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Introduction

The previous chapters highlighted a number of climate-change issues. In France, air and water temperatures

rose approximately 1°C between 1900 and 2000. Surface-water and groundwater hydrology were also affected

but the trends are not as clear given the difficulties in distinguishing between the effects of climate change and

those of local human activities. For the coming 30 years, all climate projections (whatever the greenhouse-gas

(GHG) emissions scenario) indicate warming between 1.5 and 3°C. Given an increase in evapotranspiration,

monthly mean discharges and groundwater recharging rates will likely drop and the severity of low-flow periods

worsen over vast sections of continental France.

These climate and hydrological changes entail numerous consequences for freshwater fish species. For example,

effects on the reproduction, growth and seasonal rhythms of certain species have been observed. Some

species have moved up river, extending their range when movement is not blocked by other factors such as

weirs and dams. For the coming decades, all the models foresee a shift in the ranges of cold-water species to

areas farther upstream. Under these conditions, species located in intermediate zones or downstream, such as

cyprinids and centrarchids, would benefit while those inhabiting upstream sections would be particularly

threatened. Anthropogenic pressures (dams, impoundments, sealing of banks, abstractions for an array of uses,

release of polluted water, etc.) will reinforce these effects, most likely leading to an acceleration of ecological

modifications in freshwater environments.

The probable consequences of climate change have resulted in greater awareness of policy-makers, which has

in turn led to the preparation of adaptation plans on the world, national and local levels. This chapter presents

those plans and the corresponding measures. The first part presents the various types of adaptation strategies,

their conceptual framework and the steps involved in their formulation. The second begins with a review of French

initiatives targeting adaptation to climate change. It then goes on to discuss in detail a number of measures

designed to effectively reduce the vulnerability of fish species in France.
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Adaptation strategies

In other words, the objective is to develop a series of measures to foresee and reduce the vulnerability32

of ecosystems over different spatial and temporal scales. Vulnerability is a function of the character, magnitude

and rate of climate variability to which a system is exposed, its sensitivity and its adaptive capacity.

The IPCC (2007) defined different types of adaptation:

� anticipatory (or proactive) adaptation which takes place before the impacts of climate change are observed;

� autonomous (or spontaneous) adaptation which does not constitute a conscious response to climatic stimuli,

but is triggered by ecological changes in natural systems and by market or welfare changes in human systems;

89

Adaptation or mitigation?

Contrary to adaptation, mitigation strategies attempt to limit the increase in concentrations of GHGs in

the atmosphere (IPCC, 2007).

The two are complementary in that mitigation attempts to avoid that to which we will have difficulty

adapting and adaptation attempts to adjust to that which we will not be able to avoid. And in fact, if GHG

emissions are not reduced, implementation of effective adaptation strategies will be much more complex

and the results uncertain. With the above in mind, the United Nations framework convention on climate

change (UNFCCC) highlighted the need to create synergies between the measures undertaken for mi-

tigation and adaptation because it is the combined effort on both aspects that will determine the level of

risk arising from the impacts of climate change. It should be noted, however, that some mitigation mea-

sures, e.g. the development of certain energy sources (nuclear power, hydroelectricity, agrofuels) may

counteract some adaptive measures (water temperatures, ecological continuity).

Box 14

32. Vulnerability is central to the concept of adaptation. According to the IPCC (2007), "Vulnerability is the degree to which
a system is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and extremes".
Vulnerability is the result of three factors together, i.e. 1) system exposure to climate impacts and risks (character and magnitude
of climate disturbances), 2) system sensitivity (potential harm) and 3) its adaptive capacity (to adjust and cope with
the consequences of the disturbances). The vulnerability of an environment or a species increases when its sensitivity and
exposure are high and its adaptive capacity is low.

Definitions

The fourth assessment report of the Intergovernmental panel on climate change (IPCC, 2007) defined adaptation

as "Adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects,

which moderates harm or exploits beneficial opportunities". Adaptation complements mitigation, the purpose of

which is to limit concentrations of GHGs in the atmosphere (see Box 14).
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Ecosystem-based adaptation (EbA)

Ecosystem-based adaptation brings into play sustainable management, conservation and ecosystem

restoration to ensure the supply of the services required by populations to adapt to the negative effects

of climate change. The objective is to maintain and increase resilience, while reducing the vulnerability

of ecosystems and human communities to the negative effects of climate change. EbA is an adaptation

technique that can produce beneficial effects in many fields (social, economic, cultural), contribute to

preserving biodiversity and reinforce the traditional knowledge of native populations and local

communities.

Box 15

� planned adaptation which is the result of a deliberate policy decision, based on an awareness that conditions

have changed or are about to change, and that action is required to return to, maintain or achieve a desired state;

� reactive adaptation which takes place after the impacts of climate change have been observed. Recently, other

forms of adaptation have emerged, e.g. ecosystem-based adaptation (see Box 15).

The value of these multiple definitions is to show the diversity of possible measures and the necessary

synergies, notably between the proactive measures implemented by public policy and the efforts of water

managers to adapt reactively. An understanding of the different types of adaptation is also essential in view of

assessing costs and defining plans of action (Basilico et al., 2010). Certain measures are said to be "reversible"
because it is possible to change the strategy and/or recalibrate the measure, whereas "irreversible" measures

produce effects over the long term and cannot be replaced or recalibrated (risk of maladaptation33).

� The different steps in formulating an adaptation strategy

There is no set procedure for devising adaptation strategies or measures. However, EU organisations attempt

to guide Member States in order to set up consistent and viable programmes on the EU level.

The scientific literature notes two approaches to adaptation strategies and measures, the first is "top-down"

and the second is "bottom-up" (Carter et al., 1994).

The top-down approach calls on climate models based on projected socio-economic scenarios to estimate

the impacts on regions, environments and species, and the resulting vulnerabilities (vulnerability is seen here as

the end point of the analysis) (see Figure 48).

By taking into account past experience and adaptive capacity using different indicators (economic resources,

infrastructure, technological level, etc.), the bottom-up approach starts with adaptive capacity to assess

the sensitivity of regions, environments and species (vulnerability is seen here a starting point of the analysis).

Today, assessments have become increasingly complex and often mix the two approaches in preparing decisions

(Dessai et al., 2004; Kates and Wilbanks, 2003; McKenzie Hedger et al., 2006). It is even possible to speak of

case-by-case analysis for hydrosystems given their high sensitivity and vulnerability to climate change.

33. Maladaptation is any change in natural or human systems that inadvertently increases vulnerability to climatic stimuli, i.e.
an adaptation that does not succeed in reducing vulnerability but increases it instead (IPCC, 2007).



� Managing uncertainty

In adapting to climate change, three types of uncertainty combine:

� uncertainty concerning future climate changes, given that the expected impacts of a 2°C average increase in

temperatures are in no way comparable to those of a 4°C increase;

� uncertainty concerning the possible consequences of a climate scenario on the local level;

� uncertainty concerning the adaptive capacities of our societies in the future.

These different uncertainties interact to make the overall situation even more uncertain (Mearns, 2010).

The simple fact of climate change will have an effect on adaptive capacities and on the types of mitigation

measures that will be taken. And the latter will in turn impact the progression of climate change. Given these

uncertainties, a set of measures designed to adapt to climate change may lead to unexpected results and

maladaptation. The latter may occur, for example, following a calibration error, i.e. the adaptive measures are

poorly adjusted due to incorrect assessment of the character and magnitude of the future changes or due

to inadequate responses to the measures. It may also occur if an adaptive measure transfers vulnerability from

one system to another, hence the importance of adopting integrated approaches, or from one period of time

to another, e.g. the measure may first produce positive, then negative results, or in the opposite order.

