose overall functioning is rarely considered – the scale of a given species or population

being the sole interest;

1http://zones-humides.parcs-naturels-regionaux.fr/zones_humides/chapitres/definitions/

� ecosystem transitions (ecotones, forest edges) are central to regulation processes. Relatively limited spaces,

such as the intertidal zone or the vegetation along rivers, can be behind most of the changes in sediment,

hydraulic and biogeochemical flows (Figure 37). The decision to include or exclude these from the assessment

scope may therefore have a considerable bearing on the assessment of services;

� more globally, it is clear that surface or groundwater aquatic ecosystems and wetlands are not functionally (or

physically for that matter) isolated from their terrestrial context, and that water plays a crucial role in the way all

ecosystems function. To give just one example, soil owes much of its agronomic and ecological properties to the

varying presence of water between and within its constituent mineral and organic particles (hence the

aforementioned difficulty in defining "wetlands").



Riparian vegetation along a river in Alsace. The transitional zones between terrestrial and aquatic en-
vironments play a key role in the production of many ecological services.

Figure
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The second aspect – which we have already highlighted – is the fact that the limits of the hydrosystem's biotic,

abiotic and socioeconomic parts are usually distinct. This is why we will not employ the term that is sometimes

suggested – "socioecosystem" – here, as it implies common boundaries for these parts. Both the status and
dynamics of a local entity should therefore be deemed to stem from the functioning of sub-systems
with broader dimensions – as illustrated in Figure 38.

It is for these various reasons that the question of the spatial unit whose services we are going to identify and

assess is worth discussing, particularly with a view to examining how the ecological and socioeconomic criteria

can be combined in its definition.

37
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The provision of ecological services at one point of the hydrosystem results from interactions between
parts with broader, non-overlapping spatial extensions.

Figure 38
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� Approach proposal

The first thing we need to do is specify the objective of assessing the services of a given spatial unit.We will
tackle this from the perspective of a link to action, i.e. of a comprehensive project aimed at mobilising the
findings of this assessment to define, assess or amend local management policies where necessary (and not

just of producing an academic publication).

This also means that we will work within a local framework rather than for the purposes of national compatibility. To be able

to assemble the results, we will therefore have to define a territorial network of separate, delimited units according to

common principles.

We propose an approach in six stages, summarised in Figure 39.

� Listing the services.

� Defining the framework for the functional set.

� Analysing governance.

� Examining external factors.

� Analysing the "externalities".

� Performing an economic analysis

Listing the services. The first stage will involve defining the ecological services and goods we want to assess and,

possibly, manage as a result. We will provide a possible list of these various services further on, but can choose not to

perform an exhaustive assessment of all the services, focusing instead on just a few. In this case the criteria on which

this choice will be based need describing – these may be technical (whether or not the necessary data is available) or

political (link to a specific project we wish to assess).

Defining the framework for the functional set. The second stage will involve defining an overall geographical area

presenting a certain level of functional coherence and that may play a part in providing these services. This may be

a given ecosystem or "landscape" in the ecological sense of the term, i.e. a patchwork of ecosystems between which

notable exchanges of matter, energy and information take place. The term "ecocomplex" proposed by Blandin and Lamotte

(1985) – employed less frequently than "landscape" to describe this patchwork – would nevertheless be preferable in our

view, for it is less polysemic and clearly highlights the functional dimension of this patchwork. This area may therefore be

an aquatic environment primarily (a large lake or a river and its banks) or incorporate terrestrial ecosystems interacting

with it (a drainage basin). The key criterion to consider is to examine whether the ecological services we want to assess

are really produced by the aquatic ecosystem alone (such as a fish population), or depend on significant interactions

with other ecosystems (such as water of a given physico-chemical quality) – which is often the case for these ecosystems.

Analysing governance. We will then examine whether this area is likely to be managed overall by an existing

sociopolitical body, at least as far as the services in question are concerned. This may be a district, unitary authority, Water

Management and Development Plan (SAGE) territory, regional natural park (PNR) or an NGO (conservatory of natural

areas, reserve managers) for example. It may be devoted specifically to this area, or have a broader geographical

jurisdiction. If such an authority already exists, we can go straight to stage 4.

However, if several non-coordinated bodies oversee this territory with partial remits, or in the event of "implicit"

management by a number of independent stakeholders with no particular remit as regards these ecological services (which

is the case for carbon fixation by agricultural soil), there are two options:

- go back to stage 2 to change the scope of the system to be analysed;

- continue the analysis, with the "political" objective of making these different stakeholders aware of how important these

services are, thereby helping to bring about a more concerted form of management – or even institutions to oversee

this coordination of stakeholders. Indeed, this could be an opportunity to take a longer-term stance and argue in favour of

such institutions being set up – along the same lines as the creation of basin agencies, national parks or PNRs.

Examining external factors. The fourth stage will involve analysing the "degree of determination" of the

overall geographical area and the services considered by its local components (ecological and socioeconomic) in

1
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Summary

The approach we have just described will, of course, need adapting to local situations. For example, we can swap

round stages 2 and 3 to begin by the latter. The main idea is not necessarily to draw the limit at aquatic environments

as is the case in numerous studies (which does, however, make it possible to produce high valuations per

hectare or km of banks!). In other words, although the notion of aquatic environments (or ecosystems) can form

the initial basis for thoughts on how to analyse their associated ecological services, we have sought to emphasise

the importance of carefully defining the object for analysis before embarking on the economic analysis.

The second point that we will highlight is the need to take a project-based approach for this assessment – involving

the various stakeholders at each stage to make sure they properly assimilate and put into practice the findings of

the economic analysis. For more information on this point, refer to the seminar summary of the Seine-Normandy

basin Scientific Board on using economic analysis for defining water policy.2

2- http://www.eau-seine-normandie.fr/fileadmin/mediatheque/Expert/Conseil_Scientifique/CS_2010/ProjetSynthese_
SemEconomieVersionDef190210.pdf

Figure 39

Approach put forward for
defining an appropriate spatial
unit for analysing ecological
services.

relation to the exogenous determining factors from the three aforementioned main sub-systems. This is because an

entity whose dynamics seem to depend primarily on exogenous factors does not appear to be an appropriate object

for our assessment: yes, we could assess its ecological services but without being able to act on them or manage them

over the long-term. This means that if this stage does not produce satisfactory results (no capacity for overall

management or low internal capacity for determination), we need to go back to stage 2 to change the size or

parameters of the geographical area.

Analysing the "externalities". Once the right geographical area has been defined, we will then reverse our

focus to examine its "degree of influence" on other neighbouring – or possibly remote – areas. Through this principle

of analysing and taking account of "ecological solidarity", we will be able to examine the positive and negative

externalities of this overall area. We can then see, for example, if the services produced locally perhaps benefit others

(like the production of quality water), or – to the contrary – if a local improvement of a service, even one that is

apparently sustainable, does not jeopardise others (such as the development of recreational fishing).

Performing an economic analysis. Finally we can perform an economic analysis of the ecological services

concerned. If only a small number of services are going to be analysed, we need to identify their relations with other

services – at least in quality terms and with the same aims in mind as before. This is so as to avoid any negative

effects from the improvement of a single service (e.g. between largely incompatible diverse recreational activities).
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Services, functions, benefits: clarification
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Careful reflection is recommended in defining not just the object for analysis, but also the "products" we want to

assess, particularly so we end up with a clear distinction of the different concepts constituting the notion of

services

Emergence of concepts

Even though the first documented occurrences of thoughts as to the economic value of natural goods and

services date back to the mid sixties, reference is more commonly made to the article by W. Westman (1977)

in the journal Science for the notion of "nature's services" as a list of distinct items that might be assessed

separately to raise awareness about the merits of conserving and sustainably managing ecosystems.

The two other landmark dates are 1997, when Nature published an article by R.Costanza et al. who listed 17

services in their unprecedented estimation – at global level – of the benefits people obtain from ecosystem

functioning; and above all 2005, when the Millennium Ecosystem Assessment (MA) first appeared. Beyond the

new economic valuations, this report painted a pessimistic picture of the situation of ecosystem services (15 of

the 24 services studied had deteriorated or were used unsustainably, see Table 6) and put forward a typology

of services that now forms a benchmark. We will come back to this below.

These findings, and especially the sheer size of the figures produced by the economic valuations, have

undoubtedly played a part in educating a great many economic and political stakeholders, as well the general

public, in the importance of this reality. This is particularly true for aquatic environments, for which the often

considerable values have been highlighted for ecosystems that once only really caught the eye of naturalists:

the study by Costanza et al. reports values of over 10,000 USD/ha x year for wetlands or floodplains (compare

this with a mean value of around 600 USD for all terrestrial ecosystems), while the meta-analysis by Brander et

al. (2006) on 200 studies of wetlands worldwide settles on a mean value of 2,800 USD/ha x year.

Moreover, the MA has clearly described what we will call the "promotion paradox", namely that developments

for production purposes (aquaculture in mangroves, drainage of wetlands for livestock) often ultimately lead to

a reduction in the overall value of ecological services.
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List and status of the 24 MA ecosystem servicesTable 6

Sub-category

Crops

Livestock rearing

Fishing

Aquaculture

Wild food

Fuelwood

Cotton, Hemp, Silk

Fuelwood

Freshwater

Worldwide

Regional and local

Service

Provisioning services

Food

Fibre

Water regulation

Erosion regulation

Water purification and waste treatment

Disease regulation

Parasite regulation

Pollination

Natural risk regulation

Cultural services

Spiritual and religious values

Aesthetic values

Recreation and ecotourism

Status

�

�

�

�

�

+/-

+/-

�

�

�

�

�

�

�

+/-

�

�

+/-

�

�

�

�

�

+/-

Notes

Substantial increase in production

Substantial increase in production

Production in decline due to over-exploitation of the resource

Substantial increase in production

Production in decline

Loss of forest in some regions, growth in others

Production of some fibres in decline, growth in others

Production in decline

Losses through extinction and loss of crop genetic resources

Losses through extinction, over-exploitation of resource

Sustainability is not a current consideration in the use of water

for drinking, industries and irrigation; Volume of hydraulic

energy unchanged, although dams are increasing our ability

to exploit this energy

The atmosphere's ability to self-purify has diminished

Net source of carbon sequestration since mid century

Dominance of negative impacts

Varies depending on changes in ecosystems and location

Increase in soil degradation

Water quality in decline

Varies depending on changes in ecosystems

Natural control has deteriorated due to pesticide use

Apparent decline in global level of pollinators

Loss of natural buffer zones (wetlands, mangroves)

Swift decline in sacred types of wood and species

Decline in quantity and quality of natural environments

More areas accessible but many have degraded

Genetic resources

Biochemical products, Natural medicines,

Pharmaceutical products

Water

Regulating services

Air quality regulation

Climate regulation



Ecosystem service values by continent (as per Brander et al., 2006).

Figure 40

Ecosystem service values per type of service (as per Brander et al., 2006).

Figure 41
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Analysis of variation sources

While they provide high mean values, these studies are nevertheless characterised by a very wide dispersion

of the values obtained: accordingly, the summary by Brander et al. (op. cit.) particularly throws up a high

asymmetry in the distribution of these values (many low values and only a few very high ones) – which ultimately

produces a high deviation between the mean (2,800 USD/ha x year) and median (a mere 150 USD/ha x year).

It is this dispersion that needs analysing and, if possible, reducing. Figures 40, 41 and 42 illustrate these

different variation sources.

The first thing we notice (Figure 40) is that an initial, fairly intuitive, variation source is geographical and

socioeconomic – with countries where living standards are high (Europe, North America) displaying much higher

estimations. Likewise, the density of the population living near the ecosystem has a positive impact on values.

To factor in these aspects, the authors wrote regression equations connecting the service value to the country's

GDP and density of the population within a 50km radius of the wetland. In spite of this, the equations take only

very partial account of the variability observed: the determination coefficients – which measure the "explained"

communalities by the variables considered – are generally less than 10%.

The second variation source stems from the services being studied (Figure 41). This particularly leads to the

conclusion – now typical – that provisioning services have a lower value than regulating services and tourist

services. Note that biodiversity is the service with the highest mean but the lowest median and that, overall, a

considerable variability persists for valuations of the same service.



SDAGE

Large estuaries
Bays and flat medium-sized estuaries

Marshes and coastal lagoons

Developed brackish marshes

River banks
River plains

Shallow wetlands at the entrance to basins

Pond regions
Lake or pond banks

Wet moorland and marshes on plains

Isolated wetlands

Developed marshland for agricultural purposes

Artificial wetlands

1
2
3

4

5
6

7

8
9

10

11

12

13

SDAGE

Seagrass bed, reefs
Mud flats

Salt marshes
Rear-dunes

Lagoons

Salt marshes
Fishing basin

Riparian vegetation
Alluvial forests

Floodplains
Reed beds, sedge meadows

Aquatic vegetation

Marshes at altitude

Floodplain forests
Floodplains

Reed beds, sedge meadows
Aquatic vegetation

Wet moorland
Peat meadows

Small lakes
Small ponds
Peat bogs

Continental salt marshes

Rice fields
Amended meadows

Poplar forests

Reservoir-dam
Water quarry
Lagooning

Ecosystem service values per type of ecosystem (according to Brander et al., 2006).

Figure
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The third variation source concerns the type of ecosystem being studied (Figure 42).

The typology used is fairly basic and therefore needs fine-tuning by looking, for example, to the typology drawn

up in 1996 by the French National Museum for Natural History to draft the Water Management and Development

Master Plans (SDAGEs, see Table 7).

(http://sandre.eaufrance.fr/ftp/sandre/francais/document/zhi/ddd/tronc_commun_national_v2004-1.pdf).

It would thus be worth delving further into the analysis of these variation sources, since the diverse variables

analysed by Brander et al. ultimately only explain 45% of the total variance of the studies. But this implies a

thorough re-analysis of the basic publications which would exceed the framework of this report, in which we
want to focus more particularly on the variations that may result from an insufficiently precise definition
of the concepts used – especially the notions of ecological services, benefits and ecosystem functions.

42

Typology of wetlands used in 1996 to draft the SDAGEs (according to Morardet, 2009)Table 7
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The different notions of "services"

� Ecological services and ecosystem services
No distinction is made when talking about “ecological services” and “ecosystem services”. In keeping with

previous analyses, we recommend using the former term over the latter, as it has a broader meaning
by not prejudging the entity that will be analysed. This entity may be an ecosystem in the strict sense of

the word, a patchwork of interdependent aquatic ecosystems (such as a large river) or, as we have seen,

a combination of interacting terrestrial and aquatic ecosystems on a given territory.

� Ecological services and environmental services
Both these terms are also used interchangeably. Accordingly, depending on the author, the acronym PES

can either mean “payment of environmental services” or “payment of ecological services”. A clear distinction

must nevertheless be made between these two notions.

This is because, as we have mentioned above, an ecosystem contains two interacting parts – biotic and

abiotic. The abiotic part alone can provide a set of goods and services from which people benefit. The list below

may appear somewhat anecdotal – or even bizarre – but we have genuinely found most of these examples in

reports and publications. For example:

� energy resources, such as incident solar energy (Figure 43) – of which we only capture the tiniest part in strictly
energy terms, but which above all provides us with a favourable temperature for life and daylight, as well as hydroelectric
and wind power which are derived from it. To illustrate the importance of the solar resource, let's recall that, according
to the French National Institute for Solar Energy (INES), France receives 200 times its energy consumption from the
sun (the value for the whole planet is reported to be about 7,000 times). If we want to calculate the "service" that just
daylight represents, we could proceed as follows: Household electricity consumption in France is around 18 billion
euros a year – with lighting accounting for around 10% of this; for a total built surface area of around 800,000 ha
(overlooking lighting of non-built surface areas), this represents an annual cost of nighttime lighting of more than 2,000
euros/ha x year, which provides a minimum reference for the "service" of daytime lighting provided by the sun –
the duration of which is far longer.largement supérieure.

Solar energy and Archimedes' principle are "environmental services" rather than " ecological services" as they
are dependent on the biological functioning of an ecosystem.

Figure 43
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�mineral resources such as minerals, rocks and – particularly for aquatic environments – river aggregate and

sand or placer mining products, etc.;

� water supply in itself, at least in its annual water balance (Figure 44). On this point, note that the water

balance divides total annual rainfall into three sub-categories: surface run-off (rivers), evapotranspiration (direct

return to the atmosphere) and storage by the soil and sub-soil (the term "water balance" is sometimes used as

a synonym but usually refers to an analysis at plant or crop level, comparing the rainfall of a given area and the

evaporation of this crop so as to judge its possibility or additional needs of irrigation). In temperate countries under

oceanic influence, such as France, it is generally accepted that most rainfall comes from sea evaporation and

that local annual rainfall will therefore be the product of winds and relief – without notable influence on plant

cover. The situation is different in intertropical zones, where rainfall in forest zones mainly stems from local

evaporation. In this case, rain can be viewed as an ecological service (see the report by the French Strategic

Analysis Centre [CAS], p. 320 for more information).

In both cases, plant cover may nevertheless slightly alter the terms of the water balance by adjusting the

evapotranspiration and water storage capacity of the soil – and therefore the amounts of run-off and their

distribution over the year (hydrograph). On this basis drainage basins with forest cover are estimated to provide

lower run-offs by and large – but more regular hydrograms above all (levelling off of high water levels and

support of lowest water levels);

Tropical forest and river in Iceland. While plant cover in tropical countries helps to increase
local rainfall, this isn't the case in temperate countries under oceanic influence, where
vegetation only affects hydrographs.

Figure 44
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The notion of environmental amenities describes elements of well-being with which
nature provides us free of charge, such as contemplation of a landscape.

Figure 45
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� Archimedes' principle, which makes river (Figure 43) or sea transportation possible – possibly after diverse

engineering works in rivers.

It is clear that these services are, for the most part, unconnected to the existence and current good functioning

of the biological compartment of the ecosystem. There are naturally some exceptions however – including coral

and conchitic sand, which is widespread in natural areas of heavy human intervention.

In light of all this, we suggest using the term of ecological services solely to describe those services
significantly involving the whole of the ecosystem and, particularly, the current functioning of the
biological compartment. These services should be considered to belong to a more extensive set of

"environmental services". That said, some of these abiotic resources may result from the past functioning of the

biological compartment (especially the formation of sand and aggregate by rock degradation). This point is worth

highlighting – not least to underline the importance of long timescales – but we would prefer not to consider

them as ecological services for all that, since their possible conservation does not call for biological processes

at present.

Within this vast grouping of services, we could perhaps set "geological services" apart from "energy services",

etc., and there is nothing to prevent an economic valuation of them to show our dependence on the "natural

capital" either.

Without being exhaustive, we can also observe that the MA's distinction between provisioning, regulating

and cultural services applies just as well to both "abiotic" and "ecological" services: and as such, a table with two

columns could be drawn up comparing these two typologies.

� from environmental amenities to environmental services
With respect to our suggestion to view ecological services as a sub-set of environmental services, we will point

out that the economic literature sometimes takes the opposite view. Indeed, well before the notion of ecosystem

services gained widespread acceptance, the term "environmental amenities" had been coined to refer to some

ecosystem products from which we benefit free of charge. This term more or less encompassed the notions

of non-market provisioning (recreational fishing, harvesting) and cultural services of the MA (and, less explicitly,

regulating services). It described elements of well-being with which nature provides us "free of charge", whether

this involve contemplating it (Figure 45), its aesthetic, recreational or educational value. The notion took a

global view of nature – a landscape for example – and consequently did not make a distinction between its

biotic and abiotic aspects as we do. Instead, it focused on the non-market character of these well-being
aspects, hence the question of their economic valuation that we will examine below.
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Although still in common use, the term "amenities" has been phased out in favour of "services" in recent literature,

to reflect the role of humans in their production. The very notion of amenities indeed implied that nature

directly supplied elements of well-being to humankind, while that of services seeks to identify our role in producing

them. Accordingly, in the case of agriculture, an FAO report (2007) emphasises that, in economic terms, these

are "positive externalities" of farming and points out that "the term "environmental services" specifically refers

to a sub-set of ecosystem services characterised by externalities". Barnaud et al. (2011) in particular gives a

detailed analysis of these various takes on our role in service provision.

Economists also expected this notion to act as a sort of bridge between the categories "of use" of environments

that they usually handle and diverse products of the activity of natural environments that they have likened

to "functions". In reality, the typologies of "functions" put forward by the economic literature were only vaguely

related to the ecological "functions" of environments recognised by ecology specialists. Incidentally, this is one

of the strengths of the MA's work – to have shed light on this point – prompting the phasing out of the notion of

amenities (and associated lists of "functions") in favour of that of service.

Figure 46 sums up these two main viewpoints: the one we are taking, based on the constituent parts of the

ecosystem that are concerned – which gives a broad meaning to the notion of environmental services (1+2+3+4)

and a narrower meaning to ecological services (3+4) – and that of environmental economics, rooted in the

market or non-market character of goods and services and applying the term of environmental services solely

to the second category (2+4).

To highlight the difficulties and necessity of clearly defining these concepts, we shall make a final reference to

a recent article (Muradian et al., 2010) which suggests understanding by “ecosystem services” a sub-assembly

of environmental services (in the previously defined economic sense), by employing this notion solely for

"natural" ecosystems. Environmental services, meanwhile, would also encompass actively managed ecosystems.

