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Introduction

1 Program evaluation in sustainable studies

Although science has long warned about the limits of growth (Meadows et al., 1972)

and settled evidence of the cost of political inaction, it fails to support social, ecological

and environmental transitions at a large scale (Glavovic et al., 2021). In this context, eval-

uating research outcomes becomes crucial to maximizing the societal beneĄts of research

aiming to support the comprehension and management of socio-economic and environ-

mental problems (PenĄeld et al., 2014).

To effectively tackle socio-economic and environmental problems, environmental sci-

ence has to deal with the many feedback between physical and social factors that make

the framing of such problems extremely complex. This complexity and a high degree of

uncertainty leads to the non-existence of a unique optimal solution (Head and Alford,

2015; Jahn et al., 2012; Rittel and Webber, 1973) and complicate the management of

environmental-related problems which are often deĄned as wicked. Recognising the inter-

actions and co-evolution of social and ecological components and the intrinsic complexity

of environmental issues implies recognising the need to tackle them with integrative strate-

gies based on multi-, inter- (Haberl et al., 2019) and transdisciplinary approaches (Dick

et al., 2018; Hage et al., 2010). In this Ąrst part of the introduction, we will expose the

central concept of the two Ąelds of study that deal with the complexity of framing and

tackling environmental problems and in which this thesis is anchored: sustainable studies

and outcomes evaluation. We will start by brieĆy retracing the development of sustainable

studies as a research Ąeld that acknowledges the intricate nature of environmental issues

and the close interdependence between social and ecological systems. Then we will look

into the main concepts of modern outcome evaluation, including the difference between

outputs and outcomes and the idea of research impact pathways.

1.1 A brief history of science and socio-ecological issues: from

multidisciplinary approaches to sustainable studies

In the last decades, our vulnerability to natural hazards has increased (Yigitcanlar

et al., 2022), and the ecosystems’general degradation is leading to biodiversity erosion

(Almond et al., 2022) and threatening ecosystem services’provision (Maes et al., 2021).

In parallel to the increasing sustainability challenges that characterise the Anthropocene

(Lewis and Maslin, 2015), public concerns around the environment and climate are rising.

2
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For example, between 2010 and 2020, the share of people considering climate change a se-

vere problem passed from 46% to 74% (Funk et al., 2023) and nowadays, more than half of

French people consider climate change somehow affecting their living area. In this general

increase in vulnerability and concern, science’s role in tackling environmental pressures

evolved.

During the 60s, environmental studies were formally structured to study human-

environment relations (Montello and Sutton, 2012). Due to its intrinsically multidisci-

plinary focus, environmental studies transcend the boundaries of disciplines addressing

biophysical processes and include principles from economics, social sciences and humani-

ties (Emmett and Zelko, 2014; Mishra, 2008). ScientiĄc research belonging to this branch

has studied the environmental and social risks associated with well-established practices.

For example, Rachel Carson (1962) documented the harmful consequences of the massive

use of pesticides on the environment and her book Silent Spring is often considered the

publication marking the beginning of the modern environmental movement. Moreover, in

the 70s, scientists started to warn against the disruptive consequences of the exponential

rise of greenhouse gases (IPCC, 1990; Meadows et al., 1972). These two examples show

that environmental advocacy has been part of environmental studies since its inception

(Montello and Sutton, 2012). Nevertheless, during the 90s, we assisted in an increasing

debate on global environmental problems, and the apparent need for rapid and substan-

tial changes in the socio-ecological systems impulsed a reorganisation of part of scientiĄc

production aiming at providing actionable research.

Following the deĄnition of Dilling and Lemos (2011, p. 681), then retaken and com-

pleted by Pearman and Cravens (2022), actionable science can be deĄned as science

Şproduced to contribute directly to the design of policy or the solution of a [real-world]

problemŤ. Research funding mechanisms also reĆect and drive this shift towards goal-

oriented research, and public founders design grants to promote environmental-related

research projects producing applied solutions and fostering sustainability (Arnott et al.,

2020; ESRC, 2022). For example, between 2014 and 2020, the European research and

innovation funding programme Horizon 2020 reserved at least 35% to climate action (Eu-

ropean Commission, 2014). In this movement towards the production of action-oriented

science, we assisted a diversiĄcation of actors involved in producing knowledge (Funtow-

icz and Ravetz, 1993; Skarlatidou and Haklay, 2021; Weichselgartner and Truffer, 2015).

3
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Scientists, institutions and civil society started to cooperate regularly to produce transdis-

ciplinarity research that can be deĄned as a research approach based on the co-production

of knowledge crossing academic, disciplinary and epistemic boundaries (Thompson et al.,

2017). A common attribute of this type of research is a methodology based on participa-

tory approaches and the willingness to Şunderstand the real worldŤ (Holzer et al., 2018,

p. 812). While the aim of participatory approaches can drastically differ, ranging from

extractive to co-management purposes (Lynam et al., 2007; Norström et al., 2020), the

transdisciplinary approach can align the aim of scientiĄc research to local actors’needs

and expectations and produce actionable science.

In a context where the scientiĄc recognition of transdisciplinary and actionable sci-

ence Ćourished, the discipline now called under the name of sustainable studies was struc-

tured. Besides a registered bias towards environmental variables, sustainable studies were

born as a distinct Ąeld (Kates, 2011) that Şbuilds toward an understanding of the hu-

manŰenvironment condition with the dual objectives of meeting the needs of society while

sustaining the life support systems of the planetŤ (Turner et al., 2003, p. 8075). Then, Fang

et al. (2018, p. 12) recently added to the deĄnition the Şplace-based, multi-scale, and trans-

disciplinary approachŤ on which sustainable studies are based. Between 2006 and 2015,

sustainable studies experienced exponential popularity, and several speciĄc peer-reviewed

journals were funded, marking the establishment of this scientiĄc Ąeld (Fang et al., 2018;

Miller, 2013).

1.2 Evaluating societal impacts

As presented in the previous section, sustainable studies aim to produce actionable

knowledge. However, is actionable science effectively usable and used by actors outside

the academic world? To answer this question, different authors started to apply previous

works developed in the Ąeld of program evaluation to sustainable studies (Madaus et al.,

1983), discussing and elaborating on criteria to determine the success of sustainable stud-

ies.

Evaluation studies Ćourished during the mid-70s and 80s in what is called Şthe golden

ageŤ of the research on evaluation (Henry and Mark, 2003, p. 294). If during the pre-

ceding decades, the contribution of science to society was mainly evaluated in terms of

contribution to innovation (Marjanovic et al., 2009), during the golden age, the focus

4
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turned towards the inĆuence on policy-making. In the same period, scholars studied and

schematised not only the possible outcomes of research on public decision-making but

also the processes through which science could inĆuence policy and foster evidence-based

policy-making (Dunlop, 2014). During this time, frameworks were primarily developed un-

der the so-called ŞTwo-communityŤ approach, whose fundamental idea is that researchers

and policymakers belong to two distinct and poorly related groups, and the non-utilisation

of scientiĄc knowledge depends on different constraints, incentives structures, languages,

interest and obligations between two groups (Caplan, 1979; Cherney et al., 2012).

The two-community theory was then challenged and deĄned as reductive, and bound-

aries between science and research started to be perceived as more blurry (Hage et al.,

2010). Moreover, with the rise of sustainable studies and its new way of doing science, civil

society has been increasingly involved in scientiĄc activities and practices, for example,

via citizens’juries, consensus conferences, public meetings and science festivals (Skarlati-

dou and Haklay, 2021). Simultaneously, evaluation practices adapted to this changing

science by acknowledging more personal cognitive outcomes registered beyond the public

policy-making arena (Bauer, 2009). In this shift, the historical Śsocial contract’ according

to which science produces knowledge that decision-makers directly implement in policies

was overcome. Instead, a new paradigm arose valuing the Şshared responsibility between

science, policy and society, where public policy is based on evidence and underpinned

by a Śnew social contract’ between science and society that emphasises responsibility for

action as well as freedom of thoughtŤ (European Commission, 2009, p. 7). With this new

concept, the added value of science became more nuanced than the direct contribution to

policy-making, including cognitive impacts on society.

The distinction between output and outcomes 1 is central in evaluating the

whole spectrum of societal impacts of scientiĄc evidence. Research outputs are quantiĄ-

able products of the research, such as articles, workshops, training or factsheets presenting

1. The terms outcomes and impacts are often used interchangeably. Nevertheless, there is little con-
sensus on the precise meaning of impact (Brewer, 2011), and some frameworks differentiate outcomes and
impacts in a non-unique way. For example, Holzer et al. (2018, p. 812) identify outcomes as Şconcrete
changes in policy or facts on the groundŤ and deĄne ecological and social impacts as outcomes. Similarly,
Walter et al. (2007) deĄne outcomes as societal effects (e.g., increased decision-making capacity) and
impacts as intermediate effects (such as network building and the availability and use of knowledge) that
ultimately lead to outcomes. Other authors, such as Mitchell (2019, p. 822), differentiate outcomes and
impacts based on timescales. They identify outcomes as Şshort-term changes in stakeholders’thinking or
behaviouralŤ and impacts as Şlong-term overall accumulation of all outcomesŤ.

5
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research Ąndings. Outcomes are instead intended as Şchanges in values, attitudes and be-

haviour in the world beyond the walls of the research instituteŤ (Matthews et al., 2011,

p. 247) and occupy a central role in the sustainable studies evaluation frameworks (Ewart

and Ames, 2020). Other central aspects of evaluation frameworks applied to sustainable

studies are 1) the analysis of intrinsic characteristics of a study necessary to produce

outcomes; 2) the registered outcomes and their classiĄcation, and 3) the process and

context-related features that inĆuence them.

The rest of Section 1.2 is dedicated to insights derived from literature on these three

central points of sustainable studies evaluation frameworks.

1.2.1 Usability of scientific knowledge

There is a signiĄcant consensus on the essential characteristics of usable scientiĄc

knowledge intended as a piece of knowledge with the potential to create outcomes through

its use. Indeed, many scholars agree that credibility, legitimacy and saliency are nec-

essary characteristics to create outcomes (Bauler, 2012; Cash et al., 2002; Dilling,

2007; Van Voorn et al., 2016). Credible knowledge meets expected quality standards, Şsci-

entiĄc plausibility and technical adequacyŤ (Cash et al., 2003, p. 4). Legitimate knowl-

edge is transparent, understandable and conforms to stakeholders’values. Finally, salient

knowledge is relevant to users and coherent with the context they experience. Besides

these three pillars of knowledge usability, a substantial part of the literature adds timely

to the characteristics of usable science (Lemos et al., 2012; Orlove et al., 2004), while

some consider it part of saliency (i.e., Hamilton et al., 2019).

Participatory approaches have been recognised as valuable in increasing the

usability of scientific studies (Hage et al., 2010; Lemos et al., 2012; Mehryar, 2019;

Van Den Hove, 2000; Waylen et al., 2015) at the point that co-production has become

the mainstream approach for sustainable studies (Nature Editorial, 2018). Consequently,

extensive literature explores how to develop productive interaction with stakeholders (Fer-

guson et al., 2014; Reed et al., 2014), going beyond the purpose of extracting information.

Indeed, to increase scientiĄc knowledge usability, co-production must 1) clearly deĄne

shared and meaningful goals directly related to operational challenges (goal-oriented); 2)

it must recognise the different types of knowledge and practises shared by local actors

(pluralistic); 3) situate the process in a speciĄc context, place or issue (Context-based);

6
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and 4) facilitate active engagement, learning and interaction between local actors (inter-

active) (Norström et al., 2020).

1.2.2 Expected outcomes of scientific knowledge

Although necessary, the usability of scientiĄc knowledge is not sufficient to produce

outcomes. Instead, to let outcomes arise, stakeholders must use it (Reed et al., 2021).

The French current of the sociologie des usages (Proulx, 2015) helps us understand the

concept of use by differentiating between the terms utilisation, usage and practice. For

this Ąeld, utilisation (utilisation in french) of scientiĄc information refers to the use of a

tool by an individual or a group. The usage (usage in french) refers not only to its use

but also to the relation between the user and the tool (e.g., the user’s representation of

the tool and the needs fulĄlled by the tool with respect to his/her expertise) (Noucher,

2009; Paganelli, 2012). Finally, the practice (pratique in french) refers to repeated usage

(Bazin, 2009). While in the context of this thesis, we will refer to the general term use,

acknowledging the different implications of the term allows us to drive attention to the

context in which the creation, communication and use of scientiĄc knowledge arise and

to the users’representations and background.

Already in 1979, Carol Weiss, in his reference text The Many Meanings of Research

Utilization (Weiss, 1979), developed a framework that identiĄes seven knowledge processes

through which research is used to formulate policies or guide decision-making. While the

processes through which research leads to outcomes will be addressed in detail in the next

section, we anticipate Weiss classiĄcation as it allows us to identify corresponding out-

comes. Indeed, his classiĄcation has been reduced to three approaches and largely retaken

to schematise the outcomes deriving from the different uses of knowledge. The rational

approach assumes direct use of research into practical actions; the strategic one states

that science supports pre-existing ideas or increases agencies’reputation; and the enlight-

enment approach is grounded in the idea that a speciĄc study cannot directly impact

decision-making, but rather scientiĄc knowledge offers support to understand complex

issues and inĆuences the way of thinking that ultimately impact decision-making. More

recently Weiss et al. (2005, p. 25) added the imposed use of knowledge to the classiĄ-

cation that happens when Şa higher level of government with funds to disburse demands

speciĄc action on lower operating levels, based on evidenceŤ.

7
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Different outcomes, i.e. instrumental, political and conceptual outcomes

can be associated with the different uses of knowledge (Beyer, 1997; Dunlop,

2014; Mckenzie et al., 2014). These large categories of knowledge use are handy as they

are simultaneously Ćexible enough to apply to any sustainable study and detailed enough

to give an insight into the complexity of the outcomes of scientiĄc production. Indeed, the

idea of a linear model of knowledge production and direct use to inform decision-making

by deĄning goals (instrumental outcome) is coupled with the support of scientiĄc knowl-

edge in the conceptualisation of a problem i.e by triggering new ideas and shaping the

way of thinking (conceptual outcome, also called cognitive outcome). In addition, political

outcomes (also called strategic or symbolic outcomes) arise when scientiĄc knowledge is

used to support preconceived positions and can be seen as a particular conceptual out-

come.

While classifying outcomes is essential to recognise them, outcomes should not be seen

as Ąxed and immutable but rather as an evolving continuum. I.e. conceptual outcomes

have been recognised to unexpectedly inĆuence institutional or private decision-making

(Court and Young, 2003). Nevertheless, despite acknowledging cognitive and political out-

comes as expected and desirable, a consistent part of knowledge exchange initiatives aim

to support direct use of knowledge in policies or management (Karcher et al., 2021). This

aim reĆects the Ąnal ambition for action-oriented scientiĄc knowledge to enter into an

institutionalised decision-making process.

When discussing instrumental outcomes, the concepts of decision-making and pub-

lic policy-making are often mentioned, making it necessary to clarify the terms. Despite

a lack of consensus on what policy-making is (European Commission, 2017), we can con-

sider it a cyclical process involving both technical and political processes by which actors

translate their political vision, goals and means into programmes and actions (European

Commission, 2017; Howlett and Cashore, 2014; Northern Ireland Executive, 2016). Fol-

lowing this deĄnition, Newman et al. (2016) use some Australian case studies to point out

that the policy community should not be seen as a homogeneous group. Instead we should

distinguish between technicians and politicians because of their different use of scientiĄc

knowledge in policy-making. Moreover, Howlett and Cashore (2014), basing their analysis

on previous literature, highlight how agreed principles of public policy-making are: the

public character of agents involved in the process (governments), the presence of making a
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conscious choice, the explicit mention of goals and means that lead to the decision. On the

other side, decision-making has a broader scope and can be considered as any process that

leads to selecting the best option through screening a set of alternatives (Beach, 1993).

Considering instrumental outcomes on decision-making allows us to analyse processes and

decisions taken outside governmental frames and consider a larger panel of stakeholders.

Finally, the concept of learning is central in this thesis as it can be found at the

origin of the three types of outcomes. According to Mezirow (1990), learning can occur

at three different levels: the instrumental one, which is the acquisition of new knowledge

or skills, the communicative one, which is the understanding and the reinterpretation

of previous knowledge and the transformative one that leads to a change in attitude,

behaviours and social norms. This distinction allows us to see that learning does not au-

tomatically lead to a change in behaviour, attitudes and building of trust (Reed et al.,

2010). Following this premise, we introduce the concept of social learning presented by

Reed et al. (2010, p. 6) as Şa change in understanding that goes beyond the individual

to become situated within wider social units or communities of practice through social

interactions between actors within social networks.Ť This concept is deeply embedded in

complementary works on how collaboration and communication shape knowledge, such as

the theory of situated learning of Lave and Wenger (1991) and the work on the community

of practices (Wenger, 1998). Moreover, it allows us to see that outcomes can overcome the

personal level to reach group (and eventually system) levels (Hamilton et al., 2019). In the

context of environmental-related problems the possibility to reach group level outcomes

is essential. Indeed, the solutions of wicked problems are not unique but Şdepend on the

capacity of different actors and groups to communicate, negotiate and reach collective

decisionsŤ (Muro and Jeffrey, 2008, p. 329) and require changes in social practices. For

this reason the concept of social learning has been previously applied to natural resources

management (Pahl-Wostl and Hare, 2004).

The simple outcomes classiĄcation that we presented in this chapter can be further

detailed and nuanced according to the context in which the impact of scientiĄc knowledge

is analysed. For example, Tonn et al. (2000) propose a framework describing the use of

scientiĄc information in a decision-making process in which the conceptual and instrumen-

tal use can be disentangled in issue familiarisation, criteria setting, option construction,

options assessment, and reaching a decision. Detailed outcomes belonging to each of the

9
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three categories of outcomes will be detailed in Section 3, applied to the outcomes of

LUCC scenarios.

To conclude this section we summarise in Table 1 the concepts that have been mo-

bilised so far.

1.2.3 Impact pathways and context-related features influencing outcomes

In the previous sections, we deĄned the characteristics of usable knowledge and the

range of possible connected outcomes. Nevertheless, although necessary, the usability of

scientiĄc knowledge is not sufficient to produce outcomes. Indeed, local actors must use

the (co-)produced information to let outcomes emerge.

Despite a large availability of scientiĄc information (Newman et al., 2016) and the

widespread ambition of researchers for instrumental use (Karcher et al., 2021), evidence

shows that even usable co-produced studies can result in little instrumental outcomes

(Posner and Cvitanovic, 2019), and functional, structural, and social barriers to the use

of knowledge (Weichselgartner and Kasperson, 2010) have been extensively discussed.

Indeed, individual beliefs and values, political pressures, cultural and linguistic barriers

between researchers and stakeholders, along with differences in risk acceptance and con-

sidered time horizons, can result in what is known as a usability gap (see in example

Bowen and Zwi, 2005; Bradshaw and Borchers, 2000; Briggs, 2006; Carden, 2004; Newman

et al., 2016; ODI, 2004; Rose et al., 2018; Ruckelshaus et al., 2015; Trostle et al., 1999;

Weiss et al., 2008). Moreover, even when research use is detected, a widespread mismatch

between expected outcomes and scientiĄc project design has been identiĄed (Carden,

2004). In this regard, even if the black-and-white conceptualisation of knowledge use has

been criticised, many projects follow an ideal linear process of knowledge creation and im-

plementation which hardly ever Ąts the ambition for instrumental uses (Floor et al., 2019).

To reduce the usability gap, the mechanisms of knowledge creation and exchange

must align with the expected outcomes (Benneworth et al., 2018; Fazey et al., 2014).