Three types of tools have been proposed by ADEME (Hernandez et al., 2012) to take these uncertainties into

account during decision-making:

� adaptive management, a system to design and manage adaptation in the framework of a flexible, open and

iterative process that can integrate any progress made on climate change. An example might be a long-term

planning process in conjunction with a procedure to continuously revise and improve the adaptation strategy, on

the basis of data supplied by long-standing observation systems and constantly updated knowledge on

the climate and hydrology. In this type of system, the difficulty consists of avoiding threshold effects that may

result in maladaptation;

� no-regrets measures that produce benefits above and beyond adaptation, thus facilitating decision-making in

the face of uncertainty. In other words, these measures reduce vulnerability and result in environmental

and social benefits in all climate-change situations. An example might be to invest in infrastructure with

a shorter service life, for instance building a series of low-cost check dams rather than one very large dam;

� analysis of different adaptation options, in view of selecting the most effective measures after taking into

account various climatic scenarios.
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Figure 48

Top-down approach, guided by the climate-change scenarios incorporating data differentiating between economic
sectors (Carter et al., 1994).



A good start to water adaptation policy in
continental France

Whatever the field, adaptation policies for climate change are formulated in several steps. The first step consists

of doing the necessary studies and research, or setting up groups of experts from various sectors. For the specific

case of freshwater fish, this step serves to assess their vulnerability and that of their environment. Following this work,

preparation of summary documents and/or vulnerability indicators serve to enhance the political debate, formulate

and implement regulatory policies, and to devise adaptation plans for use on the national level, prior to being

adapted to lower levels. In parallel, research results are transferred to water managers, integrated in management

plans and presented in data sheets for those plans. The feasibility and effectiveness of the proposed measures can

thus be assessed and adapted to the local context.

Defining issues by doing research

Over the past few years, a number of research projects funded by various organisations (Ecology ministry via

notably the "Climate-change impacts and management" programme, the National research agency, Onema,

the Water agencies, etc. (Basilico et al., 2009)) have attempted to assess the impact of climate change on water

resources and the related ecosystems. The results have provided the elements required to formulate and

implement a consistent set of adaptive measures on scales ranging from local to national. A few of these

projects are presented below. Only two studies (Explore 2070 and AMICE) looked at the environments and

species of freshwater ecosystems (see Box 16). For the most part, the others focussed on water management

in a context of increasingly rare water resources (see Box 16).

A number of other initiatives have also been taken in recent years. Of note is the September 2009 report

of the interministerial work group to assess the impacts of climate change and the costs of damage and

adaptive measures in France. The work group, set up in March 2007 and managed by the Ecology ministry and

ONERC, brought together various ministries (Agriculture, Health, Tourism, etc.) and a wide array of experts

to assess the costs of climate change and determine the relevant adaptive measures. The work was divided into

nine topics, namely agriculture-forestry, health, tourism, biodiversity, water, risks, transport infrastructure and

buildings, energy and regions.
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Research projects working on water and climate change

Explore 2070
The purpose of the Explore 2070 project, which took place from June 2010 to October 2012, was to:

� assess the impacts of climate change on aquatic environments and water resources up to 2070 in

order to foresee the main challenges and prioritise risks;

� formulate and assess adaptation strategies for the water sector by selecting the most suitable

measures to meet the identified challenges while reducing the risks.

The project was managed by the Ecology ministry (Water and biodiversity directorate, Risk-prevention

general directorate, Energy and climate general directorate, Sustainable-development division),

with Onema, CETMEF, the Water agencies and the basin regional environmental agencies. The project

brought together approximately 100 experts from research institutes and specialised engineering firms

to produce a "water supply and demand" model capable of assessing the vulnerability of all river basins

in France taking into account socio-economic trends and climate change in order to determine the risks

of not satisfying the demands for water resulting from the four main human uses (drinking water,

agriculture, industry, energy) and from environmental needs. Specifically concerning freshwater

environments, the project produced vulnerability indicators for 38 freshwater fish species (see Boxes 12

and 13 in Chapter 3). All the results produced by the project may be found at the site http://www.deve-
loppement-durable.gouv.fr/Evaluation-des-strategies-d.html.

AMICE
The purpose of the AMICE project, funded by the European INTERREG IV B ENO (2009-2013)

programme, was to set up a comprehensive strategy to adapt to the impact of climate change on

flooding and drought regimes in the Meuse basin. The project involved 17 partner organisations from

Germany, Belgium, France and the Netherlands and was structured around various work groups targeting:

� improvements in knowledge on the impact of climate change on the Meuse basin, including

the natural environments and all species;

� the creation of a network of dispersed structures to absorb peak discharges;

� preparation for the possible future discharges in the management systems of existing large structures;

� improvements in crisis management of floods;

� dissemination of project results and communication.

Similar to the Explore 2070 project, AMICE proposed an indicator for the vulnerability of certain fish

species found in the Meuse alluvial valley.

The results of the project may be consulted at http://www.amice-project.eu/fr/index.php.

R²D²2050 - Risks, water resources and sustainable management of the Durance River in 2050
The purpose of the R2D2 2050 project, part of the "Climate-change impacts and management"

programme (GICC 2010-2013), was to run a prospective study on water management for a complex

area highly impacted by human activities, the Durance River basin (13 000 square kilometres). The study

addressed the current functioning of the hydrosystem (quantitative and biological aspects), then the river

dynamics were assessed on the basis of territorial, socio-economic climate scenarios run in close

collaboration with local stakeholders involved in water management.

Box 16
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The main determinants (input and output data of the implemented factors) were identified, described and

modelled on a number of nested scales ranging from Europe as a whole to the management units in

the river basin. In addition, thanks to an integrated modelling platform for the influenced regimes (taking

into account management aspects), that cross-cuts the thematic work and will serve for the forward-looking

resource/use studies, this project produced a dynamic and quantified image of the various management

scenarios developed with the stakeholders.

More information is available at http://onerc.developpement-durable.gouv.fr/fr/projet/r2d22050-risque-

ressource-en-eau-et-gestiondurable-de-la-durance-en-2050.

REMedHE - Climate-change identification and impacts on integrated management of
Mediterranean water resources, a comparative assessment of the Hérault and Ebre regions
The purpose of the REMedHE project, part of the GICC 2012-2015 programme, was to understand

the complex relations between climate forcing, anthropogenic pressures and discharges on an operational

scale in two Mediterranean river basins, namely the Hérault River basin (2 500 km²) in southern France

and the Ebre River basin (85 000 km²) in Spain. For each river basin, it was necessary to develop

an integrated modelling system for water resources/uses in order to:

� represent hydrosystem functioning and changes over the past 50 years;

� propose hydrological scenarios integrating climate change and changes in water uses over the short

(2025) and mid (2050) terms;

� assess the balance between resource availability and future demand;

� test adaptation/mitigation strategies by co-developing scenarios with water managers in the basins.

This approach should make it possible to compare the current and future vulnerability of water resources

as a function of needs.

More information is available at http://www.gip-ecofor.org/gicc/?q=node/535.

HYCCARE - Hydrology, climate change, adaptation, water resources in the Bourgogne region
In view of preparing public decision-makers for climate-change adaptive measures, the purpose of

the HYCCARE project, part of the GICC 2012-2015 programme, was to improve local characterisation

of climate-change impacts and to develop synergies between researchers and local stakeholders.

The project is divided into two main parts.

� The first deals with obtaining knowledge on the impacts of climate change on water resources in

a dozen river basins and on the resulting vulnerabilities. The expected results include better knowledge

on the probable changes in climate risks and an estimate of basin sensitivity taking into account changes

in the regeneration capacity of water resources. The high spatial-temporal resolution of the results will

assist local stakeholders in perceiving the risks involved.

� The second addresses the actions of local stakeholders based on the selected approaches to

adaptation and resource management. Analysis of the collective interaction concerning vulnerabilities

and potential adaptation strategies will identify leverage points for generating public policy on the issues

of climate change and its impacts.

More information is available at http://www.gip-ecofor.org/gicc/?q=node/534.