As we have previously discussed, it does not seem easy to put this distinction into actual practice – especially

in such countries as ours (France).

Distinction between ecological services and environmental services. This distinction can bear on those parts
of the ecosystem involved in their production or on the economic nature of goods and services.

Figure 46



River in French Guiana where placer mining has taken place. To extract gold, the soil is washed in lots of
water which picks up sediments along the way. This water is then poured into rivers and streams where it
significantly muddies their appearance. The species living in streams will then be replaced by more
ubiquitous species, and larger species by smaller species – probably more capable of surviving in disturbed
zones.

Figure 47
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� The opportunity of these distinctions
While it may present the apparent disadvantage – at least for environmentalists – of being more approximate

in estimating ecological services (in the strict sense), the distinction that we propose between ecological and

environmental services serves more than just a theoretical purpose. In practical terms it also appears necessary

for at least two reasons:

� particularly for hydrosystems, policies aimed at making better use of environmental services can turn

out to be detrimental to ecological services. Some well-known examples are the effect of dams, aggregate

extraction, placer mining (Figure 47) and the canalisation of rivers on fish populations. These antinomies may

be overlooked in global assessments of environmental services – which would remain stable, and even

improve.

The reverse is true for policies conceived on how these environmental services are used – for example

aggregate quarry pit developments before and after operation – which can be instrumental in the development

of ecological services, and it is just as important to highlight this contribution;

�models for the optimum economic use over time of non-renewable resources – ores, fossil fuels – will
probably not be pertinent, or at the very least should be used with caution for ecological services.

The same can be said of "bio-economic" approaches, developed to address the management of renewable

biological resources. These approaches have mostly focused on the management of forests and halieutic

resources. Their main limit is to compare the natural environment to a group of populations whose numbers

need managing over the long-term. The specifically functional components of ecosystems are not broached

by these approaches – no more than the progressive components of environments – and such approaches are

subsequently not much use for performing the economic analysis of ecological services. Likewise, the category

of "perfect public goods" that can be attributed to some environmental services, such as solar energy, rarely

suffices for most of these ecological services (see "List and typology of hydrosystem services" below).



87

Ecological services and ecosystem benefits

The terms "ecological services" and "ecosystem benefits" are sometimes used in a very similar way. In its

preface, the MA indicates that "Ecosystem services are the benefits people obtain from ecosystems". However,

we think it would be worth distinguishing between these two notions, particularly in view of James Boyd's work

(Boyd, 2007; Boyd and Banzhaf, 2007) on "green GDP", i.e. taking account of nature's contribution to well-being

in the GDP.

To be thorough in this regard, note that "green GDP" is sometimes used to mean a downward correction of GDP

by the negative impacts of human activity on the natural capital. This is along the same lines as such proposals

as the GPI (Genuine Progress Indicator). These two angles to taking the environment into account should be

combined rather than set against each other.

The developments below make no distinction

The developments below make no distinction between macro- and microeconomic nature concerns,
as this is done in Part 3.

� Definition of the concepts
In nature's contribution to human well-being, two types of elements can be identified to begin with:

� those that are – directly or indirectly – taken on board in market goods and services and are therefore already

counted in this regard in the "normal" GDP. An example of this is drinking water supplies (Figure 48) or

commercial fishing;

� those that contribute to well-being but are not subject to market trading, such as harvesting products,

recreational fishing or amateur gardening, contemplation of a landscape, walking in nearby woodland or the

satisfaction of knowing that whales still exist. On top of these non-monetised uses, a great many "values of

non-use" also fall within this category, according to the classification of components of total economic value put

forward by Pearce and Moran (1994). The French Strategic Analysis Centre [CAS] report (p. 172-175) gives

a detailed presentation of this. The "environmental amenities" we talked about earlier also come under this

category.

In addition to this distinction, there is also the one breaking down the end value of goods and services

to identify what corresponds to the "investment" of natural capital and what results from human

investment – in terms of work or capital. We will use the term "man-made capital" to refer to this human investment.

Drinking water supplies combine a contribution from
nature (the production of water at the sampling point,
which is the ecological service in the strict sense of the
term) and human investment (from pumping to the tap).

Figure 48
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The diverse approaches to economic value.

Figure 49
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Taking the example of recreational fishing again, the natural capital produces fish and, perhaps, nice scenery

for fishing – but the fisherman's investments in terms of tackle or travel should not, strictly speaking, be

counted as part of the ecological capital. The same applies for the forest: the ecological service, in the strict

sense, is the production of timber, deducted from any forestry costs – not the value of the felled and marketed

wood, and especially not wood-based products: to attribute the total value of a Stradivarius – or even the concerts

to which this violin can be associated – to the Val di Fiemme woodland that gave it life³ would obviously be

going too far! In the same way, for drinking water, the ecological service stops at the sampling point and should

not factor in all the investments enabling this water to be brought to our taps, nor be valued at the price of this

water (beyond the fact that, as we have seen, this is only part of an ecological service).

Both these distinctions take illustrative form in a two-tier table (Figure 49) with four increasingly restrictive

definitions of the economic value to be considered:

� the broadest (1) concerns the 'benefits obtained from ecosystems". This includes every single aspect, as

soon as the ecological capital is implied in the notion of value. By adopting this definition, it can be concluded

that the economic value of recreational fishing or hunting is much higher than the "dietary" value of the animals

caught. For example, the CAS report puts the recreational value of forest hunting at about 15 times the

commercial value of game (p. 314 and 327-328); a study by Salanié et al. (2004) believes that removing the dams

from the Sélune river would bring in €1,000 to 2,000 per additional salmon caught by amateur fishermen – or

more than 30 times the retail price of one salmon. In the same way, it can be concluded that whale-watching is

economically preferable to their exploitation, or that coral reefs have a potential tourist value in excess of 10,000

USD/ha x year (CAS report p. 307).

� the second (2) more strictly assesses the ecological capital investment only. This is the definition
we suggest adopting for the "ecological service value", by using the phrase "benefits obtained from

ecosystems" exclusively for assessing the total value of the resulting activity. We could also refer to "benefits
created by ecological services", in analogy with the notion of "jobs created" in other sectors by a primary

activity such as fishing or agricultural production. It is clear that this restrictive definition of ecological services

can seriously reduce the resulting economic estimation. As a result, the recreational value of ecosystems –

3- http://www.lexpress.fr/culture/musique/les-mysteres-des-stradivarius-reveles_849421.html
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often estimated purely by the value of human investment (transport, equipment and accommodation costs)

would be cut significantly – even cancelled out almost completely. We need to qualify this distinction, however,

as some of these human investments can be deemed a measure of the ecological service value;
distinguishing them from those that cannot be taken into account in this context can prove tricky. Accordingly,

for recreational hunting or fishing activities, some expenses (fishing permits, hunting actions, travel) may be

deemed a measure of the "well-being surplus" that the user obtains from taking this wildlife from the natural

environment (compared to simply purchasing the product) and used to estimate the ecological service – when

the equipment expenses are solely part of the human capital;

� to avoid double-counting, assessment of the "contribution to the green GDP" (3) will only bear on the

non-market goods and services stemming from the ecological capitals (consideration of the non-market goods

and services from the human capital – such as volunteer work for nature initiation for example – may be

included in a broader definition like the one we mention above of the Genuine Progress Indicator);

� lastly (4), the contribution of man-made capital alone (difference between the sum of the benefits obtained from

ecosystems and value of the ecological service in the strict sense of the term) may form the basis for any
payment of ecological services (we will not go into the merits and limits of this approach to payment of

ecological services here – as these have already been covered amply in other publications). As highlighted

in the CAS report, paying all of the benefits that society derives from this service to people alone would not be

justified the moment the production of this service relies primarily on the "contributions" of the abiotic and

biotic parts of the hydrosystem.

�Why make these distinctions?

With the distinctions we propose, a choice does not have to be made between these three
concepts; they only call for carefully considered use and an explanation of the options taken.
In this way, in the context of the local economy, it is perfectly acceptable to refer to the broad concept of

"benefits obtained from ecosystems" once the disappearance or degradation of products of this ecosystem

(e.g. a coral reef [Figure 50], stock of salmon or source of mineral water) leads to a disappearance of all

the associated economic resources (in the event that all the expenses benefited the local economy – which is

rarely the case).

Miyakojima coral beds (South Japan). The tourism linked to a given coral massif has major benefits for the local
economy. However, the loss of this massif will not necessarily have an impact on the GDP since tourism may pass
on to other neighbouring massifs.

Figure 50
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This is, for example, the option that EcoWhat-ACTéon (2009) took in its study on peat bogs in the Agout

basin (Tarn département): this study uses the turnover of the mineral water bottling business to estimate the

economic value of quality water production by the peat bogs, which is put at 6,000 EUR/ha x year for this

service. That said, it would be excessive to consider for this loss to have an effect at national level (and even

more so at international level) on GDP (normal or green) the moment users can turn to alternative resources,

for more or less the same price (at least while we stay within a marginal economy hypothesis – i.e. one of a tiny

impact in relation to the whole of the available resource).

Likewise, by stressing that "the assessment basis" for the ecological service payment can only concern human

investments in theory, the claims of stakeholders discovering the scale of the value of the benefits "they" bring

to society can be moderated. Moreover, it would need to be shown that these investments have actually had a

positive effect on provision of the service: this is because some investments can reduce the value of services –

such as agricultural or forestry practices geared solely towards maximum economic productivity.

Politically, these distinctions also seem important to avoid the implication that assessment of
ecological services evidently determines the choices to be made between different types of activity,
for example between professional fishing and amateur fishing. The fact that the economic benefits created by

the second distinction can be higher is admittedly something to be considered, but this does not change the fact

that the ecological service – in its strict sense as we have defined it – is more or less the same in both cases.

Another reason for making this distinction is that human investments aimed at increasing the benefits
created can reduce – in the more or less short-term – the value of ecological services, and even the value

of environmental services. This problem is well-known for installations encouraging attendance in ecologically

fragile environments, and it is therefore important – just as in the distinction between ecological and other

environmental services – to shed light, and get a discussion going above all, on these contradictions that

may arise.

On a final note, another limit to the broad notion of benefits obtained (or created) is the delimitation of the

economic space being considered and any resulting inaccuracies. If we look at the example of marine fisheries

(Figure 51), the estimated number of jobs created per fisherman ranges from 2 to 4 according to a recent report

by the French Economic and Social Council4, and some add an equivalent number of "indirect jobs". We could

go further by demonstrating how almost the entire economy is created by ecological services (especially if all

environmental services are factored in), which would highlight our real dependence on nature – but make such

analyses largely ineffectual. We will come back to this distinction between direct and specific benefits of an

ecological service, and the created and non-specific benefits, in Part 3.

Elver fishing boats in Saint-Nazaire. Marine fisheries create a lot of jobs on land, but it is not appropriate to
count these knock-on effects in economic estimations of the benefits obtained from marine ecosystems.

4- http://www.lecese.fr/travaux-publies/la-peche-acteur-de-la-vie-du-littoral-metropolitain-lheure-des-choix

Figure 51
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Ecological services, functions and processes

The merits of distinguishing between the services and functions or processes of ecology have been highlighted

in several analyses performed by either economists or ecologists.

�What the economists think
In some economists' view (see Wallace, 2007 in particular), the list of services drawn up by Costanza et al.

(1997) or by the MA mix "end services", from which people benefit directly, and "intermediate services", especially

those classified as "supporting services", as well as the majority of "regulating services" which therefore

contribute to the provision of end services. For example, pollination by insects, of which the importance has

been shown in several economic valuations, is not used directly but through agricultural productions that depend

on it or its contribution to supporting wild flora. This flora will, in turn, attract other, auxiliary, crop insects,

thereby reducing harvest loss or limiting plant protection treatment. To avoid double-counting, consideration

should only be made of end services, which correspond for the most part to "production services" and the

"cultural services" of the MA.

This point of view is also supported by Boyd's aforementioned analyses on green GDP, which consider that an

ecological service must be an "end product" of the ecosystem precisely defined in terms of quantity, quality and

production site (e.g. the supply of N m3 of water containing less than 10 mg/l of nitrates to a given city, and not

a "purification service"). Boyd also says that the "intermediate consumption" of ecosystems should not be

assessed, in the same way as the GDP does not count this, as these are included in the value of the end product.

This particularly implies that the same physical product may or may not be assessed according to whether it is

used as an end product by the consumer or an intermediate product by the ecosystem (Figure 52): a quality

source of water will thus be assessed in the part intended for human consumption, but not in the part that

determines the quality of a fish population. In this instance, the assessment would focus on recreational fishing,

which "incorporates" the quality of the water. This distinction for the same product may strike some as

surprising, but it is come across for a whole host of market products, like fuel or tyres, which are counted in the

GDP when they are bought and used by an end consumer, but not when they are used by farmers or

professional carriers.

These analyses would therefore lead to a significant number of "services" identified by the first
studies being recategorised as functions or "processes".Other economists question the merits of introducing

this notion of function however; we give a more detailed presentation of this semantic controversy in Annex 3.

Amateur fishing near Azay le Rideau. Water quality is an "end service" if drinking water
supply is being considered, but an "intermediate service" for recreational fishing.

Figure 52
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For now, we will merely draw the following conclusions:

� it certainly seems preferable to stick to the notion of services in the broad sense, whether "end" or
"intermediate", to draw up a general list of the various contributions to human well-being in line with the MA list;

� that said, it seems best not to include what the MA calls "self-supporting services" in this list, and

that the diagram also place other services upstream which fall clearly under the category of what we have

called ecological processes and structures (incidentally, this is the option taken by MA France at the request of

the French Ministry for Sustainable Development5);

� it seems worthwhile to advocate economic valuations of these different services, whether they are

included in the normal or green GDP and are provisioning, regulating or cultural services. In this respect, Boyd's

proposal to try to characterise a service by products that have been precisely defined in terms of quantity,

quality and geography (before any monetary valuation) – and not just by a formula (such as "flooding protection”)

– seems pertinent. The exercise may at times appear trivial – pernickety even – but, when it proves

difficult, it would be worth thinking about the opportunity of moving on to the monetary valuation of a "vague

object", defined in no more than a literary way – especially if the use of contingent valuation methods is being

considered, as these can satisfy such formulations;

� in a very specific situation however, it would instead be better to distinguish what the end services
and intermediate services are – since the "status" of a service can change from one context to the next, as

we have seen – particularly if we want to combine these services to get a total value and avoid double-counting

in the process (like in the example on pollination).

�What the ecology specialists think
While economists may not seem convinced of the point of introducing the notion of function, some seeing it as

equivalent to the notion of processes and others to the notion of services, ecology specialists are much more

persuaded. Indeed, they point out what we have already discussed, that the notion of services is not an
ecological concept, but an "interface concept" which measures a contingent interaction – as it is
specific to a given period of time and place – between a society and an ecosystem. An example of this

contingency is the study by Laurans et al. (1996) on the Bassée aquifer (Seine valley, Figure 53). This study

reckons that protecting this zone would save around 14 million euros in water purification, amounting to a

potential service of 14,000 EUR/ha x year for about 10,000 hectares, if this aquifer was fully (but sustainably)

exploited. But in 1996 it wasn't, and so the service was nil.

Former loop of the Seine. National nature reserve of La Bassée.

Figure 53

5- http://www.developpement-durable.gouv.fr/IMG/DGALN_Synthese_Rapport_Final_MEA20100204.pdf
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This notion of services therefore appears to be anthropocentric and, moreover, the MA clearly relates it to the

issue of human well-being. We can attempt to avoid this anthropocentrism – conceptually at least – by viewing

all living organisms as "users" of an ecosystem, and therefore as beneficiaries of diverse services. But this

metaphor will hardly lead to economic analysis even if it prompts us to think about our situation of users amongst

others. What's more, the notion of services does not prejudge the fact that the resource concerned is exploited

little, significantly but sustainably or too much which, on the one hand, hampers its support more or less

long-term and, on the other hand, can have more immediate consequences on other services of the ecosystem

(e.g. the degradation of submarine depths due to overfishing can reduce the merits of subaquatic tourism).

The maximisation of ecological services – especially in the short-term – should not constitute a good
management criterion for ecosystems.

Hence the idea of examining the "good functioning" of ecosystems with other concepts, even if we decide to

define good functioning as the ability to sustainably provide ecological services.

Strictly speaking, an ecological function is generally defined as a process which transforms or transfers matter

and/or energy within the ecosystem. This concept also includes the generation, transformation and transfer of

information (behavioural or progressive processes in the Darwinian sense) – although to a less conventional

extent. An ecosystem's overall function is to maintain its own cohesion by transforming incident and resident

matter and energy into structures.

There are several families of functions within diverse aquatic ecosystems and wetlands:

� production functions. These mainly concern the production of organic matter (OM) from incident energy

(photosynthesis or chemosynthesis) and constituents entering into or resulting from the degradation of the OM

produced. These functions also integrate the provision of inert and non-renewable resources in situ, such as

water and mineral substances;

� regulating functions. These correspond to retroaction processes triggered by external (environmental stress

and disturbances) or internal (accumulation of MO or toxins for example) stress. Some of these functions help

to stabilise the variability of processes, and others the flow of resources (ecological resilience/resistance),

elimination or transformation of toxins;

� organisational (or structuring) functions. Of the processes generated by the adjustment of organisms

to their environment, these contribute to defining the system's self-organisation rules. This involves both the

physical organisation of systems (landscape structuring) and biological organisation (biodiversity).

A few observations should be made on this categorisation. First, these families of functions cannot be viewed

independently one from the other: there is evidently regulation of production functions and reciprocal controls

between structuring and functioning. Secondly, some ecological functions can (in theory or in absolute terms)

impede the satisfaction of our societies' needs (limiting of resources, increasing the environmental risk) and are

thus often likened to nuisances: for example the positive role of floods in maintaining high plant biodiversity

in the high flow channel. Lastly, although these major families are easy to identify, some of their processes and

processors are more difficult to pinpoint.

To hone this analysis, the French National Museum for Natural History (MNHN, 2010) has listed 13 functions

(Morandeau and Meignien, 2010) for which it proposes an initial series of follow-up indicators (Table 8). This

indicators are "meant to be used ultimately for the economic valuation of services provided by ecosystems" with

the idea of "looking into the possibility and opportunity of defining threshold values, i.e. values beyond which

ecosystems are no longer able to provide all of the services". We will note that some functions – such as solid

transport – are more environmental than ecological according to our terminology – in the sense that they mainly

result from abiotic processes.



Functions

ÉGas exchange

Self-purification of water

Trapping of particles

Solid transport

Resistance of vegetation
to disturbances

Water retention in soil
and sediments

Water flow

Albedo/reflection effect

Supplying soil and sediments
with organic matter

Decomposition of soil organic
matter, nutrient recycling

Soil structure formation
and sedimentation processes

Biotic interactions:
predation-parasitism-competition

Habitat/biotope

Indicators proposed

Vegetation density/biomass;
primary production; abundance

of phytoplankton.

Diversity and abundance of invertebrate
micro-organisms; soil structure;

plant diversity and density

Vegetation density; sedimentation rate,
diversity and abundance of aquatic invertebrates.

Structural soil stability;
kinetic energy of rivers.

Diversity of root systems; organic soil horizons;
quantity of dead wood;

humidity level.

Soil structure; plant/foliage density.

Flows; soil stability; plant cover.

Plant cover.

Plant biomass; vegetation density.

Diversity and abundance of soil microorganisms and
fauna; humus types; organic matter quality.

Plant diversity and density; sedimentation rates.

Diversity and abundance of nematodes,
arthropods and predators; idem of birds,

amphibians and reptiles.

Favourable habitat surface; abundance and diversity
of functional groups; connectivity

and fragmentation.

Definition of the main ecological functions and their indicators (source: MNHN, 2010)Table 8
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Description of biological processes

This occurs at the interface of several
environments, mainly between the atmosphere and

plants (e.g. photosynthesis: CO2 absorption
and O2 release by plants).

A series of biological and chemical processes
enabling the elimination of substances

from the water.

Plants (foliage) are a natural filter that traps
water or air particles or aids their deposit

by reducing wind and current speed.

In rivers and streams, the solid transport
of sediments occurs when the current speed

is greater than the sedimentation speed.
In non-aquatic environments, solid matter

is transported by run-off or wind.

The soil-roots complex and structure of plant
communities play a role in the way they respond

to wind force. The composition
and structure of plant communities determine

how resistant they are to fire. Vegetation
forms a natural barrier that limits

avalanche progression.

The characteristics of soils and sediments
determine the infiltration of water from rainfall

and groundwater recharge. The capacity
to retain water helps to limit the risks

of flooding and soil erosion.

The presence of water on the surface or
in the soil impacts the local climate

by affecting humidity and temperature.

Albedo is the ratio of reflected solar energy from
the surface to incident solar energy upon it.
It is linked to the ability of surfaces to absorb
or reflect light (influence on the local climate).

The supply of soils with organic matter depends
on the restitution of biomass to the soil

and its type.