Consequently, outcomes evaluation cannot focus solely on detected outcomes but must

address how they are embedded in the complex interaction process between science, policy

and society. At this scope, we introduce the concept of impact pathway, intended as

mechanisms by which research leads to societal impacts (Muhonen et al., 2020)
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Concept Definition Reference

Actionable
science

ScientiĄc knowledge Şproduced to contribute directly to
the design of policy or the solution of a [real-world] prob-
lemŤ.

Dilling and
Lemos (2011,
p. 681)

Transdisciplinary
research

Research approach based on the co-production of knowl-
edge crossing academic, disciplinary, and epistemic
boundaries.

Thompson et
al. (2017)

Sustainable
studies

Field of study that Şbuilds toward an understanding of
the humanŰenvironment condition with the dual objec-
tives of meeting the needs of society while sustaining the
life support systems of the planetŤ based on Şplace-based,
multi-scale, and transdisciplinary approaches.Ť

Turner et al.
(2003, p.
8075)
Fang et al.
(2019, p.12)

Outputs vs
outcomes

Research outputs are quantiĄable products of the re-
search. Research outcomes are Şchanges in values, atti-
tudes and behaviour in the world beyond the walls of the
research instituteŤ.

Matthews
et al. (2011,
p.247)

Usable
knowledge

Credible, legitim and salient knowledge that can produce
outcomes throughout its use.

Cash et al.
(2002)

Types of
outcomes

Conceptual (or cognitive) outcomes: contribution of sci-
entiĄc knowledge in the conceptualisation of a problem
and the emergence of new ideas;
Political (or strategic, symbolic) outcomes: support of pre-
conceived positions;
Instrumental outcomes: direct information for decision-
making.

Beyer (1997)

Levels of
outcomes

Outcomes can arise at the personal, group, and system
level.

Hamilton et
al. (2019)

levels of
learning

Instrumental learning is the acquisition of new knowledge
or skills;
Communicative learning is the understanding and reinter-
pretation of previous knowledge;
Transformative learning is a change in attitudes, be-
haviours, and social norms.

Mezirow
(1990)

Social learning ŞA change in understanding that goes beyond the individ-
ual to become situated within wider social units or com-
munities of practice through social interactions between
actors within social networks.Ť

Reed et al.
(2010, p. 6)

Table 1 Ű Summary of concepts and associated references.

by linking the demand and supply of science. In analysing the role of actors implied in

knowledge production and exchange, Sarewitz and Pielke (2007) identify, on the demand

side, the knowledge users: Şpeople or organisations that use the results of research to

better inform decisions and inĆuence outcomesŞ (McNie et al., 2016, p. 886). On the
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supply side, a broad panel of actors can be found, ranging from purely academic to hy-

brid organisations that have been taking more and more space in the supply-demand

interface in the last few years (Hellström and Jacob, 2003). For instance, information

brokers, collaborative group processes, boundary organisations and knowledge networks

have been created to reconcile the demand and supply of knowledge and create a space

where suppliers and users can co-create useful knowledge (Gustafsson and Lidskog, 2018;

Safford et al., 2017).

Then production modes define how information is exchanged between knowl-

edge users and producers (McNie, 2007), and following the ŞPull-PushŤ model, Dilling

and Lemos (2011) divide them into science-push, demand-pull and co-production.

In the Ąrst model, evidence is developed for seeking knowledge, and its application is

desirable but not necessary. In the second model, evidence is commissioned by external

stakeholders, and it is shaped so that the usability of scientiĄc evidence is straightfor-

ward (Šucha and Sienkiewicz, 2020). The third model of ŞCo-productionŤ combines the

Ąrst two by merging users and producers in an iterative process to deĄne the research

agenda. Hoppe (2005) presents a classiĄcation of interaction modes between research and

policy, dividing them according to which of the two sides has primacy and the degree of

convergence, intended as serving Şthe same societal functionŤ (Figure 1) (Hoppe, 2005,

p. 208).

Hoppe’s models can be read via the Pull-Push prism and applied more broadly to the

science-society interface. Some of the merits of this classiĄcation are to schematise the dif-

ferent forms of interconnections between decision-making and research and acknowledge

the role of interest groups, including citizens. Between the models based on the primacy

of science, we can Ąnd the enlightenment model and the technocracy one. As already cited

in the previous chapter, the enlightenment model was originally structured by (Weiss,

1977), and it is based on the idea that scientiĄc knowledge, which is naturally slowly

transmitted to policymakers, produces a change in ideas and way of thinking, leading

ultimately to progress; according to the technocracy model scientiĄc knowledge is at the

base of decision making, and experts strongly inĆuence decision-makers de facto holding

the control over decisions. Between the models based on the primacy of politics, we can

Ąnd: the bureaucratic model, based on the idea that science is used to bring knowledge to

the political power by a board of experts which intervene in the administration, and the

engineering model, which, similarly to the bureaucratic one, states that science is used
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Figure 1 Ű interaction models between research and policy according to primacy and convergence.
Source Hoppe (2005), p.208.

to inform politicians, but experts are not supposed to be part of political institutions.

Other models do not presuppose the supremacy of one of the two parties but rather a

dialogue between equal institutions. Within those, the advocacy model considers science

as Şone among multiple political voices that enable political debate, judgement and de-

cisionŤ. Lastly, the learning model sees Şall actors [...] as Śinquirers’ engaged in a process

of social learning through social debateŤ (Hoppe, 2005, p. 211). More recently, Muhonen

et al. (2020) synthesised 13 forms of interaction between science and society adapted to

the structural change in knowledge production that happened in the last decades (pipeline

pathways). The 13 forms of interactions are grounded in 60 Social Sciences and Human-

ities projects and grouped into four groups reĆecting ideal ways in which outcomes are

generated, namely: dissemination, co-creation, reacting to societal change, and driving

societal change. While schematising interfaces allow one to visualise mechanisms leading

to outcomes, the authors warn that rather than reĆecting actual pathways of scientiĄc

projects, they are archetypes that can be simultaneously or subsequently taken in a single

project.

Besides the impact pathways, other factors conditioning research outcomes are the

evaluation timing and other external uncontrollable events. Regarding time, the evalu-
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ation moment and the time-lag between the scientific project and evaluation

significantly impact registered outcomes (Brewer, 2011; Mayne, 2004; PenĄeld et

al., 2014). For this reason, Hamilton et al. (2019) suggest seeing evaluation as an ongoing

process rather than a moment in time, and they link personal, group and system outcomes

to an increasing time-lag between the knowledge creation and the arising of outcomes.

In the same perspective, Rossi et al. (2018) distinguish between the immediate effects

of programs intended as direct results of the interventions on the participants, and the

Ąnal goals which need time to be indirectly reached. Similarly, several evaluation frame-

works include the notion of time and link cognitive and personal impacts to a short time

frame and instrumental outcomes to a longer one considering that the conceptual use of

knowledge can need a longer time to produce tangible effects (Ruckelshaus et al., 2015;

Saritas, 2006). Furthermore, external elements inĆuencing values, beliefs and opinions

(such as changing geopolitical conditions or institutional context) can occur at any time,

making it impossible to set a universally appropriate time frame for evaluation (Hamilton

et al., 2019; Walter et al., 2007). Instead, several evaluation timings can be appropriate

for evaluating different outcomes. Indeed while outcomes can appear long-time after the

project (Morris et al., 2011), the impression of scientiĄc knowledge and process are vivid

in the short term (Karcher et al., 2021). Consequently, depending on the moment when

the evaluation is done, scenarios can be evaluated according to their usability (at the

moment of results communication/project development) and short to long-term outcomes

(ex-post evaluation) (Ghazinoory et al., 2015).

In conclusion, the intangibility of cognitive and political outcomes, the indirect causal

relation between scientiĄc research and outcomes, and the resulting time-lags are consid-

erable barriers to research evaluation. Moreover, while impact pathways play an essential

role in outcomes, multiple and uncontrollable external inĆuences can arise, with effects

on cognitive, political and instrumental outcomes that are difficult, if not impossible, to

disentangle from the ones caused by the creation of scientiĄc knowledge.

1.3 Partial Conclusion

Over the past decades, the way of studying wicked environmental problems evolved

signiĄcantly. First, in the 60s and 70s, environmental scientists advocated for sustainable

development based on multidisciplinary studies (Montello and Sutton, 2012). Then, in

line with the urgent need to tackle climate change and biodiversity loss during the 90s,
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part of environmental studies transformed the way of doing science, shifting toward a

more action-oriented transdisciplinary approach (Funtowicz and Ravetz, 1993). In this

movement, the Ąeld of sustainable studies started to structure itself until its establish-

ment as an alone-standing Ąeld characterised by the ambition to produce action-oriented

science that helps to understand socio-ecological systems using locally based and trans-

disciplinary approaches (Fang et al., 2018).

Together with the establishment of sustainable studies, the question of how to ver-

ify whether local stakeholders were effectively using the produced knowledge arose. The

works on program evaluation were then mobilised to assess the outcomes of sustainable

studies, intended as Şchanges in values, attitudes and behaviour in the world beyond the

walls of the research instituteŤ (Matthews et al., 2011, p. 247). This extensive deĄnition

of outcomes Ąts with the restructuring of the social contract between science and society

that happened in the same decades. Indeed, if historically the social contract was based

on the idea of a linear and direct application of science in the policy arena, with the

increased place of transdisciplinary research, the contribution of science to society started

to be perceived as more nuanced and indirect and the role of science more based on em-

phasising responsibility for action and freedom of thought (European Commission, 2009).

Overcoming the idea of science produced by scientists and directly applied in policy-

making goes hand-in-hand with full recognition of political and cognitive outcomes at a

personal and group level together with the instrumental ones. The outcomes of scientiĄc

knowledge production can indeed be classiĄed into the following (Dunlop, 2014):

1. conceptual (or cognitive) outcomes intended as the support in the conceptual-

isation of a problem and triggering new ideas;

2. political (or strategic, symbolic) outcomes that arise when scientiĄc knowledge

is used to support preconceived positions;

3. and instrumental outcomes intended as the direct use of knowledge to inform

decision-making.

Besides the impacts of scientiĄc knowledge, sustainable studies evaluation frameworks

also focus on the intrinsic characteristics of a study necessary to be usable and potentially

produce outcomes through its use, as well as the process and context-related features

inĆuencing outcomes. In this regard, a credible, legitimate and salient study is con-

sidered usable (Dilling, 2007), and participatory methods of co-production of knowledge
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have been broadly recognised as effective strategies to increase usability (Nature Editorial,

2018). Nevertheless, producing usable knowledge is insufficient to assure the emergence of

outcomes as functional, structural and social barriers can impede its use (see in example

Briggs, 2006).

To reduce the usability gap, aligning scientiĄc project design with expected outcomes

is considered effective (Benneworth et al., 2018; Fazey et al., 2014), and the mechanisms

through which knowledge is created and diffused become crucial aspects of the outcomes

evaluation frameworks. Furthermore, different impact pathways have been recognised and

categorised in science push, demand pull and co-production modes (Sarewitz and

Pielke, 2007) according to which side of the knowledge users and producers interface

has supremacy in the process of knowledge creation, and that can be further detailed in

multiple forms of interaction between science and society. Finally, besides the impact path-

way and the intrinsic usability of knowledge, the time-lag between knowledge production

and evaluation and the evaluation time signiĄcantly determines the detected outcomes

(Mayne, 2004). Indeed, outcomes continuously evolve and can be indirectly linked with

knowledge production. Moreover, external, uncontrollable events, such as changing geopo-

litical conditions and institutional context, can happen anytime, hindering or fostering

outcomes.

2 The (LUCC) scenarios as a tool for sustainable

studies?

The practices, outputs and methodologies associated with sustainable studies are the

most diverse (Salas-Zapata et al., 2017; Spangenberg, 2011). Inscribed in the context of

sustainable studies, we can Ąnd futures studies and foresight that, even if often used

interchangeably, represent distinct concepts (Sardar, 2010). Indeed, the Ąrst is a Ąeld of

study that, based on the postulate of the intrinsic uncertainty of the future, explores pos-

sible different futures instead of trying to make predictions (Rohrbeck and Bade, 2012).

With the term foresight, scholars refer instead to Şthe ability to create and maintain

a high-quality, coherent and functional forward view, and to use the insights arising in

useful organizational ways [...]. It represents a fusion of futures methods with those of

strategic managementŤ (Slaughter, 1997, p. 1). Instead of a Ąeld of study, foresight is

a practice, it is the application of future studies to a speciĄc management problem im-
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plying that the actions taken in the present shape the future (Sardar, 2010; UNDP, 2018).

SpeciĄc tools that can be applied in the foresight process are scenarios (Voros, 2001)

which are defined as "plausible descriptions of how the future may develop,

based on a coherent and internally consistent set of assumptions about key re-

lationships and driving forces" (IPCC, 2000, p. 594). For their support in developing

long-term strategies, scenarios become an increasingly popular tool both in private and

public decision-making (Biggs et al., 2007; Kok et al., 2011; Peterson et al., 2003). For

instance, the OECD has an entire foresight division, and recently the European Commis-

sion has inscribed foresight in its priorities (Šucha and Sienkiewicz, 2020) and publishes

an annual report on macro trends, challenges and opportunities (Cagnin et al., 2021). In

addition, scenarios have been recognised as valuable tools in tackling central questions

posed by sustainable studies (Fang et al., 2018; Swart et al., 2004) when assumptions un-

derpinning scenarios storylines regard the Şco-evolutionary pathways of combined human

and environmental systemsŤ (Swart et al., 2004, p. 139). Indeed, in an uncertain context

characterised by fast-changing conditions, foresight can support the long-term resilience

of socio-ecological systems by structuring reĆections on the co-evolution of socio-economic

and environmental variables and related management challenges (Swart et al., 2004).

After this brief introduction to scenarios, we will Ąrst focus on different scenario-

making approaches and scenarios types; then, we will present the speciĄc features of land

use land cover change (LUCC) scenarios for intensive agricultural landscapes.

2.1 Different approaches and categorisation of scenarios

Two geographical centres marked the history of scenario-making: the USA and France.

Different approaches to scenario-making arose in the two centres, differing mainly on the

scale of the considered drivers of change and the applied methodology. Indeed, in the USA,

scenario-makers mainly focused on analysing global trends’impacts on American Ąrms and

policies, while in France, scenarios were more based on national drivers. Moreover, while

the USA methodologies are mainly intuitive and open, the French school is more based on

structured probabilistic and mechanical processes and most often recur to participative

methods to determine future events and their relative probability of occurrence (BradĄeld

et al., 2005).

17

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



Introduction

In the American school, two approaches arose: the Intuitive Logic and the Probabilistic

ModiĄed Trends. The Ąrst one was rooted in a scenario experiment carried on in the Shell

company at the beginning of the 70s and is based on qualitative analysis identifying the

main uncertainties in the macro-environment and their implication on the object of study.

In the same period, more mathematical approaches were developed by the probabilistic

modiĄed trends approaches that estimate the probabilities of the occurrence of singles or

pairs of future events modifying past trends and leading to alternative futures (BradĄeld

et al., 2005). Originally anchored at the RAND Corporation and in the works of Gordon

(Gordon, 1994), this approach was Ąrst applied to USA defence management.

On the other side of the ocean, in France, scenarios had been developed since the 50s

following an approach called la prospective. In particular, French methods for scenario-

making were based on the works of Gaston Berger (1957, 1964) and Jouvenel (1964) and

originally applied to public policy and planning. This french approach is rooted in the

idea that images of the future can be created to guide policy makers towards desirable

futures. In a second moment, the work of Godet (1986) largely inĆuenced the French

school consolidating the computer-based and mathematical approach to scenarios.

Nowadays, scenario-making often combines storylines (narratives) and visual

representations that can eventually be produced using spatially explicit mathemati-

cal models. The complementarity between narratives and models lies in the fact that

narratives qualitatively describe future conditions by making explicit assumptions about

the drivers of change. In contrast, models give quantitative outputs based on the narra-

tives’assumptions (Houet and Verburg, 2022). When using spatially explicit models, the

resulting maps help to visualise the impacts of selected hypotheses on the landscape at

different time steps (Castellazzi et al., 2010). The methodologies to combine narratives

and modelling are based on two main approaches (Houet and Verburg, 2022): the Story-

line and simulation (SAS), which is based on storyline primacy (Alcamo and Henrichs,

2008), and the model-driven approach, based on model primacy. Indeed, in the SAS ap-

proaches, storylines are Ąrst generated, and scenario-makers extract the parameters to

feed modelling from them. In reverse, the model-driven approach produces simulations of

futures by modifying model parameters coherently, and storylines are developed based on

the models’outputs. Regarding the originality of imagined futures, SAS approaches can

produce a broader range of possible futures. Indeed, while human imagination beneĄts
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from great freedom, models are subject to technical restrictions that limit the simulations.

Moreover, the two approaches can also differ in the level of stakeholders involvement as,

while models are usually developed, calibrated and adjusted for a speciĄc application by

scenario-makers experts, the construction of narratives can be based on a variety of ex-

perts and participatory approaches (Houet and Verburg, 2022).

Different scenarios classiĄcations have been produced. For example, the starting mo-

ment from which scenarios are developed (vantage point) can be used to classify scenarios.

Following this criterion, scenarios can be divided into forecasting and backcasting sce-

narios (Van Notten et al., 2003). In forecasting scenarios, the scenario makers develop as-

sumptions on the evolution of fundamental driving forces (e.g. changes in macroeconomic

factors, changes in human behaviours and preferences), and they explore the potential

consequences. In backcasting scenarios, the developers assume what the future will look

like and explore the conditions needed to reach that state. When including the concept of

desirability, a division of scenarios into exploratory (or descriptive) and normative

(or target seeking) is possible (see Rotmans et al., 2000; Van Notten et al., 2003 for

examples). Indeed, exploratory scenarios look at possible futures without stating an order

of desirability but building on past and present trends (Durance and Godet, 2010). On

the contrary, normative scenarios describe probable or (un-)desirable futures. While the

role of exploratory scenarios is well recognised in environmental management, a limited

place is reserved for normative ones (Van der Voorn et al., 2012; Van der Voorn et al.,

2017), such as backcasting scenarios which are normative by nature (Milestad et al., 2014).

As we have seen precedently, scenarios are often applied in foresight to reĆect on

a management/policy problem. In this regard, the IPBS proposes a division of the sce-

nario types according to the moment of the policy agenda in which they play a

signiĄcant role (Figure 2) (Ferrier et al., 2016). In particular, they connect exploratory

scenarios’main contribution to the initial phase of the policy agenda. Indeed, by present-

ing a broad panel of possible futures and key drivers’trajectories, they can support the

deĄnition of the problem and the agenda-setting. On the other hand, normative scenarios’

main contribution is highlighting what needs to be changed to reach a targeted goal which

belongs to policy design (Cinq-Mars and Wiken, 2002).