Continuation of Box 16



� The national plan for adaptation to climate change (PNACC)

The Ecology ministry served as the driving force in launching the initial adaptation efforts in France at the end of

the 1990s, which resulted in the creation in 2001 of a national observatory (ONERC) on the effects of global

warming in continental France and the overseas territories, with direct links to the IPCC. The main objectives of

ONERC, which became part of the Energy and climate general directorate (DGEC) in 2008, are to make

information on climate change widely available, draft recommendations on preventive and adaptive measures,

and contribute to dialogue on climate change with developing countries.

Following the 2004 Climate plan and the formulation of the 2006 National strategy for adaptation to climate

change, France definitively adopted its National plan for adaptation to climate change (PNACC) on 20 July 2011

(see Boxes 17 and 18 for information on mitigation measures). According to ONERC, the fact that the PNACC

inserts adaptation into all public policies makes it the first full-spectrum plan of its type in the EU.

It has since resulted in over 80 detailed projects comprising 230 measures spanning 20 fields including water and

biodiversity. A few examples are presented below.

Key measures in the water sector
� Improve knowledge of the impacts of climate change on water resources and the impacts of various possible

adaptation scenarios.

� Set up effective means to monitor phenomena involving structural imbalances, shortages and droughts

in a context of climate change.

� Increase water savings and improve the efficiency of water use. Reduce abstractions 20% by 2020

(not including water stored in winter).

� Accompany forms of economic development and land use that are compatible with locally available water

resources.

� Reinforce integration of climate-change issues in water planning and management, in particular in the work

programmes of the Water agencies (2013-2018) and in the future river-basin management plans (RBMP)

for 2016 to 2021.

Key measures for biodiversity
� Integrate biodiversity issues related to climate-change adaptation in research and experimental programmes.

� Reinforce the existing tools used to measure the impact of climate change on biodiversity.

� Promote integrated regional management techniques taking into account the effects of climate change on

biodiversity.

� Integrate adaptation to climate change in national strategies and plans to preserve biodiversity.

Two years following the launch of the plan, few measures have been completed, however most are under way

(81% of the measures and 96% of the projects). It should be noted that some river basins have created

regional versions of the PNACC in order to effectively launch initial implementation of the adaptive measures.

That is the case for the Rhône-Méditerranée basin which adopted in 2013 its Basin plan for adaptation to climate

change. The plan assesses vulnerability throughout the basin using indicators presented as maps for five main

parameters, i.e. water availability, soil moisture levels, biodiversity, nutrient levels in water and snow cover.

The basin plan proposes an adaptive strategy and a set of measures to reduce vulnerability. It may be downloaded

from www.eaurmc.fr/climat.
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The regional climate-air-energy plan (SRCAE)

In parallel with the formulation of the PNACC, the Grenelle 2 environmental law (12 July 2010) foresaw

the creation of regional climate-air-energy plans (SRCAE) managed by the regional prefect and the

president of the regional council.

The plans set regional objectives for the period 2020 to 2050 concerning reductions in GHGs, limiting

energy demands, developing renewable energies, reducing air pollution (mitigation strategy) and

adapting to climate change.

Practically speaking, the plans primarily address mitigation measures that will produce results in favour

of biodiversity only over the very long term.

Box 17

The territorial climate-energy plan (PCET)

The territorial climate-energy plan (PCET) is a planning document created by the national climate plan and

mentioned in both Grenelle environmental laws 1 and 2. The purpose of the plan, a mandatory document

for towns with over 50 000 inhabitants, is to assist local governments in incorporating energy issues in all

their public policies. A further goal is to limit GHG emissions and to set up a local adaptation strategy

for the effects of climate change.

A PCET generally includes:

� a characterisation report (carbon balance, energy footprint, register of GHG emissions (diffuse, mobile,

local));

� a forward-looking study (major trends, emerging phenomena);

� quantified objectives with deadlines, targeting results at least as demanding as the national and

European objectives (factor 4 by 2050, 3x20 objectives for 2020);

� a section targeting mitigation and another targeting adaptation;

� indicators (generally for pressure, state and response) to monitor and assess on the desired scale

(national, regional, town, etc.).

It should be noted that a PCET must be taken into account by the local development plan (SCOT) and

the local zoning plan (PLU), and it must be compatible with the regional climate-air-energy plan (SRCAE)

that regions must set up with the regional prefect (see Box 17). A PCET may serve as the "climate

section" in the Agenda 21 plan of a local government or in a territorial sustainable-development plan.

Finally, if the plan is formulated by a region, the region may integrate it directly into its SRCAE.

Box 18

� Integration of climate-change issues in French and European regulations on water management

Even though the IPCC warned governments as early as 1988 about the possible consequences of climate change,

it took several years for the issue to feature in regulations (see Box 19).



For example, in the year 2000, the Water framework directive (WFD) did not explicitly mention climate change

which was still considered a secondary pressure compared to hydromorphological alterations and chemical

pollution. However, in that it set the goal of preserving and restoring water status34, the WFD was seen as one

of the main means of reducing the vulnerability of species and environments to climate change.

It is only seven years later that climate change was officially mentioned in EU documents, for example:

� directive 2007/60/CE on the assessment and management of flood risks, which highlights the need to assess

flood risks taking into account climate change;

� the document sent by the EU commission to the Parliament and the Council (COM (2007) 414 final) which

stresses the necessity of "addressing the consequences of climate change and in particular water scarcity and

droughts".

In France, even though natural environments were acknowledged as early as 1976 (Law on the protection of

nature, followed by the Law on freshwater fishing and the management of fish resources (29 June 1984)),

mention of the impacts of climate change and the concept of adaptation first appeared in the Law on water and

aquatic environments (LEMA, 30 December 2006). The law transposed the WFD into French law and made use

of two existing basin-level water-management tools, the RBMP35 and the SBMP36. The main conceptual

advances concerned:

� acknowledgement of a universal right to water;

� inclusion of adaptation to climate change in management policies for water resources.

97

34. The WFD is implemented via management documents, the river-basin management plans (RBMP) in France, that were
created by the 1992 Water law.
35. RBMP, river-basin management plan.
36. SBMP, sub-basin management plan.

Background information on adaptation worldwide

Historically speaking, it is the Intergovernmental panel on climate change (IPCC) that disseminated and

popularised the concept of adaptation. The panel was created in 1988 by the World meteorological

organisation (WMO) and the UN environment programme. Its mission is to report on current scientific

knowledge on changes in the climate worldwide, the impacts and the means to mitigate the changes.

Even though the IPCC has no regulatory powers, its influence on public policies concerning the climate

and pollution control has been significant throughout the world in light of the fact that many climate plans

incorporating adaptation strategies came into being starting in the 1990s.

In this context and in an effort to support the IPCC, the EU published in June 2007 a Green book on

adapting to climate change in Europe. The EU pursued these efforts with the publication in April 2009 of

a White book intended to assist the Member States in implementing their adaptation strategies. Finally,

following consultations on the two books with the Member States over the year 2012, in June 2013

the EU adopted a comprehensive strategy for the Member States.

A summary of all the measures taken by the EU targeting adaptation to climate change is available at:

http://climate-adapt.eea.europa.eu/web/guest

Box 19
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Managing uncertainty

In the water sector, uncertainty is a particularly important factor due to the prevalence of the long term

in both the time spans involved in planning and in the service life of installations (De Perthuis et al., 2010;
Plan bleu, 2011). The time scales influencing decisions on hydraulic strategies and infrastructure projects

are often similar to those involved in climate change (Plan bleu, 2011). For this reason, "no-regret"

solutions, e.g. efforts to manage water demand, offer decided advantages in that they reduce

the vulnerability to hydrological change while providing short-term benefits, whatever the future may hold

in terms of climate change with its inherent uncertainties (see Figure 49).