Soil microfauna (bacteria, fungi) and
macrofauna break down organic matter

by aerobic metabolic degradation.

Soil formation and sedimentation processes
depend on the physical and chemical characteristics

of soils, microorganisms and soil fauna.

All trophic relations play a regulating role
between different species. These processes

contribute to biological control by limiting parasites
and proliferation of species. Other interactions

are worth highlighting, such as pollination.

Each of the functions identified above can only
be fulfilled in the presence of certain biotic

and abiotic conditions. For example, some species
need a specific habitat for their reproduction.

If this habitat is damaged, the species
cannot reproduce and will not survive.
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Such an ambition is commendable but raises several operational questions:

� it implies an enormous amount of work, since the indicators and their threshold values need defining for

each function and – above all – for each ecosystem. The necessary minimum density of aquatic plants for the

particle-trapping function, for example, will undoubtedly be specific to each river – even to each section. The same

goes for the definition of quantitative relations between functions and services, which are rarely in proportion and

whose parameters will have to be estimated in each situation;

� as the report indicates, the functions-services links are not bijective, (Figure 54, overleaf), since a given

function can contribute to several services and vice-versa. Some functions are also interdependent – like solid

transport, particle trapping and sedimentation. Constructing – not to mention analysing – such a diagram for a

given ecosystem would be a tremendous undertaking. The idea of associating each service with a small

number of specific determining functions that would alter its importance must therefore be forgotten;

� while it raises an expertise problem for economists, as we have seen, the fact of extracting from the
(theoretically almost never-ending) list of ecological structures and processes a finished sub-series
of those useful to humans also casts doubt over the legitimacy of this selection, particularly from a
long-term perspective. Some processes do not determine services today, but may perhaps develop the

services of tomorrow – hence the merits of monitoring and protecting them.

However, the criticism directed at the service-based approach – namely that it should not form a
reliable measure of the current – and above all future – good functioning of ecosystems still fully
applies here. This is why, from an operational point of view, it would be preferable to seek out a small number

of synthetic indicators of "ecosystem health", possibly based on the diverse indicators we have just described,

which would paint a global picture of the ecological status of environments for decision-makers that is easy to

understand.

This diagnostic tool would add to the more or less exhaustive studies of services and it could even be
recommended that any study of services also furnish this estimation of the "health" of the ecosystems
studied. The "good ecological status" indicator of water bodies has been a constructive, albeit perfectible,

initiative in this field. For a discussion on how it could evolve, refer to the document written by the

Onema-chaired scientific board that can be viewed on Onema's website.
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Gas exchange
atmosphere vegetation

Self-purification of water

Particle trapping

Solid transport

Resistance of vegetation
to disturbances

Water retention in soil
and sediments

Water flows

Albedo/reflection

Supplying soil and
sediments with organic matter

Decomposition of organic
matter in soils,

nutrient recycling

Soil structure formation
and sedimentation

Pollen transfers

Biotic interactions:
predation-parasitism-competition

Habitat/biotope

Relations between functions and services (source: MNHN, 2010).

Figure 54
Purification and maintenance of air quality

Purification and maintenance
of water quality

Global climate regulation

Local climate regulation

Regulation of storm risks

Regulation of fire risks

Regulation of soil erosion

Control of the coastline
and river networks
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Provisioning services

� Food resources (fish, shellfish, waterfowl, f
ruit and seeds, pelts and hides)

� Diverse materials and fibres
(wood, peat, fodder, reeds)

� Biochemical and genetic resources
(medicinal products, biocides)

� Water supply*
(for households, agriculture, aquaculture, industry)

� Aggregate and other mineral resources**

Sociocultural services

� Spiritual, aesthetic and religious services
(myths, cults, artistic creation, hedonic value, existence value

of species or habitats)

� Recreational and well-being services
(relaxation, aquatic leisure activities**, tourism,

recreational fishing and hunting)

� Education (water classes, sea classes)

Regulating services

� Climate regulation
(greenhouse gas capture/production, rainfall)

� Water regulation
(storage and release, groundwater supplying)

� Water purification and treatment

� Regulation of erosion and sedimentation,
storage of sediments

� Regulation of natural risks (flooding, storms)

� Biological regulation: maintenance of bio-auxiliaries
and regulation of pests

Miscellaneous

� Evacuation of waste, dilution of pollution**

� Hydroelectricity, underwater turbine**

� Transport service (flumes, sailing)**

List and typology of hydrosystem services

We will conclude this section with a more in-depth examination of the various services that can be characterised

and the different ways in which they can be classified.

� List of services
Based on the general framework of the MA, several authors have drawn up more or less detailed lists of

hydrosystem services. In Annex 4 you will find Brander's list (2006), which is itself a compilation; Morardet's

(2009) which is based on Finlayson's (2005), the MEA France list (2009) and the EcoWhat-ACTéon one (2009a).

Similar lists can also be found drawn up by Aoubid and Gaubert (2010).

We have produced a summary of all these (Table 9), by deleting self-supporting services and indicating those

services which seem to be more like environmental services as they do not involve the biological part of the

ecosystem.

�Merits and limits of the MA classification
In this summary table, we have kept the MA classification, with a "miscellaneous" category for some specific

services, but we would now like to go back over the merits and limits of this classification – which has been the

subject of recent and fairly animated debates between economists (Wallace, 2007 and 2008; Costanza, 2008;

Fisher and Turner, 2008; Fisher et al., 2009).

We have already touched on some of the criticisms directed at this classification, namely that its different

categories could not be placed on the same footing – regulating services often being the source of provisioning

List of the different hydrosystem services (sources: see text above)Table 9

* should be viewed more as an environmental service – since the ecological service bears more upon qualitative and quantitative regulating functions
** more an environmental service
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Division of services depending on type of goodTable 10

Rivals

Non rivals

Excludable

Private goods

Most provisioning services

e.g.: peat

Club goods

SRecreational services

e.g.: bathing

Non excluable

Common pool resources

Some provisioning services

e.g.: marine fishing

Public goods

Regulating services

Aesthetic services

e.g.: the climate

services and, what's more, partly redundant between them (e.g. between hydrological regulation and flooding

regulation). We have taken this into account by stressing the need to distinguish between end and intermediate

services.

We could add the fact that a given service should not be put strictly into a particular category: depending on

society, freshwater fishing must be viewed either as a provisioning or a recreational service.

We can therefore conclude this MA classification to serve a mainly "educational" purpose (Figure 55),
since it helps to raise awareness of the diversity of these services and, in particular, of other services

than provisioning ones – sometimes the only ones to be perceived and recognised. In this regard, the goal has

certainly been achieved!

� Classification according to the public or private nature of goods
Continuing this analysis of the merits of several service classification systems depending on the context and

stakeholders involved, Costanza (2008) and Fisher et al. (2009) have drawn up other possible tables. Refer to

these authors' work for a more in-depth discussion of this question.

The first table makes an economic distinction between public goods and private goods on the basis of two

traditional criteria – that of rivalry (their use by some restricts their use by others) and of exclusion (it is possible

in practice to prevent use by some). Table 10 divides the services up depending on four types of goods.

The “common pool resources” category is a composite one. As specified in the CAS report, “Many natural

resources are “jointly owned resources”, corresponding to the notion of a “common pool resource”. This situation

has brought about a full-on confrontation between revelations of ineffectiveness and crises – often qualified as

While there is a clear educational point to the classification of ecological services
put forward by the Millennium Ecosystem Assessment, it should be used with care,
especially if we want to accumulate the value of these services.

Figure 55

©
H
.
C
ar
m
ie

-
O
n
em

a



“tragedies of the commons” (Hardin, 1968) – and studies that conversely highlight their flexibility or adaptability

in the face of change (Ostrom et al., 1994). Without stereotyping positions, this conflict partly reflects the

difference in perception between analyses which consider freely accessible resources (Cornes & Sandler, 1983)

and studies on assets which, although not obviously owned by natural or artificial persons, are nevertheless

controlled by groups that have defined collective management regulations – such as pastures of common pool

resources or private plots on common land in mountain regions in France, and multiple situations in which

resources are under community control across all continents”.

What is the point of this typology? It becomes clear when we note that the attribution of a service to one
of these categories is not an intrinsic property of the service, but can, in fact, depend on public
policies which are liable to change its status.

Accordingly, fish stocks (Figure 56) are evidently rival goods today, but the fact that marine or river fisheries are

freely accessible or attributed to individuals or communities will replace their common pool resource status with

a private good status. The same applies for non-rival goods like genetic resources, for which such decisions as

the possibility of patenting the living organism will see a change from public good status to club good status.

Other transitions can result from modifications in use of the resource, which can also be subject to public

policies at different levels. We can once again cite the case of marine fisheries (and countless provisioning

services), which could be deemed non-rival goods as long as our exploitation of them remains marginal in

relation to ocean productivity, but steadily become rival goods when this exploitation picks up. We can say the

same about river water, our removal of which has only really become a rival good with the large-scale development

of irrigation and modern pumping methods. From these examples, we can see that the "status" of a
resource in relation to these categories is not linked to the intrinsic, objective properties of this
resource: the same resource may be placed, by technical changes or political decisions, into any one
of the four categories (correlatively speaking, any declaration that a resource belongs to one of these

categories must be understood to be "political" rather than "objective").

In terms of equal access to resources and well-being, these transitions – undergone or decided – therefore

have major repercussions that must be assessed, given that the status of common pool resource (or, the reverse,

of private good) is not necessarily an absolute optimum from a social or ecological standpoint: reserving access

to fish stocks for specific communities can contribute to a more sustainable management of the resource, while

allowing the patentability of a living organism is not necessarily the right way to foster innovation.
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Young eels. Depending on their exploitation levels and the regulations in place, fish stocks
can be considered to be private goods, common pool resources, club or public goods.

Figure 56
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Typology of services depending on
production and usage sites
(Fisher et al., 2009).

Figure 57

� services (type 1) that are produced and used in the same place (for example soil fertility);

� "omnidirectional" services (type 2) which benefit a much broader section of society, with a proximity gradient

(such as the production of insect pollinators) or not (carbon fixation);

� "directional" services which are exported to a distant site (type 3, such as hydroelectricity generation or flow

regulation upstream of drainage basins) or to a local site (such as coastal protection by mangroves, type 4).

The main advantage of this approach is that it specifically raises the question of ecological solidarity
– which we mentioned earlier – i.e. it identifies the benefit transfers between sites. This identification

can particularly lead to compensatory measures being set up (or recommended) that take account of these

transfers. This question appears especially pertinent for hydrosystems, for which the exported directional

services are often important: we only need look at Table 9 for evidence in this regard.

In a similar way, this approach also clearly raises the question of accumulating the values of different
services. This is because the approach that involves simply adding these values together by giving them equal

weighting is often taken for granted, and it is therefore assumed that the area in which these services are used

matters little. Revealing this area of use opens up a debate of the diverse political options possible – which may,

for example, foster "local" services (type 1), or, alternatively, give priority to exporting services through either

ecological solidarity (types 3 and 4) or payment of ecological services by the beneficiaries.
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Using this table to categorise different services in a given ecological and social context does,
therefore, have its merits for putting together policies seeking a fair division of the benefits obtained
from these services.

� Consideration of the geographical dimension
Une seconde grille qu’il nous semble important de considérer prend en compte la dimension géographique,

à savoir les lieux où les services sont respectivement produits et utilisés. Fisher et al. (op. cit.) distinguent en

particulier (Figure 57):

P: producers

B: bénéficiaries
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Summary

Figure 58 summarises the analyses of this section on the notion of hydrosystem and on the relations between

ecosystems, processes, services, functions and benefits.

This particularly highlights:

� the idea of considering the hydrosystem to be a unit which includes human activities;

� the necessary distinctions between ecological and environmental services on the one hand, and
between services and benefits on the other;

� the need to complete an economic valuation of services with a functional analysis (without necessarily

using the specific term of "functions") to judge the ability of ecosystems to sustainable produce services and

the worth of making use of synthetic indicators of "ecosystem health".

Now these various concepts have been described, we will move on to the question of their economic valuation.

Summary diagram of the links between ecosystem, functions, services and benefits.

Figure 58
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Introduction

This section seeks to present the contribution that the notion of ecological services makes to the socioeconomic
valuation of aquatic environments – from the viewpoint of the large-scale water cycle. Many of the arguments that
follow are not specific to aquatic environments however, and have instead a bearing on the management
and valuation of the natural environment in general. One of the difficulties encountered in the economic
valuation of services is how it connects with the specifically ecological dimensions of environmental protection. As a
result, although this section focuses on the social dimension of the environmental question, we will sometimes
extend our thought process to include natural environments themselves.

An explanation needs to be given about the swift emergence of the notion of "ecological" services in scientific and
political debates since the work of the Millennium Ecosystem Assessment (MA) in 2005. It would be tempting to treat
this notion in the same way as we have done "sustainable development" which, in the space of a few years, has
turned into a sort of semantic ragbag. This would ensure it would become a type of "green" label stuck on everything
to do with natural environments and likely to be in our interests – hardly a productive outcome in terms of guiding our
discussions on the matter.

We want to show how this notion can serve as a guide in thinking about the diversely harmonious relations
that human societies uphold with their natural environment. The notion of ecological services is more
complex than it first appears, and readers unfamiliar with economic approaches and social sciences in general may
at times feel as if they are getting rather bogged down by the arguments that follow. If so, we feel confident that their
efforts to persevere will pay off in the end....

� we will begin by putting forward a strict definition of the notion of ecological services, halfway between the
old categories of "natural heritage" and "environmental good" which have long dominated discussions on
environmental economics. In particular, we will highlight how closely related this is to the critical question of individual
and collective property rights on the environment. We will then look at the key steps in the transition from the
natural capital to the services provided by environments. We will argue that, since there are no "automatic",
one-sided correspondences between the status of a natural environment and the level of services provided, an
open approach should be taken to this question. The same also applies to the monetisation of services in a
cost-benefit approach, in which an excessively closed perspective – one which, in a way, looks no further than the
purely financial aspects – may lead to serious estimation errors;

� from its purely sociological point of view, the point of valuing ecological services is to link the status of natural
environments to diverse categories relating to human "well-being", in the broad sense of the term. This is the
defining issue of the MA initiative for example. However, for human and social sciences, this "well-being" is not in any
way a sort of spontaneous reaction on the part of society to the enjoyment of natural environments – but a complex
historical and cultural construction stemming from the anthropological and social architecture by which our
mediation with nature is organised. Concerning the socioeconomic valuation of services, this mediation architecture
can be analysed as a supply-demand type relationship. This will be our third main point for discussion in this
section. In supply terms, we will focus on the role of infrastructure devoted to enhancing environments and
therefore to using the services with which they provide society. In demand terms, we will highlight the importance
of individual and collective behaviours for an economic estimation of environmental well-being;

104



105

� throughout, the valuation of services is viewed purely as a tool for finding out and assessing the quality of our
relationship with nature – with no underlying political or decision-making goals. That said, since valuation assumes
valuation criteria, it should for all that be used to form judgements, identify problems and possibly guide the search
for solutions to these problems. This political and decision-making angle to the valuation will therefore be discussed
fourth in this section;

� first of all, we will warn against a sort of naïve "economism" for which the monetisation of costs and benefits would
automatically provide the key to constructing a socially and ecologically effective environmental policy. Economic
valuation is part of a much larger movement that we will call "collective environmental responsibility system"
here, a political system introduced by the law and by social practices, and a permanent focus of public debates. Then
we will reveal that – in the context of such a system – service valuations need to be talked about in the plural, as
public and private stakeholders are called to assess the impact of their actions on natural environments in a variety of
ways. These diverse valuation needs will be listed in the scope of environmental action. In this way, we will show that
valuation meets two complementary – but partially contradictory – expectations of stakeholders: first, to provide
them with operational decision-making tools and, secondly, to shed light in political debates on the
challenges of protecting nature;

� once these expectations have been identified, we will turn our attention to the existing forms of assessment and group
them into three categories: "eco-centred" assessments conducted in the field of environmental and life sciences;
"socio-centred" assessments conducted in the field of social sciences; and lastly "co-assessment", an attempt
to gain an overview of the interdependencies between societies and natural environments. The early developmental
stage of these approaches naturally calls for the emergence of interdisciplinary methods in environmental
sciences, while at the same time revealing the dearth of integrated environmental management approaches;

� our sixth line of thought will broach the more specific problems encountered in putting an economic value on
ecological services. Part 2 of our report painted a sweeping picture of the knowledge acquired in the large-scale
valuation of ecological services. Here, we will focus on micro-economic approaches, more likely to be applied at
the scale of local hydrosystems. There are many methodological guides describing the various economic valuation
methods available for the environment, so we won't go back over them – looking instead at what sets these methods
on the same footing or apart, and at their potential for application in different contexts and at their limits;

� lastly, the seventh part will draw some conclusions and suggest some recommendations as to putting these
methods into practice.
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Today, the notion of ecological service is tending to replace the categories of "environmental good" and

"natural heritage" that were developed to analyse the interactions between nature and society from the 1970s.

While it has the advantage of clearing up some of the difficulties posed by these older categories, it also raises

new ones. It explicitly introduces a distinction between the idea of nature as a capital – the former notion

of natural heritage – and as a space in which environmental goods are produced, or more exactly a flow of

environmental goods. We can thus characterise the natural environment by a certain status, defined on the

basis of indicators of the environments' functionality – and diversely impacted by human activities. A service

supply potential corresponds to this status – in the sense of a flow of environmental goods whose quantity and

quality depend on the status of the environment. This saves us the confusions that dogged the previous

approaches between heritage-related elements and those relating to the production of goods, or – in other words

– between elements of stock compatibility (or environmental balance) and elements of flow compatibility (or of

environmental potential use).

The notion of "environmental good" was also fairly loose in these approaches. For example, the possibilities of

contemplating river or canyon landscapes (we are thinking of a famous study on the visibility benefits of the

Grand Canyon in Colorado), picnicking by a lake or shellfish gathering along the coast were all held to be "goods"

(Figure 59) – when there is no actual production of a "good" by the environment in the strict sense in any of these

examples. Instead they are illustrative of the supply of a complex recreational service in which water is only

one element among others. The notion of "ecological service" thus encompasses both the production of

environmental goods in the usual sense (abundance of fish populations or timber for example) and the supply

of complex recreational services within a common approach.

The notion of ecological services includes many different uses of natural
environments – from the simple contemplation of landscapes to such practices as
shellfish gathering along the coast.

Figure 59
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The notion of ecological services:
nature as a unit of stocks and flows
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Ecological services, rights to environmental property and use

This notion should also resolve the central problem of environmental property, at least in principle. The

question of implicit property poses a classic dilemma in the field of environmental valuation. Depending on

whether people are asked about their willingness to pay to benefit from an improvement to the environment –

or to prevent further damage to it – their answers vary considerably. In the first instance, the person questioned

is led to understand that he or she never owned a right to environmental quality in the first place and that this

must therefore be bought; while in the second, we imply that this right was initially theirs, but that we intend to

take it away and damage the quality of their environment in the process.

Natural assets have been lumbered with property rights that are either ambiguously sketchy, or

completely non-existent. The notion of services promises a more rigorous legal framework by restoring the

distinction – key in Law – between rights to property and use. Although the natural capital can be appropriated

through land ownership, the value of its services can only be very partially encompassed by the owners: this is

the case for private woodland with no enclosure for example. Ecological services, by contrast, go a long way in

illustrating the reverse – where the asset (a groundwater reserve for example) is not owned but the services it

provides (production of spring water) can be claimed and are thus subject to a commercial use. This brings us

to the following typology of appropriation as presented in Table 11.

Elinor Orstrom's work gives just one example of how, depending on whether or not natural assets and

their services are owned, the quality of their management at individual and collective level will
vary significantly.

Research on ownership statuses has evolved, paying increasing attention to the use of goods. In this context,

what needs specifying is access to the good or asset. Two types of consideration organise this access:

physical ones and social – legal and cultural – ones. By physical considerations, we mean intrinsic
properties to the services: a landscape falls into the general category of public goods in the sense that

contemplation of a landscape does not preclude its contemplation by someone else. In this case we speak

of non-competitive uses (Figure 60).

Types of ownership of services and natural capital.Table 11
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Regarding production of spring water, we will speak of a "private" good in the sense that consumption of

this water by one person excludes its consumption by someone else. In the space of services' physical

characteristics, we can therefore construct a gradient of conditions for use – ranging from uses that are

absolutely not competitive (so-called "pure" public goods) to mutually exclusive uses.

On top of this space we have to add a space in which access to the services is socially controlled. The

purpose of this social control is to limit access to these services (Figure 61), according to a gradient ranging from

prohibition pure and simple to broadly free access. This control can be anonymous – such as totally prohibiting

everyone access to a nature spot – but it is usually nominative, authorising different levels of access to different,

identified, groups or persons. We often speak of "club" goods in this case, the "club" referring to the group

of users with access to the service.

The ownership or otherwise of services and natural assets has major consequences for their socioeconomic

valuation. Under a private property system, it is generally accepted that the owners want to use the assets

in their possession in their very best interests. This obviously does not mean that their decisions are

necessarily compatible with the public interest, hence the importance of the community keeping tabs on their

decisions (problem of "externalities"). It is also clear that the owner may – out of ignorance, negligence or

short-sightedness – make the wrong decisions regarding the sustainability of the services potentially provided

by the natural asset in their possession, including in their own interests. This justifies an enforcement of

standards and regulations by the community as to the operating practices implemented by owners (Figure 62).