Finally, scenarios can differ, not only by structures and objectives but by many other
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Figure 2 Ű Building scenarios within the policy cycle context. Source: Ferrier et al., 2016, p.94.

dimensions (Biggs et al., 2007; Van Vuuren et al., 2012), including the outputs they

produce. Indeed, besides narratives, the outputs of scenarios can take many forms, such

as spatially explicit maps, video clips and movement effects (Ferrier et al., 2016), and

projections of quantitative variables values in graphical and tabular formats (Parson et

al., 2007). Furthermore, since the way through which scenarios are presented can inĆuence

the impact on decision-makers (Von Wirth et al., 2014), deĄning a suitable output format

is crucial to diffuse the scientiĄc information effectively and to facilitate the identiĄcation

of challenges and opportunities affecting the study area (Ferrier et al., 2016).
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2.2 Case of LUCC scenarios in intensive agricultural landscapes:

practice at the crossing of multiple disciplines and methods

In the last decades, scenarios have been applied to different domains (Palomo et al.,

2011; Varum and Melo, 2010), of which environmental management is one of the most

recurrent (Garb et al., 2008). Indeed, modelling landscape dynamics can support man-

agement decisions by unravelling interactions between social and ecological processes. To

emphasise this intrinsic interrelation between ecological and social dimensions, Redman

et al. (2004, p. 163) formalised the concept of socio-ecosystems (SES) as Ş1) a coher-

ent system of biophysical and social factors that regularly interact in a resilient, sustained

manner; 2) a system that is deĄned at several spatial, temporal, and organizational scales,

which may be hierarchically linked; 3) a set of critical resources (natural, socio-economic,

and cultural) whose Ćow and use are regulated by a combination of ecological and social

systems; and 4) a perpetually dynamic, complex system with continuous adaptation.Ť

When recognising the SES as a singular more than two separated system (Kinzig, 2001),

it becomes clear that resource management based purely on the social or biophysical

dimension may result in biased and unsustainable decisions and unexpected outcomes.

To highlight the links between core items (i.e. goods, values, beneĄts, collective action,

resources and practices) that are set and operate in a given landscape, Bretagnolle et al.

(2019) proposed to frame SES as the combination of adaptive management and ecosys-

tem services. Despite the controversy around the concept of ecosystem services (Borie and

Hulme, 2015; Chan et al., 2016), the framework allows highlighting the components that

directly impact the SES and conceptualising the landscape both as the context and the

result of social and ecological variables. The emergence of the SES concept and the recog-

nition of the strong interconnection between social and ecological elements resulted in a

call for an integrated approach to deĄning research questions, policies and management

approaches (Mehring et al., 2017).

In intensive agricultural landscapes, land management and agricultural practices strongly

inĆuence trade-offs between the different components of SES, e.g., the decision to use more

or fewer fertilisers can be favoured or hampered by the legal and economic framework and

impact both water quality and crop yield (Mehring et al., 2017). Consequently, agriculture

is torn between multiple challenges including producing food and energy for an increas-

ing population, limiting environmental damages due to modern agriculture and promot-
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ing carbon sequestration while maintaining an adequate standard of living for farmers

(Bretagnolle et al., 2018). Moreover, socio-ecological systems are impacted by drivers of

change that overcome the landscape extent (e.g. continental regulations), causing spatial

mismatches between social and ecological processes (Cumming et al., 2013). Therefore,

to attain balanced outcomes and landscapes resilience implies knowing and considering

the socio-ecosystem interactions in their complexity and managing landscapes with an

integrated approach.

As we have seen in the previous paragraph, land use land cover change (LUCC) sce-

narios allow us to consider the co-evolution of multiple socio-ecosystem components with

different scale patterns as drivers of change (in narratives) and model their impacts on

social and ecological factors. For this reason, LUCC scenarios are often developed as a

management support tool and deal with the complexity of modelling crop rotations de-

termined by interactions between different social and ecological factors taking place in

nested scales and with nonlinear causal effects (Gomes et al., 2019).

In a recent publication, Houet and Verburg (2022) describe speciĄcities of land use

land cover change (LUCC) scenarios in agricultural landscapes. Considerable challenges

are represented by the interactions between different factors taking place in nested scales

and with nonlinear causal effects on crop rotations (Gomes et al., 2019). Indeed, in agricul-

tural landscapes, the main factors determining the LUCC are personal decisions taken

at the farm level that can be driven by personal preferences for speciĄc farming ap-

proaches but also by pressures operating at larger scales, such as biochemical limits

of the soil, climate pressures, and economic and Ąnancial mechanisms (Houet and Ver-

burg, 2022). Besides the difficulties in combining internal and external drivers of LUCC,

the sum of different agricultural practices compose landscape patterns that vary ac-

cording to the considered scale, and personal management decisions impact natural

resources beyond the farm’s boundaries.

To catch the complexity of drivers and effects of a LUCC, large to fine-scale models

are used for different goals and submitted to different pros and cons. On the one hand,

Ąne-scale models are developed at watersheds to a regional extent and can use Ąelds as

elementary units. Moreover, Ąne-scale scenarios are particularly developed in sustainable

studies and can contribute to agricultural landscape management in several ways. For
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example, Ąne-scale models can estimate the biochemical impacts of LUCC on physical

elements such as water quality or quantity or biodiversity over a restricted area; they can

provide the allocations of crops that meet pre-deĄned constraints or simulate biomass pro-

duction under speciĄc conditions, and they can identify agricultural practices that meet

policy restrictions or resource availability (e.g. future water availability or water quality

imposed by legal norms). On the other hand, large-scale models cover continental and

global surfaces with a spatial resolution of hundreds of metres to multiple tens of kilome-

tres. Applied to agricultural landscapes, large-scale models can instead give insights into

regional responses to large-scale pressures and into how regional responses can indirectly

impact other areas. Nevertheless, including the agronomy principle in large-scale models

is difficult because simulations are produced for units (e.g. pixel) with lower resolution

than spatial structures on which agricultural practices are deĄned (farms) (Houet and

Verburg, 2022).

When scenarios are applied to geographical systems and land management, LUCC

models are often used (Fusco et al., 2017). Geographic systems, modelling and

prospective studies are then combined in a so-called geoprospective approach

integrating the spatial dimension (i.e. neighbouring effects of land covers and land uses,

emerging properties of socio-ecological changes) of economic, historical or demographic

dimensions (Gourmelon et al., 2012; Voiron-Canicio, 2012). In this approach, narratives,

modelling and participatory methods are combined (Houet and Gourmelon, 2014), creat-

ing scenarios particularly suited to support land managers in designing a sustainable de-

velopment for their territory accounting for the local actors’expectations (Voiron-Canicio,

2006).

As evoked throughout this introduction, LUCC scenarios collect insights from mul-

tiple disciplines (Figure 3). Indeed, multiple socio-economic and environmental factors

are considered as drivers of change and, in return, impacts are calculated on multiple as-

pects of the socio-ecosystem. Moreover, the applied methodologies range from computer-

based models to participatory methods, often chaired by researchers, to include stake-

holders’perspectives and values in narratives (Oteros-Rozas et al., 2015).
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Figure 3 Ű Participatory LUCC scenarios belong in the same time to sustainable studies and
to the geoprospective approach and are characterised by the methodologies and topics speciĄc
to these approaches. In this thesis, insights from outcomes evaluation will be applied to LUCC
scenarios.

2.3 Partial Conclusion

Scenarios are Şplausible descriptions of how the future may develop, based on a co-

herent and internally consistent set of assumptions about key relationships and driving

forcesŤ (IPCC, 2000, p. 594). Consistently used in the foresight practice, scenarios have

been recognised as valuable tools for sustainable studies for their support in de-

veloping long-term visions of the future. Indeed, reĆecting on the co-evolution of social,

economic and natural systems (Swart et al., 2004) is essential for the long-term resilience

of socio-ecological systems.

In the history of scenarios, the USA and France are the leading geographical cen-

tres in which scholars developed different approaches to scenarios and foresight. While
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some differences can be found between the different approaches to scenario-making, one

common feature is the combination of storylines describing the evolutions of future

trends and their visual representations (e.g. in the form of maps, videos, 3D pictures,

and drawings). In developing storylines, scenario-makers often appeal to local experts and

participatory approaches. On the other hand, spatially explicit representations are

often produced by scenario-makers eventually through mathematical models that help to

evaluate and visualise the impacts of hypotheses on the landscape at different time steps.

While this thesis will focus on fine-scale participatory scenarios, Ąne to large-scale

models can support understanding the complex interconnection between driving forces

and responses.

If we focus on the agricultural context, decisions are taken at the farm level and are

determined by personal preferences and broader scale forces such as biochemical limits of

the soil, climate pressures, and economic and Ąnancial mechanisms. Moreover, agricultural

practices determine patterns at different spatial scales and impact natural resources be-

yond the farm’s boundaries. While Ąne-scale models are usually developed for restricted

spatial extents, one main advantage is using the Ąeld as an elementary unit. Produc-

ing modelling outputs at the Ąne scale allows Ąnely estimating impacts of agricultural

management decisions on environmental variables such as water quality and quantity or

biodiversity, giving insights for land management.

Finally, scenarios can be distinguished between forecasting and backcasting sce-

narios (based on the vantage point) and normative and exploratory ones (based on

the presence/absence of the notion of desirability).

3 Applying evaluation frameworks to LUCC scenar-

ios

Despite the ambition of scenarios in supporting decision-making (Harrison et al., 2019),

verifying the effective outcomes is still far from standard practice (Oteros-Rozas et al.,

2015; Von Wirth et al., 2014), and knowledge coming from the program evaluation is not

yet wholly explored in its application to scenarios. However, some scenarios evaluation

have been previously done (e.g. Baker et al., 2004; Oteros-Rozas et al., 2015; Palomo et

al., 2011), allowing to develop guidelines for the production of outcomes-oriented scenar-
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ios (e.g. Eriksson and Weber, 2008; Hagemann et al., 2020; Henrichs et al., 2010; Priess

and Hauck, 2014; Therond et al., 2009). Moreover, some studies clariĄed the panel of

potential outcomes of scenarios (e.g. Millenium Ecosystem Assessment (MA), 2005; Sitas

et al., 2019) and produced some frameworks to evaluate them (Swart et al., 2004; Xiang

and Clarke, 2003, see also Hamilton et al., 2019; Matthews et al., 2011; Yeeun Lee et al.,

2022 for environmental models evaluation frameworks).

Driving from this literature and a larger panel of studies in spatial decision support

systems, we put together the insights from Chapters 1 and 2 by analysing how the con-

cepts developed in program evaluation apply to sustainable studies scenarios.

Salient Credible Legitimate

Goal oriented scenarios
Clearly deduce challenges
from storylines

Plausible
unexpectedness
Storylines that start from or
reach a recognisable present
Plausible visions of the fu-
ture
Novelty

Transparency of results,
conclusions and methods
(including models)

innovative transdisci-
plinary insights

Internally consistent
storylines

Ergonomic design
Appropriate number of
themes, hypothesis, scenar-
ios and appropriate time
horizon

Timely Locally based storylines
consistent with wider
hypothesis

Simple presentation

Contrasted storylines

Integration of different
stakeholders’ views,
needs, values

Informational vividness

Table 2 Ű Characteristics of usable scenarios.

As highlighted in Chapter 1.2.1, usability results from a salient, credible and legiti-

mate study and those three characteristics take some particular nuances in the context of

scenarios. A credible scenario reports plausible visions of the future with storylines that
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start or reach a recognisable present (Mitter et al., 2019). At the same time, a consistent

degree of novelty must be present, considering events that create unexpected shifts from

the present trend and challenge expectations (Wilson, 1998). Xiang and Clarke (2003)

call this connivance of plausible futures and surprising elements as plausible unexpect-

edness. Moreover, the hypothesis underpinning storylines must be internally consistent,

and storylines adapted to a small area must be consistent with larger scale ones. On the

legitimacy side, transparency on the results, conclusions, and methods used, including the

model accessibility, is crucial (Durance and Godet, 2010; Hamilton et al., 2019). Further-

more, an ergonomic design of a scenario intended as an appropriate number of themes,

hypotheses, and scenarios, as well as an appropriate time horizon, a simple presentation

and well-contrasted storylines impact the legitimacy (Amer et al., 2013; Sieber et al.,

2018; Wilson, 1998; Xiang and Clarke, 2003). Legitimacy also depends on integrating dif-

ferent stakeholders’views and the capacity of scenarios to represent the futures vividly,

stimulating stakeholders’emotions and reĆecting their needs, desires, motives and values

(Mitter et al., 2019; Xiang and Clarke, 2003). This informational vividness (Xiang and

Clarke, 2003) is also stimulated by considering relevant space and time for stakeholders

and producing concrete visions of the future. Lastly, saliency represents the pertinence

and importance of scenarios. A salient scenario is a goal-oriented scenario that, if the goal

is supporting decision-making, gives speciĄc insights to support a decision informing the

duties of stakeholders (Mitter et al., 2019; Wilson, 1998). In this regard, storylines must

allow stakeholders to deduce associated adaptation and mitigation challenges (Mitter et

al., 2019) and allow for spatial speciĄcation, adding relevant information when applied

at smaller scales. Storylines must give innovative, transdisciplinary insights, considering

socio-economic, environmental and technological drivers and effects (Mitter et al., 2019;

Sieber et al., 2018) and must be developed in a timely manner.

When scenarios are perceived as usable, envisioning different futures triggered by un-

precedented events potentially engenders several direct and indirect outcomes emerging

from the short to the long term (Saritas, 2006) at the individual, group and system level.

On the cognitive side, scenarios can stimulate learning in its instrumental and cog-

nitive sense through the contribution of new information and the support in structuring

already acquired one. Xiang and Clarke (2003) refer to this double cognitive outcome

of scenarios as a bridging and stretching function. On the bridging side, scenarios
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couple multiple little pieces of information and structure them into a systemic and coher-

ent vision supporting a more comprehensive understanding of a complex system. On the

stretching side, scenarios can widen the range of elements, drivers of change and possi-

ble futures considered. In this sense, scenarios can help to consider uncertainties in the

reĆection (Cook et al., 2014; Pereira et al., 2019), detect key variables of change (Godet

and Lesourne, 1977) and anticipate management challenges (Van der Voorn et al., 2012).

Stimulating causal thinking (Priess and Hauck, 2014) is also considered as a result of

the stretching function of scenarios, including support in the identiĄcation of trade-offs

(Palomo et al., 2011), of the effects of today’s choices on different socio-ecological factors

(Swart et al., 2004) and of patterns of change (Mas et al., 2012). Cognitive changes can

also be reĆected in group dynamics by introducing new information in collective discus-

sions and promoting knowledge sharing, creative thinking and shared understanding of

socio-ecological dynamics (Butler et al., 2015; Priess and Hauck, 2014), or by supporting

the detection of issues in the established reasoning/management (Da Costa et al., 2008).

From the political side, scenarios can be used to promote personal and group prefer-

ences regarding desirable futures. Finally, on the instrumental side, substantial changes

can happen in personal behaviours through transformative learning leading to private

management decisions and change in openness towards other stakeholders. At the group

level, instrumental outcomes regard instead the direct use of scenarios in selecting policy

options and developing consensual intervention strategies. Scenarios can also be used in-

strumentally to improve management mechanisms, like creating structured collaborations

or modifying management tools to overcome institutional incompatibilities (Hauck et al.,

2019; Lumbroso, 2019; Ruckelshaus et al., 2015; Wimmer et al., 2012).

Finally, system outcomes arise indirectly in the long term and regroup shifts in the

general understanding of a problem and in the way of thinking, priorities and functioning

of a system (Hamilton et al., 2019). Table 3 resumes the potential outcomes of scenarios,

which should be seen as continuously evolving impacts so that cognitive outcomes can

lead to political and instrumental ones, and personal outcomes can support group ones,

ultimately contributing to system outcomes (Ghazinoory et al., 2015).

Limitations and obstacles to the emergence of the outcomes of scenarios are

also well documented. When facing complex systems and problems, scenarios must provide
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Individual Group System

Acquire new information
(instrumental learning)
Consider uncertainty;
Detect key variables;
Anticipate challenges

Consider new
information in
collective discussions
Knowledge sharing;
Shared understanding of
socio-economic systems and
dynamics;
Create shared values;
Creative thinking

Shift in
community
understand-
ing

Cognitive Reinterpret previous
information
(Communicative learn-
ing)
Stimulate causal
thinking about effects of
today’s choices, trade offs,
small/large scale drivers and
effects;
Highlight pattern of changes

Identify issues in
established
reasoning/management
Detect institutional
incompatibilities

Political

Reinforce personal polit-
ical opinion/preference

Support group political
opinion/preference

Shift in
community
priorities

Mediate conflicts

Instrumental

Change in personal
behaviour (transforma-
tive learning)
Change in private manage-
ment;
Change in attitudes towards
other stakeholders

Develop of new policies
Develop of management
strategies;
Support choices between
options

Shift in
community
practices

Modify management
mechanisms
Improve collaboration
mechanisms between
institutions/groups;
Improve management tools

Table 3 Ű Expected outcomes of scenarios according to the individual, group and system level
and to the type of outcome.

a broad overview of possible futures to favour their stretching function (Sutherland and

Woodroof, 2009). Nevertheless, the variables considered in scenario-making are limited
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Ąrst because the system complexity and the lack of information prevent addressing them

all, and second because reducing the system’s complexity is crucial to produce cognitive

outcomes. While usable scenarios must select a limited number of variables, the assump-

tions made to limit complexity are often non-explicit, creating a lack of transparency

and biased decisions (Reed et al., 2013). Moreover, in selecting the variables included in

the system, there is often a bias towards environmental variables (Winkler et al., 2018),

possibly hindering relevance for decision-makers who base decisions mainly on social ones.

Moreover, while the beneĄts of participatory processes on the usability of scenar-

ios are acknowledged (Reed et al., 2013), the involvement of local actors in storylines

development can also introduce signiĄcant biases that must be recognised to increase the

transparency of scenarios and reduce the emergence of biased ideas and decisions. Indeed

participatory scenarios are based on local actors’expertise, values and opinions, and could

reĆect the voice of the most inĆuential actors (Butler et al., 2015). As highlighted in

program evaluation, assessing the outcomes of scenarios and categorising a scenario as

successful is not easy, and several authors associate success with the concordance

with a pre-defined purpose (Hamilton et al., 2019; Voinov et al., 2018). In particular,

scenarios can be developed as decision-support, participatory, and research tools (Hamil-

ton et al., 2019) reĆecting the ability of scenarios to 1) support decisions, 2) support social

learning and communication and 3) support a better understanding of the system.

4 The need for transformative science

In the context of a growing population and an exacerbated social and environmental

crisis, the call for a radical transformation of economic and societal development is becom-

ing increasingly frequent (McCrory et al., 2020; Schneidewind, Singer-Brodowski, Mandy

Augenstein, et al., 2016). In this general call for profound transformation, researchers

and practitioners implied in sustainable studies are pledging for a transformative science

intended as Şa speciĄc type of science that does not only observe and describe soci-

etal transformation processes, but rather initiates and catalyzes themŤ (Schneidewind,

Singer-Brodowski, Mandy Augenstein, et al., 2016, p. 6). More than a separate Ąeld, a

transformative science approach can nourish sustainable studies (Horlings et al., 2020)

by focusing on human-environment interactions in transformation contexts and giving a

methodological framework to a Ąeld of study mainly constructed around a type of question.
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In transformative science, science and society overlap, and the usability of science-

produced knowledge is not the result of a negotiation between knowledge producers and

users (Schneidewind, Singer-Brodowski, Mandy Augenstein, et al., 2016) but instead arises

from a process in which researchers are one between multiple knowledge providers helping

to understand and facilitate transferability of solutions. In this understanding and transfer

process, people who confront and address a concrete problem (frontrunners) are seen as

Şhaving a sense of problem ownershipŤ, overcoming the knowledge-Ąrst approaches that

see society as the problem owner and science as a problem solver that shapes and answers

research questions (Wittmayer and Schäpke, 2014, p. 485; Miller, 2013).