Box 20

That being said, to date, no regulations make it mandatory to integrate climate change in management policies,

a factor that limits the progress toward adaptation launched by the PNACC. However, the situation should change

with the integration of climate-change issues in the new RBMPs (2016-2021). In addition, a ministerial

instruction from February 2013 concerning the road map for local State services in the fields of water,

biodiversity and landscapes for the period 2013-2014 called on water managers to adjust abstractions to

the available resources according to the guidelines laid out in the PNACC (see the "Key measures in the water

sector" above).

� Review of the measures to reduce the vulnerability of freshwater fish in France

In spite of abundant scientific literature on the consequences of global warming, there have been relatively few

proposals to limit the impacts. In most cases, they consist of very general guidelines concerning

the management of water resources and do not directly concern fish or aquatic environments (see for example

the Plan bleu (Blue plan) in 2011 or the PNACC).

The purpose of this section is to present the initiatives and/or the measures that could effectively contribute

to reducing the vulnerability of species and environments without neglecting the uncertainties inherent in climate

and socio-economic projections (see Box 20). They generally fall under the category of the restoration or

conservation of good ecological status now made mandatory by the WFD in that a majority involve types of

measures known and implemented prior to the appearance of climate-change issues. It is therefore important

to look into the specificity of climate change and of adaptation with respect to current policies and practices.

Figure 49

Impact of uncertainty on the effectiveness of management and adaptation measures in the water sector
(Plan bleu, 2011).
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� Maintaining and restoring ecological continuity

The results presented in the third chapter show the degree to which the free movement of species is a key factor in

their adaptation to climate change. This is because temperature rise in water inevitably leads to favourable habitats

shifting upstream for many species. For certain cryophilic species, e.g. brown trout, the projected favourable habitats

are thus limited to refuge zones at the heads of river basins. Efforts to maintain existing ecological continuity or

to restore it where needed are therefore an important element in enabling fish to move to a new habitat. For some

species, it may even be the condition sine qua non for their continued existence in certain river basins in continental

France (e.g. brown trout,Atlantic salmon, bullheads). In addition, it allows aquatic organisms to access habitats that are

larger and more diversified in terms of the environmental conditions. This manner of encouraging biodiversity is also

a prudent means of splitting up the risks given the uncertainty weighing on the consequences of climate change.

A number of different techniques are available to restore ecological continuity.

The removal of obstacles (see Figure 50) or, to a lesser degree, the lowering of an obstacle, is often the most effective

solution ecologically speaking, because it restores not only continuity for all species, but also the lotic habitats required

for many species (e.g. salmonids andmany rheophilic cyprinids) and the corresponding sediment transport. Of course,

this solution encounters difficulties in terms of its feasibility, given the socio-economic aspects often linked to

the obstacle (particularly dams), but remains an interesting option in terms of the challenge involved, its high degree

of effectiveness and the cost.

However, certain no-regret or low-regret measures that continue or expand current policies,

or correspond to "marginal" adaptations (e.g. management of hydraulic efficiency or adaptation of

certain structures), are particularly useful in the short term, but may turn out to be insufficient or very

costly over the long term, especially when they attempt to maintain activities or uses that may be put into

question by climate change, which is notably the case for irrigated crops. These measures also risk

inhibiting awareness of impacts and slowing the adoption of longer-term measures and more significant

changes in behaviour.

Consequently, instead of attempting to maintain what now exists or to determine the optimum solution

for a given climate future (optimisation), the goal is to set up scenarios and management decisions

capable of satisfactorily handling a wide range of changes occurring in the framework of several

plausible hydrological futures. In other words, the objective is to encourage adaptive management, i.e.

a form of management that reduces vulnerabilities and increases adaptive capacity via a step-by-step

adaptation process.

Continuation of Box 20

Figure 50

Photos before and after
the removal in 1998
of the Saint-Etienne-du-Vigan
dam on the Allier River. This
project was carried out in
the framework of the "Loire
grandeur nature" plan targeting
restoration of Atlantic salmon.
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History and current regulations governing river classifications

In 1827, article 34 in the law on river fishing stipulated that "It is forbidden to place in navigable or

raftable waterways, canals and streams any obstacle, device or installation of any type for fishing

purposes that completely blocks the passage of fish". This article applied "not only to dams built

exclusively for fishing purposes, but also to dams built for a factory, but that also served for fishing".

At that time, fish constituted an essential source of food for the population.

To enable access of all to the resource, the authorities decided to facilitate the free movement of fish by

making it mandatory to install fish passes on any new structures in the rivers listed in a decree. The first

decrees listing rivers for fish passes were issued in the years 1904, 1905 and in the 1920s. However,

following the oil shocks in 1973 and 1979, it was decided to reinvest in the development of hydroelectric

power and reduce the regulatory requirements. To protect certain rivers from an array of new dams,

a river-classification system was introduced, including the notion of "reserved rivers". In reserved rivers,

no new hydroelectric plants were to be authorised or conceded.

In 1984, in light of the ineffectiveness of certain passage systems for fish and the insufficient requirements

contained in the 1865 law (no mandatory results), the new fishing law imposed:

� minimum results and constant maintenance of passage systems (fish passes and bypasses for

downstream migration);

� modification of existing structures within five years following the publication of the official document

listing the concerned species.

Article 6 of the LEMA law (2006), subsequently published as article L. 214-17 in the Environmental code

(2011), reinforced the fishing law by modifying the classification system of French rivers. Two categories

were created.

Box 21

The second type of solution is to install a fish pass, however a fish pass simply mitigates impacts and does not

fully restore ecological continuity given that only fish benefit (and only some of the fish). Many different types of

fish pass exist, including pool-type passes, Denil passes, rock-chute fish passes, passes for eels and bypass

channels. Some enable the passage of many different species, e.g. pool-type passes and bypass channels,

while others are more selective, such as Denil passes intended primarily for salmonids, and eel passes. Above

and beyond regulatory requirements (see below), the decision to install a pass often depends on socio-economic

considerations weighing on the obstacle (dams, hydroelectric plants, recreational activities, excessive cost

of removing the obstacle, etc.).

On the national level, the maintenance and restoration of ecological continuity is the objective of the national

ecological network (TVB), divided into regional ecological-continuity plans (SRCE). Restoration of ecological

continuity is also an objective of the WFD. The WFD ministerial instruction 2005/12 defining "good status"

indicates that "the continuity of rivers must be ensured by restoring the freedom of movement (both upstream and

downstream) of aquatic organisms over spatial distances compatible with their development cycles and long-term

survival in the ecosystem". These regulations were drafted to enable certain species, notably diadromous fish,

to accomplish their entire life cycle (in fresh water and in the sea) (see Box 21).

The selection of obstacles for work depends on the potential for restoring movement upstream and providing

access to a maximum number of spawning grounds and to growth zones for the species in question. Operations

of this type have been carried out on the Gave de Pau River and in the Vienne department (removal of

the Maison-Rouge dam), enabling the return of several diadromous species, including the Atlantic salmon.
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Restoration of ecological continuity and biological invasions

The risks of invasion by exotic species, such as black bullheads (Ameiurus melas rafinesque),
pumpkinseed (Lepomis gibbosus), topmouth gudgeon (Pseudorabora parva) and Ponto-Caspian gobies
(Manné et al., 2013), are frequently mentioned when work to restore ecological continuity is undertaken.
This is because the combination of climate change, in the form of increased water temperatures, and

the restoration of continuity in rivers could encourage their penetration. However, this scenario is not

valid for all exotic species because other conditions (hydrology, productivity) besides water temperatures

could limit their migration. That is the case for Wels catfish and pumpkinseed, among others.

That being said, the risks of invasion are fairly high due to the existence of impoundments, ponds and

other forms of channelling. A number of measures may be taken to limit the risks. Habitat restoration

could over time encourage the diversity of environments and of (native) species, thus slowing invasions

(Tilman, 1999; Fargione et al., 2003; Xu et al., 2004). Study on the river sections where continuity should
be restored must nonetheless take into account conservation issues because some exotic species

develop quite well in "good-status" environments. The most striking case is that of crayfish because

non-native species can be the healthy carriers of aphanomycosis, the deadly crayfish plague that can

cause local extinctions of native species, whatever the quality of the environment and whether

climate-change conditions exist or not. In this case, the removal or modification of obstacles separating

native species from invasive species should be avoided.