Use of natural environments can be subjected to access rules.

Figure 61
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Contemplation, a non-competitive use of landscapes, or the landscape as a "pure"
public good.

Figure 60
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These reservations aside, it nevertheless appears relevant to identify the value of services provided by a privately

owned asset from the benefits it gives the owner – with provision being made for the collective benefits

created, which will not generally be owned.

How to proceed in the case of services that are not privately owned is less evident, given that their beneficiaries

cannot be simply, directly identified. Such services come under common property laws in this case, with the

underlying asset possibly having a public good dimension too. The traditional axiomatic view of the economy

supposes the rationality of decision-makers, focused on maximising their well-being – which justifies the
identification between this maximum well-being and the benefit of the service provided by the
ecosystem. However, such an approach can no longer apply when services are owned by society – except if

this society is viewed as a reputedly rational, single individual, which economists generally refuse to do. The

major consequence for service valuation is that, to date, the value attributable to services can no longer be

dissociated from the political, economic, cultural and social aspects of these services' management by
specific social groups: rural communities, fishermen's or hunters' associations for example (Figure 63).

Environmental management often depends on associations of specific users such as fishermen and hunters.

Figure 63
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French legislation lays down standards and regulations for operating practices.

Figure 62
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In many cases it can nevertheless be observed that, even if the underlying asset is not privately owned, its

products are – which makes at least a closer valuation of the service possible. This problem of common property

explains why the Millennium Ecosystem Assessment (MA) introduced the category of regulating services into their

types of ecosystem services. Of the main service categories distinguished by MA (listed below, see section III.4),

supporting services really do fall within the natural sphere and are neither privately owned nor truly claimable

as such by society. Regulating services refer to ecosystem functions that may be owned in part – usually under

a common property agreement. For all that, the definition of this particular category is rather vague as it tends

to confuse social regulation and natural regulation – in the sense of control loops within natural systems.
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Valuation of services and sustainability

Finally, the distinction between flows and assets introduces the temporal dimension into the valuation. The

asset's value as a natural capital should be equal to the present value of the flow of benefits associated

with the flow of services provided by the natural asset. The idea of present value assumes the introduction of a

comparison criterion for the benefits provided at different points in time. It must be possible to measure these

against the same yardstick – usually the expected future benefit from the point of view of today. In practice, the

calculation is done by introducing a future discount rate.
Economists have held countless debates with a view to choosing an appropriate discount rate for measuring

the present value of a flow of benefits. A high discount rate reduces the future benefits and therefore the

sustainability value of a natural asset (see text box). Automatically attaching less importance to the benefits

of future generations (by taking account of compound interest) than for present generations' benefits also

brings up sensitive ethical questions. This view of the dynamics of service value naturally evokes the concerns

of sustainable development, making the valuation of services a key aspect in assessing the sustainability of

natural environments and of their functions.

Figure 64 illustrates what a sum of €1000 received in different years in the future would be worth based
on the selected discount rate. Rates of 1%, 2%, 5% and 8% are considered.
The 1% rate is used in the Stern Review to assess the future benefits of a global warming prevention
policy. The 2% rate is often chosen as the "perpetual annuity" rate and is used to assess the future value
of timber harvests in forestry. The 5% rate is recommended by the French Strategic Analysis Centre
(CAS) for assessing the future benefits of public projects. The 8% rate is the old discount rate for public
projects, applied until 2008 when the CAS revised it downwards to the current 5% rate.
For these different discount rates, the table illustrates the loss of present value of a sum of €1000, over
a 25-year period. If we take the CAS' 5% rate for example, we can see that €1000 of environmental
benefit collected in 25 years' time amounts to a mere €300 in benefits today. It is this €300 benefit that
should be compared to the cost of an environmental protection measure taken today – likely to produce
an environmental benefit worth €1000 in 25 years.

In general, substituting the notion of ecological services for the environmental good category shifts attention

from the conditions of an expressed social demand for the environment to the conditions of a supply of

services by natural environments.

This shift should, for all that, be seen as an improvement on previous approaches – which focused above all on

demand – rather than as a substitution approach overlooking the importance of demand in favour of supply.

This temptation should be resisted, particularly with regard to a development of ecological engineering, which

is naturally more geared towards the supply of natural services than its conditions of socioeconomic promotion.
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Before beginning the central discussion of the links between the "ecological status" of a natural asset and
the type and quality of services it provides – a key quality of the valuation of ecological services for the

purposes of environmental protection – we have a few more thoughts on the notion of ecosystem itself and its

limits – which we looked at in Part 2.

An open approach to the notion of ecosystem

The way we picture environments can be compared to a closed graph of interactive processes. In a nutshell,

the "system" dimension would apply first for defining what we understand by ecosystem – in the sense of a tight
network of functional relations between organisms and habitats. But this narrow-minded "systemic" vision

has its faults, since many species interact very little directly inside a particular natural environment. What's more,

organisms can travel from one habitat to another or meet in diverse types of habitats. In other words, the

fact that a particular species is spotted in a habitat does not mean that it belongs to this habitat. Furthermore,

relations between organisms are often due to co-presence.
These are the usual categories of urban sociology. A city is the result of the processes of co-presence, pooling

of available resources on a given site and social interactions all coming together. Habitats (and no longer

ecosystems) present similar characteristics to cities, with the proximity of varied organisms or species within a

given habitat not necessarily creating a system in the same way that the neighbours in an apartment block

can live side-by-side without ever knowing each other – their co-presence in the same place does not create a

"system". There are, in fact, models that recognise this dimension of simple cohabitation of species within an

ecosystem (Hubbel, 2001).

The urban analogy is also useful for identifying the links between natural capital and ecological services (Figure

64). A city is typically an infrastructure (and therefore a capital) for making services available (habitat, education,

health, business, communication, transport) to its habitants. A significant proportion of urban residents' activity

is devoted to supporting and developing this infrastructure – either on their own behalf or the community's.

Habitats, and no longer "ecosystems", present similar characteristics to urban areas.
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These comments call for an open approach to grasping the relations between "natural capital", in the sense

of ecosystems present in nature, and the services they provide. It is particularly evident that, in some situations,

an environmental management approach involving a detailed description of every single interaction between

the living organisms present can prove too complex to put into practice. With respect to management,
"summary"-type analyses, only looking at the key ecological characteristics of ecosystems, can provide

useful guidance to managers as regards the priorities – for example restoring continuity between environments

or maintaining their capacities of resilience.

The value of ecological continuity follows the same line of reasoning as the construction of
roads.

Figure 65
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Continuing with this analogy, note that analysis of the continuity value between habitats (creation of green or
blue "corridors") follows exactly the same lines of reasoning as the construction of roads between urban areas

or the opening up of residential areas (Figure 65). It thus seems worth considering the possibility of going beyond

mere analogy and trying to draw genuine parallels between natural habitats and urban areas. Such similarities

would make it possible to put the rich potential of urban geography and spatial and geographical economics to

use in forming a brand new perspective of natural environment management.
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Regulating services at the crossroads between natural capital and
services

To grasp the link between natural capital and ecological services, we need to mention the so-called "regulating"
services of the MA typology. Since human activity – agriculture for example – modifies, and even artificially

creates (in the case of aquaculture, intensive farming or greenhouse cultivation), the regulating loops of

natural processes, this service category should be handled with care. This is because most natural systems
are under some sort of human influence today. Living organisms are managers of biophysical resources and

information on the way to manage them – and also have the ability to self-replicate. "Regulating" services are,

in fact, a complex of bio-geo-chemical processes (like large-scale cycles for example) and the results of humans

managing their bio-physical environment.

This means that, even if we temporarily remove ourselves from the landscape, this is still a service category
subject to different spatial and temporal scales and, as a result, we cannot really compare the services to

each other. The idea is that, beyond direct interactions between organisms within an ecosystem (competition,

predation or parasitism for example), relations within it are forged along different mediation channels that are
partially physical and partially specifically biological. Part 2 of the report shed extensive light on this

aspect and the way in which we can broach the socioeconomic valuation of ecological services as a whole.

Valuation and cost-benefit analysis

Through the valuation process, we also expect to be able to assess the "costs" just as much as the ecological

"benefits" of anthropic impacts on natural environments. In this regard, we need to be aware of the possibly

limiting nature of the valuation process from the point of view of environmental management. Human impacts

bear directly on natural assets and the levels of ecological services, but only indirectly on our uses of these

services. A significant proportion of these impacts will therefore in some ways continue to be "borne" by natural

environments, without compensation of an equivalent amount in terms of service loss for society. Figure 66

illustrates this problem through a cost-benefit approach to management of natural environments.

Cost-benefit analysis of services and anthropic impacts.

Figure 66
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The costs of anthropic impacts are assessed in terms of the losses of potential benefits of ecological services

given a value by uses. The approach is variational: for a given variation of impacts, the consequences of

this variation on users' services are assessed via its effects on the ecological services-capital complex. The

economic value associated with this variation serves as the basis for calculating the "cost" of the impacts.

"Internal" effects within the natural sphere are only indirectly factored into the calculation, in so far

as they influence the level of services with which the environments provide us.

The question of long term

This problem can partially be overcome by looking at the long-term effects of anthropic impacts. This is

because an assessment of the ecological benefits on the basis of variations in service flows only measures

short-term effects. To assess the impacts on the natural capital itself, the long-term effects on flows need to be

considered. This isn't simply a question of delayed effects, in the sense that the anthropic impact on the flow of

services associated with the natural capital is not immediately perceived.

At a deeper level, we have seen that the value of a natural capital is equal to the value of the flow of benefits

arising from the services it provides. Correctly assessing the costs of anthropic impacts therefore requires their

effects to be considered throughout the period of time in which the natural capital is likely to provide services –

typically a long timeframe that can span several centuries.

Managers have a certain tendency to view valuation as a "once-and-for-all" exercise, with a few updates here

and there but no real thought as to the actual dynamics of services. If we are to detect "low" signals over the

short-term that have much greater consequences over the long-term, instead we must encourage the creation
of permanent observatories for environmental assessment, capable of monitoring both the dynamics of

environments and the anthropic impacts they undergo over the long-term. These ecosystem observatories are

as yet few and far between, and we would do well to afford them greater consideration.



The benefits obtained from ecosystems and their links to human well-being (according to the World Resources Institute, 2003,
and the Millennium Ecosystem Assessment report, 2005).

Figure

Well-being services
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The MA's typology is based on a matrix of links between ecological services and socioeconomic categories

relating to "well-being", in the broad sense of the term. This well-being is approached from a variety of angles:

consumption and use of natural resources, health effects, aesthetic satisfaction, environmental and food safety.

The sheer number of different angles makes comparisons and summaries difficult in a global valuation of

ecological services (Figure 67).

67
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Mediation between humans and nature as a supply-demand
relationship

This brings up one of the major shortcomings of the MA analysis: the oversight of the socially, culturally, economically

and technically built architecture organising and regulating mediation between humans and their natural
environment. There are three main building blocks to this architecture: sée de trois éléments essentiels :

� a socio-technical architecture of access to ecological services;

� an interface of representations and socio-cultural and socio-psychological connection between humans

and nature;

� and lastly a mediation system between groups and individuals (Figure 68) through the use of natural

environments (markets, institutions, property agreements, and legal systems of environmental responsibility).

To complicate the analysis, this architecture has a history – or rather diverse histories – depending on the

socio-cultural area under consideration – and a history that is still being written through ongoing change.

It is important to note that the mediation architecture between human societies and natural environments

influences the value of ecological services through all of its three building blocks: socio-technical, socio-cultural

and socio-politico-economic. In other words, ecological services only express a potential of social
promotion – with this potential taking concrete shape through the architecture of mediation between humans

and nature. Identifying every single anthropological and social dimension involved in this materialisation would

be a step too far. By sticking to what really matters in a socioeconomic promotion approach to ecological
services, we can say that the mediation interface will produce a local example in the geographical, social

and historical space of a supply-demand type relationship.

Assessing the value of the ecological service supply

In terms of supply, the degree of social and technical development of human groups will allow for a certain

enhancement of the services provided by natural environments. This above all consists of the ability to
access the services. Promoting a natural park assumes roads for getting there and footpaths for exploring it.

Mediation between humans and their natural environment.

Figure 68
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Moreover, we note that these fitting technical interventions can themselves have a positive or negative impact

on these services: enhancement for our sakes very often destroys the worth of protected fragile
environments that it makes accessible – quite apart from any consequences of too many visitors.

Although the question no longer arises for environments that have long been accessible, it is entirely

relevant for the development of protected sites, since the value of these sites should, at least in principle, be

measured in net terms – i.e. by taking account of the loss of benefits that the opening up of such sites to the

public will bring about.

Beyond access, enhancement will also entail different development and conversion operations aimed at

maximising services' potential of socioeconomic promotion. A natural mineral water spring will be equipped with

bottling and distribution facilities – and perhaps even spa facilities. Development acts may bear on the natural
capital itself, such as the creation of spawning grounds, or the provision of resources to the environment:

stocking with young fish or release of fauna in hunting reserves. Enhancement for tourism purposes is another

example of development vectors structuring the characteristics of environments offered to users. Development

can also concern the flow of services, either to increase their volume or improve the quality. Forestry and

agriculture are two symbolic examples of this. Various points relevant to our discussion are worth noting:

Access to ecological services
supposes suitable
infrastructures
and developments.

Figure 69
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Accessing drinking water supposes distribution networks, raw water pumping and purification facilities and

wastewater treatment systems (Figure 69). This is what led us, in Part 2, to distinguish the notion of ecological

services in the strict sense of the term from that of benefits obtained from ecosystems – since the latter includes

these different human investments necessary for benefiting from ecological services.
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� From primary to complex secondary services
Enhancement does not just concern a single ecological service. Most of the time it seeks to build a

complex service by combining and taking specific action on different services. Founding the Landes forest

massif (Figure 70) thus led to the creation of a characteristic sustainable landscape capable of protecting

the area from dune movements (regulating service) and installed a viable original ecosystem (self-supporting

service), likely to be of socioeconomic value (provisioning service). Enhancement therefore brings about the

setup of a supply of "secondary" services stemming automatically from the "primary" ecological services –

which will act as supporting services.

On top of their specific ecological impacts, development acts are generally expensive in terms of infrastructure

and operating and maintenance costs. Since they are essentially facilities generally intended to provide
multiple services, in principle it is impossible to attribute these fixed infrastructure and overall maintenance costs

to specific services. Consequently, the economic valuation of services will, in fact, measure values derived from

secondary services produced by the primary ecological service provision infrastructures, without explicitly
factoring in the costs of these infrastructures. This represents a serious limit if we want to perform a

complete cost-benefit analysis.

Let's look at the underlying paradox. For nature protection associations, the valuation should attribute the "due"

value to the benefits that people receive from ecological services. But, for all practical intents and purposes,

it is not possible to distinguish these benefits from the benefits produced by the development and

enhancement operations that enabled them to exist. In other words, between two natural environments of

comparable ecological interest – but one of which is accessible and developed and the other not – the former

will reveal significant "ecological" benefits where the latter will produce hardly any, leading to the paradoxical

conclusion that natural environments need developing if we want to preserve them as producers of ecological

benefits.

Forest enhancement of the Landes region from the 19th century,
an example of human creation of a "natural" ecosystem that provides
a wide range of complex ecological services.

Figure 70
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Furthermore, by its very design – reflecting dated technological possibilities and our flawed knowledge of

natural environments – enhancement will impose specific constraints on the methods for accessing and

mobilising ecological services. Environmental management is therefore constantly torn between objectives
to protect environments and development objectives aimed at improving access to and use of the

services provided by these environments. Enhancement also has its own dynamics due to technical progress

and breakthroughs in scientific knowledge. Last but not least, supply does not ignore demand and

developments change as new needs are expressed or new demands are made of the services provided by

natural environments.

To conclude, access to ecological services is rarely direct, but through specific development interfaces. This

interface results in the assembly – usually at local level – of diverse primary services with a view to producing

developed services – the actual objects of the social promotion of ecological services.

Demand valuation for ecological services

Now let's look at the way in which demand is expressed for the environment. We have already mentioned the

fact that most environmental valuation studies have traditionally focused on the demand of environmental goods.

We now need to be more precise in defining this approach.

From impact measurement to behavioural analysis

Demand studies themselves followed on from even older approaches inspired by dose-response models that

are common in ecotoxicology and epidemiology. These were based on the notion of "impact function", here

the impact on people of the biological and physico-chemical characteristics of their environment. Costs in terms

of morbidity or health risks can be associated with these impacts.

Although they don't completely reject the merits of such approaches, human and social sciences seriously limit

their scope on the grounds that they don't take sufficient account of individual or collective behaviour in the

face of environmental risks. These sciences will typically prefer approaches explaining the role of behaviours in

risk exposure over the former – and more generally in studies of the relationships between humans and their

environment (Figure 71).

Risk management above all involves understanding and acting on individual or collective attitudes
and behaviours in the light of risks.

Figure 71
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As for more strictly economic approaches, these assume that behaviours express the merits (or "value") of

environmental characteristics for individuals or societies. This is the principle of "revealed preference", here

revealed by the consumption (or non-consumption) behaviours of environmental goods and services.

The first strength of this approach lies in its potential for application. Since individuals in this regard are

supposed to want to get maximum benefit in terms of well-being out of their possibilities for accessing

ecological services, the strategies they will implement to this end tell us what value they attach to the

environments. In general, it is very difficult – and borderline impossible – to directly measure the well-being that

society derives from natural environments. It is, however, possible to observe behaviours (visitor numbers,

leisure activities, economic exploitation for example) and thus to indirectly deduce the well-being created – which

may then be related to the services creating it.

The second advantage of this approach with regard to methods based on impact functions is that it does not

implicitly assume that the human-nature relationship casts an "average" person with regard to biomedical

or social constants and an "ambient" or "average" environment.

Behaviours vis-à-vis nature are eminently variable from one person to the next, reflecting the variability of

environments as well as the attitudes and preferences of individuals for the environment or their specific

socioeconomic characteristics:

� level of income;

� education;

� sex;

� age;

� lifestyle.

In other words, the environmental demand valuation approach does not merely make do with estimating an

"average" well-being, but seeks to construct a distribution of well-being, of which the variance analysis is

particularly enlightening as to the relationship between people in society and their environment.

The role of behavioural approaches in service valuation

These comments show that the environmental valuation approach based on demand will in fact involve a study
of individual and social behaviours. Behavioural approaches are currently being developed significantly in

economics just as in other human and social sciences. They are tending to go beyond the traditional paradigm

of revealed preference, which has turned out to be rather limited, by introducing such new notions as the

"framing" of preferences.

"Stockholm" Syndrome is one such well-known example, where a hostage becomes sympathetic towards his

or her captor. In a context of extreme psychological stress, this paradoxical attraction is a resistance option

offered to the victim, enabling him or her to mentally turn an unpleasant situation into a pleasant one. Smokers'

attitude to their addiction is another well-known example of this. These are key points in the contemporary

analysis of attitudes to risk and of precautionary behaviour in particular. The idea is that behaviours are
not neutral regarding the well-being they seek. Instead, they exert a framing action on preferences and

influence the cognitive content of dilemmas faced by individuals.

This type of phenomenon has little bearing in the context of simple ecological services, such as the value

attributed to high-quality raw water for bathing or to a lakeside landscape for example. However, if the valuation

exercise concerns the creation of floodplains or introduction of a reserved flow policy aimed at preventing the

collapse of fish populations during droughts, the social and individual acceptability of such actions will depend

on the way in which the stakeholders – citizens, residents and users of the resource – mentally construct the

problem and grasp the environmental stakes attached. Behavioural approaches really come into their own in such

contexts.
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The contamination of raw water, and even more so the problems raised by what should be called "new"

ontaminants (Figure 72) – medicinal residues, organometallic compounds – is undoubtedly one of the priority

fields for the application of behavioural approaches. More than their behaviours in choosing whether to drink tap

water or mineral water, it is the opinion of individuals as to the importance of the problem that matters here.

The way in which individuals perceive the danger posed by these contaminants in turn exerts pressure on

political decision-makers. It can lead to the latter taking very costly action to reduce risks that may be very low

– to the detriment of other actions more profitable to the natural environment, but wrongly perceived by the

public as being less urgent. This type of situation throws up a key research question for social sciences,

alongside ecotoxicological approaches seeking to assess the objective risks posed by these contaminants

for human health or the status of natural environments. This raises a familiar point in the debate about

implementing the precautionary principle.