As for transdisciplinary research, the processes of developing transformative research

vary signiĄcantly (Hilger et al., 2021). Nevertheless, real-world lab experiments are the

primary context for carrying out transformative research. Indeed, anchored in the idea

that experimenting with on-ground experiences leads to a better understanding of trans-

formations, real-world experiments want to capacitate and create change (Kok et al.,

2023) by testing and producing acceptable solutions for concrete problems and transfer

them beyond the limits of the labs (McCrory et al., 2020; Parodi et al., 2018). While in

natural science experiments, the environment is controlled, in real-world labs, the envi-

ronment is constituted by society, with frontrunners initiating transformative experiments

as main actors (Sengers et al., 2019). Moreover, embedding scientiĄc knowledge in trans-

formation processes implies rejecting the vision of researchers as knowledge providers and

recognising a multiplicity of researchers’roles in sustainability transitions (Wittmayer and

Schäpke, 2014). Indeed, in transformative science, scientiĄc knowledge and scholars are an

active part of the societal transformation, frontally denying the concept of neutral science

and embracing the idea of a science rooted in social progress that cannot exist outside

politics (Racimo et al., 2022; Turnhout and Lahsen, 2022). In this perspective, advocacy

is not seen as an activity harming scientiĄc production (Kotcher et al., 2017; Nelson and

Vucetich, 2009) but as part of the scientiĄc activity. Moreover, advocacy can be expressed

not only by engaging beyond academic context but also by asking action-oriented ques-

tions and by explicitly stating implications and actions suggested by Ąnding (Green, 2020).

Nevertheless, while several initiatives arise to create an academic environment favourable

to research engagement into societal problems (e.g. the DORA Declaration; Kraas et al.,

2016; NWO, 2019), transformative science requires a profound transformation of academia
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escaping the Şforces of metric Ąxation, competition, and commercializationŤ and leaving

time and space for action (Urai and Kelly, 2023, p. 6).

This thesis focuses on the societal outcomes of science-pushed scenarios aiming for

transformative change. In this context, while advocacy could occur in the scenarios’results

presentation phase, it is restricted in scenario-making. Indeed, in scenario-making, re-

searchers collect participants’visions on territorial evolutions, and legitimacy rests on in-

cluding those visions in scenarios’narratives without imposing the researcher’s one.

5 The national context

5.1 The Zone Atelier research network: A french socio-ecological

initiative

In a recent article, Arpin et al. (2022) retraces the history of the french interdisciplinary

research for the environment, which, even if not yet clearly constituted in a scientiĄc Ąeld

with standardised methodologies, can be assimilated with the international Ąeld of sus-

tainable studies. Indeed, this French branch of scientiĄc research shares with sustainable

studies the interdisciplinary methods and a locally based problem-solving approach aim-

ing to understand local realities and the socio-ecosystem interactions. With the increasing

visibility of environmental problems, and in accordance with the international context,

Ąghting against environmental deterioration became a stated priority in the French scien-

tiĄc and governmental sphere from the 90s. In that period, national scientiĄc structures

started to value interdisciplinary environmental research, and only in 2006 a transversal

department of the National Center for ScientiĄc Research (CNRS) addressing environ-

mental issues (now called the Ecology and Environment National Institute - INEE) was

created. In parallel, several structures allowing long-term locally based research had been

structured. In particular, the Zones Atelier (ZA) are experimental sites equipped with

research instruments for studying the complexity of socio-ecological systems in the long

term from the prism of multiple disciplines, including social sciences. Depending on the

INEE, the 14 national ZA are linked throughout a national network and, together with

other similar structures (e.g. the Observatories Hommes Milieux and the European LTER

platform), considerably support the national development of sustainable studies and trans-

formative science. Moreover, the real-world lab approaches are declined nationally via the
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experiences of the territoires-ecoles (Cayre et al., 2021).

5.2 The water management: a regulatory context requiring fore-

sight studies

Besides the scientiĄc structures facilitating the application of goal-oriented interdis-

ciplinary research, some institutional mechanisms favour the convergence between public

managers, technicians and research tools. In particular, the integrated approach charac-

terising French water management (Biswas, 2004; Hassin et al., 2009) implies cross-cutting

management decisions (Daudin et al., 2021), making the water sector a breeding ground

for sustainability studies. Even if the implementation of integrated management prac-

tices is still limited, interactions between water agencies, researchers and technicians are

promoted (Bouleau, 2014; Daudin et al., 2021). For example, the French water manage-

ment system requires a prospective phase to support the choice of the management

strategy to adopt (Allain, 2002). Although consultancy Ąrms rather than public research

institutes are commonly in charge of this prospective phase, the obligation to include

foresight studies in the policy-making process shows some level of anticipatory gover-

nance (Quay, 2010).

As deĄned by the Water Act of 3 Jan 1992 (Allain, 2002), which established the

creation of the Local Water Commission 2 (CLE) and the Water Development and Man-

agement Plan 3(SAGE), water in France is managed at the watershed level. The CLE is

the political body, composed of local authorities, users and State representatives, that

proposes the SAGE consistently with the broader scale Water Development and Man-

agement Directive Plan 4 (SDAGE) and approves it after a public consultation. Once the

SAGE is approved, a technical structure manages and monitors the implementation of

its directives on the ground, and several local programs can translate them into practical

operations (Allain, 2002; SAGE Blavet, 2013). This water management organisation relies

on a participatory planning approach, where different local actors are meant to jointly

manage the ensemble of water-related issues such as irrigation, sanitation, drinking water,

aquatic environments and Ćooding (Allain, 2001; Rinaudo et al., 2020). The jurisdiction

of operational organisations reorganised signiĄcantly beginning in 2018, when the MAP-

2. Commission locale de l’eau in French.
3. Schéma d’am´enagement et de gestion de l’eau in French.
4. schémas directeurs d’aménagement et de gestion des eaux.
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TAM law (of 27 Jan 2014) came into force, and municipalities (or groups of them) took

over watershed management and Ćood prevention (Barone and Dedieu, 2015), leaving the

planning phase unchanged.

On the land-planning side, the reference documents are the Territorial Coherence

Schemes 5 (SCoT), which must be consistent with the objectives imposed by the SAGE

but developed for a different administrative unit not based on geographical boundaries

but rather on administrative ones.

6 Partial conclusions

The Ąeld of sustainable studies is characterised by the ambition to produce action-

oriented knowledge. To verify if this clear goal of sustainable studies is reached, scholars

mobilised the precedent works that Ćourished in the Ąeld of program evaluation to as-

sess the continuing evolving conceptual, political, and instrumental outcomes linked with

sustainable studies. Together with outcomes, works analysing the usability, the impact

pathways and the biases induced by the evaluation time have been produced. In this

thesis, we focus on the outcomes of scenarios, a tool used in sustainable studies

and particularly in foresight. While the lessons learned from program evaluation had not

yet been thoroughly explored in its application to scenarios, some studies allow to clarify

the speciĄcity of the term usable and the panel of potential outcomes applied to scenar-

ios. Driving from this literature, some of the main characteristics of a usable scenario are

a timely goal-oriented scenario in which socio-environmental challenges can be deduced

from simply-presented and internally consistent storylines. Moreover, storylines must be

in an appropriate number and with an appropriate time horizon, contrasted, simultane-

ously plausible and including novelty, and they must integrate different stakeholders’views.

On the outcomes side, scenarios can produce cognitive, political and instrumental

outcomes. At the individual level, cognitive outcomes include acquiring new knowledge

and competencies, such as considering uncertainty and anticipating challenges or rein-

terpreting previously acquired information. Also, political and instrumental individual

outcomes can appear. E.g. scenarios can reinforce personal political preferences and sup-

port a change in personal management or attitude towards other stakeholders. Group

5. Schéma de cohérence territoriale
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outcomes include group effects of social learning, such as a shared understanding of socio-

economic systems and the identiĄcation of institutional incompatibilities with collective

goals/views. On the group instrumental side, scenarios can support the development of

new policies and the modiĄcation of sub-optimal management mechanisms. Finally, a shift

in community understanding, priority and practice can happen indirectly in the long term.

While scenarios have been applied to a multiplicity of domains, this thesis will fo-

cus on scenarios developed for local French agricultural contexts using a geoprospective

approach that combines narratives, participatory methods and (Ąne-scale) modelling. A

structured scientiĄc Ąeld corresponding to sustainable studies is not yet constituted in

France. Nevertheless, several national structures allow long-term, locally-based transdis-

ciplinary research to study socio-ecosystems and fostering transformation. Moreover, some

institutional mechanisms favour transdisciplinary research. In particular, the integrated

approach characterising French water management implies cross-cutting preoccupation

and management decisions, making the water sector a breeding ground for sustainability

studies. In addition, the water management system requires a prospective phase and is en-

tangled with agricultural and urban management through Ąnancial and legal mechanisms.

This presence of some level of anticipatory governance and interconnections between dif-

ferent environmental management sectors makes French water management a rich context

to study the outcomes of Ąne-scale scenarios, with converging methodological scientiĄc

interests.
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7 Objectives and structure of the thesis

7.1 Identifying the knowledge gap

While in the private sector, some scenarios evaluation has been produced (Chermack

et al., 2006; Ghazinoory et al., 2015; Haeffner et al., 2012; Phelps et al., 2001), and the

capacity of scenarios to positively affect decision-making has been proved (Meissner and

Wulf, 2013), evaluation on the broad spectrum of outcomes of scenarios in the public

context is still confronted by numerous barriers (Volkery and Ribeiro, 2009). Indeed,

while scenarios can beneĄt from monitoring accordance between original purpose, impact

pathways and outcomes (Arnott et al., 2020; Karcher et al., 2021), evaluations are often

overlooked because of a lack of time and resources, pressures and bias on researchers, a

lack of recognition of evaluation beneĄts, and a lack of standardised evaluation procedures

and expertise (Hamilton et al., 2019).

Recently Hedelin et al. (2021) conducted a literature review of 60 participatory mod-

elling projects Ąnding that over 60% did not report any evaluation and 90% lacked a de-

scription of evaluation criteria, methods of data collection and analysis. Similarly, Karcher

et al. (2021) analysed a panel of studies based on knowledge exchange processes and found

that scholars often claim outcomes more than reporting evidence. Moreover, despite the

general agreement on looking at outcomes as evolutive processes that change over time,

the temporal dimension of outcomes has rarely been addressed (Reed et al., 2021) and

lessons learned in engaging different stakeholders in scientiĄc programs are rare (Skarlati-

dou and Haklay, 2021).

To address this knowledge gap, Arnott et al. (2020, p. 41) suggest developing and

applying an Şinteractive, iterative, and evaluation-centred approach that learns by do-

ingŤ, implying a structured dialogue between knowledge funders, users and producers and

those studying science-societal interactions. While some studies have been conducted, to

our knowledge, there is no study assessing the outcomes of spatially explicit scenarios con-

sidering various stakeholders’perceptions, the evaluation moment and impact pathways

at once.
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7.2 Defining the research questions

This thesis evaluates the personal and group outcomes of two LUCC par-

ticipatory scenarios studies, which can be attributed to sustainable studies,

arising at different time frames and from different impact pathways.

According to the well-recognised need for social learning to tackle environmental prob-

lems, we wanted this thesis to be a way to foster outcomes more than purely evaluate

them. For this reason, we privileged the analysis of different impact pathways and or-

ganised a dissemination activity allowing us to present scenarios and debate them with a

broad audience. Moreover, this approach allowed us to introduce a supplementary variable

in our analysis (besides timing and impact pathway): the respondent’s proĄle in terms

of professional activity. Nevertheless, this choice prevented us from analysing more case

studies, for example, introducing some policy-pulled scenarios.

Following Muhonen et al. (2020), the impact pathways we analyse are the collab-

oration and the interactive dissemination pathway. The Ąrst was followed by the local

actors involved in the transdisciplinary co-creation of scenarios in which researchers and

stakeholders collaborated on several occasions along the project. The second was followed

by the local actors who got to know the LUCC scenarios and their results via the dis-

semination workshops. As highlighted in the introduction, evaluation time is crucial in

detecting outcomes. We hence decided to structure the thesis around this variable. Short-

term, mid-term and long-term evaluations are then proposed.

The research questions that guide our work are the following:

1 What are the outcomes of LUCC scenarios over time?

1a) How do science-push scenarios modify how territorial dynamics are understood

outside the land-management decision-making process?

1b) Do science-pushed scenarios enter into the land-management decision-making pro-

cess? In which way?

2 What are the main factors influencing outcomes?

2a) The effect of time: do local actors’perceptions of outcomes change over time? For

which type of actors and for which type of outcomes?

2b) Complementarity between impact pathways: what is the contribution of (less)more

time-consuming pathways on outcomes?

2c) Are there any other inĆuential factors besides time and impact pathways?
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In addition, this introduction showed how sustainable studies is expected to produce

actionable science that directly contributes to Ąnding solutions to concrete problems

(Dilling and Lemos, 2011; Pearman and Cravens, 2022). Nevertheless, program evalu-

ation studies show that direct research use in decision-making is seldom registered. By

analysing the mechanisms through which LUCC scenarios can lead to cognitive, political

and instrumental outcomes, we will give some insights into this apparent paradox which

may depict action-oriented research as a utopia.

7.3 Thesis structure

The rest of the thesis is structured as follows: the next chapter presents the two Ąne-

scale LUCC scenarios studies (ALICE and Lestolet scenarios) evaluated in this thesis;

Chapters 1 and 2 evaluate ALICE scenarios in the short and mid-term, while Chapter

3 proposes a long-term evaluation of Lestolet scenarios. Finally, the last chapter draws

some general conclusions.

Figure 4 Ű Thesis structure scheme.

The research-based part comprises three chapters, each containing a research paper

submitted or published in a scientiĄc journal (see Figure 4). Each paper is brieĆy intro-

duced by a chapter re-situating its contribution to the thesis and is followed by a partial

conclusion chapter. The partial conclusions presented in Chapters 3, 3 and 3 have a dual

scope. On one side, they report the results that go beyond the paper’s scope or over which
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we were not able to construct a solid methodological analysis but that are useful in the

larger framework of the thesis; on the other side, they resume the take-home messages of

the chapter.

The structure of the thesis and the choice of case studies reĆect the willingness to

study outcomes of different impact pathways over time. Indeed the Ąrst scenario was de-

veloped for the Couesnon watershed in the ALICE Interreg project (2016-2022), and the

second was developed for the Lestolet watershed in the framework of Thomas Houet’s PhD

thesis (2003-2006). When this thesis started, the ALICE project entered its last semester,

allowing us to investigate its short- and medium-term outcomes. On the other hand, with

the Lestolet project, we evaluate the long-term outcomes of scenarios produced more than

15 years ago. Besides the evaluation-time effect, the thesis structure captures the effect

of different impact pathways strategies. Indeed, the ALICE scenarios were produced and

diffused following two distinct impact pathways.

Figure 5 represents the time evaluation and impact pathways covered by articles in

Chapters 1, 2 and 3 and an overview of the speciĄc research questions assessed in each

paper. As a general overview, in Chapter 1, we investigate if disseminating scenarios pre-

viously co-created with a restricted pool of actors to an external audience can enhance

outcomes. We presented Alice LUCC scenarios in 12 workshops and collected feedback

from 147 local actors, including representatives, water management technicians, farmers

and students. The protocol we followed permits us to verify whether local actors per-

ceive scenarios as usable and detect cognitive outcomes. Data were collected through an

interactive survey, and the aggregated results were shown in real-time to the assembly

to support group discussions. Comprehensive notes of the debates were taken for each

session and re-examined. Differences between stakeholders groups answers were analysed

with statistical methods. The same protocol was used with people participating in the

co-production phase, but answers were not used in the analysis for statistical reasons.

Chapter 2 reports the results of interviews with 20 people who participated in the

previously mentioned workshops or the co-creation phase aiming to evaluate tangible out-

comes of scenarios. Interviews were composed of semi-structured, reactivation and framing

parts, and the collected data were analysed using a lexicometric and thematic analysis.
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Chapter 3 presents an ex-post evaluation of LUCC scenarios produced in 2004 based

on semi-structured interviews and a quantitative comparison between observed and sim-

ulated LUCC. The objectives were to evaluate to what extent the long-term outcomes

of scenarios reĆect expectations found in the literature and to understand which factors

inĆuenced their occurrence. Moreover, we provide insights into the LUCC driving forces

to consider in producing plausible Ąne-scale scenarios.

Figure 5 Ű Scheme of the three articles (corresponding to Section 2 of chapter 1, Section 2 of
Chapter 2, Section 2 of Chapter 3) according to stakeholders included in the study and the
evaluation time.

While each paper has its own research questions, we address the general thesis ques-

tions by compiling and comparing their results, as shown in Figure 6.

In terms of data collection and analysis, this thesis combines quantitative, qualitative

and mixed methods design. Indeed, while face-to-face interviews took an important place

in this thesis, we also used quantitative data from surveys and land use cover maps.
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Figure 6 Ű Contribution of the central thesis’chapters in answering the thesis questions listed in
Section 7.2.

Finally, as this thesis reĆects on the research’s impacts on society, I consider it neces-

sary to acknowledge my background. Indeed, my positioning as an Italian, white, middle-

class, able young woman with access to high-standard education undoubtedly inĆuences

the vision of society and what is to be considered a beneĄt that underpins this work.

This research work was carried out within the framework of Terranova International

Training Network (ITN), the European Landscape Learning Initiative, which has received

funding from the European Union’s Horizon 2020 research and innovation programme

under the Marie Sklodowska-Curie [grant agreement No 813904]. The output reĆects the

views only of the authors, and the European Union cannot be held responsible for any

use which may be made of the information contained therein. Terranova is the Euro-

pean Landscape Learning Initiative that trains 15 PhD candidates to look at climate

change, human-environment interactions, and environmental policies in Europe by inte-

grating research questions and methods across natural, humanities and social sciences.

The Terranova ITN is rooted in the scientiĄc agreement of the unprecedent intensity and

impact of land management on natural systems and the consequent need for landscape
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management supporting the transition to a low-carbon society. The idea underpinning

the project is that learning about long-term past landscape management strategies can

support a new generation of models and scenarios promoting sustainable land use in the

future. Therefore, the three main research objectives of this ITN are: 1) to reconstruct

the deep history of Europe’s cultural landscapes and corresponding changes in coupled

human-nature interactions, 2) to rethink the outcomes of human-environmental interac-

tions over the past three energy regimes on the present-day landscape in Europe, 3) and

to redesign landscape management strategies. My contribution to the overall projects is

embedded in this third objective. More speciĄcally, this thesis aims to understand how sci-

entiĄc knowledge integrating insights of past landscape evolution with envisioned futures

must be co-created and diffused to land managers and practitioners to impulse innovative

and integrated land management strategies (Fayet et al., 2021; Lindholm et al., 2020).

This work was based at the laboratory LETG-UMR6554 (Littoral Télédétection Environ-

ment Géomatique) of the University of Rennes 2 (France).
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This thesis evaluates the outcomes of two science-pushed LUCC scenarios studies de-

veloped for two watersheds in Brittany (western France) (see Figure 7). The selection

criteria were the Ąne-scale and the focus of scenarios on environmental issues. In ad-

dition, access to raw materials and contacts with stakeholders who participated in the

scenarios’elaboration and with people to mobilise in the dissemination workshops was

also a criterion. The selected scenarios are developed for the Couesnon (1130 km2) and

Lestolet (1320 ha) watersheds and focus on agricultural land use changes and their in-

Ćuence on water management and/or biodiversity. The Couesnon case study comprises

forecasting scenarios, while backcasting scenarios are also represented for the Lestolet.

The most prominent space given to exploratory scenarios is due to the role they have in

the decision-making process. Being recognised as particularly suited for the deĄnition of

the problem and the agenda setting, they are expected to produce not just instrumental

outcomes in an institutional context but also cognitive outcomes that can eventually pro-

duce action in the long term.