Box 22

In efforts to adapt to climate change, action plans targeting restoration of ecological continuity differ significantly

from those currently implemented via the system of river classification (see Box 21). Whereas the measures

implemented in the latter case tend to favour diadromous species (continuity from the estuary to the spawning

grounds), the measures required in a context of climate change consist of providing holobiotic species (aquatic

species spending their entire life cycle in fresh waters) with the means to reach the habitats that, in thermal and

hydrological terms, are the most favourable and are generally located further upstream. Many of the holobiotic

species live in zones that diadromous species do not or rarely inhabit. Given that the species most vulnerable

to temperature rise in water are located primarily in the intermediate and upstream sections (see Chapters 2

and 3), the selection procedure should also consider these sections when deciding which obstacles require work

(but see Box 22). A number of initiatives have already been launched in a number of areas. An example is

the Morvan regional nature park where certain rivers had become less favourable for fish populations (trout,

bullheads, minnows, etc.) inhabiting the upstream sections (LIFE programme on "Heads of river basins and

the corresponding native species", Baran and Milley, 2007).

� Rivers in List 1 (point 1 in section I of article L. 214-17 in the Environmental code) are protected from
further degradation and should be preserved indefinitely. List 1 corresponds to an updated form of
the "reserved rivers". It includes rivers judged to have very good ecological status, biological reservoirs
and rivers seen as important for diadromous fish. The construction of any new obstacles to ecological
continuity, for any reason, is forbidden in these rivers.
� Rivers in List 2 (point 2 in section I of article L. 214-17 in the Environmental code), which corresponds
to the concept of "classified rivers" found in article L. 432-6 of the Environmental code, should rapidly
receive work on any existing structures to comply with the objectives of ecological continuity. This implies
an obligation to ensure sediment transport and the movement of migratory fish, whether diadromous
or not, through the creation of passes, management of gates, etc.

Continuation of Box 21



For example, the discharge in a river can directly affect the riverbed and the composition of the substratum

(including the plant cover) and encourage (or discourage) the reproduction of certain species, e.g. barbel, bleak,

roach, rudd and nase in the Rhône River (Cattanéo et al., 2001), or provide shelter for certain species (see for

example the case of reduced cyprinid predation, Schlosser and Ebel, 1989). Above and beyond the discharge

itself, other parameters influence the life cycles of fish species such as the frequency, magnitude and seasonal

variations in discharge because not all species can make use of the same hydrological conditions (Poff and

Ward, 1989).

In the future, modifications in hydrological regimes caused by climate change should heavily impact fish, but in

different manners, e.g. worsening of low-flow levels, increases in extreme values). Adaptations (behavioural,

physiological, etc.) of certain species, enabling them to survive under the new conditions, may be expected.

Population increases in the species adapted to the new conditions and, conversely, local extinctions in

the species unable to adapt, may also be expected. These changes plead in favour of maintaining or reinforcing

recolonisation capabilities and of refuge zones that may be made available through the renewed diversification

of habitats. These effects will most likely be reinforced by the expected changes in abstractions (see Box 23).

Measures intended to reconcile human activities and the preservation of aquatic ecosystems must be launched

in the near term to limit the vulnerability of fish and, more generally, of aquatic environments.

Migration by these species to more favourable areas was blocked by man-made ponds. The elimination of

the ponds resulted, in just a few months, in most of these species (European bullhead, brook lamprey, minnows)

colonising the zones that were more favourable for their life cycles, with the exception of trout. In the Rhône valley,

the home of the Rhône apron (Zingel asper), an endemic species, an initial plan to equip structures was carried

out to encourage recolonisation of the river by the species (LIFE APRON project - 1999-2001 and 2004-2010).

� Managing abstractions and maintaining hydrological regimes

Fish communities depend to a large degree on hydrological regimes for their survival (see Figure 51).
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Figure 51

Diagram showing the physical functioning of hydrosystems and its importance for biological
communities (diagram modified, originally from Baran and Leroyer-Gravet, 2007).



103

Figure 52

Comparison between water abstraction and consumption by type of activity in France in 2001.
Notes. Data applicable for continental France. Volumes are estimated on the basis of user declarations
to the Water agencies for all uses. For irrigation, the "flat-rate" volumes set by the Water agencies were
reassessed between 2000 and 2004 using the agricultural census from the year 2000 and the data on
volumes available from water meters. Prior to 2000, the data are insufficient for a reassessment. After
2004, the "flat-rate" volumes trended down, making a reassessment unnecessary. Abstraction and
consumption of water by use (not including hydroelectricity) in 2001 (Bommelaer and Devaux, 2012).

Trends in abstractions in the decades to come

In 2009, 33.4 billion cubic metres of water were abstracted in continental France to meet the needs for

drinking water, industry, irrigation and electrical generation (Dubois, 2012). The volumes abstracted were

not divided evenly among the uses with electrical generation (not including hydroelectricity) representing

almost two-thirds, far more than the volumes for drinking water (17%), industry (10%) and irrigation (9%)

(see Figure 52). It should be noted that at least 90% of the abstractions for electrical generation are

returned to the natural environment near the abstraction point. Conversely, virtually all the water

abstracted for irrigation is consumed, which makes irrigation the leading consumer.

Box 23

Over the last ten years, abstractions for the four above uses have trended down, notably for industrial

uses (new technologies require less water). However, in the decades to come, abstraction volumes will

depend heavily on climatic conditions, production practices (notably agricultural, e.g. the replacement of

irrigated corn with other crops requiring less water) and territorial planning (e.g. urban concentration

versus urban sprawl). For example, abstractions for drinking water should drop by approximately 32%

by 2070, but those for irrigation should increase sharply if no adaptation measures are taken (between

40 and 66% depending on territorial development, urban concentration versus urban sprawl)

(MEDDE/Bipe, 2013).
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How should biological minimum discharges be calculated?

A number of techniques, more or less elaborate and valid, exist to take into account biological equilibria

in defining low-flow levels and/or hydrological regimes, including holistic, hydraulic and habitat-based

methods (Tharme, 2003). The method most commonly used in France is the microhabitats method that

can be used to assess, as a function of the discharge, changes in the "physical" habitat of a section

of river for a few targeted fish species. In other words, the method links physical characteristics

(of the habitat) to a biological response (quality of the habitat). This method is implemented at

a monitoring point that is representative of a river reach and consists of linking physical data describing

the habitat to a biological response that can be used to determine the quality of the habitat. In France,

three different protocols are based on this method.

� The first is the long-standing method imported by EDF and Irstea in 1994 (Sabaton, 2003), that is

based on actual hydraulic measurements (depth, velocity, sediment grain size) taken under different

discharge-release conditions (in rivers where the discharge can be controlled). This method is used by

the LAMMI program (Tissot et al., 2011).
� The second is the EVHAprotocol (1998), developed by Irstea. It differs from the first in that the hydraulic

measurements are taken for a single discharge and it includes a topographical description of

the monitoring point. A hydraulic model is then used to calculate water depths and velocities for different

discharges.

� The third is the Estimhab protocol developed by Irstea (Lamouroux, 2002). It is one of the statistical

habitat models that can be used to assess the ecological impact of the hydraulic management in a river.

These models use simplified input variables (river width, water depth, most common grain sizes,

measured at two different discharges) to describe changes in the habitat for a given species as

a function of the discharge.

Box 24

The first laws attempting to regulate the quantitative management of water resources were voted in 1984

(Fishing law). The latter foresaw the setting of discharge values for structures (dams, weirs) located in riverbeds.