From demand to the value of ecological services

Taking as read that if we talk of demand, we talk of demand behaviours addressed to the environment, let's now

specify the way in which the expression of these demands will influence the value attached to ecological

services. This expression is made through diverse socio-technical facilities: going to wetlands supposes that a

means of transport is available – generally a car; practising water sports requires suitable equipment. Two

important points need mentioning here:

� first of all, demand influences the supply of services, and therefore the complex of primary services that

will actually be valued socially. Since demand is mobile – subjected to prevailing phenomena and dependent on

the time available for leisure or level of income – we might say the same concerning supply on the need for

follow-up over time of the values attributed to services if we want to obtain a measurement that is at least a

little bit stable of the value on the basis of secondary services;

� secondly, demand wields considerable influence over the extent to which services are mobilised, but it can
also affect the very existence of these services. This is the difficulty in identifying and measuring

"existence" values attributable to ecological services. Economists have been grappling with this issue for some

twenty years already. Although they agree on their importance in a valuation exercise, they differ considerably

over the manner in which they should be considered and the status they should have in a valuation approach –

alongside more traditional measures associated with the actual use of environments.

Medicinal residues in water raise the question of the public's perception of the danger a
nd its influence on political decision-making – beyond the objective risks of these conta-
minants.

Figure 72
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Collective environmental responsibility
systems
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At a deeper level, the notion of existence value takes us beyond the traditional utilitarian paradigm of economists

to look more closely at the notion of "values". Without going into the important aspects for human sciences of

this notion, we will say that it raises the question of politics in a valuation context – politics understood in

the broad sense here of the collective implementation of a town's affairs. The expression of private demands for

the environment encompasses but a very small part of the scope of environmental values. There are some key

ecological services for the sustainability of environments that are not subject to any solvent demand (Figure 73).

The activity of soil fauna is vital, but is not subject to any demand from society.

Figure 73
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What's more, the environmental impacts of human activity are negative external effects that need managing at

collective level when incorrectly addressed by individuals.

Rather than positing "social" demand hypotheses for ecological services, it is more relevant to address
the issue from the point of view of the stakes for the community of protecting environments. The

expression of value systems of social groups in the political arena takes material shape as a matrix of targets,

resources and constraints for collective action. In the same way as a whole is not always the sum of its parts,

the value attached to the environment by a community cannot be broken down to the sum of the values that each

of its members attaches to its protection. This collective value can involve future generations – yet to be

born – and can also correspond to the expression of a collective awareness of our environmental
responsibility.

In any society, many standards and regulations cannot be justified by a calculation weighing up their costs and

advantages at the level of each individual and then added together. In this sense, the value of the collective

action (Figure 72) is partly independent in the utilitarian calculation field that inspires most of the economic

environmental valuation methods.

Planning for collective action cannot completely ignore the monetisation sphere for all that: public policies

carry both a direct and indirect cost in terms of constraints affecting the satisfaction of individual desires, via the

The social value of the action in favour of natural environments does not merely
equal its immediate benefits for each individual taken in isolation, rather it includes
the benefits for the community as a whole and for future generations, yet to be
born.

Figure 74
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The construction of an environmental responsibility system.

Figure 75
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law and taxes, or of making economic activity profitable. They also have collective benefits, but their

attribution between individuals is not generally possible in this case. Consequently, the cost-benefit analysis of

public action cannot be the sole justification or invalidation of this action, and must instead be designed as

an important – but not the only – guide in making our collective decisions. This relativity or relative value of

valuation should not lead to the valuation scope being restricted simply to what can be immediately measured

in terms of the socioeconomic consequences of public action. Instead, it should be expanded to consider

the social value of standards and regulations that will organise the collective action in favour of natural

environments.

These standards, laws and regulations are, in fact, the concrete reflection of a certain collective environmental
responsibility system. This system is based on a responsibility doctrine founded on two distinctions: a

distinction between all of the natural phenomena that can be attributed to human action and those for which it

is not responsible on the one hand, and a distinction between a series of natural phenomena necessitating

human correction – whether their causes are anthropic or not – and a series of natural phenomena that does

not justify action, either because humans are not responsible or because the costs outweigh the benefits that

the community can hope to obtain from its efforts to act on them. Figure 75 illustrates the construction of an

environmental responsibility system.

Justification for human corrective intervention may be grounded in the human cause of the phenomenon, or

a principle of "wider" responsibility (humans as "guardians" of nature for example). Justification for non-action,

in the case of phenomena without human cause, is found in the idea of fatality or the nature of things. When

humans are responsible for the phenomena, non-action will need to be justified through a cost-benefit type

argument. Note that this is the only instance in which cost-benefit analysis is called on in general.

An environmental responsibility system is traditionally constructed, which means it changes constantly as

societies change and new facts come to light. In this regard, the transition of its line of reasoning from natural

fatality to phenomena influenced by humans marks the major development of the environmental responsibility

system at the end of the last century. Lastly, it fits into a given socio-cultural and jurisdictional area.

The action/non-action gradient is organised differently depending on the causes of the phenomena in question.

In the case of phenomena for which humans are responsible, the action is generally organised according to



125

a principle of priorities. When humans are not to blame, it is a principle of requirement which justifies

action or inaction. In the former case, the debate on the priorities will call on the valuation approach, while the

argument of requirements applied to phenomena considered to be "non-human" falls outside of this area –

at least in principle.

Values and value judgements

This is one of the challenging aspects of defining a policy for managing natural environments. Once it has been

understood that socioeconomic valuation – or more generally common social attitudes towards natural

environments – should not form the only guide for environmental management, we are faced with the tough

question of what other criteria need to be considered. Political decision-making involves making choices

within the confines of available means. This may therefore entail "sacrificing" some environments in favour of

others, considered to be more "important". While socioeconomic valuation may not be the chosen criterion for

making this decision, it is likely that scientists will have to formulate opinions on such priorities – i.e. pass value

judgements on the environments worth protecting. Scientists' reluctance to make value judgements is

well-known, as it is one of the pillars of their professional ethics and, more generally, their way of seeing the world.

This is particularly true in the field of ecology.

This problem is of the utmost relevance to so-called "compensation" policies. According to this principle,

degradation of a natural environment can be tolerated as long as a protection operation is undertaken on

another natural environment aimed at "compensating" the ecological loss suffered (Figure 76). Judging the value

of such a compensation supposes comparing what is lost with what is gained, and therefore implicitly admits the

existence of scales of equivalence, and therefore values, applying to natural environments.

Two responses can be perceived to this problem. The low-level response, and the most realistic in practice,

would be that scientists present a rough classification of the protection priorities, by leaving it up to the

political decision-makers to take their pick from among these priorities. While not necessarily being very

satisfactory, the result will nevertheless allow science to stay above the debate and avoid having to deal with the

problem of values. The high-level response, suggested by Norgaard along with others (Norgaard, 2006), would

involve the opposite: scientists facing up to the problem of values in scientific terms, i.e. by taking a theoretical

approach to thinking about environmental ethics. This idea is reminiscent of Amartya Sen and his plea for a

proper science of social and economic ethics. Such an approach would mean rewriting the current role science

plays in our societies and expanding our view to include a consideration of the way collective responsibility

systems are evolving in our modern societies – beyond the simple environmental debate.

Restored wetland. "Compensation" development operations bring up the question of
comparison terms between the ecological value of what is lost and what is restored.

Figure 76

©
B
.
G
en
ti
l-
O
n
em
a



The considerations when deciding on a valuation of ecological services for private stakeholders
and public authorities.

Figure

The scope for ecological service valuation
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It is now possible to locate the valuation scope with regard to the private and public action scope. Private or

public stakeholders have various action means at their disposal, falling under the following categories:

� development;

� exploitation of resources;

� standards, regulations, labels and charters;

� contracts;

� financial incentives.

Although the legal capacities of private and public stakeholders naturally vary considerably, they both have

access to all of these drivers for action, at least in a constitutional state. A certain intellectual laziness often

makes us forget that private stakeholders are, de facto or by right, institutions and as such have a certain

capacity for enacting rules and standards – whether for households or businesses. As a result, both private and

public stakeholders have to deal with the problems of assessing their actions – needs that can arise directly

or indirectly from valuations of ecological services. Access to the right information is key in a public valuation

approach, and naturally concerns, in the first place, the difficulty of obtaining private information – but also of

putting to use the knowledge gathered in local, and even national, public services.

Figure 77 relates these concerns to the ecological services and decision-making processes involved.

To avoid overloading this diagram with even more detail, we have omitted to represent private decision-makers'

acts on drawing up contracts between them or on voluntary procedures (eco-certification, eco labels for

example). The diagram illustrates three important facts.

77
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Assessment in an operational context

Whether to choose between several possible actions, determine the dimensions of an action or justify it,

private and public stakeholders will to some extent assess their projects or the situation they are facing. To

this end, they will perform assessments as necessary of the ecological services affected or mobilised by their

action. When wondering about a general approach to assessing services, we should not overlook the fact that,

in reality,we need to speak of service “assessments” in the plural – which go into more or less detail and

generally focus on specific aspects of the value of certain services.

This is a prerequisite in all operational assessment approaches. Private and public stakeholders will only

commit to the approach in so far as it bears on the decisions they have to take and the problems they have

to manage. One of the main reasons for the current lack of environmental studies is that they are at odds
with stakeholders' operational expectations. Contrary to what we often hear, the fact that these studies

have for the most part been confined to the research field of environmental sciences is not due to a lack

of methods or reliability of existing methods, but the difficulty encountered in translating their findings into

operational conclusions.

The same can be said for the WFD's reporting activity in Europe. This reporting is committed more to

conforming to European requirements than to giving consideration to how the information produced can

be used in setting up programmes of measures. Until we manage to tie the information produced on

environmental assessments together with the design and implementation of actions at the local level,

environmental protection stakeholders will continue to encounter difficulties with usefully mobilising this

information.

Assessment and context for action

The table below also illustrates the fact that there are three main dimensions to environmental action:

the development and exploitation of environments, the regulation of actions and behaviours, and lastly the

financing of action or compensation of damages. Different assessment needs correspond to these different

dimensions – Table 12 summarises them.

Table 12 illustrates the variety of contexts in which an ecological service assessment can be carried out – to

provide either direct guidance in decision-making, or information or justifications for a decision.

Assessment needs depending on the context for action.Table 12

Types of assessment required

Development, exploitation

Regulation

Financing

Cost-benefit analysis of the development action
Exploitation profitability

Analysis of the impact of developments or exploitation practices
Measurement of the negative or positive effects on ecological services

Effects on the behaviour of stakeholders concerned by the regulation
Costs of the efforts that stakeholders need to make to conform to the regulation

Choice of the best regulation (comparative performance measurement)
Dispute assessment

Assessment of damages and compensation (e.g. in a declaration of public utility [DUP])
Assessment of the cost for enforcing the regulation

Assessment of the cost of the monitoring to be set up
Calculation of fines and sanctions if the regulation is not complied with

Comparative assessment of the possible means of funding the action
Assessment of the financial dimensions and payment schedule

Assessment of the stakeholders' ability to pay
Assessment of the redistributive impact and compensation needs

Damage assessment

Action
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The twofold role of assessment

In addition to this purely decisional dimension, assessment also helps to improve our scientific knowledge of

environments and provides food for thought in the public debate on the definition of a collective environmental

responsibility system. This contribution then feeds back to the decision-making stage, influencing the fields of

development, regulation and financing. As we can see then, service assessment meets both a social need for
information to guide public and private action on the one hand, and the operational needs of public and
private stakeholders within the framework defined by these guidelines.

One of the major difficulties of assessment is to combine both these dimensions. Operational needs typically

concern specific ecological services at the local level, while the public debate focuses more on ecological

services in the broad sense – at a national or European level as far as we are concerned. This requires a

methodological coherence that is tricky to achieve in practice. For this, we need to give ourselves the appropriate

study means in terms of meta-analyses, transfer and aggregation of values at different spatial scales.



Types of ecological service assessment

Figure

Assessment types
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Now we need to describe the types of assessment that are likely to meet both the operational and informational

needs of the public debate and political decision-making. As we have seen, the point of assessment is to bring "

objects" – whether natural or social – under the same microscope as stakeholders and action considerations.

Figure 78 illustrates this process.

Figure 78 reminds us that all living organisms are also stakeholders that must make decisions about how to act.

It distinguishes three types of assessment:

� "eco-centred" assessment. Since human action is understood as a forcing variable (or external "environment"

variable if you like), the assessment focuses either on the impact this action has on environments or on the specific

dynamics and functions of these environments, without referring primarily to human action – viewed as one impact

among many. This type of assessment leads to measurements of ecological service supply and natural conditions

affecting both their volume and quality, as well as an appraisal of these services' sustainability conditions;

� "socio-centred" assessment. Since environmental functioning is treated as an external forcing factor,

developments, regulation and financing need to be combined as effectively as possible to meet the environmental

objectives of a collective environmental responsibility system. The purpose of this type of assessment is to measure

both the advantages and social costs of implementing these objectives. It also supports the necessary institutional

updates of decision and deliberation plans and measures the environmental performances of public action and

private initiatives;

� "co-assessment". This straddles natural and social systems. Unlike the previous two types of assessment

which aim to associate objects with action or activity considerations, co-assessment seeks to compare the actual

assessment methods themselves – whether these concern assessments performed in the field of environmental

sciences or that of human and social sciences. In that sense, it assesses the assessment in some ways. Moreover,

it informs eco- and socio-centred assessments with the aim of thinking outside their box. A further purpose is to

identify the weak – but potentially important – signs of future repercussions, in the social and environmental fields.

Lastly, it must be able to produce a prospective – and even predictive – assessment, as soon as enough is known

about the processes in play.

78
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Micro- or macroeconomic valuations

It is common to hear that the main difficulty posed by ecological service assessment is methodological. In fact,

by "methodological" problems, people generally mean that they are having difficulty pinning down what they

intend to measure and for what purpose. Assessment involves reading a situation or a development
on the basis of a set of assessment criteria. These criteria naturally differ depending on the decisional or

informational objectives being pursued. As mentioned above, only eco-centred and socio-centred assessments

meet the usual models of an assessment exercise. Co-assessment, which seeks to set overall criteria for

different assessment systems raises specific problems of its own that we will not go into here.

It should be clear by now that economic valuation is an essential part of any assessment exercise of ecological

services and environmental policies. It is also clear that economic valuation only addresses one aspect
of the assessment problem – alongside assessments produced in the field of environmental and
life sciences and the field of other human and social sciences: anthropological, sociological, historical,

socio-political or legal analyses of the problem of ecological service supply and management. These

reservations aside, economic valuations are typically conducted at two levels that need clearly setting apart.

� "Macro" valuations

The valuations performed by the MA or discussed in Part 2 of our report are typically "macro" valuations. They

involve constructing, by aggregation, a global measure of the economic value of diverse ecological
services – usually, in fact, of diverse natural environments at country, continent and even worldwide level.

The point of such valuations is not to steer public decision-making in any particular direction, but to provide

information about the value that our societies need to attach to ecological services if they consider nature

to be a capital – in the same way that they attribute a value to the artificial capital they create in industry,

agriculture, the financial sector or real estate. To this type of measurement we can add the work conducted on

"green" national accounting aimed at completing the usual construction of the commercial gross domestic

product with an assessment of the contribution natural environments make to the wealth of nations.

One of the major difficulties of these studies stems from their construction on the basis of small-scale

micro-economic studies. The aggregation of partial figures does not simply boil down to an addition – due to the

high risks of double counting. More generally, the construction of reliable measurements at a global level calls

for the possible substitutions between environments and services to be considered. An aggregation by

simple summation of local values implies that all environments are "specific", in the sense that they are subject

to specific and mutually exclusive demands. This specificity of course has nothing to do with ecological

specificity, but concerns social uses.

As highlighted in Part 2, the loss of a mineral water spring may be serious problem at local level – in terms of

environmental quality as well as jobs or income for residents. At a national level, the effects of this loss will not

be felt as mineral water consumers can easily find substitutes for the spring in question. As a rule, the choice of

an aggregation criterion supposes beginning with the final scale intended (national, European or worldwide) and

working from the demand for services as perceived at the scale selected. The possible substitutions then need

to be examined to identify the contribution of a local environment to the whole. Aggregation must then take place

by weighted summation according to the imperfection of the substitutions between environments.
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� "Micro" valuations
At the "micro" level, the assessment of services is perceived as a tool both for informing the public about
environmental values and for supporting public decision-making. Addressing specific natural environments
or services at local levels, "micro" valuations seek to reveal the demand for ecological services and the economic
conditions presiding over their provision to users – what we have called "the supply" of services by environments – which
we have seen is based on dedicated artificial infrastructures.

Part 2 of this report goes into the subject of macro-valuations in ample detail. We will thus focus more on
micro-valuations here, which are more in line with the immediate needs of managers in the context of the WFD. We
adopt the decisional framework of the hydrosystem as described in Part 2. We therefore assume that a relevant
spatial unit has been defined upstream for the management of services – from the point of view of
ecology and the management unit of the territory.

The principles of economic valuation

As we have mentioned above, economic valuation entails a study of individual and collective behaviours.
Such behaviours are supposed to reveal certain attitudes towards the natural environment. In economic terms,

an attitude is expressed through actions: visiting natural environments or not, practising certain activities in them

or not, politically campaigning for the conservation of natural environments or not. For an economist, an action

has two key characteristics: on the one hand, it is the result of a choice from several other possible

actions; on the other, it mobilises resources, time and energy, which are all factors that have a cost for the

stakeholder.

Choice means preference for one action over another, and cost means that the stakeholder will only act if he

or she considers it worthwhile. It is this "worth" that defines the "benefit" of the action, or its "value". That said,

diverse "benefits" can be associated with different actions possible. The preference principle therefore stipulates

that the action ultimately picked should be the one that corresponds to the highest benefit out of all the

possible actions. In other words, the economic valuation of services tries to pin down the value – from the

benefits of the chosen actions – that can be attached to their material provider.

Once both these principles have been grasped, all so-called micro-economic valuation methods of the

environment are simply specific versions thereof.

Take the simplest such example, that of measuring defensive or protection expenditure. Let's assume that

we want to measure the economic value attached to good quality drinking water. The consumer has two

possible choices: to drink tap water or mineral water. These two options will not cost the consumer the same.

The preference principle stipulates that, if we observe someone who has decided to drink mineral water, it is

because he or she considers the extra cost incurred to be less than the benefit obtained in terms of water

quality. Vice-versa, consumers who opt for tap water must think that the extra cost isn't worth it – when weighed

against the difference in quality between tap water and bottled mineral water.

What is interesting in this calculation is the behaviour switch limit, i.e. the cost and quality difference

that causes the consumer's behaviour to veer towards one option or the other. At this point of indifference, the

consumer should quite simply not care whether he or she drinks tap water or mineral water. The text box below

illustrates how an economic value can be attributed to an improvement in the quality of drinking water on the

basis of consumer behaviour and the difference between the cost of bottled water and tap water (Text box and

Figure 79).
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A valuation example: choosing between mineral water and tap water
VT is the value attributed to tap water, VM the value attributed to mineral water and CT and CM are the

corresponding costs. Typically, we expect CT<CM. Drinking tap water is less expensive than mineral

water. At the point of indifference, we should see:

VT-CT = VM-CM

Such that: VM-VT = CM-CT. The difference in value attributed to the quality of drinking water lies in the

extra cost. Two comments need to be made at this point.

The values attributed to water quality are overwhelmingly subjective and impossible to observe directly.

However, the cost difference is objective, and can be observed. Logically, at the point of indifference, we

simply need to measure the cost difference to deduce the difference in value attributed to the underlying

water quality. Secondly, it is clear that VM-VT > CM-CT for mineral water consumers and that the reverse

is true for tap water consumers.

Let's now suppose that we want to improve the quality of tap water. So VT'>VT is the value attributed to

this water after improvement. Let's suppose that the price of tap water stays the same – so the cost

difference does too. But now some people who used to prefer drinking mineral water will change their

minds and start drinking tap water. These are all those for whom: VM –VT > CM-CT > VM –VT’. Since

they save CM-CT and, by noting N the number of individuals changing their minds, the gain for the whole

population of the improvement in tap water quality becomes (CM-CT)xN. It is this gain that measures

the monetary equivalent of improving the quality of tap water.

An equivalent way of thinking would be to reduce the price of tap water or hypothetically increase that of

mineral water to measure – by difference – the value consumers attach to the current quality of water.

The decision to drink mineral or tap water is based on the economic value that consumers attach to the quality of
drinking water.

Figure 79
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Methods for the economic valuation of the environment

Despite their differences, the other commonly used valuation methods follow the same approach. They fall

into two categories: so-called "indirect" methods, which deduce the value of an environmental good from the

market context in which it is used; and so-called "direct" methods, such as contingent valuation, aimed at

directly getting each person to reveal the monetary value he or she attaches to the environmental good. But this

difference only concerns the survey methods used and not the underlying behavioural model they postulate

(Table 13).

Indirect methods comprise protection expenditure methods, which we have just mentioned, travel cost
methods and hedonic pricing methods. The travel cost method works from a measurement of the expenses

an individual pays to go and stay in a nature spot of interest. The idea is that the individual is all the more

prepared to part with significant sums to visit a nature spot when he or she considers it to be of high value.

Different sites can therefore be ranked in order of the expenses devoted to visiting them. The same method is

applied to the choice between tap water and mineral water.