The selected scenarios differ in type and the spatial extent and have been developed

15 years apart. Even if I did not contribute to developing these scenarios, we dedicate

this chapter to their production process and results. Indeed it facilitates understanding

the materials I worked with and what had been presented to local actors during the

restitution and dissemination workshops. The presentation of the study sites and their

socio-demographic and geographical context are presented in appendix 1.1 and 1.2 as part

of previous studies.
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1 Scenarios for the Couesnon study area

The Couesnon scenarios (hereafter Alice scenarios) were developed as part of the

ALICE Interreg project 6 (2016-2022). Scenarios are described in Houet et al. (2022),

in which I collaborated principally for the discussion. Here, we report some extracts to

expose the material used for Chapters 1 and 2 of the thesis and reintegrate it with the

impacts of LUCC on water quality and quantity that are not presented in the paper but

that were discussed with the local actors.

1.1 Overview of the methodology

ALICE scenarios evaluated the potential effectiveness of designing Blue and Green

Infrastructure Networks (BGIN) strategies by exploring the inĆuence of multiple and

contrasting pathways of land-use intensiĄcation for the Couesnon watershed at a Ąne

scale.

Figure 8 Ű Overview of the overall method used to develop Couesnon scenarios combining studies
carried out in laboratory (in blue) and participatory steps (in red).

Figure 8 represents the overall workĆow of scenarios: 1) First, scenario-makers charac-

terised the site’s land-use and cover change (LUCC) trajectory; 2) second, they organised

two participatory meetings that helped collect the information required to build narra-

tives; 3) third, they developed the FORESCEM modelling framework and used it to simu-

late future LUCC based on the narratives; 4) fourth, they presented to local stakeholders

the combination of LUCC simulations and narratives for validation; 5) once validated,

the scenarios provided inputs for the estimation of future LUCC impacts on biodiversity

through the lens of landscape connectivity. In addition, impacts on water quality and

6. Alice Interreg project’s website (accessed the 12.01.2023) : https://project-alice.com/alice-project/
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quantity were calculated; 6) Ąnally, results were analysed and disseminated to a broader

audience in the framework of this thesis.

1.2 Study area and LUCC trajectory

The case study focused on the Couesnon river watershed in the Armorican massif

in North West France Ćowing into Mont-Saint-Michel bay (a UNESCO World Heritage

Site). It contains mainly intensive agriculture with mixed dairy/livestock production up-

stream, while vegetables/cropping systems dominate in the polders next to the sea. The

agricultural landscape is dominated by grasslands (temporary and permanent), maize and

other cereals/oilseeds (wheat/rapeseed/barley). The landscape has a hedgerow network

of variable density and connectivity. Except for two extensive forests, wooded patches are

quite small in the agricultural matrix. A Natura 2000 Ćoodplain, the Sougéal marsh, lies

near the estuary and is a hotspot of bird biodiversity close to one of the most important

and complex bays worldwide.

The area’s agriculture intensiĄed greatly after 1945, with the utilised agricultural

area (UAA) shifting predominantly to maize (+39 964 ha) since the early 90s, which has

decreased the area of grasslands by 43% (Figure 9).

Along with the loss of grasslands, agricultural Ąelds have been abandoned due to prob-

lems of accessibility, size, forage production and Ćooding, especially in valley bottoms,

which transitioned to shrublands and then forest, reaching 7 791 ha in 2018. During this

period, urban land also increased due to urban sprawl and the construction of the A84

highway (+5 951 ha). The two main ecological concerns in the area are water quality and

quantity, which are impacted by agricultural practices. Indeed, agricultural practices emit

large nutrient loads into the Couesnon River, the primary drinking water source for local

populations, including the Rennes metropolitan area. Overall, 30% of the water pumped is

exported and consumed outside the watershed. Furthermore, in the last decades, agricul-

tural intensiĄcation, land abandonment in valley bottoms, urbanisation, and soil sealing

caused a simpliĄcation of the landscape matrix, decreased landscape connectivity and

generated biodiversity losses (Kazemi et al., 2018). Lastly, a ZA covers a small portion of

the area of interest but facilitates exchanges between researchers and inhabitants.
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Figure 9 Ű (a) Couesnon watershed (red outline) and key geographical features: 1 - Mont Saint
Michel, 2 - Sougéal marsh Natura 2000 site, 3 - A84 highway, 4 - Fougères metropolitan area,
and 5 - Rennes metropolitan area, 40 km from Fougères; land-cover maps in (b) 1990 and (c)
2018.
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1.3 Scenario assumptions

The Couesnon scenarios consist of contrasting narratives illustrated by LULC maps.

Narratives were deĄned by combining three independent and contrasting assumptions for

agriculture and territorial development (Table 4).

Table 4 Ű Combination of territorial and agricultural development assumptions. The Ąve most
contrasting scenarios (in bold) were selected to explore the widest diversity of possible futures.

Given a temporal horizon of 2050, agriculture could evolve in three directions:

• The Ąrst is the ŞcerealisationŤ assumption, which favours producing cereals as

biomass or biofuel. This is due to a decrease in dairy and livestock production

in Brittany in response to the dairy production increase in eastern and central Eu-

ropean countries. Locally, less favourable agricultural lands (riparian meadows) are

abandoned.

• The second is the Şdairy intensiĄcationŤ assumption. The Common Agricultural

Policy (CAP) reform creates subsidies per ha that favour the intensiĄcation of lo-

cal dairy/livestock production. Excessive nutrient Ćows are treated in small biogas

plants while fertilisation practices improve.

• The third direction is the ŞgreeningŤ assumption: the CAP will be transformed in

2025 to promote an agroecological transition and agrifood protection. Dairy and

livestock production diversify and are based mainly on grassland forage, organic

farms increase in total area, and agricultural products are dedicated to local markets.
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Territorial development respects local urban-management plans set at the municipal level.

It is also driven by the social demand from inhabitants for certain types and locations of

housing. It could evolve in three directions. Territorial development respects local urban-

management plans set at the municipal level. It is also driven by the social demand from

inhabitants for certain types and locations of housing. It could evolve in three directions.

• The Ąrst is the Şbusiness-as-usualŤ: inhabitants prefer single-family houses with

a small yard, and municipalities compete to attract future inhabitants (+31 600

in 2050; AUDIAR, 2018; INSEE Bretagne, 2019a, 2019b). The objective of zero

urbanisation (France Stratégie, 2019) cannot be attained in 2040, although the main

BGINs are protected from urban sprawl.

• The second direction is the Şenergy transitionŤ: Ąrst, commuting decreases due

to the development of teleworking, and the high-energy performance of new and

renovated houses is the norm. The energy-oriented economy makes the Couesnon

watershed attractive for people (+38 800 inhabitants). Urban sprawl is controlled

and concentrated in the main urban areas. The zero-urbanisation objective will be

met by 2045, and BGINs will be strongly preserved.

• The third direction is the Şecological citizenŤ: development is driven by citizens’

preferences for a better quality of life and food independence. The area is more

attractive than other areas in Brittany (+35 900 inhabitants), and the zero ur-

banisation objective is not met. However, BGINs are strictly preserved, and local

authorities favour ecological preservation and restoration.

Combining these 3 × 3 assumptions creates eight internally consistent scenarios (one

combination is inconsistent). The Ąve most contrasting scenarios (bold in Ągure 4) were

selected to explore the widest diversity of possible future landscape changes. These as-

sumptions were presented to, reĄned, and completed with stakeholders during the Ąrst

participatory meeting. The second participatory meeting helped to specify them by con-

sidering local characteristics through narratives and participatory mapping. Researchers

then reĄned and quantitatively illustrated Narratives using the FORecasting landscapE

SCEnarios Model (FORESCEM) model and calculated the impacts of simulated LUCC

on biodiversity and water resources.
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1.4 LUCC and Landscape connectivity model

The FORCEM model (Palka et al., n.d.) allows to allocate the LUCC corresponding

to the narratives. It was used to simulate LUCC from 2018 to 2050 at a Ąne scale while

preserving landscape patterns (Ąelds). LUCCs are deĄned as natural vegetation dynamics

(e.g. from grassland to forest states) and agricultural or forest cover successions (e.g., crop

rotations, maturing forest). LUCCs are also associated with any change due to human

decisions such as urban planning or land abandonment. A regulatory map of the BGINs,

designed in the SCoT, can be considered as areas protected from future urbanisation.

The simulated land-cover maps for each of the Ąve scenarios were used as input for

a landscape-metrics spatially explicit model that estimated landscape connectivity and

a model estimating water quality and quantity. For estimating landscape connectivity,

the researchers selected an indicator specie for woodland, grassland and wetland and es-

timated connectivities using CHLOE landscape metrics software (Boussard et al., 2020).

Three steps are followed to obtain connectivity maps: (1) Ąrst, researchers spatially char-

acterise potential habitats for each indicator species, (2) then they create a permeability

map that describes the species’ability to move through patches (3) last, they create a

connectivity map that illustrates the areas that can be reached by the species from their

potential habitats to a maximum dispersal distance considering permeability. Raster maps

had a resolution of 10 m. To estimate the impacts of future LUCC on biodiversity in the

Couesnon watershed, researchers used two indicators of landscape connectivity as proxies:

extent and quality. The extent equalled the total area of connected habitats in the land-

scape (i.e. with positive mean landscape connectivity, which was deĄned as the mean of

the three types of connectivity per pixel). Quality equalled the total connectivity values

over the study area for each species. Connectivity indicators were ultimately evaluated by

comparing current (2018) indicators to those for the scenarios (2050).

For determining water quality in terms of pollutant concentration, researchers coupled

a model estimating the Ćux of nitrates and phosphates with a hydrological model esti-

mating the water quantity (see Álvarez-Cabria et al., 2016 for more details). To estimate

the Ćux of nitrates and phosphates, researchers used a model that integrates several ex-

plicative variables such as land use, the percentage of crops and forests and the landscape

mosaic. Initially developed for mountainous regions, some peculiar explicative variables

adapted to the Brittany context were added (i.e. the percentage of grassland, maize and
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other cereals). Subsequently, the effects of the different predictors on the response vari-

ables were calibrated for the Couesnon on the base of in-situ historical measures. The

hydrological model estimating water quantity was calibrated on data collected in one sta-

tion situated in the Couesnon watershed (Romazy station) between 1980 and 2018. It

considers variables such as altitude, soil type, precipitation, and temperature. The water

quantity and the concentration of nitrates and phosphorus had then been estimated for

the LUCC envisioned in the scenarios, and a temperature rise corresponding to the 8.5

IPCC scenario on climate change for the upstream area of the catchment.

1.5 Scenarios results

Scenarios results were published in the cited scientiĄc article (Houet et al., 2022), and

a booklet was printed and published in french on the Alice webpage and the Syndicat du

Bassin Versant Couesnon webpage 7.

ReĄned narratives (see Box 1 for an example of a narrative taken from the book-

let) were developed for the Ąve scenarios and presented as storylines. Moreover, LUCC

changes were presented as maps (from 2018 to 2050) and stacked graphics showing changes

in crop surface, urban areas, and km of hedgerow (Figure 10 and Figure 11). The areas

characterised as Şintensive agriculture areasŤ are identiĄed by counting the occurrences of

a plot covered by maize and wheat over 2018-2050 for the most intensive scenarios. The

agricultural intensiĄcation mainly concerns the area surrounding the Sougéal marsh and

the area south and east of Fougères.

Connectivity changes were also presented as maps and tables for the Ąve scenarios

(Figure 12 and Table 5).

7. Syndicat bassin versant Couesnon webpage (consulted the 09.01.2023): https://bassin-couesnon.fr/
bassin-couesnon/les-actions/les-etudes/

52

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



1. Scenarios for the Couesnon study area

F
ig

ur
e

10
Ű

L
an

d-
co

ve
r

m
ap

s
fo

r
th

e
C

ou
es

no
n

w
at

er
sh

ed
in

20
18

(a
)

an
d

pr
ed

ic
te

d
in

20
50

w
it

h
th

e
F

O
R

E
SC

E
M

fr
am

ew
or

k
fo

r
th

e
(b

)
B

us
in

es
s

as
us

ua
l

(c
)

D
ou

bl
e

p
er

fo
rm

an
ce

,
(d

)
E

ne
rg

y
p

er
fo

rm
an

ce
,

(e
)

D
es

er
t

of
ce

re
al

s,
(f

)
G

re
en

at
tr

ac
ti

ve
ne

ss
.

53

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



Materials

Figure 11 Ű Evolution of crops and landscape elements for the Desert of cereals scenario.

Box 1: Energetic Performance narrative

Territorial development continues the current logic of competition between territories
and the urbanisation of peri-urban areas, coupled with the cerealisation of the territory.
The agricultural identity based on cereal and energy production represents a change in
the territory’s identity, but it’s based on the seeds of change already at work in 2018
in Brittany. Cereal crops (wheat, rapeseed, maize) are developing massively everywhere.
They feed the methanisation plants set up in the catchment area. Livestock farming, which
is now very limited, is no longer predominant in the landscape: only a few meadows remain
visible at the bottom of the valleys and in the protected sensitive natural areas. Similarly,
a few isolated trees dot the plateaus. Moreover, hedges have almost disappeared from the
agricultural land (-2012 km): they can only be found on the edges of housing estates built
around historic towns, along roadsides or at the edge of farms. In urbanisation, the villages
are expanding due to individual housing construction, and the limited urban renewal
transforms a few agricultural buildings into residential houses. In parallel, economic zones
continue to develop along the A84 motorway. The most signiĄcant change is the creation
of reservoirs and hillside reservoirs Ąnanced by the Rennes metropolitan area. Indeed,
accentuated by the effects of climate change, tensions on water resources are increasing
due to the cerealisation of agriculture in the catchment area and the demographic growth
of the Rennes area.
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Figure 12 Ű Mean landscape connectivity (mean of wetland, woodland and grassland connectivi-
ties Ű normalized in %) for the Couesnon watershed (a) in 2018 and for the (b) Business as usual
(c) Double performance, (d) Energy performance, (e) Desert of cereals, (f) Green attractiveness.

Urbanisation changes were presented via a map showing the most likely urbanised ar-

eas in the future. The probability of urbanisation is calculated as the occurrence of urban

sprawl across scenarios at the plot level. Impacts on water quantity in the summer period

and water quality (in terms of concentration of Nitrates and phosphorus) are presented as

mean values over the entire watershed, as shown in Table 6. Finally, the effectiveness of

the BGIN strategy considered in the scenarios was assessed by comparing urbanisation in

the Desert of cereals against the Energy performance scenarios. Indeed the Ąrst assumed

that only the most important corridors would be preserved (connectivity = 100), while the

latter assumed optimal preservation of BGINs against urbanisation (connectivity > 50) in

the regulatory BGIN map. Nonetheless, the extent and quality of all types of connectivity

differed by less than 2%, showing a limited inĆuence of BIGINs preservation policies on

landscape connectivity. While effectively limiting the development of grey infrastructure,

BGINs mainly depended on agricultural land uses.
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Table 5 Ű Change in the area (ha) and quality of landscape connectivity from 2018 (present) to
2050 for the Ąve scenarios.

Table 6 Ű Observed (2018) and estimated (2050) water quantity a) and quality b). Water quantity
values are calculated for the summer period at the estuary. Values of nitrates and phosphorus
concentration are calculated for the summer period for the upstream Antrain station.
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2 Scenarios for the Lestolet study area

This section exposes the material used for Chapter 3 of the thesis. The Lestolet fore-

casting and backcasting scenarios were developed in the framework of Thomas Houet’s

PhD thesis (Houet, 2006) conducted from 2003 to 2006. Forecasting LUCC scenarios were

developed for three sub-catchments in the Blavet watershed: the Lestolet (Côtes d’Armor),

the Coët Dan and the Stang Varric (Morbihan), each one of approximately 1400 ha. In

addition, backcasting scenarios had been developed just for the Lestolet. This more ex-

tensive work allowed scenario-makers to build more solid relations with local stakeholders

active on the Lestolet than on the other watersheds. Furthermore, the ensemble of sce-

narios had been retaken by the consulting Ąrm ASca to feed more global policy-pulled

scenarios (at the Blavet scale). Chapter 3 of this thesis focuses mainly on the Lestolet

scenarios. For this speciĄc watershed, we reconstructed the LUCC using remote sensing

and interviewed local stakeholders to understand LUCC drivers and the outcomes of sce-

narios. Nevertheless, as 14 years passed between the end of the Blavet scenarios project

and this evaluation, local stakeholders could not distinguish between the outcomes re-

lated to forecasting and backcasting scenarios and the sub-catchment or Blavet watershed

scenarios.

2.1 Overview of the methodology

In partnership with the SAGE Blavet, scenario-makers selected three sub-catchments

representative of the landscape diversity and the water quality management issues of the

entire watershed. Figure 13 schematises the overall workĆow used to develop scenarios.

The scenario development process includes four steps for backcasting and forecast-

ing scenarios (Houet, Verburg, and Loveland, 2010): the knowledge base construction, the

scenarios construction, the spatial dimension of the scenarios and their evaluation.

1. The construction of the knowledge ŞbaseŤ follows three successive phases. The Ąrst

one is the reconstruction of the LUCC trajectories using remote sensing. The second

is the identiĄcation of the processes that determine land cover evolutions. The last

is the prioritisation of explanatory factors for current and future changes. The Ąrst

phase was carried out in the laboratory, while the second and third phases were

carried out in the Ąrst participatory meeting.

2. The narratives were constructed during the second participatory meeting and re-
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Ąned by scenario-makers. Exploratory and forecasting scenarios followed different

narrative construction processes. Indeed, exploratory scenarios assume different evo-

lution of the LUCC’s main explanatory factors (2006 CAP reform, the enlargement

of farms and the evolution of land parcels) and explore their impact on the agri-

cultural landscape. In contrast, the backcasting scenarios assume highly contrasting

landscape futures (in terms of land use, hedgerows networks, and wetlands) and

trace the necessary conditions to reach those futures.

3. Scenario-makers then translated the narratives into spatially explicit representa-

tions. For the exploratory scenarios, the spatialisation was done using the L1 plat-

form (Gaucherel et al., 2006), while backcasting scenarios were spatialised via a GIS.

Subsequently, scenario makers identiĄed future challenges for water management

(risk of nitrates transfers in the surface and sub-surface Ćow system and changes in

water Ćows quantity).

4. Finally, a last participatory meeting with local stakeholders was organised in 2006

to present the scenarios and to evaluate the results.

Besides the four steps to developing secondary watershed scenarios, a consultancy Ąrm

worked with the SAGE and the CLE on scenarios at the Blavet scale. The Ąne-scale

scenarios developed by Houet (2006) then feed into more global scenarios concerning

water management and socio-economic-related impacts.

Figure 13 Ű Overview of the overall method used to develop Lestolet exploratory and normative
scenarios combining studies carried out in laboratory (in blue) and participatory steps (in red).
The scenarios were then retaken by a consultancy Ąrm to develop more comprehensive scenarios
at the Blavet scale (in yellow).
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2.2 Study area and LUCC trajectory

At the time of scenario development, the Blavet watershed (2130 km2) was charac-

terised by dairy/livestock farming, representing one-third of the farms (SAGE Blavet,

2005), and water quality was a long-lasting concern with variable agriculture intensity

within the catchment area. The Lestolet catchment, on which scenarios are focused, is a

1320 ha area located upstream of the Blavet (Côtes d’Armor department). The Lestolet’s

topography is rather hilly, and a high presence of the bocage (a dense hedgerow and small

forest patched network) historically characterises it. Between the 50s and the end of the

century, the hedgerow network and wetlands progressively decreased in the Lestolet. In

parallel, the average farm plot size doubled between 1952 and 1999. Moreover, land use

changed considerably over time. Indeed, while cultures predominated until the mid-60s,

between 66 and 1981, the crop area dropped to 27%, and grassland covered 53% of the sur-

face. In the 80 and 90s, the CAP reform caused a trend reversal: grasslands decreased by

10% while cropping surfaces augmented slightly. In the same period, shrublands previously

dispatched in the whole area were concentrated in the valley bottoms. This intensiĄcation

of agriculture caused a degradation in water quality, and consequently, several regulatory

measures have been put in place to restore it.