Article L 214-18 in the Environmental code requires that structures in rivers maintain a minimum discharge

ensuring at all times the life, movement and reproduction of the species living in the river at the time

the structure is created. The ministerial instruction DGALN/DEB/SDEN/EN4 (21 October 2009), derived from

the LEMA law (30 December 2006), reinforced this obligation by requiring an increase in minimum discharges

to 10% of the interannual mean discharge for all structures by 201437. In addition, it is now possible to set

different minimum discharge values for different periods of the year, on the condition that the annual mean value

not be less than 10% of the interannual mean discharge and that the lowest discharge value remain greater than

5% of the interannual mean discharge.

These regulatory changes increasing the minimum discharge are an important factor that now make it possible

to limit certain impacts of abstractions on fish communities. In the future, additional studies must be carried out

to determine on the reach scale or for individual river basins the minimum biological discharges required

depending on the local context (species, hydromorphology, etc.), but also depending on the interannual mean

discharges in a context of climate forcing (see Box 24). In other words, the necessary discharge must be

defined as a function of the ecological requirements of the environment and the local species, and not be set

arbitrarily. This progress will make it possible to improve management tools and the current regulations, and to

escape from a sectoral approach that is not particularly useful given the issues involved in managing water

resources.

37. This law does not apply to structures in rivers where the interannual mean discharge is greater than 80 cubic metres per
second or to hydroelectric plants producing electricity during peak consumption periods. In these two cases, the minimum
discharge is set at 5% of the interannual mean discharge.
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Upland reservoirs, a not so good idea?

To meet the needs of agriculture for water during the summer, while avoiding to pump directly from rivers,

a commonly proposed solution is upland reservoirs used as "substitute reservoirs".

In theory, an upland reservoir is a small, man-made lake dug in impermeable soil and that is supplied with

rainwater. However, the term "upland" is sometimes used for other types of supply as well (Chalabert,

2013). For example, reservoirs are often fed by (a bypass leading from) streams, whether permanent or

seasonal, or by a spring. In permeable soils, primarily in the Vendée and Poitou-Charentes regions,

reservoirs are not located in riverbeds, but are isolated from the natural environment and are supplied

with water pumped from a river or with groundwater (Secrétariat technique du bassin Loire-Bretagne,

2011; FNE, 2011).

Box 25

These methods have numerous limitations. For example, their complexity means that operators must

receive prior training before attempting to use them and before being able to understand their subtleties

when interpreting the results. In addition, none of them take into account all of the factors influencing

the assessment of a biological discharge. Finally, these methods cannot be expected to produce

a precise value for a biological minimum discharge, their purpose is rather to study the gain or loss

of habitat at different discharges. It is therefore advised to combine methods in order to produce

an assessment as precise as possible of the minimum discharge.

Continuation of Box 24

38. There is another discharge level called the reinforced crisis discharge (DCR) under which it is no longer possible to meet
abstractions for drinking water, the safety of sensitive installations and the needs of natural environments.
39. Currently being drafted into the RBMPs.

Pumped abstractions, not including storage/bypass structures (see Box 25), for drinking water, irrigation and

industry are, for the time being, not covered by this regulation. Until recently, abstractions during the summer

period were generally limited by "drought decrees". However, the regulation has since been changed and now

reserves this type of decree for truly exceptional situations. Abstractions in areas confronted with shortages are

currently adjusted on the basis of two indicators38:

� target low-flow discharges (DOE), calculated using monthly mean values capable of ensuring both good water

status and all uses (eight years on average out of ten). DOE values are generally close to the QMNA5 value

(see the definition in Chapter 1);

� target low-flow piezometric values (POE) if they exist.

Similar to that for minimum discharges, these regulations continue to evolve in favour of environmental

preservation. In the future, the modification of these indicators to take into account the biological minimum

discharge will represent major progress. In addition to adjusting abstractions more precisely to local conditions

to achieve better balance between uses and the needs of natural environments, the indicators will provide

a more objective basis for decision-making during crises. Some regions have already started to adapt DOE

values to take into account species biology, notably in the Rhône-Méditerranée basin.

Finally, the measures recommended in the PNACC39, targeting a 20% reduction of the water abstracted by 2020,

are also critically important and must be reinforced in the future given the context of increasingly rare water

resources. The current creation of collective management organisations may help in raising awareness that

water resources must be shared and collectively managed by all users.
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A substitute reservoir draws its name from its usage, i.e. a means to impound water collected when it is

abundant in order to avoid abstracting water from a river during the low-flow period. An upland reservoir

can therefore be used as a substitute reservoir.

These different types of water storage obviously impact the environment, however the character and

magnitude of the impacts depend notably on where the reservoir is located with respect to the riverbed.

When the reservoir is located in the riverbed itself, there can be modifications in the temperature regime

downstream, degradation of the physical-chemical quality of water, alteration of sediment transport, loss

of lotic habitats, loss of the self-cleansing function, a break in ecological continuity, etc. All these effects

are generally well understood.

Reservoirs located outside of riverbeds and supplied with runoff or pumped water during the winter would

seem to have fewer negative impacts on aquatic environments. However, though the impacts on

the hydrology of river basins confronted with several reservoirs have not been extensively studied, some

research indicates that the overall impact is far from negligible, particularly during the first month

of filling. For example, filling of reservoirs during the winter can lead to reductions of up to 50% of winter

discharges (Galea et al., 2005; Philippe et al., 2012). This impact is variable from one river basin

to another. The lower the specific discharge in a basin, the greater the impact (Philippe et al., 2012).
Contrary to what one might think, the issues involved in quantitative management do not exclusively

concern low-flow periods. The changes in the discharge regimes (alternating high and low flows) caused

by the winter storage influence sediment transport and consequently the aquatic habitats and living

communities. The water transiting during high-flow periods should not be seen solely as a disposable

excess, but as an essential parameter in the life of the river. Any new substitute reservoirs must take

the potential impacts into account.

What is more, care must be taken not to increase the dependence on irrigation of farms in areas where

climate change risks augmenting the cumulative impact of these small reservoirs on discharges or even

limiting their filling. A projection based on three climate-change scenarios (increase in temperature and,

in terms of precipitation, three possibilities, i.e. general decrease, general decrease but with an increase

in winter and a general increase in the river basin) showed that, whatever the scenario, the existence of

upland reservoirs worsened the decrease in monthly discharges and in high flows during the filling

period. Reservoir filling rates were also projected to drop, falling below 90% every second year by 2050

(Philippe et al., 2012).
It is thus essential, before creating substitute reservoirs, to make sure that their existence is compatible

with the preservation of ecosystems and/or other uses such as drinking water, under both the current

climate conditions and those expected under climate change.

Continuation of Box 25

Figure 53

Substitute reservoirs positioned outside
of riverbeds are often seen as solutions
for agricultural needs that limit
the impacts during the summer
season. But in fact, not enough
experience has been acquired to
effectively assess their consequences
on the local hydrology and aquatic
environments.
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� Maintain and restore water quality

As mentioned in the previous chapters, the interactions between climate change and the chemical stress

caused by certain potentially toxic aquatic pollutants (Wenning et al., 2010) are likely to provoke malfunctions in
aquatic ecosystems (Schwarzenbach et al., 2006).

Over 100 000 chemical substances have already been registered in the EU, of which 30 000 are used,

imported or produced in quantities exceeding one ton per year. Many end up in aquatic environments where

they may produce a toxic effect at very low concentrations, on the order of 1 microgram per litre, and alter

the quality of ecosystems both directly and indirectly. In addition, organic pollution, though declining over

the past 30 years, is still highly present in certain sectors, notably agricultural, in the form of eutrophication.

The chemical status of 21% of rivers and 40% of groundwater bodies is poor according to the WFD criteria.

Awareness of these ecological impacts and the corresponding risks for human health has grown significantly since

the 1970s and resulted in increasingly stringent regulations.