The hedonic pricing method involves observing the differences between property prices depending on the

property location and the quality of its natural environment in particular. If all the other property characteristics

are the same, we expect higher prices for properties located in a protected natural environment than for those

situated in a damaged environment. It is this difference between the prices of properties – comparable in all other

respects – that will tell us the quality value of their natural environment. Once again, this follows the same lines

as presented above.

Lastly, the contingent method involves asking people directly about what monetary value they attribute to the

environment in terms of willingness to pay for its protection or improvement. But their virtual choices will now be

based on the amount of this monetary sacrifice: either lose the well-being they would get from the consumption

corresponding to this amount, but gain an improvement in environmental well-being, or keep this well-being but

lose out in environmental quality. The underlying behavioural logic is the same as in the previous examples.

The methods we have just described are mainly employed for users of natural environments; however, it is

perfectly possible for the economic thinking behind them to be applied to farmers or manufacturers.

For a farmer using irrigation for example (Figure 80), the value of the water will be the same as the extra
profit that he would gain from using it. If we set a price for irrigation water, the farmer will consume water until

such time as the extra profit that he would gain from the consumption of extra water would be equal to its price.

Beyond this point, the farmer would lose money and, up to it, he could earn more by irrigating more. The only

difference with the previous methods is that the problem of subjective value attribution is not an issue here.

An economist armed with all the necessary data could, in principle, reconstruct the farmer's thought process and

come to the same conclusions as the farmer concerning irrigation of his farm.

Methods for revealing environmental valuesTable 13

Direct methods

Protection expenditure

Travel cost method

Hedonic pricing method

Contingent valuation

Contingent classification

Indirect methods



The economic value of water can be subjective, as in the case of drinking water, or
objective, as in the calculation of the agricultural value of water for irrigation users on
the basis of its profitability for crops.

Figure 80
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� The problem of created benefits

One of the difficulties that valuation practitioners often encounter is how to assess "created" benefits. For

example, protecting an aquatic environment will lead to a boost in tourist numbers – thereby creating jobs in local

restaurants and hotels or reviving local trade in the tourist season. Managers – and even more so local

councillors – are obviously tempted to include such created benefits when assessing the consequences of their

environmental initiative. But it is clear that, with no structural developments, tourists will go elsewhere, with no

new gain for the national community. The problem of substitute sites has been described in the presentation of

"macro" valuations.

On top of the fact that these created benefits are generally very difficult to measure correctly, they should not
be taken into account – what matters are the values associated with the actual environmental action. In

concrete terms, if enhancement of a river makes it more popular to fishermen, it is the well-being offered by the

extra days' fishing that should be measured, and not the increase in catering revenues from the fishermen (this

isn't the same well-being). In practice, it is often difficult to resist the temptation of adding the created benefits

to the actual benefits obtained. In this case, it is preferable to present these two categories of benefits
separately. Only the latter should be counted as "environmental" benefits, since created benefits fall under the

category of impacts stemming from action for local residents (local boost in well-being, which is not specifically

environmental).

� Difficulties and limits of economic valuation
Beyond their specific methodological difficulties, we can see that the relevance of the findings obtained by these

valuations depends closely on the following.

First of all, the options from which stakeholders can choose must be known in advance and specified

as far as possible. Since measurements are mainly carried out on the basis of behavioural variations that are

observed or simulated when we vary the environmental context, any omission of possible choices or errors of

assessment on the underlying motivations for behaviour will result in significant measurement errors.

But stakeholders themselves can have no more than a confused perception of the choices they have and of

their positive or negative consequences for them – which will lead to assessment errors in the analysis both for

indirect methods based on behaviours observed and direct methods, contrary to the claims of the persisting

criticism surrounding contingent approaches.

The gap between subjective perceptions and reality is to blame here. Beyond a naïve methodological
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cynicism for which the correct measurement of an error of judgement describes the truth because it is correct,

the problem of distorted perceptions raises the general question of what information the stakeholders

questioned are given. In the context of the large-scale water cycle, public information is of the utmost importance

(Figure 81). We can see that it contributes indirectly to improving the quality of socioeconomic valuations by

reducing users' assessment errors.

Environmental valuation practitioners are very much aware of this problem now and most of the latest research

addresses it. Conventional approaches by opinion surveys among the general public are now increasingly

completed systematically by experimental economic studies in laboratories.

Such experiments bring together a small number of subjects who are given as much information as possible

on the choice they are going to have to make. Drawn up in liaison with psychologists, the details of how the

questionnaire will be presented, the vocabulary used and the implicit information unsaid will be scrutinised

as cognitive distortion factors of the answers. The laboratory work also makes it possible to consider actual

payments of individuals from an initial budget granted at the beginning of the research. The link between the

decisional problems on environmental protection and choices made under uncertain circumstances also marks

the progress made in the relevance of protocols and the analysis of their findings. Experimental approaches

show great promise for the future and should soon feature among the usual range of tools available to

environmental valuation practitioners.

Public information is vital for reducing the gap between subjective perception and
the reality of the situation of natural environments.

Figure 81
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Opportunity cost approaches may be well worth adopting to meet the specific valuation needs of both

ecological services and the protection policies drawn up for these services. The notion of opportunity cost fits into

the same framework of economic choice described above. On first appearance, the opportunity cost is what

the decision-maker renounces by choosing a certain option – i.e. the value of his or her next-best choice. The

opportunity cost therefore measures the value of the alternative in a two-option choice. The text below gives a

simple illustration of this.

The notion of opportunity cost.

A fan is planning to go to a football match. He puts the value of the event at €60, with a seat in the stadium

setting him back €30. The same day, he learns that his favourite band is planning on giving a concert. He

attaches a value of €80 to the attendance of this concert, with a ticket costing €40.

Let's begin by calculating the net values of these two options: going to the football match or the concert. In the

first case, the net value of the cost is: €60 - €30 = €30, while the net value of the concert is: €80 - €40 = €40.

The concert option, which provides a net value of €40, is therefore worth more than the football

option which only provides a net value of €30.

What is the opportunity cost of going to the concert instead of the football match? It is the net value

of the match – the value that the fan must renounce if he decides to go to the concert held on the same

evening, so €30. The opportunity cost is what a decision-maker renounces when he chooses the

best option from the viewpoint of its net value (his best choice), i.e. the net value of the value choice

immediately below, or his next-best choice.

Although very easy to understand, the notion of opportunity cost is often the source of much confusion and

error. The most common error is to liken the loss suffered by going to the concert rather than the football match

– or the "opportunity cost" – to the difference between their respective net values, so €40 - €30 = €10.

Although it seems fairly obviously that €10 is an extra benefit and not a cost, it is sometimes mistaken for

the opportunity cost. This type of error is probably due to the fact that some authors speak of net

opportunity benefit when referring to this €10, which is confusing. The "opportunity" in the case of the

opportunity benefit refers to the existence of an option (the concert) which provides a higher net value

than the football match, a sort of windfall effect, and not "the opportunity" to which the idea of opportunity

cost alludes – this referring to the loss suffered because the most beneficial option was chosen (in this

case going to the concert rather than the football match).

The opportunity cost of going to a
concert instead of a football match
is the net value of the match –
the value that the person must
renounce if he decides to go to the
concert.

Figure 82
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There are two main purposes to assessing opportunity costs in environmental economic valuation:

� to assess the economic weight of restrictions introduced by an environmental policy on the stakeholders who

must comply with it;

� to measure the value of an ecological service based on the cost of the artificial alternative that the same level

of environmental quality would provide if this service didn't exist.

Let's look as these two scenarios in turn.

� Assessing the costs created by an environmental restriction

In the first case, two situations of interest can be distinguished. In the first, the introduction of the environmental

action will lead to restrictions for stakeholders, in the direct form of loss of economic benefit that can be

calculated financially. In the second, the restrictions brought about by the environmental policy will incite changes

in stakeholders' behaviour, which will have a cost for them in terms of what they choose to do before the

environmental action comes into force. Let's give two examples of these two situations: planting grass along

river banks and restricting river pumping in keeping with a policy for reserving flow for the benefit of aquatic

ecosystems.

The example of grassy banks

For farmers, grassy banks (Figure 83) are similar to regulated fallowing. If the grassy banks are to be planted

with the long-term in mind, which makes sense, the loss of agricultural benefits this policy creates for the land

owner, per hectare of land that has thus become fallow, can be assessed based on either the price per hectare

of farmland, or the loss of ground rent to which it gives rise. If the farmland market worked perfectly, the price

of land and rent per hectare should be identical and it wouldn't matter which measurement was taken.

However, it is well known that the land market is subject to significant transaction costs, and thus to considerable

differences between the transaction prices observed and rent levels. It would therefore be more appropriate to

select the loss of ground rent as the closest measurement of the loss of agricultural benefit. This loss of ground

rent is the opportunity cost of the fallowing of river banks in the sense of what the farmer renounces if he

chooses to comply with the grassy bank policy.

Grassy bank policies are a good example of the use of opportunity cost methods. This cost
is the loss of land value once agricultural practices have been reorganised following the
planting of the grassy banks.

Figure 83
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Since water does not have a market value in its natural state, its value for agriculture can only
be estimated indirectly

Figure 84

©
C
.
G
o
u
p
il
-
O
n
em
a

138

If the surface areas concerned are modest compared to the overall surface area of the farm, the farmer will

hardly change his cropping programme or farm management method after the grassy banks have been put in

place. In this case, the annualised value of the gross margin per hectare – i.e. the gross margin amount per

hectare divided by the interest rate of medium to long-term assets – expresses the opportunity cost per hectare

of the policy for the farm owner.

If, however, the policy applies to a significant portion of cultivated land, the farmer will in all likelihood change

his cropping programme or farming practices as a result. If this happens, the measurement of annualised
gross margin to take is the gross margin after the farm's management procedure has been reviewed, and

not the initial gross margin – contrary to common practice. This is because the opportunity cost measures what

the farmer renounces in terms of his next-best choice. By reorganising his farm as a result, the farmer reduces

the initial loss suffered by the grassy bank policy. The opportunity cost is the remainder to be deducted after this

reorganisation or, in other words, the best possible gross margin through the best possible review of the farm's

profitability with the grassy banks.

Of course, it isn't that easy to calculate such a gross margin after the planting of grassy banks because of

insufficient data. Micro-economic models of agricultural production can help to get over this stumbling block

by providing cost assessments once the optimum reorganisation of farms has been simulated. With no

compensation, a comparison of the land transaction prices on the plots affected by the grassy bank policy with

similar plots that are not subject to the policy can also give a close measurement of the opportunity cost.

The example of grassy banks can be applied to detention basins which concern the same loss of land benefit

for owners – the main difference with the example above being that, in the case of floodplains, we should think

in terms of loss probabilities, i.e. expected utility of the opportunity cost, also called risk premium. We will not

describe the calculation method in this instance to avoid further weighing down a report in which we want

purely to stick to the main points of the valuation method for ecological services.

The example of river pumping restrictions

In the case of river pumping restrictions for irrigation (Figure 84), the analyst faces the following problem. While

land has a price – and therefore a market value – which serves as an indicator for calculating losses of benefit,

or, in the same way, compares a ground rent equivalent to the annualised gross income of the farm, water does

not because there is no water market. The opportunity cost of watering restrictions can therefore only be

measured indirectly, by assessing the profitability variations caused by the changes in irrigation practices.
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If the irrigation user consumes all of his authorised sampling quota, he may either renounce the right to irrigate

more, or try and purchase more water – from a neighbour who hasn't used up all of his quota for example.

The maximum price he is willing to pay for this purchase cannot exceed the loss of income resulting from

the cap set by the quota, i.e. the opportunity cost of water access. In other words, the opportunity cost of a use

restriction is the maximum consent to pay to loosen the restriction or, in a nutshell, the cost of the

restriction. That said, remember that the opportunity cost must be determined assuming that the farm's

irrigation and cropping programmes have been reoptimised following the pumping restrictions.

These two examples shed light on situations where the implementation of an environmental policy has

restricted the practices of economic stakeholders. Note that these restrictions are expressed in quantitative

form. The grassy bank policy sets aside a certain number of hectares along river banks, while a reserved flow

policy reduces the flow pumped by irrigation users in the summer months. These quantitative restrictions

can be associated with the subsequent monetary equivalents of the losses endured by consumers when the

opportunity costs are measured. As they stand, these measurements are useful in negotiations on the grants or

compensations to be allocated to owners to win their support for policies. At a more political level, they enter into

the debate on choosing which measures to take. If environmental impact is the same, those measures creating

the lowest opportunity costs for the community should be chosen by public managers.

For the purposes, this time, of cost-benefits rather than cost-effectiveness, the opportunity costs in the previous

sense should be factored into the political choice and compared with the expected environmental benefits of the

action. A collectively optimum policy should maximise the difference between benefits and costs, thus balancing

out the collective marginal benefit and collective marginal cost. This is the line of thinking that sometimes leads

to the environmental benefit being measured on the basis of the opportunity cost. However, take heed that such

an approach implies collective efficiency. But if we consider an environmental policy, it's because we don't

believe the current situation to be the best for society – otherwise why would we want to improve it? The initial

situation in this case should not be considered optimum, as it is unsatisfactory in terms of environmental

quality. As a result, there is no reason for a measurement of opportunity costs referring to a mediocre initial

situation from the collective point of view to provide a measurement of the expected benefits from an

environmental policy, since such a comparison is only possible once the ideal situation we want to achieve has

been reached.

� Measuring the value of a service by avoided costs

Having made these clarifications, let's now turn our attention to using the opportunity cost method to measure

the value of ecological services on the basis of avoided efforts for achieving an environmental objective. Annex 6

illustrates such a protocol being used to measure the value of the purification service by natural environments

(Figure 85).

The annex describes the formal points of this process, but we'll look at a few key characteristics. The example

given in the annex supposes that the public authorities are enforcing a river quality standard. Achieving this

objective supposes expensive sanitation efforts. It is thus possible to calculate an opportunity cost of such a

restriction on the basis of the cost of these efforts. By protecting the purification ability of environments, we

reduce this opportunity cost. The variation in opportunity cost resulting from an improvement of this service

provides an economic valuation of the service. The example does show, however, that this measurement

depends to a large extent on the type of purification process at work in environments.



By protecting the purification ability of environments, we reduce the opportunity cost of a river water
quality objective.

Figure 85
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Given the type of problems associated with the ecological management of water and associated environments,

we can immediately see the sheer potential for application of this notion, both for the development of

rivers and the management of environments in general. Complex interactions are at work within hydrosystems.

For specific environments or specific segments of watercourses, assessing the opportunity costs identifies the

benefit to be expected from management measures applied not just in the environment in question but also

other environments interacting with it. By construction, this benefit also takes account of the impacts of the

measure in question on all the uses concerned – as well as users' reactions to the measure.

� Main limits to the method

What are the main limits to this method? First of all, the measurement greatly depends on the restrictions
taken into account. Typically, neglecting to consider restrictions or inter-dependencies can lead to significant

errors of measurement. This is shown by opportunity cost approaches based on integrated models of water

management when they are compared to measurements of impacts for specific users. Secondly, the concept's

relevance is derived from the idea that public managers and private stakeholders alike play an optimising role,

managing the restrictions to the resource at their disposal as effectively as possible. But these managers and

stakeholders know only so much about the system and its interdependencies and must also deal with random

and uncertain phenomena.
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This is how studies on the management of dams in California concluded on ineffective management by the

operators, as the decisions that were actually made did not conform to the economic optimisation models –

hence the accusations of "irrationality" and "inefficiency" levelled against the resource operators. Subsequent

studies going into greater detail and factoring in the specific limits to managers' decisions due to uncertainty

have righted this diagnosis and shown that, considering such limits, the managers' apparently "irrational"

decisions were in fact perfectly coherent and understandable in the context they found themselves in.

In other words, the limits specifically affecting the stakeholders' decisions do not allow for an optimisation

balancing out the opportunity costs of these limits and the subsequent value of ecological services. A poor

specification of the actual nature of the management problem facing decision-makers will result in them making

ineffective choices and advocating impracticable or unsuitable measures. This poor specification will also bear

on the measurement of the associated opportunity costs and therefore the valuation of ecological services.

As always in the valuation field, the resulting figures give us an idea of orders of magnitude and priorities, but

we shouldn't lose sight of their fragility or strong dependence on hypotheses when establishing them.

Summary

To sum up (Figure 86), economic valuation methods can apply to the market or non-market demands and the

supply of ecological services, by taking an opportunity cost approach in this case. In all cases, they produce

monetary valuations of the supply of different services for society. As mentioned above, these "services" –

connected for the most part to uses – are, in fact, secondary (or "developed") services stemming from

the ecological services as defined by the MA typology. At the micro-economic level, it will on the whole be

impossible to work back from the value of secondary services to a monetary attribution for each primary

service, since these primary services form a whole from the point of view of socio-economic promotion.

Economic valuation methods can apply to the market or non-market demands and the supply of ecological services,
by taking an opportunity cost approach in this case.

Figure 86
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The merits of tackling economic valuation from the angle of the entire hydrosystem really stand out
in this instance. Protecting a given local environment within a hydrosystem, just as in a complex of

environments in the context of ecological solidarity, alters the supply conditions for all of the primary ecological

services produced by these environments. When assessing the ecological impact of measures being

considered, we thus already find ourselves in a mindset of primary service composition. We can associate

another complex of secondary services to this specific complex of a hydrosystem. It is the worth of this complex

of secondary services to society that will be estimated. A matrix of uses, and thus of users, can be associated

with this complex, and economic valuation methods can deduce the value of these uses by analysing the users'

behaviour.

As we have already noted, the approach is variational: the point is not to measure the "actual" value of

ecological services. Such a measure would boil down to the comparison of one situation – in which natural

environments exist – with another, in which they don't exist, which is absurd. But in a measurement of the

benefits associated with the measures aimed at achieving good status, the comparison weighs the current
status against the expected status. The benefit is therefore, in fact, what the society gains in monetary

equivalents from the changeover from one status to another. The point is consequently to measure value

variations associated with this improvement.

We can perfectly well reverse this focus too and, instead of talking about the benefits associated with the

improved status, look at the cost incurred by society because of the current poor status of environments – which

we call "environmental" damage. Transposed into the field of economic valuation methods, we can see that the

changes in behaviour brought about by the improvement in status are the focus of the assessment: changes in

visitor numbers or land values near the protected environments for example.



Operational protocol for assessing the value of services in the context of a hydrosystem to manage.

Figure

Conclusion
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We have touched on certain operational implications of the valuation of services on several occasions. It seems

fitting at this stage to attempt an initial summary of these. So let’s imagine we have a hydrosystem to manage.

The multiple-stage approach suggested in Part 2 is meant to have been implemented and divided up the coherent

space into ecological and management units. Let's call these spatial units "ecological management units".

An operational valuation protocol could be organised around the sequence described in Figure 85.

87
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1. Ecological diagnosis
Using the quality criteria, we can make an initial diagnosis of the ecological status of the hydrosystem and distinguish

which units need improvement from those whose status is already good. Diverse complementary studies have

explained the causes of poor status and the determining factors of good status of different units. As we have already

highlighted, the approach taken to the large-scale water cycle is not just curative. Prevention is also necessary to avoid

deterioration of healthy environments.

2. Identification of protection and restoration methods
Based on the previous diagnosis, this stage seeks to identify the most appropriate measures for restoring good

status or protecting it as necessary. It therefore calls on ecological engineering and must carry out an initial

calculation of the estimated cost of different measures.

3. Design of a programme of measures
At this stage, we need to decide between different measures for each ecological management unit with the aim of

drawing up a programme of measures for the whole hydrosystem. The WFD recommends using a cost-effectiveness

approach to construct this programme of measures. We give a formal description of the steps involved in

implementing the cost-effectiveness approach in the annex. This must ultimately identify the programme(s) of

measures most likely to achieve good status for all the management units at the least cost overall. It therefore

produces an economic calculation of the total cost of the most cost-effective programme of measures.

4. Cost-benefit approach
It the budget earmarked for protecting the hydrosystem exceeds this cost, all we need to do is implement the

programme of measures previously identified. But this may not be the case. If not, we need to look at the

socio-economic benefits of the cost-effective programme of measures identified at stage 3 (Design of a programme

of measures). This is when a valuation of the ecological services should be performed.

This will put a financial figure on the ecological benefit of the action being considered.

Two points should be made at this stage:

� the valuation does not bear on the ecological services provided by the hydrosystem "in general", but only on the

benefits in terms of improvement of the services provided that are associated to the cost-effective programme. This

is in fact the cheapest way of achieving good status. It is thus unnecessary to look at possible alternative programmes

which, although more expensive, would produce more benefits;

� the valuation exercise focuses on a programme of measures rather than the actual ecosystems. For all that, the

temptation to ask individuals their opinion on the measures within the programme, through a contingent survey for

example, should be resisted, as the general public does not have the necessary skills to make such judgements.

A study conducted for EDF on the burial of electricity lines is an "enlightening" example of this. Taking the contingent

approach, the study asked users about their willingness to pay to bury X kilometres of lines per year by providing

the cost for EDF of one kilometre of lines buried. The respondents found it extremely difficult to picture the difference

between 1,500 km of buried lines per year and 10,000 km.

Many of them were even shocked by the high burial cost and called for the programme to be dropped to reduce their

electricity bill – a reaction which the questionnaire designers had not foreseen in the slightest...