2.3 Scenario assumptions

As for the Couesnon case study, the Lestolet exploratory and backcasting scenarios

consist of contrasting narratives illustrated by LULC maps. Exploratory scenarios were de-

veloped at the temporal horizon of 2020. Their narratives had been deĄned by combining:

1) three independent and contrasting assumptions about the farmer’s coping strategies in

response to the next-coming 2006 CAP reform; 2) and two hypotheses on the dynamics

of land structures represented by farm takeovers and the enlargement of land parcels (ex-

clusively for the Lestolet watershed).

The three contrasted hypotheses about the 2006 CAP reform are the following:

• The Ąrst assumes no drastic changes in the CAP. Following this hypothesis, farmers

do not change their practices maintaining an overall increase in maize at the expense

of grassland (Şbusiness-as-usual (BAU) strategyŤ).
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• The second assumes a CAP ŞGreening strategyŤ favouring grasslands. Following this

hypothesis, farmers increase grassland area at the expense of silaging maize area.

All cereals and oilseeds are converted to grass.

• The third assumes a CAP ŞCropping strategyŤ favouring crops. In this case, farmers

increased the percentage of cereals by 5% compared to the 2004 reference year.

Scenarios were developed either by considering the farms’ takeover and enlargement or

not. In the long-term assessment paper, we limit our quantitative analysis to scenarios

considering the enlargement. Further assumptions shared by all exploratory scenarios are

that farmers do not change production systems, and all farmers assume the same coping

strategies.

In parallel to exploratory scenarios, three backcasting scenarios were developed at

the time horizon of 2027 by crossing hypotheses on the evolution of different landscape

components (CAP evolution and land use, bocage, riparian wetlands) and checking for

internal consistency.

• The Ąrst scenario assumed that water-quality targets were met by spending large

amounts of money and by a consistent engagement of local actors in maintaining

landscape elements (bocage) and keeping wetlands open.

• The second assumed that the disappearance of farms due to difficult economic con-

ditions met water-quality targets.

• The third predicted a substantial decrease in water quality (increased nitrate con-

centration) and a loss of biodiversity due to the transition to agro-energy cropping

systems. In this scenario, wetlands are dedicated to hunting.

Once narratives were deĄned, researchers illustrated LUCC spatially using the L1 platform

and GIS model, and then impacts on the water resource were estimated.

2.4 Modelling LUCC and impacts on the water resource

The land structure dynamics were estimated by relying on the expertise of local stake-

holders. As a result, 17 of the 31 farms on the Lestolet in 1998 were identiĄed as ones that

would cease operations by 2020. Of these 17, 6 farms are taken over by a young farmer

and the other 11 by neighbouring farms.
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Figure 14 Ű Estimated in farm size for the Lestolet watershed between 1998 and 2020.
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For modelling exploratory scenarios LUCC, scenario-makers estimated the evolution

of crops and grassland percentages, their spatial distribution, and the extension of the

bocage and wetlands using the L1 platform (Gaucherel et al., 2006; Houet, 2006). This

platform is a dynamic and spatially explicit modelling platform that produces an annual

mapping of the types of occupation and land use to the time horizon of the scenario.

Moreover, the model can impose that, at a given date, the cropping patterns of different

production systems change. This feature is particularly relevant to reĆect the inĆuence of

the CAP reform on land use patterns. Regarding backcasting scenarios, scenario-makers

used a GIS to represent the LUCC of Lestolet in 2027 spatially, corresponding to the

narratives.

Based on the LUCC maps, scenario-makers esteemed the following impacts:

• The cumulative distribution of corn areas relative to the distance to the hydrographic

networks (model adapted from Ruiz et al., 2004) and the frequency of return in corn

on parcels for the exploratory scenarios

• The risk of sub-surface transfers of nitrogen considering the land use and the pres-

ence of hedgerows using the Landbuf model (Viaud, 2004)

• The areas contributing to surface Ćow transfers of phytosanitary products and phos-

phorous considering the effects of hedgerows via the Odissés model (Bocher, 2005)

• The inĆuence of land use on water Ćows considering pre-determined runoff coeffi-

cients via the RuiCells model (Langlois and Delahaye, 2002).

2.5 Scenarios results

Forecasting scenarios were Ąrst presented in the form of narratives. An example of

forecasting scenario narrative is given in Box 2. Then scenario-makers presented LUCC

through maps (Figure 15) and stacked graphics. Together with land-cover changes envi-

sioned by scenarios, some indicators of land structure dynamics were also presented (e.g.

the number and the production systems of farms in 1998 and 2020 and the average farm

size, see Table 7 and 14. The impacts of the farm enlargement were discussed qualita-

tively with the aid of scenarios. Namely, by comparing different scenarios, researchers

highlighted that the farms’enlargement slightly favours the increase of crops and their
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grouping in broader patches. Impacts on water quality and quantity were presented in a

qualitative way.

Backcasting scenarios’narratives and maps (Figure 16) were also presented.

Box 2: The CAP in favour of grasslands narrative

Following the CAP reform of 2006, coupled with pessimistic wheat price projections,

farmers remain sceptical. The Chambers of Agriculture and other advisory bodies are

launching a communication campaign on the opportunity offered by the new CAP fund-

ing system. Planting grass instead of wheat is proĄtable (fewer treatment costs, no need

to hire farm equipment or call external agricultural works companies for sowing and har-

vesting), especially as farmers already have the equipment needed for minimum grassland

management (annual mowing). They also gain much free time, a demand becoming in-

creasingly strong in the profession. Their reaction was immediate: they changed their

production system to a predominantly grassland system and, subsequently, their crop

rotation. There are many individual initiatives, and the dissemination by proximate dif-

fusion plays a signiĄcant role in the spread of this adaptation strategy. Ultimately, all

farmers changed their production system after the 2006 CAP. In all the study sites, the

farmers are relatively young. The few farmers who ceased their activity between 1998 and

2020 Ąnd new owners: the installation subsidies and the legal structure of the GAECs

make it possible to compensate for retirements through the arrival of young farmers. The

size of the farms is increasing, following the evolution presented in Table 7.
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Figure 15 Ű Land-cover maps for the Lestolet watershed. Observed land-cover in 2019 (a) and
envisioned in 2020 with the L1 platform for the Business as usual (b), Greening (c), and Cropping
forecasting scenario (d).

Figure 16 Ű Envisioned land-cover maps for the Lestolet according to the Ąrst a), second b), and
third c) backcasting scenarios.
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Table 7 Ű Evolution of the agricultural production systems according to the estimated farm
enlargement.

3 Partial conclusion

This chapter summarised all the material used in this thesis. The Ąrst set concerns the

study of the Couesnon watershed (Eastern Brittany) made and delivered to stakeholders

in 2021. The second set concerns the Lestolet, a sub-catchment of the Blavet watershed

(central Brittany) made and presented to stakeholders in 2005. Both scenarios’narratives

were developed jointly with local actors involved in water management and agriculture.

The two sets of spatially explicit scenarios are composed of narratives envisioning the

effects of socio-economic and environmental drivers on the landscape and LUCC maps.

Moreover, while both case studies esteem the impacts of intensive agricultural land use

changes on water resources, the Blavet one focuses on the impacts of LUCC on biodiversity

as well. In terms of scenario types, for the Couesnon watershed, scenario-makers developed

forecasting scenarios only, while for the Lestolet, forecasting and backcasting scenarios

were developed.
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Chapter 1

OUTCOMES OF SCENARIOS IN THE

SHORT TERM
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1 Introduction: dissemination pathways as multipli-

ers of outcomes

In this Ąrst evaluation article, we collect the short-term reaction to LUCC scenarios

from a broad audience who got to know scenarios through some dissemination workshops

without participating in the co-production phase.

As highlighted in the introduction of this thesis, co-production is one of the pillars of

sustainable studies, in which ALICE scenarios are inscribed. However, despite the consis-

tent expected outcomes associated with this phase, co-production is accessible to a limited

number of local actors. Therefore, in this chapter, we chose to focus on dissemination as a

complementary impact pathway to co-production with less consistent but widely shared

associated outcomes.

The principal aim of this chapter is to see if ALICE scenarios are perceived as us-

able, allowing the emergence of some personal, group and eventually system outcomes in

the mid-long term. Besides, some Ąrst emerging short-term outcomes are also examined

and discussed. Consequently, this paper will often discuss ŞperceptionŤ rather than out-

comes emphasising the question: Şdo respondents perceive scenarios as usable?Ť rather

than Şhave scenarios been useful?Ť which we will address in priority in the following chap-

ters.

To verify the role of the dissemination pathway in fostering outcomes, we diffused

scenarios to different consistent groups of local actors, selecting technicians, represen-

tatives and farmers as the most representative of land managers in agricultural land-

scapes. Considering the need for a consistent number of respondents per group and the

full agenda of some local actors, we chose a quantitative assessment method enriched by

notes on collective discussions, leaving more in-depth and time-consuming veriĄcation for

the mid and long-term evaluation. However, the statistical approach we adopted does

not come just with beneĄts. One backdrop is the impossibility of considering complex

respondents’proĄles. Indeed, we decided to classify respondents based only on their fa-

miliarity with the study area and their current professional activity. For example, we

consider farmers a uniform class without considering their agricultural practices or social

and professional background. Similarly, we did not distinguish representatives according
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to the structures in which they exercise their function. Although we are well aware of the

limits of this approach, the quantitative method we applied prevents us from considering

more nuanced categories. Moreover, for this chapter, we exclude people participating in

the co-construction phase since they were not enough to constitute a standalone category.

At the same time, their stronger implications in the project prevent us from including

them in the other categories without introducing important biases. In the following chap-

ter, we will address this limitation by reintroducing in the sample the participants of the

co-production phase and giving some background information regarding the interviewees.

This chapter has been submitted as an original research paper to the Environmen-

tal Science and Policy journal (under review).

Rigo R., T Houet, Gonthier C. (Under review) Evaluating and maximising the outcomes of

LUCC scenarios: strategies for an effective dissemination, Environmental Science and Policy
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2 Article: Evaluating and maximising the outcomes

of LUCC scenarios: strategies for an effective dis-

semination

R. Rigo, T. Houet, C. Gonthier

Abstract

Land use and land cover change (LUCC) scenarios are often co-produced by researchers

and a reduced group of local actors. While most scenarios’evaluations analyse feedback

from actors involved in the scenarios making, restricting the diffusion of scientiĄc results

to the co-construction group can limit their potential to support land management. In

this study, we investigate if disseminating the scenarios to an external audience can en-

hance the outcomes of scenarios fostering the use of scientiĄc knowledge in local decision

making. We presented LUCC scenarios in 12 workshops and collected feedback from 147

local actors, including representatives, water management technicians, farmers and stu-

dents. Findings indicate that despite the original aim of the scenarios being to support

the integration of Blue and Green Infrastructures (BGINs) in land management, the pri-

mary beneĄts were to increase knowledge about technical land-management concepts and

challenges and to re-discuss preconceived notions and traditional practices. In addition,

we observed that respondents’professional activity, the consideration of the research’s

credibility, and the perceived importance of BGIN signiĄcantly inĆuence the evaluation.

We conclude that scenarios outcomes can be maximised by making the expected outputs

and outcomes (including social ones) explicit and by acknowledging local actors’priorities,

backgrounds, and roles in land management during the dissemination.

2.1 Introduction

The acceleration of the environmental crisis has shifted the focus of science from under-

standing environmental processes to seeking solutions. In this context, scientiĄc research

has become more transdisciplinary, valuing co-design and co-production (Shrivastava et

al., 2020). In parallel, both civil society and scientists believe in the need for a stronger

engagement of researchers in environmental policies (Cologna et al., 2021) and for a per-

sistent dialogue between the scientiĄc community and local actors (Skea et al., 2021).
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The production of land use and land cover change (LUCC) scenarios, i.e. projections

about the future patterns of land usage (see Gomes et al., 2020 for an example), is one

example of synergy between science and society. Indeed, scenarios are often the result of

co-production, in which researchers and local actors share their expertise to envision and

model possible evolutions of the landscape. From landscapes changes, researchers can esti-

mate the impacts on natural resources and social dynamics, allowing stakeholders to Ąnd

scientiĄcally sound pathways to sustainability (Vergragt and Quist, 2011). By co-creating

different visions of the future, scenarios have the potential to develop a shared under-

standing of complex systems in which social, economic, and environmental variables are

considered (Pereira and Ferrier, 2020). Moreover, divergent values and different visions of

the future are also often included in scenario-making to promote social learning (Johnson

et al., 2012) and enable transformative outcomes (Nikkels et al., 2021). Hence, scenar-

ios promise to work both as boundary objects that facilitate dialogue between different

groups and interests (Burt et al., 2021; Carlile, 2002) and as decision-making support

tools (Ferrier et al., 2016).

Those two complementary ways of using research outputs (i.e. scenarios in this case),

fall respectively into research’s conceptual and instrumental use. The Ąrst is the use of

outputs to inĆuence how stakeholders conceptualise a problem. The latter is the direct use

of research outputs to support management actions (Mitchell, 2019). The conceptual and

instrumental use of research can be further produce outcomes: Şchanges in values, atti-

tudes and behaviour in the world beyond the walls of the research instituteŤ (Matthews et

al., 2011, p. 247). In their systematic review, Karcher et al. (2021) identify several social

outcomes, including increased awareness, the presence of learning processes, changes in

organisational structures and the development of a shared understanding. Most recurrent

instrumental outcomes are using research results to identify management alternatives,

choose management strategies, and directly include results in policy and technical docu-

ments (Rigo et al., 2022).

Nevertheless, translating scientiĄc knowledge into beneĄts for stakeholders is com-

plex (Glavovic et al., 2021). Barriers to producing positive outcomes can arise both in

the co-construction phase of scenarios, in the restitution and in the dissemination phase.

In this article we will refer to restitution, as the moment when results are presented to
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the stakeholders involved in the co-production of scenarios. We refer to dissemination as

the phase when results are presented to an external audience. To overcome these barriers,

research on how to develop more salient, credible and legitimate scenarios is multiply-

ing (e.g. Van Voorn et al., 2016; Wodak and Neale, 2021). Moreover, the evaluation of

scenarios is shifting from quantifying outputs to identifying outcomes (Hamilton et al.,

2019; Matthews et al., 2011). The present work is part of this dynamic and focuses more

speciĄcally on identifying the outcomes of scenarios in the dissemination phase.

At a local level, a limitation to research-based land-management practices is a miss-

ing common understanding of environmental and social issues between actors (Kolkman

and Van der Veen, 2006). In addition, poor communication and a lack of knowledge of

what the different stakeholders groups perceive as valuable and meaningful can decrease

the perceived stakes of scenarios, hindering outcomes. To investigate how scenarios can

support a heterogeneous audience in learning about environmental issues and, ultimately,

integrating the outputs of scenarios in their professional activities, we believe it is suitable

to focus not only on the co-construction phase, but also on dissemination. Indeed, limited

resources and unbalanced power relations (Ansell and Gash, 2008; Reed, 2008; Williams,

2004) inherently limit the number of participants in the co-construction; conversely, these

constraints are relaxed in the dissemination, allowing a broader public to access the sce-

narios.

While there have been different attempts to evaluate the outcomes of scenarios (e.g.

Cobb and Thompsoneigh, 2012; Kowalczewska and Turnhout, 2012; Mitchell et al., 2016;

see also Yeeun Lee et al., 2022 for a review of evaluation frameworks), evaluations of-

ten focus on feedback from homogeneous stakeholder groups or generalise results from

mixed groups (see Inman et al., 2011 for an exception using environmental decision sup-

port systems). In addition, most evaluations come from stakeholders involved in the co-

construction phase (Allington et al., 2018; Beach and Clark, 2015; Hedelin et al., 2021;

Wyatt et al., 2021), while little attention is accorded to dissemination to a broader au-

dience (see Matthews et al., 2011 for an exception). Although dissemination is time-

demanding and often considered a side task for researchers (Kassab, 2019), it can be a

crucial phase in enhancing the outcomes (Metzger et al., 2017; Šucha and Sienkiewicz,

2020). Assessing priorities, and expectations on scenarios and the perceived contribution

for local land users and other stakeholders remains essential to make dissemination more
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effective in producing outcomes.

Our study builds on the outputs of the Alice project, which developed scenarios for

agriculture and land planning strategies in North West France (see Houet et al., 2022, for

a detailed description of the project). The original aim of these scenarios was to evaluate

the effectiveness of different Blue and Green Infrastructure Networks (BGINs) strategies

for water resources and biodiversity. We endeavoured to make the Alice scenarios readily

available and understandable for a broad audience, and we evaluated the perceived out-

comes of scenarios when presented to local actors. For this purpose, we organised several

workshops to present the scenarios and collect feedback through an interactive question-

naire. We then analysed the collected data according to respondents’characteristics. This

paper shows that the main variables impacting the perceived outcomes of scenarios were

the respondent’s professional activity, the consideration of the research’s credibility, and

respondents’belief in the importance of BGINs. In addition, we found that the primary

outcomes of the scenarios were to support a learning process on landscape dynamics and

to re-discuss preconceived notions and traditional practices.

The paper is organised as follows: Section 2.2 brieĆy describes the scenarios we pre-

sented during the workshops, the topics we want to investigate, and the methods we used

to analyse the data. Section 2.3 analyses how the different actors perceived each of the

topics. Based on the results, in Section 2.4, we discuss the major outcomes of scenarios,

provide insight on how to adapt the dissemination phase of scenarios to different stake-

holders, and reĆect on the contributions and limitations of the study. Finally, Section 2.5

concludes the article.

2.2 Materials and Methods

2.2.1 Context and case background

In 2021, the Alice project used modelling and participatory methods to develop a

scenario-based approach for the Couesnon watershed (west France), combining land use

and land cover changes. The project resulted in Ąve scenarios from 2020 to 2050 published

in Houet et al. (2022). Scenarios aimed to evaluate the effectiveness of the BGINs policy

on water resource and landscape connectivity and help land managers deĄne BGINs and

incorporate them into local management plans.
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The case study area is a river catchment of 1 130 km2 located in North West France,

which discharges into the bay of Mont-Saint-Michel. The site is characterised by intensive

agriculture, mainly for dairy production in the upper part, while vegetables and cropping

systems dominate the polders at the interface with the sea. In addition, characteristic

landscape elements are the bocage, a network of hedgerows of variable density and con-

nectivity, and small wooded patches isolated in the agricultural matrix. Since the 70s, the

Couesnon has faced water quality issues that gradually decreased from the 90s (Dupas

et al., 2018; Eau du Bassin Rennais, 2019).

First, Alice’s researchers developed Ąve scenarios composed of narratives and spa-

tially explicit LUCC maps showing different future landscapes for 2050. To produce the

narratives, local stakeholders assumed contrasted evolutions of the Common Agricultural

Policy (CAP) and the consequent adaptation of agricultural practices at the local level

and of local land planning strategies (such as different degrees of BGINs preservation in

land management and different degrees of demographic increase on the territory). All Ąve

scenarios shared a common hypothesis on global warming. Once local actors deĄned the

Ąve contrasted narratives, researchers transposed them into LUCC maps at the watershed

scale. Then, they evaluated the evolution of biodiversity using landscape connectivity as

a proxy and the water quality and quantity between 2018 and 2050 for each scenario to

assess the BGINs policy’s efficiency.