� Similar to the emblematic directive 91/414/EC on pesticides, many regulations, following up on directive

76/769/EC on "marketing and use of certain dangerous substances and preparations" (abrogated and replaced

by the REACH regulation EC 1907/2006 on the registration, evaluation, authorisation and restriction of

chemicals), have limited the use of toxic substances to specific sectors of activity, conditions of use or

to specific products.

� The French government has invested considerable sums over the past 20 years to upgrade the sanitation

systems of towns in order to improve the quality of aquatic environments and ensure compliance with the 1991

European directive on urban wastewater treatment. Treatment levels are set depending on the size of

the wastewater treatment unit and on the sensitivity of the receiving environment to the released effluents.

These obligations are currently contained in the General code for local governments and in the ministerial

decision (22 June 2007) concerning the collection, transport and treatment of wastewater by local governments

(now being revised).

� Industrial and agricultural activities presenting a high risk of pollution must be authorised (directive 2008/1 EC).

The directive establishes minimum requirements that must be included in authorisations, notably concerning

the release of pollutants. The objective is to avoid or reduce polluting emissions to air, water and soil, as well as

any waste produced in industrial facilities or on farms.

� In 2000, the Water framework directive (WFD) adopted the general approach of directive 76/464/EC, but added

monitoring of environments, notably with environmental quality standards (EQS) explicitly defined for water and

biota (see daughter directive 2008/105 EC amended by 2013/39/EC). The WFD, which concerns all aquatic

environments including coastal and transitional waters, requires preservation of non-degraded aquatic

environments (reference state) and the restoration of moderately or heavily degraded environments to good

status by 2015, given that good status includes both the ecological and chemical status of a water body.

A number of action plans have been launched in recent years to comply with these regulatory requirements.

A first national action plan for sanitation was launched in 2007 to ensure conformity of wastewater-treatment

plants and networks with the Urban wastewater-treatment directive. The purpose of the new action plan for

2012-2018 is to ensure conformity of local governments with the new EU requirements concerning the quality of

environments and water uses (WFD, Bathing-waters directive, Shellfish-waters directive, Marine strategy

framework directive), with particular attention paid to improving wastewater treatment in small towns (less than

2000 population equivalents) and to collection of rainwater. A further objective of the plan is to integrate

sanitation in the overall process of sustainable development, taking into account climate change.
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Figure 54

The Marguerittes planted discharge zone (Gard department) was the topic
of a research programme managed by Irstea and funded by Onema.
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Concerning micropollutants, a national action plan was launched for the period 2010 to 2013. It comprises three

main sections:

� reduce emissions at their source by taking direct action on the most harmful substances, on the sectors

polluting the most and on the most severely degraded environments. This is a comprehensive approach

attacking the entire life cycle of micropollutants and highlighting preventive rather than curative methods,

notably concerning the marketing of products;

� improve knowledge on the status of water bodies in the framework of the RBMPs by drawing up an inventory

of the emissions and releases of the substances affecting the chemical status as per the WFD or, among other

measures, defining clear rules on how to interpret monitoring results, for use by all stakeholders;

� improve scientific and technical knowledge in order to identify where progress can be made and set priorities

for public action by monitoring and validating results observed in study areas in the field, for example.

For sanitation, a number of technical solutions are currently being studied. For example, planted discharge zones

located between wastewater treatment plants (WWTP) and the receiving environment can, in some cases,

reduce the impact of the effluents notably by reducing the volumes and flows of pollutants and by providing

better protection of river banks. However, the experience acquired to date is insufficient to quantify

the performance of these systems concerning a reduced impact of the effluents. That is why Onema, in

a partnership with Irstea, has funded a major research programme on planted discharge zones (see Figure 54).

In addition to efforts to reduce emissions of pollutants at the source, improvements in the effectiveness of WWTPs

for micropollutants constitute a major factor in the work to preserve aquatic environments. The Armistiq project

(2010-2013), funded by Onema and managed by Irstea in conjunction with Suez Environnement and

the University of Bordeaux, created technical and economic assessment techniques for both standard

treatments and more recent processes not yet widely used in France (http://armistiq.irstea.fr). What is more,

improvements in knowledge and practices concerning the management of urban rainwater runoff have steadily

gained in importance in view of both limiting the impacts on the environment and preventing floods.

There are also technical solutions to reduce the impact of agricultural effluents, e.g. by maintaining or expanding

grass buffer strips along cultivated fields, etc. Finally, one of the most integrative solutions to maintain or restore

a level of water quality compatible with biodiversity and drinking-water needs is probably the restoration of river
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Figure 55

By providing shade, riparian vegetation plays an important role in the temperature
regime of rivers.
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Similar results have been observed along the Vaucorniau stream (Nièvre department), where differences in water

temperature between wooded areas and meadows ranged from 0 to 5°C (Durlet, 2009) (see Figure 56).

The preservation, upkeep and restoration of riparian vegetation could therefore be a decisive factor in limiting

temperature rise in water, in certain rivers. Currently, the WFD has not set any precise objectives concerning

the physical quality of rivers and their banks. However, all the professionals in the water sector highlight the roles

played by these environments and a majority of SBMPs and management plans now include action plans

to restore riparian vegetation and work on the banks, e.g. maintain a natural wooded area between farm land and

river banks, limit grazing of livestock by blocking access or placing metal protective devices around bushes

to enable wooded riparian vegetation to develop, plant or use cuttings to develop tree species found in the

area, etc.

hydromorphology. It has been shown that the diversification of river facies, meandering and the presence of

riparian vegetation have a positive impact on the self-cleaning capacity of rivers, notably concerning nutrients such

as phosphorous and nitrogen (Nicolas et al., 2012). The same is true for wetlands.

Over the long term, implementation of these various regulations, plans and technical solutions should make it

possible to protect the environments involved in the water cycle. As a result, pollution risks should decrease

in the future.

� Control anthropogenic warming of water

Temperature rise of water is unavoidable under the announced conditions of climate change. Any and all

measures likely to limit warming would thus be beneficial in order to limit the vulnerability of fish.

Riparian vegetation, particularly when composed of trees (see Figure 55), plays an important role in regulating

the temperature regime of small rivers by limiting the increase in surface temperatures (see for example

Johnson, 2004; Durlet, 2009; Larson, 1996; Rapport Clim-arbres, 2012). For example, a study in Switzerland on

the Boiron de Morges stream found that the presence of a forest along an entire reach resulted in a temperature

drop of over 3.3°C compared to a reach without any riparian vegetation (Rapport Clim-arbres, 2012). Macrophytes

also play a non-negligible role by inducing a drop in temperature of 1°C (Rapport Clim-arbres, 2012).



Preservation of all the natural hydromorphological functions of rivers would also contribute to limiting

temperature rise in water and/or to maintaining an optimum level of dissolved oxygen. Recent studies have

shown that hyporheic flows play in important role in regulating the temperature regime of rivers (see Figure 57).

Similarly, work to recreate meanders in a river located in the Remoray lake nature reserve (Doubs department)

resulted in a rise of the water table and a reduction in the maximum summer temperatures of approximately

1 to 3°C (Rhône-Méditerranée water agency, 2006). The work consisting of injecting gravel and recreating

meanders would seem to be effective in limiting temperature rise in water, similar to other measures attempting

to limit clogging of rivers and to improve sediment transport.
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Figure 57

Theoretical impact of hyporheic flows on the water temperature in rivers. The yellow line shows the surface
temperature without a hyporheic flow, the orange line the surface temperature with a hyporheic flow and the blue
line the temperature of the hyporheic water (Grant et al., 2006).

Figure 56

Comparison of water temperatures between wooded areas and meadows along the Vaucorniau stream.
Measurements were taken every 30 minutes. The absence of shade in the sections along meadows resulted in
a significant increase in maximum temperatures and in thermal amplitudes in the stream (Durlet, 2009).
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Regulations impose certain management techniques on existing structures, e.g. regular opening of gates

to improve sediment transport and ensure ecological continuity (see the previous section). In addition,

regulations also require that structure owners undertake regular maintenance work on reservoirs (removal of

jamming material, debris and deposits) to maintain a natural flow of water. These different measures should,

over time, improve river hydromorphology and consequently reduce temperature rise in water. It should be noted

that the injection of gravel can enhance these positive effects. Finally, modifications in farming practices designed

to limit soil erosion would also contribute to reducing clogging of riverbeds by fine sediment (clay, silt, fine sand).