On the whole, participants in contingent surveys have no concept of the financial orders of magnitude of a public

policy, nor of its technical scope. While "lines" (electricity lines or rivers) naturally mean something to engineers, they

don't ring any bells for the general public. The study should only present the expected impacts of the action being

considered, and the valuation bears on these impacts.
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5. Political arbitration
Armed now with a figure for the least expensive way of achieving good status and for the associated ecological

benefits for society, the managers can now enter into a more political stage as to whether or not the programme of

measures can be financed. It is at this stage that the calculated value of the benefits should be communicated to the

decision-makers to help them come to a final decision. A discussion on the notion of "disproportionate" costs should

also be held at this point. Two possibilities arise. Either the decision-makers choose to finance the programme and

consequently increase the budget ring-fenced for the hydrosystem, or they refuse. In the latter case, a reverse

engineering approach might be taken, aimed at identifying which programme of measures minimises the ecological

management units' deviation from the good status – for a given budget. The difficulty of this approach is that there

is no reason to consider the 80% rate of good status achievement for a specific management unit to be equivalent

to the same percentage for another management unit. This leaves us with a complex choice of weighing up the

tolerable deviations from the good status for the different environments making up the hydrosystem – a classic

challenge for multi-criteria operational research.

Lastly, the programme must be implemented alongside an ex-post valuation of its consequences – a crucial step with

regard to future plans. This valuation will need to be budgeted upstream, from the programme outset.

The succinct presentation of an operational valuation approach in key stages sheds light on the fact that there's no

reason for service valuation to be systematic or the main criterion for decision-making. The political decision-making

process described in stage 5 (Political arbitration) will inevitably touch on countless budgetary considerations besides

the sole protection of a specific hydrosystem's natural environments.

For environmental valuation will only prove completely worthwhile for political decision-making purposes in the more

general context of the development of practices for assessing public policies.



146



Conclusion

147

� Main findings

� Political and operational issues at stake in assessing

ecological services

148

151



148

The first section of this publication has looked at the challenges of assessing ecological services from
the perspective of water management in France. The new requirements laid down by the Water Framework

Directive (WFD) can be interpreted as calling for a transition from "small-scale" to "large-scale" water cycle

management. By "small-scale" cycle management, we mean an environmental policy primarily concerned with

the availability and quality of raw water. "Large-scale" cycle management focuses more on safeguarding and

restoring the good ecological quality of aquatic environments.

Shifting our attention from the small- to the large-scale cycle implies making three complementary changes

to the way water is managed:

� the management focus becomes living environments rather than just the water resource;

� prevention and restoration techniques need to be implemented with the development of ecological

engineering;

� and lastly, political governance of the water industry needs to involve public stakeholders more closely.

We have identified the main problems created by changing the management focus to the "large-scale" cycle

and gone into them in detail. We have shown that, in terms of using ecological services, progressing to the

large-scale cycle calls for greater consideration to be made of non-market values associated with environments

– and even of their existence values. Lastly, we have looked at the implications of changing over to the

large-scale cycle for governing the water policy. The assessment of ecological services must play a double role

of providing technical assistance for water stakeholders in their operational management and of prompting

debate on the ecological and socioeconomic relevance of political options aimed at protecting aquatic

environments.

This general diagnosis has then been put into specific perspective through two examples: implementation of the

National Biodiversity Strategy (SNB) and background of the Water Management and Development Master Plans

(SDAGEs), paying particular attention to the most recent SDAGEs as they are supposed to organise France's

efforts to conform with the WFD requirements.

The first stage of the SNB (2004-2010) certainly incorporated the notion of ecological service, but has had little

impact on the protection of biodiversity to date for two main reasons: highly centralised management that did

not facilitate practical assimilation of its challenges by the stakeholders in the field and no public policy with

appropriate means for protecting biodiversity. The SNB was designed from the outset as a support tool for

giving direction to existing public policies without its own funding – which explains the very varied success

depending on case. The recent revision of the SNB (2011-2020) shows that it is a key tool for getting

all stakeholders involved. It steps up their mobilisation by calling for them to make a personal, significant,

additional, measurable and revisable commitment to six strategic challenges. As a result, biodiversity and

ecological services are now defining issues for national policy. At international level, this acknowledgement by

the public and politicians of the consequences of biodiversity erosion and its ecological services has brought

about the setup of an Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES), established

by the United Nations along the same lines as the Intergovernmental Panel on Climate Change (IPCC). This

platform should be tasked with four missions: periodic knowledge assessments, support with formulating and

implementing policies, generating knowledge and strengthening capacity in Southern countries. We can

expect this to be a formative initiative for the implementation of stakeholders' commitments to the SNB

between now and 2020.

The background of the SDAGEs shows a slow but significant assimilation of the issues at stake in protecting

aquatic natural environments by local stakeholders and basin committees. Beyond the action taken by Water

Main findings

1
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Agencies, a whole host of initiatives have been developed by local and regional authorities to foster

greater incorporation of environments in water management. These initiatives must be shored up in technical

and political terms and this is one of the major challenges of putting the French law on water and aquatic

environments (LEMA) into practice.

A certain number of conclusions have been drawn from this first section. For the stakeholders tasked with

implementing the WFD, there is considerable need for assessment, both at local and national level.

Protecting environments has a price that must be weighed up as carefully as possible against the effectiveness

of the measures considered for restoring the good ecological status. This price must also be distributed fairly

and in an acceptable manner as regards taxpayers. The purpose of assessment is therefore to justify the

relevance of socioeconomic choices made by revealing the benefits that the community will reap from

improving the ecological quality of natural environments.

In the second section of the publication, we began by introducing the composite notion of hydrosystem
to show that, from a practical point of view, defining the spatial unit whose ecological services we want to assess
cannot be done through an objective approach on the part of the manager. Quite the reverse, the boundaries of
this unit must be defined by taking account of the different ecological, economic and sociological dimensions of each
specific project managing these services and the environments producing them.
We then stressed the need to apply a fairly restrictive meaning to the term "ecological services" – which does not
exclude the use or assessment of broader notions such as "environmental services" (some of which do not depend on
the biological functioning of the system) and "benefits created by ecosystems" (which include human investments
in the economic valuation of these benefits). This distinction particularly sheds light on any contradictions between
a policy recognising the merits of these broad notions and the development of ecological services in the strict sense
of the term.
We have also pointed out how the assessment of services should not be viewed as an indicator of the good
ecological functioning of environments; rather we need to see to the sustainability of such services by developing
the functional analysis of these environments and summary indicators of their "good health".
Lastly, we have proposed a list and typologies of these services by highlighting that the most commonly used one –
of the Millennium Ecosystem Assessment – is not the only possibility, but that the choice of which typology to use
(as well as which spatial unit to consider) should be made as part of a global project.

The third section of the publication has focused specifically on the socioeconomic aspects of the
assessment of ecological services. The notion of ecological services leads to a clearer distinction between the notions
of capital, or natural "heritage", and environmental goods and services. Socioeconomic valuation therefore seeks to
link the status of this capital – such as the quantity and quality of services it provides – to sociological categories
concerning human "well-being" in the broad sense: benefits of utilising natural resources; health benefits; aesthetic
satisfaction; preservation of the natural heritage of cultures and societies.
In socioeconomic terms, this well-being can be described as the result of comparing a supply of services from natural
environments to a demand for services expressed within society:

� regarding supply, access to ecological services is rarely direct and is instead gained through diverse manmade
developments. These developments combine different primary ecological services to provide users with secondary,
developed, services. These services are the real subjects of socioeconomic valuations of ecological services.
This characteristic of service supply precludes the attribution of an economic value to specific primary ecological
services in practice – but does not prevent the assessment method from revealing what environments as a whole
contribute to social well-being;

� regarding demand, we stress the importance of analysing the behaviour of individuals and society as a whole in
our relations with natural environments. This is because the values attributed to environments depend considerably on
social attitudes – which risk distorting perceptions or underestimating the value of some services. We warn against

2

3
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taking a naive view of cost-benefit approaches applied to the management of ecological services. A significant
proportion of the benefits we obtain from these services is not reflected by the way we use them, and in fact concerns
what we call a collective environmental responsibility system that has been established by law and social practice and
is partly independent in the strictly economic calculation field.

We end by presenting the main existing methods for the economic valuation of services – paying particular attention to
their operational potential, limits and methodological difficulties for implementation.

In the space of a very few years, both academic communities and international negotiators have been convinced
by the merits of the socioeconomic valuation of ecological services. Initiated by the work of the Millennium Ecosystem
Assessment in 2005, the assessment of services made in the report presented to the Nagoya Conference in 2010 was
a highlight of this event.

In scientific terms, however, assessment protocols and the reliability of their findings both need improving. What's more,
the current assessment of services bears on what aspect of them can most easily be measured – leaving a great
many important scientific questions unanswered as to how to understand and measure ecosystem functionalities.
The same applies for the strictly socioeconomic aspects of assessment – since a carefully considered implementation
of cost-benefit approaches applied to the value and management of natural environments still relies on fairly unstable
analytical frameworks. Moreover, these frameworks are currently being overhauled with the increasing use of behavioural
approaches in economic sciences – and, indeed, all the social sciences.

Specific progress in scientific investigations is therefore necessary. It goes without saying that this above all concerns
those disciplines coming under human and social sciences – which are naturally in charge of the social and economic
dimension of assessments – but it also concerns disciplines in the field of environmental sciences. These investigations
will be multidisciplinary in nature and the assessment questions should not be addressed solely by a handful
of assessment "specialists" or "experts", but also involve the whole of the scientific community of environmental
researchers.
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Political & operational challenges
of assessing ecological services

We have focused our attentions on the conceptual and methodological aspects of service assessment, but

have merely scratched the surface of the issue of how these assessments are to be used by the various water

and aquatic environment management stakeholders. This question is both an important and complex one: it is

relevant when drawing up policies and when programming actions (for example when writing SDAGEs, at which

stage and with whom?).

Assessment also serves a purpose in discussions on the possible modification of intervention tools (pricing

policies for example) and, more generally, on the directions to give to the "politico-economic model" of the water

policy. It can also help to raise the public's awareness of the issues at stake in water management. This all points

to the fact that an assessment of ecological services should not be handled in isolation, but included as part of

a global project that has defined both the procedure and objectives of this assessment with all the stakeholders

concerned.

We often hear the regrettable fact that public decision-making as a whole suffers from a lack of any real grasp

of the methods for assessing its action – both upstream and downstream, retrospectively speaking. Many reports

hope and pray for the emergence of reflexive approaches to public intelligence – in which the diagnosis of

whether actions have succeeded or failed in the past is used to enlighten the decisions that must be made today.

This will help to improve justification and efficacy of public policy.

This is where the assessment of ecological services comes in – designed as one way to usher in a culture of

informed environmental action. The experiences described in the first part of the report show, for all that, that the

development of expertise and evaluative practice is only a prerequisite, and isn't sufficient in itself to bring about

a fully-fledged culture of assessment in public decision-making.

Indeed, two opposing criticisms are often directed at assessment by policy makers: on the one hand, it is not

considered to be reliable or comprehensive enough to shore up decision-making but, on the other, it strikes

as overly directive when it comes to the decisions to make and too impervious to the needs for both political

compromise and a peaceful resolution of conflicts of interest that can pit together environmental users,

campaigners and economic stakeholders.

Developing environmental assessment approaches thus prompts the role that experts – scientists in particular

– play in political decision-making and deliberations to be considered. This is an issue far beyond the sole context

of public environmental action, and although our report highlights its importance, it does not intend to propose

ready solutions to this complex problem. The example of the SDAGEs is nevertheless cause for measured

optimism in the subject as the local water management stakeholders have successfully adapted to the new

framework laid down by the WFD and taken on the complex technical and scientific questions raised by

ecological environmental management in numerous basins and sub-basins. It is this proactiveness that we

should be encouraging through increased cooperation between scientists and decision-makers on the sustainable

protection of aquatic environments.
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The key to successfully adopting the approaches for assessing the ecological services provided by aquatic

environments at local level is to harmonise these approaches, share experiences and capitalise on know-how

– all processes that question the role of such national organisations as Onema and of the ministry in steering

assessments. This question goes hand in hand with that of reporting for the WFD, which should, in theory,

be fuelled by assessments of the socioeconomic and ecological impacts of measures taken to meet the

objectives of this Directive.

In more scientific terms, one of the major advances to come out of the Nagoya Conference has been the setup

of a global scientific network for observing and assessing the services provided by biodiversity – along the same

lines as the approach initiated by the IPPC on the challenges of climate change. The question of harmonising

and coordinating assessment approaches is therefore relevant at operational and scientific level both nationally

and internationally.

In our conclusion, we would like to stress the importance of not dealing with these scientific and operational

aspects separately. Many recent public debates and controversies provide abundant proof of how important it is

to involve all the stakeholders, as well as the general public, as far upstream as possible in the decision-making

processes guided by scientific approaches that concern complex and poorly understood phenomena.

Because of this, we haven't tried to present an exhaustive rundown of the studies available on assessment

of ecological services in the water domain. Instead, we have examined the best ways to take the results,

what we expect from these studies and their potential for use for the purposes of management. At a time when

decision-makers and stakeholders are making high demands for assessment of environmental actions,

it seemed important for us to give a few guidelines that could be viewed as a user's doctrine for assessment.

Assessment of ecological services must meet both scientific and operating requirements, hence the importance

of clarifying the whole issue of assessment for the purposes of both designing and conducting it and being able

to put its findings usefully into practice.
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The place given to aquatic environments
in the action plans of the French National
Biodiversity Strategy (SNB)

We have only taken account of the action plans that related to aquatic environments and whose objectives

have been reinforced since 2008. These plans are at different stages of development.

Natural heritage action plan

The objectives of this plan are to maintain biodiversity and ecosystem functioning, improve the ecological

corridor and populate follow-up indicators. The intervention tools used by this plan are the same ones that

form the building blocks of the territorial nature conservation policy: the Natura 2000 network, the creation of

protected areas, the green and blue corridors and the wildlife preservation policy. Regarding these conservation

priorities, the question of governance is a central concern, in terms of fiscal/economic/incentive tools and of

knowledge and participation.

Concerning water and aquatic environments, the large natural infrastructures relating to water are taken into

account from the point of view of their ecological value and contribution to human well-being as detailed by

the MA. These are estuaries, rivers, river valleys, aquatic migration corridors, wetlands, bocages (wooded

farmland), coral reefs and their associated ecosystems. The natural heritage plan sheds light on the links

between the water policy and the nature protection policy. Aquatic environments (like wetlands) and watersheds

are becoming concentration areas for State intervention tools.

It should be noted that most actions do not have a set timeframe. Only the start date of the sub-actions is given

(from 2009 and 2010 for example).

A n n e x 1
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Actions relating
to aquatic environments

Develop specific
plans for natural
infrastructure

Save endangered
wild species

Tackle invasive species

Consolidate expertise
and management

Renew and extend legal
provisions

Increase the effectiveness
of nature policing

Number of actions
(2009-2010)

4 actions
and 30 sub-actions

3 actions
and 14 sub-actions

3 actions
and 10 sub-actions

Priorities

Maintain the good
ecological quality
of the territory

Support concerted
natural heritage
management

as it picks up pace

Continue to renew rights
and economic tools

Sub-actions relating to aquatic environments

Draw up guidelines for the green and blue corridors
and support their implementation at regional level.

Rivers and aquatic environments: application of the WFD (review of river basins,
setup of the surveillance programme, definition of management plans
and programmes of measures, implementation of the water law)

Wetlands: Continue and resume implementation of the national wetlands plan.
Designate wetlands of international importance for the Ramsar List.

Acquisition of 20,000 ha of wetlands to counter destruction:
encourage purchases by Water agencies.

Grassy banks and planted buffer zones at least 5 metres wide along
rivers and water bodies listed in urban-planning documents.

Extension of grassy banks along all rivers in vulnerable areas in 2009
(4th action programme 2009-2013 pursuant to the "Nitrates" Directive).

Restore continuity for freshwater ecosystems: elimination of
hydroelectric concession dams should operation not be renewed under
a general agreement on sustainable hydroelectricity in keeping with

the restoration of aquatic environments (blue corridor).

Coastline: measures by the coast Interministerial Committee for Land Planning
and Development (CIADT); long-term strategy of the French Conservatory of the Coast.

Increase the means of the French Initiative for Coral Reefs (IFRECOR)
for a sustained action in favour of coral reefs and their associated ecosystems.

Setup of national action plans for endangered species
in mainland France and in its overseas départements.

Draw up a terrestrial and marine invasive species plan

Provide for marine and coastal ecosystem reconstitution and restoration measures
in management plans (revised SDAGE) and programmes of measures

that will be decided on at the scale of a river basin.

Continuity of freshwater ecosystems: possibility of intervening on private sites
with the owner's agreement.

Give official form to the administration doctrine on water, fishing and nature policing.
Set up a nature policing unit in départements/forge closer ties between

the water police and hunting police.Boost the human resources for nature policing
by the public institutions working in overseas départements

(national parks, ONF, ONCFS and ONEMA)
to ensure the regulations are implemented effectively.
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Actions
relating to
aquatic

environments

1

3

4

0

1

Number
of actions
(2009-2010))

5

12

4

6

11

Priorities

Territories

Agricultural
practices

Ecophyto

Genetic resources

Monitoring
(observatory
on changing
biodiversity in
connection

with agricultural
practices)

Status

The contractual tools for the green corridor
are currently being defined.

GBC implementation to be determined with
local partners.

To be initiated (develop information on this tool
and describe the current content of environmental

leasing contracts)

To be carried out

To be carried out

Underway with an INRA study

A guide to designing economical systems
is currently being written

The treatment frequency indicator (IFT)
has been set up.Underway: monitor individual
commitments and propose adjustments

To be initiated: set up of biodiversity impact indicators;
create a pesticide residue observatory and surveillance

network for pests and unintentional effects

Underway

Actions relating to
aquatic environments

Help to implement the green and blue
corridors (GBCs) to restore ecological

continuities

Encourage through support for establishing
environmental leasing contracts

List and promote the studies on agroecological
infrastructure for the GBC

Publish a brochure on the buffer zones
and biodiversity

Develop input-saving agricultural
pathways and trial run on 3,000 farms

Promote input-saving systems

Develop and fit out agroenvironmental
measures (AEMs) for reducing
plant protection product use

Set up monitoring of the unintentional
effects of plant protection products

Develop the AEM contractual procedure
in Natura 2000 sites and keep track

of how they are progressing

A n n e x 1

Agriculture action plan

The agriculture plan has endeavoured to demonstrate the value/contribution of ecological services of biological

diversity for rural and agricultural areas, whilst casting a pragmatic eye over the possible room for improving

the farming profession in terms of maintaining or restoring some ecological infrastructure (riparian vegetation,

hedges, small ponds, etc.) and reducing plant protection product use (Ecophyto 2018 plan) by up to half. The green

and blue corridors facilitate implementation of contractual tools, particularly for the setup of planted banks

and drafting of good practice guides for protecting remarkable biodiversity. Agro-environmental measures help

to protect wetlands.
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Number
of actions
(2009-2010)

4 actions

6 actions

6 actions

4 actions

Priorities

Raising awareness,
information and training

Development of
partnerships and expertise

Knowledge of biodiversity,
scientific research
and observation

Preservation
and restoration of
ecological continuity

and habitats.

Preservation and
non-disruption of species

Actions relating to aquatic environments

Improve service training of project owners, managers and infrastructure operators
(SNCF, RFF, VNF, dealers, etc.) on biodiversity preservation, particularly the setup
of the green and blue corridor, and on landscaping and ecological engineering work;

for the State, initial and continuing education institutions and schools are especially concerned

Forge scientific partnerships with research and expertise organisations (French National Museum
of Natural History [MNHN], Onema, French National Office for Hunting and Wildlife [ONCFS], etc.)

Encourage businesses in the public works sector to undertake
proactive initiatives in favour of biodiversity

Take account of how the green and blue corridors are progressing

Avoid areas where there is much at stake regarding ecology and the landscape
from the stages upstream of project design, and if this isn't possible, plan suitable

mitigation and/or compensation measures

Assess the effect of current biodiversity practices to adapt them if necessary and promote practices
in favour of biodiversity. This involves encouraging "environmental management" type initiatives;
adapt upkeep and operating methods for more effective preservation of habitats (references:

MNHN "cahiers d'habitats", rounding off the interpretation manual of European Union habitats for France)
and species in areas where there is much at stake ecologically speaking; improve

the ecological transparency of infrastructures managed by project owners (crossings for large
and small wildlife, mixed crossings, treatment of surrounding areas, wildlife enclosures
that aren't working properly), in liaison with all managers of areas with no particular

regulatory protection, in keeping with the green and blue corridors

Action plan on land-based transport and infrastructure

The requirements concerning biodiversity impact and incidence studies make the strongest link to aquatic

environments. But the plan does not go far enough and needs to clarify the notions of compensation further in

particular. The green corridor and water is a major driver in this action plan. The 2008-2010 phase is devoted to

writing guides, raising awareness and training.