The authors measured landscape connectivity as the mean value of wetlands, wood-

land, and grassland connectivity and presented them through maps. Water quantity was

estimated as summer and winter Ćow for the Couesnon river, and water quality as the con-

centration of nitrates and phosphorus in the water during summer. The outputs showed

that water quantity would considerably decrease (around 40%) in all scenarios due to

climate change, triggering a higher concentration of pollutants. Moreover, the scenar-

ios highlighted how the effectiveness of BGINs in ensuring connectivity and good water

standards mainly depended on agricultural land users’ decisions, over which the current

management plans have no inĆuence.
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2.2.2 Dissemination of scenarios

2.2.2.1 Restitution workshops

We presented the scenarios produced by the Alice project to a broad audience that did

not participate in the co-construction of narratives. The Ąnal workshop structure resulted

from four pilot trials that allowed choosing the polling system, reĄning survey questions

and length, and establishing the contents of the presentation. We excluded this trial sam-

ple from the analysis.

From June to December 2021, we organised 12 more workshops lasting between 2h30

and 3h. In each session, we presented the methodology and results of the Alice project to

an audience homogeneous in terms of professional activity. Along with the presentation of

the scenarios, participants used an interactive polling system to Ąll out a survey designed

to investigate our research questions.

147 local actors participated in the workshops and responded to the survey, including

representatives of local municipalities and the Brittany region; water management tech-

nicians; farmers and farmers representatives at the local and regional level; students at

the local agricultural high school; and university students attending the master’s degree

of land planning, environment, and development. Different audiences attended separate

workshops to keep a restricted number of participants per session and avoid power im-

balances and conĆicts of interest. In this way, we encouraged active participation in the

discussions and facilitated free expression. Audiences mostly attended the workshop in

person. However, we also proposed the option of attending by videoconference when re-

strictions due to the COVID-19 health crisis prevent some attendees from participating.

We held only one workshop entirely online.

2.2.2.2 Participants

To gather participants, we identiĄed groups of stakeholders potentially interested in

the results of scenarios or the scenario-making approach. We then contacted a correspon-

dent from each stakeholder group who proposed the workshop to their social network.

Respondents to the survey were between 17 and 73 years old (M = 37 years, SD = 18),

and 44% worked and/or lived in the area (of which 38% were farmers, 14% were techni-

cians, and 45% were representatives). All participants were French speakers. We removed

6 records from participants who answered less than 50% of the survey.
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Respondents could report up to two professional activities. We divided respondents

into three professional categories: farmers, local and regional government representatives,

and technicians. 67 respondents initially identiĄed themselves in one and only one of those

categories. Given their training, we considered students from the agricultural high school

as farmers (n = 31) and master’s degree students in land planning, environment, and

development (n = 18) as technicians. When a respondent identiĄed themself as a farmer

plus one of the two other categories, we included them in the category "Farmer" (n =

11). Finally, we included respondents who identiĄed themselves as both representatives

and technicians in the category "Technicians" (n = 2). 4 respondents did not report their

professional activity but were assigned to a group based on the workshop session, and

8 were not classiĄed in any of the categories because of missing information. The Ąnal

dataset included responses from 54 farmers, 39 representatives, and 51 technicians. The

result’s robustness to this classiĄcation was checked by repeating the analysis related to

professional activity after excluding respondents identifying themselves in more than one

category (n = 17); the results yielded similar conclusions.

2.2.2.3 Survey and analysis method

At the beginning of the workshop, we provided the respondents with a tablet com-

puter. We administered the questionnaire using Mentimeter, a software that allowed the

audience to respond via tablets (or personal devices for those attending online) and see

responses in real time. To limit group biases, we only showed aggregated results for each

question once all respondents had answered. We used the interactive survey results to

support discussions where participants could share and argue their answers. We also took

comprehensive notes of the debates for each session; some of the comments made by par-

ticipants are reported in the results section to contextualise quantitative results.

The survey was designed to investigate our Ąve main research questions: 1) Respon-

dents’perception of the contribution of scenarios in identifying the territory’s dynamics

and challenges; 2) Respondent’s perception of the most probable scenario and contribution

of scenarios in thinking about future landscape trajectories; 3) Correspondence between

scenarios results about water quality and quantity and respondents’expectations based on

their prior knowledge; 4) Contribution of scenarios quantitative results about biodiversity

and water resources for respondents’professional activity; 5) Perceived contribution of the
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scenarios in tackling territorial challenges.

The survey consisted of 33 questions, of which 15 addressed the contribution of sce-

narios in respondents’professional activities, understanding landscape dynamics and chal-

lenges, and envisioning actions to improve environmental issues. Those questions asked

the level of agreement or disagreement on a seven-point scale (1 = disagree strongly; 2

= disagree somewhat; 3 = disagree slightly; 4 = Neutral; 5 = agree slightly; 6 = agree

somewhat; 7 = agree strongly). The remaining questions addressed factors which could

inĆuence attitudes towards the contribution of scenarios: personal background, the eval-

uation of the workshop, and perceived plausibility of the scenarios. We summarise the 5

main research questions and the corresponding points of the survey in Table 1.1.

Since the data were ordinal variables, we used non-parametric tests for the statistical

analysis of responses. Part of the main analyses sought to compare responses between

groups of respondents of different professions and different levels of familiarity with the

area. For this purpose, we used the Kruskal-Wallis test (to compare three groups) or

the Mann-Whitney U test (to compare two groups). When a signiĄcant difference ap-

peared with the Kruskal-Wallis test, we performed pairwise post-hoc comparisons using

the Mann-Whitney U test with Bonferroni correction. Because non-parametric tests are

vulnerable to heteroskedasticity, we veriĄed the results of non-parametric tests with para-

metric ones (Welch’s ANOVA and Welch’s t-test, respectively) when variances substan-

tially differed across groups. We used Spearman’s non-parametric correlation coefficient

to check for correlations between the questions. We used the Wilcoxon test to test whether

responses were signiĄcantly different from the neutral point of the scale (for example, sig-

niĄcantly on the "agreement" side). Finally, we compared respondents’answers to different

questions using the Pairwise Wilcoxon test. The survey questions and a table summarising

the analysis are available in Appendix 2.
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Table 1.1 Ű Research topics and correspondent survey sections. In brackets, the denomination
which is reported in the analysis results.

2.3 Results

As shown in Table 1.2, the Kruskal-Wallis test indicates a difference in familiarity

with the concept of BGINs between professional activities. The post-hoc comparisons

indicate that farmers were signiĄcantly less familiar with the concept of BGINs compared

to representatives and technicians. Indeed, during the workshops, farmers often agreed

that they received little or no information on BGINs. Farmers also perceived the BGINs as

less relevant than technicians and representatives (Table 1.2). Spearman’s Rho coefficient
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showed a positive correlation between being familiar with the concept of BGINs and

perceiving them as a signiĄcant concern for the territory. We provide the correlation test

results in Table 1.3. Respondents expressed conĄdence in the research results (Mdn = 5).

ConĄdence did not change signiĄcantly between the different professional activity groups,

nor according to the familiarity with the study area (Table 1.2). Moreover, 99% of the

respondents felt free to express their points of view. As many as 68% of respondents

actively participated in the discussions.

Table 1.2 Ű Level of familiarity with BGINs, level of perceived importance of BGINs, level of
perceived inĆuence on BGINs, and evaluation of research quality by professional activity. Median
value (Mdn), average rank (MR), and the Kruskal-Wallis and Dunn test results. SigniĄcance
levels of Mdn values refer to the Wilcoxon signed rank. p< 0.05; ** p< 0.01; *** p< 0.001*. °
indicates the presence of heteroscedasticity. We do not report the results of the non-parametric
tests as they do not signiĄcantly differ from the parametric ones.
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2.3.1 Understanding territory dynamics and challenges

We designed three survey questions to investigate whether scenarios helped better

comprehend the territory. We asked respondents to what extent they agreed with the

following questions: ŞThanks to this study, I have improved my global understanding of

the territory’s challengesŤ; ŞThis study allowed me to consider more variables/notions that

I had not previously consideredŤ; and ŞThis research is useful to understand the dynamics

of the landscape better". We estimated differences in responses depending on professional

activity (Kruskal-Wallis test and post-hoc test) and familiarity with the study area (Mann-

Whitney test). Finally, we estimated correlations with ordinal control variables using

Spearman correlation (Table 1.3).

Respondents agreed that scenarios helped them understand landscape dynamics (Mdn

= 6) and, to a minor extent, helped them understand the challenges faced by the terri-

tory and consider more variables (Mdn = 5). We found no signiĄcant difference in the

results depending on the familiarity with the study area (see Table 1.4). Regarding profes-

sional activity groups, technicians ranked the contribution of scenarios in understanding

landscape dynamics signiĄcantly higher than farmers (see Table 1.5).

Considering BGINs as an important issue for the territory was positively correlated

with perceiving a substantial contribution of scenarios in identifying the territory’s chal-

lenges, considering more variables when thinking about landscape dynamics, and under-

standing landscape dynamics better. Similarly, we found a positive correlation been the

level of conĄdence in the research results and the same three variables. Previous knowl-

edge of the concept of BGINs is also positively correlated with perceiving a substantial

contribution of scenarios in identifying the territory’s challenges (Table 1.3).

When explaining why scenarios supported a better comprehension of landscape dy-

namics and challenges, respondents often evoked the systemic vision provided by scenarios:

"The scenarios allow us to reĄne notions, and to see them from a systemic
point of view."(Representative at the ecological transition commission of one
of the Couesnon councils)

Conversely, some respondents gave a low score to the contribution of scenarios in under-

standing landscape dynamics because they are based on assumptions. As assumptions are

made on socio-economic dynamics and their translation and adaptation to the local spe-

ciĄc contexts of the Couesnon watershed, some respondents commented that the results

were not general enough to provide transposable knowledge on landscape dynamics
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Table 1.4 Ű Median value (Mdn), average rank (MR), and results of the Kruskal-Wallis and
Dunn test relatively to the familiarity with the study area. Median value (Mdn), average rank
(MR), and results of the Kruskal-Wallis and Dunn test relatively to the familiarity with the
study area. SigniĄcance levels of Mdn values refer to the Wilcoxon signed rank. p< 0.05; **
p< 0.01; *** p< 0.001*. ° indicates the presence of heteroscedasticity; we veriĄed results using
non-parametric tests.
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Table 1.5 Ű Median value (Mdn), average rank (MR), and results of the Kruskal-Wallis and Dunn
test relatively to the professional activity. SigniĄcance levels of Mdn values refer to the Wilcoxon
signed rank. p< 0.05; ** p< 0.01; *** p< 0.001*. ° indicates the presence of heteroscedasticity;
we veriĄed results using non-parametric tests.
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Figure 1.1 Ű Most probable scenario according to respondents’ professional activity.

2.3.2 A heterogeneous vision of the future

At the beginning of the workshop, we asked respondents if they had ever thought about

the possible long-term evolutions of their work area. 87% responded ŞyesŤ or Şyes, oftenŤ.

After presenting scenarios, we asked which of the presented scenarios they believed was

more likely to occur. The respondents’answers reĆected a diversity of visions regarding

the region’s future (see Figure 1.1).

Indeed, even among people familiar with the area and from the same group of profes-

sional activities, there was no consensus about the more likely scenario.

"ŞIt’s evident that we all have different opinions. We would all have had the
same opinions if you had come 20 years ago. But now there is a huge difference
between farmers.Ť (Farmer from the Couesnon)

Most respondents agreed that their vision of the future was not a Ąxed and well-structured

conviction but could change multiple times over a short period. Moreover, their conviction

was strongly related to a speciĄc geographical area. For these reasons, respondents tended

to disagree slightly that the scenarios changed their idea of the future (Mdn = 4).
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2.3.3 Correspondence between scenarios and expected results

As the Couesnon watershed has historically faced water quality issues and is increas-

ingly affected by water quantity shortages, local actors often discuss the evolution of water

resources. The scenarios showed that water quality and quantity issues would increase re-

gardless of the evolution of the agricultural context. In this section, we investigate if local

actors shared the same knowledge about the incoming tensions on water and if scenarios

increase this knowledge and alert about future tensions.

After presenting the scenarios, we asked respondents if water quantity and quality

results corresponded to their expectations. Regarding water quantity, farmers’ and rep-

resentatives’answers did not signiĄcantly differ from the neutral value of the Likert scale,

while technicians’ responses were signiĄcantly on the "agreement" side (Table 1.5). We

found a positive correlation between the level of conĄdence in the research results and

consistency between results on water quality and prior expectations (Table 1.3). Tech-

nicians considered results about water quantity signiĄcantly closer to their expectations

than results about water quality (W = 77, p = 0.021).

Since the water quality is improving in the Couesnon, many respondents were sur-

prised to see a degradation of water quality in all scenarios, including the most virtuous

ones regarding sustainable agricultural practices. Nevertheless, no participant questioned

the results. Since regulations and environmental measures constrain agricultural prac-

tices, such as limiting nitrate inputs, some farmers and technicians did not expect to see

a degradation in water quality. Some respondents did not consider that a reduced water

quantity leads to a major concentration of pollutants and consequently to water quality

degradation. This explains the mismatch between results and expectations about water

quality. Although respondents felt that scenarios alone did not have the power to change

their preconstructed vision of the future, they recognised the contribution of scenarios

in opening their minds to the possibility that water quality will not follow a predictable

trend.
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2.3.4 Contribution of scenarios quantitative results on biodiversity and water

for professional activity

The results of the Alice project show possible future changes in water quality (concen-

tration of nitrates and phosphorus in underground water), water quantity, and landscape

connectivity between the present and 2050 according to the Ąve scenarios. One of the

original aims of the study was to produce valuable data for water management at the

watershed level. To verify if scenarios accomplished the original aim and if local actors

could beneĄt from the provided data, we asked to what extent respondents agreed with

the following questions: ŞThe results on water resources / biodiversity are likely to help

me in my professional activity.Ť Participants felt that the results provided by scenarios

on biodiversity and water were likely to be implemented in their job (Mdn = 5 for both

variables). However, the information on water resources was less likely to be mobilised by

farmers than by representatives. On the contrary, there were no signiĄcant differences in

how participants with different professional activities rated results regarding biodiversity

(Table 1.5). Moreover, the representatives considered results on water quantity more likely

to be mobilised in their practices than results on biodiversity (W = 4, p = 0.042).

Qualitatively speaking, the debates reĆected the higher consideration accorded to wa-

ter results than biodiversity, as most of the discussion focused on the contribution of

scenarios to water management. For technicians of the Brittany region, results regard-

ing water quantity and quality constituted incentives to work on better management of

agricultural rotations and fertilisation. Another participant commented that the quanti-

tative results of scenarios pushed technicians to think more about nature-based solutions

for water management. Technicians also discussed how scenarios could promote parcel

exchanges to facilitate agricultural work and support the diffusion of landscape elements

that limit water quality degradation. The main leverage identiĄed during discussions was

to generate more interest in the already available tools for parcel exchanges.

ŞWe already discussed the impact of amicable exchange of agricultural Ąelds
on water quality. For the green algae, it didn’t work. We must think about how
to generate interest [in amicable exchanges].Ť (Technicians for the agriculture
service of Brittany Region)

One reason explaining the high scores of technicians to the professional relevance of the

scenarios is the nature of their job. Indeed, many of them work to raise awareness of

farmers or representatives regarding environmental issues and are thus often engaged in
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debates. Therefore, they beneĄt from scientiĄc evidence to support their points of view

and previous convictions with scientiĄc knowledge.

"[Scenarios are helpful for my professional activity] because they provide sci-
entiĄc and factual evidence to our arguments because we are often engaged
in debates. And we need to encourage our elected representatives to have a
forward-looking vision and debate to deĄne a desirable future." (Technician
from the national association of watershed representatives)

ŞIt’s useful to support the debate and challenge elected officials on what they
can and cannot do.Ť (Technician from the national association of watershed
representatives)

Nevertheless, the data resulting from the scenarios were seen as too general (e.g. giving the

order of magnitude of the increase of concentration of pollutants in the water) to be used as

support in technical documents. Some mentioned difficulty in identifying the contribution

of scenarios regarding water management, as they felt powerless. External inĆuential

factors or decisions taken at another political level would limit local actors inĆuence on

environmental issues. Moreover, scenarios showed that the diminution of water during the

summer period will be mainly a result of climate change, leaving respondents with the

feeling of being left without no leverage. Regarding the trajectory of agriculture and its

impacts on biodiversity and water, respondents often highlighted that signiĄcant decisions

inĆuencing the evolution of agriculture are taken at the European rather than local scale.

"I work with representatives who ask me the meaning of voting for a SAGE
when the Common Agricultural Policy doesn’t go in a good direction." (Tech-
nician from the national association of watershed representatives)

Indeed, considering that the results regarding biodiversity and water were likely to be put

into practice in the respondents’ jobs was positively correlated with belief in the fact that

the study included factors over which respondents had a direct power of action. It was

also positively correlated with being familiar with the concept of BGINs.

Scenarios were represented in terms of maps and narratives, and discussions took

place after each survey session. Therefore, we asked participants to what extent the three

supports (maps, narratives, and debates) were effective for understanding and internalis-

ing the new information. Farmers and technicians considered maps and discussions more

effective than narratives, while representatives ranked the three supports equally.
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2.3.5 Contribution of scenarios in tackling territorial challenges

Understanding one’s role in managing an issue is the Ąrst step to acting. Therefore,

we divide this section into two parts: Ąrst, we investigate the contribution of scenarios

in understanding one’s role in the implementation of BGINs; secondly, we investigate if

respondents perceived the research as beneĄcial to push them to action.

2.3.5.1 Contribution of scenarios in understanding one’s role in BGINs

We found no signiĄcant predictor of considering the scenarios an effective tool to

understand one’s role in the implementation of BGINs, except for professional activity.

Indeed, farmers and representatives felt the scenarios had a higher contribution to un-

derstanding their role in the context of BGINs than technicians (Table 1.5). On multiple

occasions, technicians highlighted how they did not perceive scenarios as awareness-raising

tools because of their professional activity:

Ş[The low rating we gave on this question] is a matter of our role: taking
actions in favour of the environment, it’s already my role.Ť (Technician from
a farmers’union)

2.3.5.2 Contribution of scenarios in putting in place land management ac-

tions

During the workshop, we asked participants to note to what extent they agreed with

the questions: 1) ŞThis research is useful to better understand the dynamics of the land-

scape"; 2) ŞThis research is useful to put actions in place". Comparing these two questions

showed that all professional categories gave signiĄcantly higher ratings to the Ąrst (farm-

ers: W = 85, p = 0.012; representatives: W = 4, p = 0.015; technicians: W = 91, p =

0.016), indicating that they all considered scenarios as more helpful as a tool to better

understand landscape dynamics than as a tool to support implementing concrete actions.

Farmers considered the contribution of scenarios in supporting action signiĄcantly lower

than technicians (Table 1.5). The results also indicated that perceiving a useful con-

tribution of scenarios in supporting action was positively correlated with having a high

previous knowledge of BGINs, considering BGINs a signiĄcant issue, and considering that

the study included factors over which respondents had a direct power of action (Table 1.3).
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During the discussions, people who did not recognise themselves in any of the analysed

professional activities and who were excluded from the quantitative analysis expressed

reluctance to consider scenarios helpful in supporting action.

ŞI am at a loss as to how to deal with BGINs as a resident.Ť (Resident of
Couesnon)

Similarly, students attending the master’s degree discussed their feeling of powerlessness

as residents without decisional power in environmental management. Nevertheless, they

recognised that they could get involved in environmental NGOs.