The disconnection and even the elimination of successive ponds along a river are also a means to limit

temperature rise in water. It has been shown in a number of studies that a series of ponds along a river results

in significant temperature rise in water because the surface area of a pond in contact with the atmosphere is much

larger than that of a river (Durlet, 2009). Measurements taken downstream of the ponds on the Cousin River in

the Morvan regional park revealed significant temperature rise in the water (4.5°C) exceeding the levels that

trout and bullheads can tolerate (see Figure 58) (Baran, 2005).

Figure 58

Hourly change in water temperature upstream and downstream of the Champeau pond. Data from 2005.
The pond covers 30 hectares, is 850 metres long, lies at an altitude of 550 m and is 3 m deep at its maximum.
During the summer, the residence time of water is approximately 24 hours (Durlet, 2009).

Similar results have been observed on the Arroux River in the Saône et Loire department (Karamalengos, 2009)

and at a large number of sites in the Brenne and Sologne regions. Currently, a number of pond and river contracts

highlight these detrimental effects and propose measures to forbid or limit the creation of ponds directly in

riverbeds. These measures must be reinforced in the future context of widespread temperature rise in water.

Control over abstractions in rivers is another means to limit temperature rise in water. Hydrological conditions have

a significant impact on temperature rise in water. A reduction in the discharge increases the ratio of the surface

area in contact with the atmosphere to the total volume of water transiting a given section of the river, thus

contributing to temperature rise. The various phenomena involved are even more complex for diadromous fish

because climate change also produces effects in the oceans. For example, the models project that the interaction

between the drop in ocean survival rates and the increase in the hydrological amplitudes in rivers could increase

the probabilities of local extinctions. This phenomenon would, however, be mitigated by the increase in water

temperatures in rivers, at least initially, i.e. over the next three decades (Piou and Prévost, 2013). For these
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Can hypolimnetic releases from dams reduce downstream temperatures?

In certain cases, dams equipped with hypolimnetic (deep-water) outlets40 result in lower temperatures

downstream due to stratification-destratification phenomena in the upstream reservoir. This has been

observed on the Dordogne, Maronne and Cère Rivers. The water transiting the turbines, drawn from

the bottom of the upstream reservoir, has a lower temperature than the water entering the reservoir. For

example, if the reservoirs along the Dordogne River did not exist, it has been calculated that the water

temperature in the reaches downstream of the dams would be 4°C higher than is currently the case

(Lascaux and Cazeneuve, 2008). However, in some rivers, e.g. the Yonne below the Pannecière dam,

the changes in the temperature regime (excessively low spring temperatures) inhibit the reproduction of

the species naturally present in the river. In addition, even though the lower temperatures correspond to

the needs of trout, its reproduction is disturbed by the hydrological modifications caused by the dam

(Lascaux et al., 2001). In light of the impacts created by man-made reservoirs (obstacles to migration,

destruction of lotic sections, changes in water quality, obstacles blocking sediment transport, etc.),

it must be concluded that they cannot serve as a means to reduce temperatures.

Box 26

reasons, in addition to the reductions directly caused by climate change, it will be necessary to control abstractions

in rivers (see the previous section).

Finally, it will also be necessary to reinforce regulations to avoid temperature rise in water caused by 1)

the cooling systems of nuclear power plants, 2) industrial releases, 3) urban discharges and 4) waters

contained in reservoirs during the summer season (see Box 26). Enhanced control over these sources must be

pursued, notably concerning the maximum temperature, the maximum discharge, the periods at which releases

are authorised, etc. Currently, thermal discharges are governed by the European fish directive (1978) which

limits temperature rise to 3°C for waters inhabited by cyprinids and to 1.5°C for salmonids, with a number of

possible exemptions in French law. It should be noted that the absolute limit is 28°C. This directive will soon be

replaced by the WFD.

The information presented above shows that there are a number of measures available to limit temperature rise

in water and most are already recommended by current regulations. The next steps will be to reinforce these

measures and to raise awareness that they are essential factors in the efforts to reduce the vulnerability of

aquatic species to climate forcing. The expanded monitoring network for water temperature (RNT) established

by Onema in 2008 must be maintained and if possible expanded further. It is a crucial element in the work

to monitor temperatures in French rivers and to assess the effectiveness of the measures implemented.

40. The water is drawn from the bottom of the reservoir. During the summer, this water is colder than the surface water.
In the winter, the opposite is true.



Conclusion and outlook

Adaptation to climate change is a complex phenomenon that is already well under way in France. The National

plan for adaptation to climate change (PNACC) provided new impetus in 2011 by pulling together an array of

separate initiatives and by coordinating a number of incentive and regulatory measures (SRCAE,

PCET, SDAGE, SRCE, etc.). In the water field, however, no new binding measures have been undertaken.

That being said, the information presented in this chapter makes clear that the WFD measures already

implemented constitute a highly effective tool in reducing the vulnerability of fish populations in a context of

climate change.

The increases in minimum discharges, the use of suitable target low-flow discharges and efforts to reduce water

consumption as stipulated by the PNACC are all important steps forward in the quantitative management of

water resources.

The restoration of ecological continuity, if implemented country wide for all holobiotic and diadromous species,

will enable them to reach more favourable areas in the future in as much as the available habitat conditions

(hydrology, physical-chemical parameters, etc.) are still conducive to their presence.

These measures must imperatively be accompanied by improvements (or at least no further degradation) in

aquatic environments. To that end, it is essential that rivers offer diverse hydrological and morphological

conditions, the factors required to ensure water quality and suitable thermal conditions, dispersal of aquatic

organisms and their survival in a changing environment.

Clearly, contrary to efforts to constitute "sanctuaries", it will be necessary in the future to accept that certain

native species are no longer suited to the new climate conditions, that they must leave their traditional ranges

and that the ecosystems in a given area will change in their composition and in how they function (Dutartre and

Suffran, 2011).

However, in spite of the uncertainties surrounding climatic and hydrological projections, climate change should

be seen as a further argument to implement measures to attenuate pressures and thus enhance the resilience

and adaptive capacity of environments and organisms.

Funding of research programmes will provide knowledge on essential aspects such as the thermal and/or

hydromorphological "preferences" of fish, their movements in rivers and their capacity to adapt or to acclimate.

The relative impact of anthropogenic pressures compared to climate forcing and the links between water

quality, water temperature and fish populations are further issues that require the attention of researchers.

Looking farther into the future, it will be necessary to test through simulation the responses of populations and

communities to new management strategies attempting to encourage adaptation of aquatic species to climate

change. The new strategies may decide to select certain traits promising greater adaptive capacity in order to

accelerate adaptation or they may opt to encourage biodiversity in order to enhance resilience in an approach

designed to spread the risks.
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Finally, distribution models must be improved in view of their use on smaller scales (e.g. for river basins) and it

will also be necessary to develop models focussing more closely on population and evolutionary processes

(demogenetic models) in order to overcome the limits imposed by distribution models.

The continued operation and development of the observatories and measurement networks will be key factors

in the future in both monitoring change and in assessing the effectiveness of the measures implemented.

In the final analysis, it is important, on the one hand, to pursue and immediately amplify all types of work

to restore and preserve correct functioning of aquatic environments. Their good health will make them more

resilient to modifications resulting from climate change and thus reduce the vulnerability of species. On the other

hand, it is important to continue the accumulation of data and research results in order to better understand,

over the mid term, the phenomena involved and to improve the responses to those phenomena. The two

approaches are essential because they complement each other.
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