Sea action plan (2009-2010)

The main strategies of this plan are broken down into several themes:

� better consideration of biodiversity in sea policy;

� coordination of public policies;

� management of the land-sea interface;

� improvement of knowledge;

� development of protected areas.

Town planning action plan

The regional development and planning tools must be compatible with the tools applied for the water policy (SDAGE,

SAGE). This is very significant with regard to assessing the ecosystem services in question, reducing stress and

combating degradation of areas and the landscape.

The green and blue corridors are central to integrating biodiversity. The blue corridor, in particular, aims to ensure

the ecological continuity and restoration of rivers as well as maintain water's ability to self-purify through the action

of microorganisms and plants which absorb nutrients.
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SNB and WFD indicators

Genetic diversity

Specific diversity

Habitat diversity

Ecological corridor

Functioning of
ecosystems

SNB indicators

Number of plant varieties
and animal breeds, recorded
and certified for marketing
purposes, in the main
categories of cultivated
plants and livestock

Common bird indicator

Specific wealth of fish

River fish indicator

Statuses of national red list
species

Conservation status of
habitats of European interest

in Natura 2000 sites.
The number (and surface area)

of protected areas

Diversity map of the types
of land cover with low

degradation at local level

Dominance in the landscape
of environments with low

degradation

Defoliation of trees

Standardised global biological
indicators for rivers

Water and aquatic
environment link

X

X

X

X

X

x

2004 results

76 species represented,
24 of which have been

introduced, 2 have vanished
and 17 are "endangered"

or "vulnerable"

N/A

The red lists of freshwater
fish in mainland France.
No mention on the
amphibian lists.

Wetlands (account for
between 1.5 and 1.7 million

ha, i.e. 3% of the
territory.Fresh water

(management of hydrosys-
tems and water resources)

This will contain
the indicators for wetlands
and water surface areas

Indicator of the status
of water bodies according

to the WFD

2008 results (halfway point)

7 out of 34 amphibian species
are endangered

Between 2006-2007, between 50 and 60%
of populations were of good or very good

status and 20% of poor status

See the red lists on fish and amphibians

The Caribbean reefs overseas are t
he most affected (20-30% of coral deaths

by bleaching).
Between 2003 and 2008, protected
areas have increased overall.

Water expanses and aquatic environments
represent 8 and 5% respectively of biotope
decrees, 1° and 8% of national nature

reserves, 2 and 1% of regional
natural parks and 10 and 16% of
Conservatoire du littoral sites.

Major breakthroughs concerning the sea

Between 2000-2006, regression
of wetlands

Degraded net surface areas
annually between 2000-2006 in favour of
water surfaces due to the transformation of
aggregate extraction areas into lakes once

operations are complete.

"Water quality" indicator supplied
since 2007 under the WFD
(42.5% of water bodies

are of good status) + for pesticides
and plant protection products,

water bodies of average and poor
status are 37% and 48%
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Points being discussed by economists
on the distinction between services
and functions

De Groot et al. (2002) suggest defining the functions of ecosystems as a "subset of ecological processes

and ecosystem structure [that] provide the goods and services that are valued by humans". In this regard,

they present a list of 32 functions, grouped into four primary groups corresponding to our fundamental needs

(regulatory, habitat, production and information). We can see that most of these function headings have been

subsequently termed as "services" by the MA – hence the criticism already mentioned of this classification.

To distinguish functions from services, Wallace (2007) suggests an "ontological" distinction between "ends"

(services) and "means" (functions and processes): "It is essential to clearly separate means (processes) and

ends (services)".

The merits of introducing this notion of function are nevertheless questioned by other economists for several

reasons:

� the distinction between ecological processes and functions is weak and the ability of economists to define the

"subset" mentioned by De Groot is far from certain. Wallace (2007) therefore considers the two notions to be

synonymous and only proposes to use the term processes, for "parsimony of terms generally leads to greater

clarity";

� even if we reserve the term "service" to designate the "end products" of ecosystems, we note that, in some

contexts, functions can become services, and vice versa. For example, if someone were to collect insects from

the wild that are useful for protecting crops, with a view to selling them to amateur gardeners, the "function"

of protecting crops would become a "service" under Boyde's definition. Vice versa, if we were to decide to list

a forest as an integral biological reserve, the service of wood production would, at the local level, become a

function that supports tourist or educational activities;

� it will always be the case that, in some contexts, there are functions that are not end products but are

subject to market trade. Take, for example, the hiring of hives for the pollination of orchards or the Vittel water

company's support for "agricultural production functions" that protect the quality of spring water (see CAS report

p. 322).

Wallace's ontological distinction therefore appears to be very contingent. Costanza (2008) particularly considers,

by recalling the MA's general diagram, that all services are means as "the end or goal is sustainable well-being".

He therefore believes it more suitable to distinguish end services and intermediate services only, and defines

the MA's broad definition as "a good, appropriately broad and appropriately vague definition". (This apology

for the "vagueness" somewhat irritates Wallace, who retorted in 2008: "I was uncomfortable with Costanza’s

acceptance of an 'appropriately vague definition'. (…) Should science accept vagueness?"

Fisher and Turner (2008) make the same analysis as Costanza, but reassert the need to distinguish services

and benefits – a viewpoint that we have defended above.

A n n e x 3



160

Classification de Brander et al., 2006

Classification of wetland goods and services

Ecological function

Flood and flow control

Storm buffering

Sediment retention

Groundwater recharge/discharge

Water quality maintenance/nutrient

Retention

Habitat and nursery for plant
and animal

Species

Biological diversity

Micro-climatestabilization

Carbon sequestration

Natural environment

Economic goods and services

Flood protection

Storm protection

Storm protection

Water supply

Improved water quality

Waste disposal

Commercial fishing and hunting

Recreational fishing and hunting
Harvesting of natural materials

Energy resources

Appreciation of species existence

Climate stabilization

Reduced global
warming

Amenity
Recreational activities

Appreciation of uniqueness to
culture/ heritage

Value type

Indirect use

Indirect use

Indirect use

Indirect use

Indirect use

Direct use

Direct use

Direct use
Direct use

Non-use

Indirect use

Indirect use

Direct use
Direct use
Direct use

Commonly used
valuation method(s)a

Replacement cost
Market prices
Opportunity cost

Replacement cost
Production function

Replacement cost
Production function

Production function, NFI
Replacement cost

CVM

Replacement cost

Market prices, NFI

TCM, CVM
Market prices
Market prices

CVM

Production function

Replacement cost

HP, CVM
CVM, TCM
CVM
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Classification proposed by Morardet (2009)

Production of fish, wild game, fruit and seeds

Storage and retention of water for domestic, industrial and agricultural uses

Production of logs, firewood, peat, fodder and materials used for arts & crafts

Extraction of biochemicals for producing medicinal products, biocides, food additives, etc.

genetic material used for animal and plant reproduction and biotechnologies(e.g.: resistance
of pathogens to plants, ornamental plants, etc.)

Springs and wells for greenhouse gases; local and regional influence on temperatures, rainfall
and other climate processes Storage and retention of water for domestic,

industrial and agricultural uses

Filling and emptying of aquifers, storage of rainfall and run-off

Retention, restoration and elimination of excess nutrients and pollutants

Retention of soils and sediments

flooding control and storm protection

Habitat for pollinators
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Provisioning services

Climate regulation

Hydrological regulation

Water purification
and wastewater treatment

Erosion regulation

Regulation of natural risks

Pollination

Food

Fresh water

Fibre and fuel

Biochemicals

Genetic resources

Regulating services

Source of inspiration; many religious attach spiritual and religious values
to certain aspects of wetlands

Possibilities of countless recreational activities

Many people attach aesthetic value to certain aspects of wetlands

Possibilities of formal and informal training

Spiritual and inspiration

Recreation

Aesthetic

Education

Cultural services

Retention of sediments and buildup of organic matter

Storage, recycling, transformation and acquisition of nutrients

Habitats for numerous species - particularly migratory birds

Assimilation and accumulation of energy and nutrients by living organisms

Production of oxygen necessary for most living organisms

Circulation of water essential for living organisms

Soil formation

Nutrient cycling

Habitat for animal species

Primary production

Photosynthesis

Water cycle

Supporting services



Provisioning services

Regulating services

Social services

Quantified services

Supply of water for domestic use

Production of bottled water (mineral and spring)

Supply of water for agricultural use

Supply of water for industrial use

Supply of water for energy production

Flood prevention and rising water levels

Mitigation of the effect of drought

Waste treatment and purification (self-purification of water)

Pest regulation

Landscapes

Value of biodiversity and heritage

Recreational fishing (sea and fresh water)

Nature leisure and tourism

Development of educational knowledge
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List of hydrosystem services according to MA France

A n n e x 4

Services provided by rivers, lakes, aquifers and wetlands according
to EcoWhat-ACTéon (2009a)

Water supply

Supply of water for domestic use

Wastewater, hydroelectricity and other industrial uses

Irrigation of crops, parks, golf courses, etc.

Aquaculture

Goods other than water

Fish

Waterfowl

Shellfish

Pelts and fur

Goods other than water (that do not comprise sampling from the resource)

Flood regulation

Transport

Recreational uses (bathing, etc.)

Dilution of pollution and protection of water quality

Hydroelectricity

Habitat for wildlife

Soil fertilisation

Increase in real estate value

So-called "non-use" values (aesthetic, etc.)
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Formalisation de l’approche coût-efficacité

A simple illustration of the cost-effectiveness approach is as follows. Let's assume that the hydrosystem is

composed of I management units indicated by i, i = {1, … I}. To each unit we intend to apply a measure,
understood as a complex Mi of possible measures for the unit i. To simplify the presentation, let's suppose that
a continuous gradient of measures and therefore the complex of possible measures Mi can be compared to a
standard interval [mi, mi) . Note Ci(mi) as the cost associated to the measure mi if it is applied to unit i.

The same measure does not necessarily have the same cost in the different areas due to their specific

ecological features. Without loss of generality, let's organise the measures in Mi such that Ci(mi) is defined
as an increasing function of mi in M. In other words, mi refers to the least expensive measure and mi the
most expensive measure when they are applied to unit i. This results in the marginal cost defined as the cost
derivative in relation to the measure being positive, dCi(mi)/dmi > 0. Note ei as the ecological status of the
management unit i, e 0i as its intial status before the programme of measures is implemented and ei as the good
status that must be achieved for the unit. The initial status may or may not be satisfactory. It is also possible that

the implementation of a measure on a given site has knock-on effects on other sites due to their ecological

solidarities. Note Ai(m), where m=(m1,m2 ,...,mi ,...m1) designates a programme of measures applied to all
of the ecological management units making up the hydrosystem, the impact on the ecological status of the unit i
of the entire programme of measures. This illustration captures the existence of knock-on effects from a

measure applied on one site on any other site. The impact is measured in terms of ecological status and, here

again, to simplify the presentation, we shall assume that the status is measured according to a continuous

gradient. Such that Ai(mk)/∂mk refers to the marginal impact on the ecological status of zone i of
the measure mk applied to zone k. Moreover, it has not been ruled out in theory that this knock-on effect is
negative on certain sites – even if it is probably positive on the zone to which the measure is applied.

The purpose of the cost-effectiveness approach is to determine the programme of measures to take so as to

achieve good status on all sites at the least cost. Formally, this involves resolving the following problem:

The Lagrangian associated with this programme is as follows:

Where designates the Lagrange multiplier associated with the requirement of reaching good ecological status

on unit k while and ßi designate the Lagrange multipliers associated with the technical feasibility
requirements of the measures in each zone i. A cost-effective programme of measures satisfies:

A n n e x 5
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For simplicity's sake, let's overlook the technical feasibility requirements by supposing that they have been

met – i.e. that the measures making up the solution programme do not touch on the end boundaries of the

possible measures. In this case the corresponding multipliers are all nil.

The multipliers can be interpreted as the monetary equivalent (i.e. the "value" in the economic sense) of

meeting the good status requirement on site k. The second line of conditions precedent shows us that, in the event
that the programme of measures improves the ecological status of the site beyond what the good status requires,

the value of this even better status would be nil. It would only be positive for sites only just achieving good status.

Since the objective is good status, taking costly measures to improve this status would constitute waste with

regard to the objective and therefore be worthless. The first line indicates that the best measure for zone i is
the one that will bring the marginal cost into line with the sum on all the sites of the value of status improvements

it allows.

We can see the relevance of measuring the monetary values of multipliers by numerical programming .

By only considering the cost of a measure on a site, we cannot know what the economic value of this measure is

in terms of effectiveness in achieving good status for all of the sites that might be impacted by the measure. This

is what makes it possible to identify the calculation of multipliers zone by zone. These multipliers are sometimes

called marginal opportunity benefits of the improvement of zone k. In fact, the method for calculating the
cost-effective programme that we have just described briefly is an illustration of the opportunity cost methods

described previously – but applied here to the establishment and assessment of the economic value of a

programme of measures on the basis of its cost-effectiveness results.

A n n e x 5
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Measuring the value of environmental
purification

Let's consider that pollutants are being discharged into a river. To give us a clearer idea, the river can be

compared to an oriented line with two intermediate release points – one downstream which is, by convention,

point 0, and one upstream, X, the water flows from point X to point 0. Two urban areas are located at points
1 and 2 – it is their waste that is polluting the river. We note qx as the volume of waste discharged into the river
at point x , Cx(qx) as the purification cost resulting from net discharge into the river of an amount qx and c(qx)
the marginal cost function where c(qx) is negative and growing. Indeed, the more the effort to reduce
discharged waste increases, the more the marginal cost should increase – which implies that, as a net function

of the discharged pollution, the marginal cost should decrease.

We note Zx as an indicator of river pollution measured at point x . The Agency's objective is to ensure compliance
with a maximum pollution standard, Z all along the river. For simplicity's sake, we assume that there is no

pollution coming upstream of point 2, such that: Z2=q2 the river pollution measured at point 2 is simply the

waste of the urban area located at this point. Pollution tends to build up when we go from upstream to

downstream, but the natural environment is able to eliminate a fraction of this pollution. Note Ωx(Zx+1) as the
amount of pollutant eliminated by the environment along stretch [x,x+1) as a function of the biological and
morphological characteristics of the stretch and the volume of pollutant from upstream passing through this

stretch (Figure 88).

A n n e x 6
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Figure 88

Main elements of the simple model under study
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The spatial dynamics of pollution are consequently given by:

The Agency's objective is to set up a release policy for achieving standard Z at minimum cost. We are therefore

thinking in terms of a cost-effectiveness programme in the sense defined in the third section: the environmental

objective is set and we are looking for the least expensive means to meet it.

must be less than Ωx(Zx+1) < Zx+1. As a result, the level of pollution at best stays the same from one release

point to another, or increases as we move downstream. We conclude from all this that, for the standard to be met

at any point along the river, it simply has to be met downstream, i.e. at point 0. All the points located upstream will

do better than the standard. The problem can therefore be presented in writing as follows:

To resolve this problem, we have to apply the principle of the discrete maximum. If we remember

that Min f(x) = - Max f (x) and rewrite the spatial dynamics of pollution as follows: Zx+1 -Zx = -qx +Ωx (Z x+1),
the Hamiltonian associated with this programme will be written as follows:

With the initial condition: Z0 = Z, there's no economic point to outdoing the standard downstream. The optimality
conditions are therefore as follows:

To grasp the economic implications of these formulae, it would be best to study specific cases. We will look at two

cases in turn:

1. The environment does not clean up the pollution: Ωx (Zx+1) = 0

This case is primarily useful as a starting point. We deduce from the first-order condition that the following must

be true: and thus that the marginal abatement costs must be equal at any release point. To

clarify things, let's suppose that the function of the cost for cleaning up communities' discharged waste is the same

at any point and that the gross (raw) pollution to be treated is also the same (the towns are the same size). To be

more exact, let's postulate that this function is expressed as follows:

Where q measures the level of gross release before purification, supposedly the same for both urban areas. It

can be deduced that the marginal cost is simply: since, by construction, the

net release is less than the gross release: q<q. Consequently, the first optimality condition is:

A n n e x 6
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It is clear that, since the towns are meant to be identical, they should carry out the same extent of purification

and therefore discharge the same amount of net release. But since Z0 = q1+q2 = 2q = Z in the absence of

purification by the environment, we can see that the net release must be equal to Z/2 et donc que

can be interpreted as the contribution to the objective function of the programme of a slight improvement in the

pollution present in the environment. It is therefore in an equivalent way the marginal opportunity cost of the

standard in the sense that this extent measures the increase in charges in terms of purification costs that the urban

areas should bear if the river water quality standard were to be tightened. With no natural purification, the problem

boils down to sharing the burden of maintaining the standard equally between the two towns, since they have been

presented as being identical in size and purification performances. The environment's purification ability will

completely shake up this way of thinking. This is what we will look at now.

2. Natural purification in proportion to the incoming pollution

The natural purification is proportional to the incoming pollution: Ωx (Zx+1) = ∂x Zx+1 with ∂x <1 measuring
the abatement coefficient along the stretch [x, x+1), not necessarily the same from one stretch to another, to

express the fact that environments can be heterogeneous – something we have stressed at length in the main

body of this publication. The problem of this formulation is that it supposes that the environment purifies better the

more polluted it is – which hardly makes biological sense.

The equation defining the spatial dynamics of the quality standard value is therefore:

where it turns out that:

And therefore, at present:

Because of natural purification, it is no longer possible to talk about an opportunity cost being associated with the

quality requirement having to be applied to the whole river. Although the maximum pollution standard is uniform

along the river and therefore independent of the location, its "value" in the sense of the opportunity cost of

the standard varies all the way along the river depending on the natural purification processes by the aquatic

environment. In the case in question, we get the highest result when, independently of environmental heterogeneity,

the opportunity cost increases the further downstream you go.

This is how we can interpret this result. Let's consider the marginal impact of a pollution increase. If this increase

occurs very far upstream, it will benefit the entire natural purification chain all the way downstream. But if this

increase occurs downstream, it will only benefit a shorter purification chain. All other things being equal, this means

that an increase in pollution very far upstream is less serious than one further downstream – which explains a

lower opportunity cost of pollution upstream than downstream and therefore the growth in opportunity cost as we

move downstream.

In the case of identical towns looked at above, we can now see that town 1 must make more purification

efforts than town 2, i.e. bear higher purification costs such that q1<q2. Let's expand on the spatial recurrence

of pollution:



The rule of sharing the efforts, at present, means that: q1 = (1-∂) q2. Town 2 has an advantage in terms of

natural purification along the stretch of river joining the two urban areas.

By comparing the opportunity cost in the model without purification to the opportunity costs relating to the

stretches, we establish the marginal value of the purification service provided by the natural environments. Let's

note some important points. Even if the biophysical characteristics of the environments were the same, there is

no reason for the service value thus calculated to be the same over different stretches of the river. This is

because it obviously depends on the pollution discharged in the environment, which varies. Secondly, even if

the pollution discharged is the same at each release point and that the environments are uniform, there is no

reason for the service value to be the same. Indeed, the environments are linked by the river and therefore their

spatial position in the pollution purification chain along the river influences the value of the service they provide.

In the simple example we have presented, note that the value of the opportunity cost goes up in a multiplicative

manner along the river, while the contaminant mass transfer process is additive in nature. This is a consequence

of the proportionality hypothesis. As a result, adding up the costs for each stretch to work out a sort of

"aggregate" value applicable to the entire river is generally pointless.
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Our relationship with nature changes over time and the terms we use change as well. The term natural environment

has made way for ecosystems and resources, which in turn have now been joined by ecosystem and ecological services,

environmental cost/benefit analysis, etc.

Aquatic environments provide countless services to human societies, such as supplying drinking water and water for

other uses, regulation of extreme hydrological situations, their use as waterways or for leisure activities, and the essential

environment they provide for numerous species and for correct operation of the land ecosystems with which they are linked.

Ecological services encompass this set of material and immaterial goods and services that humans obtain from nature.

In their book "Assessing the ecological services of aquatic environments. Scientific, political and operational issues",

Jean-Pierre Amigues and Bernard Chevassus-au-Louis draw up the first comprehensive overview of the subject that will be

of interest to all water stakeholders, including elected officials, technicians, teachers, scientists, students, etc. The authors

define the notions arising from biodiversity studies and apply them to the management of aquatic environments. They put the

socio-economic issues of ecological services into perspective for water governance in France, which to date has been more

concerned with the quality of water resources than of aquatic environments.

The goal set by the Water framework directive is to preserve and restore natural environments while ensuring sustainable

access to water. This book shows that the assessment of ecological services, a major factor in meeting that goal, lies at the

crossroads between different issues and challenges facing both the scientific community and water stakeholders.

This third book in the "Comprendre pour agir" (Knowledge for action) series describes the main points of what could

serve as guidelines for assessing ecological services and for the use of assessment results in public decision-making and

management.
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has spent the last 25 years working on the economics of natural resources, water and climate change in particular, as well as the economics of environmental

assessments.

Bernard Chevassus-au-Louis, hydrobiologist and Inspector-general for the Agriculture ministry, worked at INRA on the biology of aquatic organisms

before becoming Director general of INRA. He was then appointed President of the National museum of natural history (MNHN) and set about

raising awareness of biodiversity and how it contributes to sustainable development.