Several comments arose about the general contributions and limitations of scenar-

ios in tackling environmental issues. Some were common across different actors, whereas

others were speciĄc to one group. The most recurring positive aspect of scenarios for

technicians and representatives is that they address land management from a multidis-

ciplinary perspective. For example, technicians from the Brittany Region volunteered to

participate in the meeting to have a broader vision of how different elements interact in

the landscape and to investigate possibilities of developing more consistent and coher-

ent politics to support the agroecological transition. At the end of the workshop, they

recognised that the meeting reinforced their belief in a tight collaboration between the

different services of the region (urban development, agriculture, environment. . . ) that still

work separately. In addition, before the workshop, they identiĄed hedgerows as a land-

scape element that fosters different ecosystem services. During the workshop, they also

recognised and discussed the role of permanent grassland.

Ş [The workshop] allows us to see that it will be necessary to imagine how to
link the different services of the region: water, urbanisation, planning, agricul-
ture. [Scenarios are] a tool where several policies intersect.Ť (Technician of the
Brittany region)

Similarly, some technicians from the national association of watershed representatives

recognised the value of a more integrated transition policy.

ŞWhat we take home is that it is interesting to put the landscape at the centre
of a transition policy." (Technician from the national association of watershed
representatives)

Some local representatives also evoked the multidisciplinary character of scenarios, but

they viewed the utility of multidisciplinary more from the learning perspective. They dis-

cussed the contribution of scenarios in clarifying the links between different landscape

elements.
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Participants also discussed several limitations regarding the contribution of scenarios

in tackling environmental challenges. Even though some participants recognised that sce-

narios consider many aspects of regional development, others deemed that they were too

focused on environmental aspects. The marginal attention to social aspects and impacts

hindered some representatives’ interest.

ŞWhen we talk about BGINs or wetlands, we emphasise the contribution to
biodiversity or hydrology, but this is not what makes administrators attentive.
We need sociological information about how we represent a territory. The
main question of the BGINs is probably not the biodiversity, but how people
accept to implement them and see what is possible and feasible to implement."
(Technician from the national association of watershed representatives)

The methodology used to develop scenarios was another limiting factor. The modelling

itself requires simpliĄcations on how different variables interact. Nevertheless, some par-

ticipants underlined how the model integrated neither feedback between environmental

responses and human choices, nor the inĆuence of agri-food chains on farmers’ decisions,

ultimately hindering their conĄdence in scenario results. Furthermore, some actors were

not in full agreement with the hypotheses chosen to feed models and found it challenging

to understand the level of incertitude of the results, triggering a low level of conĄdence in

the scenarios. In addition, some technicians agreed that representatives are often sceptical

about scientiĄc knowledge, especially in modelling, which can prevent technicians from

referring to scenarios to support their points of view.

2.4 Discussion

2.4.1 Dissemination maximises cognitive outcomes

Our study highlights that, in the short-term, LUCC scenarios effectively promote so-

cial outcomes, such as learning about landscape dynamics and landscape management

challenges. Scenario makers must recognise this type of outcome as an achievement for a

research-driven project and a valuable outcome of scientiĄc knowledge. Moreover, knowing

the factors that foster or hinder outcomes is crucial for an efficient dissemination strategy.

In this sense, the lessons learned from this study can be applied to maximise cognitive

outcomes of punctual dissemination activities.

As the Ąrst step of a dissemination activity, it is crucial to create (or verify if it already

exists) a common understanding and a consensus on the importance of the main concepts

90

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



2. Article: Evaluating and maximising the outcomes of LUCC scenarios: strategies for an
effective dissemination

used in the scenarios. In our case study, respondents had very different knowledge of

BGINs, and there was no consensus on their importance in landscape management. Con-

sidering BGINs as an important tool for land management positively inĆuenced several

outcomes, such as understanding inĆuential variables and landscape dynamics, recognising

territorial challenges, and how to mobilise scenario results in one’s professional activity.

In this regard, two options are possible: in the long term, promoting a better knowledge

of the concept could enhance the perceived importance of BGINs; in the short term, it is

beneĄcial to make the base concepts explicit and avoid using technical terms building on

something more familiar such as connectivity.

Quantifying the impact of scenarios on signiĄcant variables for the area is also cru-

cial. Since water management is a major issue in the Couesnon watershed, respondents

perceived water quality and quantity indicators as more relevant for their professional

activities than indicators on biodiversity. This is particularly true for representatives who

must prioritise interventions and manage land use and resource conĆicts in the territory.

Nevertheless, showing the impact of scenarios on other indicators highlights how different

landscape elements and ecosystem services are intertwined and fosters a deeper under-

standing of landscape dynamics. The presence of multiple indicators interested profes-

sionals working in different land management sectors (such as agriculture, water manage-

ment and biodiversity) and permitted them to acknowledge and criticise well-established

practices that hinder sustainable land management. The way technicians used the term

ŞmultidisciplinaryŤ supports this conclusion: they mostly used the word when comparing

the ability of scenarios to put together different aspects of land management, as opposed

to organisational structures that force them to work on a particular landscape element.

Another crucial element that impacts the outcomes of scenarios is the audience’s feel-

ing of inĆuencing the variables selected to deĄne scenarios. In the dissemination phase,

researchers can reinforce that feeling by listing authentic past experiences showing the

power of local actors to impact LUCC. For example, some locally managed regulatory

mechanisms, such as the Agri-Environment and Climatic Measures, have effectively lim-

ited the decline in grassland surfaces (Rigo et al., 2022).

Using a wide range of supports to show and discuss scenarios can foster the outcomes.

In our case study, farmers and technicians agreed that maps and discussions were more
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effective than narratives. On the other hand, representatives ranked the three supports

equally as narratives allowed social variables to emerge. While some maps and narratives

elicited some criticism, respondents generally appreciated the discussions. Using an in-

teractive tool to submit the survey facilitates discussions and allows the participants to

comment on their answers and compare them with the distribution of the results. The

high percentage of participants taking part in discussions conĄrmed participants’ engage-

ment.

It is worth noting that disseminating scenarios can have positive outcomes regardless

of the audience’s familiarity with the study area. Indeed, the contributions of scenarios

were mainly learning outcomes that can be applied to different contexts.

Lastly, our study highlights that higher conĄdence in the research positively inĆu-

ences the understanding of landscape dynamics and territory challenges. The presence

of the person who develops scenarios clearly fosters respondents’conĄdence. When we

consider researchers’time and Ąnancial constraints, a question arises: to what extent and

under which conditions can they delegate scientiĄc results dissemination? Even though

answering this question is beyond the scope of this article, we stress the effectiveness of

the dissemination phase in producing cognitive outcomes. A starting point could be to

propose a limited number of workshops gathering representatives of stakeholders groups

that can, in turn, raise awareness in their networks.

2.4.1.1 Moving towards instrumental outcomes

Social outcomes, such as learning, were not clearly identiĄed as expected outcomes at

the beginning of the project but ended up being the most important ones. Conversely,

although it was the Ąnal goal of Alice scenarios, respondents seemed sceptical about con-

sidering the scenarios as a support tool to improve policy actions. Far from being an

isolated case, this Ąnding conĄrms the results of Karcher et al. (2021) that highlight the

widespread inconsistency between expected and achieved outcomes for academic studies

and the general tendency to social social outcomes.

Even though researchers conducted the initial research in partnership with water

management and urban management structures, the quantitative outputs of scenarios

appeared more suited to representatives’ professional needs. Indeed, technicians felt that
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the data provided in scenarios were too general to be used as an operational tool, while

representatives claimed a possible use of scientiĄc evidence to support their political po-

sitions. This point highlights how the scenarios did not completely meet the demand of

institutional partners who were originally identiĄed as potential users, making it diffi-

cult to achieve the instrumental outcomes. Limiting the gap between institutional part-

ners’expectations and results of scientiĄc research projects is necessary to reinforce a tight

and permanent collaboration network of researchers and institutional stakeholders.

Without ignoring the intrinsic uncertainty of scientiĄc outputs due to the new method-

ologies or applications, we advocate making this uncertainty explicit at the beginning of

the project. Together with making expected outputs and uncertainties explicit, expected

outcomes should also be co-deĄned, and full recognition should be given to social out-

comes.

As Thompson et al. (2017) show, carrying out transdisciplinary research in tradi-

tional structures can create tensions, and they identify highly structured deliverables as a

method to limit conĆict. Financing programs such as the Interreg and Horizon2020 have

the power to enforce the co-deĄnition of expected outcomes for action-oriented projects.

In those projects, to require deliverables signed both by the administrative partners and

researchers could be a way to enforce it. In research projects involving multiple academics

in different regions, deĄning the goals and outputs of the global project is common prac-

tice. We believe that, once the project is approved, co-deĄning outputs and outcomes at

the site level with local actors will be beneĄcial. Apart from limiting mismatches between

expectations and outcomes, this would promote a better understanding of the political

and administrative context in which researchers operate and reinforce the science-policy

interface at a local level.

2.4.1.2 Contributions and limitations of the study

Prior studies have documented the potential of participatory LUCC scenarios for land

management, focusing on feedback from local actors who participated in the scenario-

making (Hedelin et al., 2021). While disseminating to a large audience has been recog-

nised as one of the steps for building effective scenarios in supporting environmental

actions (Metzger et al., 2017), researchers have given little attention to this step. Here,

we covered this gap by pointing out the outcomes of disseminating LUCC scenarios. To
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our knowledge, this is the Ąrst study providing quantitative evidence of outcomes of sce-

narios for a heterogeneous audience who did not participate in the scenario-making.

We consider facilitating shared knowledge and re-discussing well-established practices

as the main outcomes of the dissemination. A measure of success is that when local groups

heard about our proceeding, we were sought out to present scenarios (Matthews et al.,

2008).

However, some limitations are worth noting. Although we followed a protocol to limit

group biases during the survey, some biases were still present. In particular, the presence

of scenario-makers in the workshop is prone to provoke acquiescence bias. As people par-

ticipated in the workshop voluntarily, a selection bias was also present.

The methodological constraints of statistical analysis made it necessary to group re-

spondents to a limited number of professional activities. Nevertheless, we recognise the

heterogeneity of backgrounds among people within the same professional category. The

design we chose was sufficient to allow several results to emerge, but a more qualitative

analysis could be adapted to account for hybrid proĄles.

We encourage scholars to conduct similar work for scenarios developed in a differ-

ent social and science-policy interface context. In our case, academics initiated the Alice

project and only then looked for institutional partners. Repeating the same experience

for scenarios demanded by institutions could enrich the discussion.

Lastly, we analysed reactions to our scenarios in the short term. Even if we found that

scenarios promoted a learning process and created the space to re-discuss well-established

practices, at this stage, we cannot verify if this Ąrst step will boost positive actions for

sustainable land management. Different studies show that outcomes change over time

(Hamilton et al., 2019; Matthews et al., 2011) and can occur several years after the

dissemination (Rigo et al., 2022). Future work should include follow-up assessments, in-

cluding interviews and grey-literature analysis, to evaluate if improving shared knowledge

and reconsidering established practices result in tangible outcomes.
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2.5 Conclusion

In this study, we analysed the data collected during 12 workshops in which we pre-

sented LUCC scenarios to a widespread audience. We aimed to understand to what extent

scenarios can produce outcomes for an audience who were not involved in the step of

co-creation. We found that social outcomes, were the primary beneĄts of the scenarios.

Therefore, we believe that presenting scenarios to a wide range of local actors can be

beneĄcial in creating a shared understanding of land management issues and facilitating

sustainable land management. Nevertheless, social outcomes were not clearly identiĄed

as expected outcomes at the beginning of the project, while researchers and administra-

tive partners expected scenarios to support land management decisions directly. In this

regard, making explicit the expected outputs and outcomes, including social outcomes at

the beginning of the project, can be beneĄcial for limiting mismatches between expecta-

tions and outcomes. In addition, we found that different actors valued scenarios differently

according to their professional activity, consideration of the research’s credibility, and the

perceived importance of BGINs. Acknowledging that not all actors have the same priori-

ties, backgrounds, and roles in land management, it is crucial to adapt the dissemination

of scenarios to a speciĄc audience to maximise outcomes.
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3 Additional results and conclusion of Chapter 1

In this chapter, we analysed how local actor groups perceive the representation of

future LUCC, their awareness of expected water management challenges and their knowl-

edge of technical concepts. Moreover, we veriĄed if scenarios were perceived as usable,

intended as potentially applicable in the respective professional activities, and resulting

from a credible research process.

Regarding knowledge of technical concepts, we registered a signiĄcant difference be-

tween groups. Indeed farmers had lower knowledge of the concept of BGINS and accorded

lower importance to this network of landscape elements than the other two groups. More-

over, farmers declared a lower consciousness of expected water management

challenges. Conversely, the expected LUCC vary significantly across and within

groups, showing an absence of homogeneous visions.

Regarding the instrumental usability of scenarios, all groups positively evaluated

the research (above the median value), and representatives evaluated water-related

results higher than farmers. Nevertheless, more variability in answers was registered

between farmers and technicians than representatives.

Generally, scenarios were perceived as salient and credible, and we received

positive feedback on the co-production process followed by scenario-makers positively im-

pacting legitimacy.

During the workshops, we discussed the central role of hedgerows in water quality

and ecosystem services. Nevertheless, not everyone had equivalent knowledge of the prac-

tices related to the maintenance of hedgerows. For example, farmers acknowledge the

common practice of making trees sick to circumvent the law prohibiting the removal of

hedgerows. However, while representatives seemed aware of this practice, regional techni-

cians expressed surprise at hearing it. This knowledge gap can be explained by the fact

that in our sample, representatives were elected in local municipalities, and some were

previously farmers (n = 6) or were familiar with the agricultural sector. While our protocol

did not statistically verify the knowledge of that practice across groups, our observation

highlights that some taboos in land management are not discussed openly. We
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believe such taboos prevent a fruitful discussion on effective policies fostering economic

and environmental sustainability.

Apart from assessing the usability of scenarios, we detected some Ąrst outcomes.

Indeed, workshops permitted levelling knowledge on expected environmental

challenges and agricultural practices.

To conclude, this short-term evaluation article allowed us to:

• Verify the usability of scenarios: respondents expressed conĄdence in the

research results regardless of their professional activity and familiarity with the

study area. The co-creation phase was perceived as essential in establishing the

study’s legitimacy showing the Ąrst complementarity between impact pathways.

On the saliency side, local actors consider water results more salient than biodi-

versity, reĆecting the tensions on water resources in the territory. Moreover, the

results of scenarios are more likely to help representatives in their professional

activities than technicians.

• Detect an incoherence between expectations and respon-

dents’perceived usability of scenarios: scenarios were developed in

partnership with a technical structure aiming to help land managers deĄne

BGINs and incorporate them into local management plans. Nevertheless,

scenarios appear more salient for representatives than technicians.

• Detect short-term outcomes: some personal, cognitive outcomes were de-

tected in the short term. Indeed scenarios levelled up knowledge on expected

challenges and agricultural practice and brought new knowledge in those sectors

of activities respondents are not specialised in (i.e. the concept of BGINs for

farmers and standard practices bypassing the legal restrictions for technicians

working at broader organizational levels).

While the evaluation framework is easily replicable, organising workshops is time con-

suming. However, this Ąrst evaluation allows setting the bases of outcomes evaluation

for the different types of local actors, which will permit better audience targeting

relative to expected outcomes.
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1 Introduction: scenarios as boundary objects?

In this second article, we shift the focus from assessing the usability of scenarios to

evaluating their mid-term outcomes. The dynamic evaluation approach helps to differenti-

ate the outcomes according to the time of appearance. Knowing at what time lag outcomes

manifest themselves can help determine their evolution and give insights on appropriate

evaluation timing to detect the presence/absence of speciĄc outcomes. Moreover it can

support an efficient planning of scenario-related projects. Imagine, for example, a two-step

project with a Ąrst awareness rising step through scenarios and a second intervention on

developing leverages of change. In that case, it would be essential to set the follow-up part

when functional outcomes arise or are still present.

While the following article analyses the emergency of different types of outcomes,

we decided to observe them primarily from the angle of policy integration. Indeed, we as-

sume that scenarios can function as a support tool for more integrated land management

by showing the interdependencies between landscape elements and ecosystem service and

the limits of the public sector divided into silos. Throughout the dissemination pathway,

we reached several local actors implied in different land management aspects. This per-

mitted us to examine if and how scenarios assumed the expected function in different

communities of practice. Moreover, scenarios are developed at a relevant spatial extent as

the area coincides with the water management organisation level and overlaps with the

urban management organisation level.

In this analysis, we use the concept of boundary objects as physical objects allowing

knowledge transfer and cooperation between different groups of actors. Indeed, different

local actors worked together in the co-construction phase and exchanged experiences,

knowledge and practices of their community to construct storylines (i.e. the technicians

from the SAGE and the SCoT, the Agricultural Counsellors, and the researchers). Con-

versely, people participating in dissemination workshops came from relatively homoge-

neous communities. Nevertheless, on a few occasions, some heterogeneity was present. In

particular, during one session (ZA Armorique), inhabitants, representatives, and farm-

ers were gathered, and the workshop with the Brittany Region brought together tech-

nicians from the same structure but different services. On a weaker base compared to

co-production, respondents could then exchange points of view and practices in response
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to scenarios. Moreover, mobilising this concept is particularly pertinent in this chapter

because the relatively short evaluation time lag allows respondents to refer to personal

cognitive outcomes (such as increased or enriched knowledge). Still, enough time passed

to permit the raising of group outcomes such as cooperation between actors.

The conclusion of this chapter will expand the analysis of the outcomes of scenar-

ios under the prism of boundary objects. While part of this analysis is already present in

Section 2, the article’s focus on integrated management pushed us to leave out comments

on the workshop at the ZA, in which participants did not come from institutional contexts.

From the methodological perspective, we base the article of this chapter on interviews,

and we include in the sample some local actors previously excluded because of the con-

straints imposed by the quantitative analysis. Participants in the co-construction phase

and inhabitants of the Couesnon watershed are then represented in the sample. Including

people who participated in the co-construction permits differentiating outcomes accord-

ing to the impact pathway through which participants got in contact with scenarios and

the consequent difference in time invested in the project. The qualitative approach also

allows us to consider something overlooked in the previous chapter: a nuanced analysis of

the respondents’proĄles. Indeed, in this second article, we will detail the principal mission

of representatives and technicians (e.g. water management and agriculture technicians),

and we will provide more details on some of the interviewees’backgrounds in the chapter

conclusions.

It is worth noting that the socio-political conditions changed between the short-term

evaluation and the moment of interviews (April to June 2022) and signiĄcantly inĆuenced

the evaluation. In particular, the war in Ukraine started in February 2022 and caused a

cereals price-pick in France (Neveu, 2022). Hence, the public debate, previously marked

by COVID-19-related subjects, became centred on the current Russian-Ukrainian conĆict.

Finally, to avoid confusion, it is essential to highlight the incoherence of terms used in

the article and the manuscript. Indeed, in the following article, we refer to the evaluation

as a long-term one, but we insert it in the mid-term evaluation chapter. We opted for

this terminology because the evaluation is performed a few months after the diffusion of

results which corresponds to a mid-term evaluation in the thesis structure but a long-term

evaluation from the ALICE lens.
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This chapter has been submitted as an original research paper to Land (under review).

Rigo R. and Houet T. (submitted) Do land use and land cover scenarios support more

integrated land-use management? Land

2 Article: Do land use and land cover scenarios sup-

port more integrated land-use management?

R. Rigo, T. Houet, C. Gonthier

Abstract

Traditional top-down approaches that focus on marked-led punctual responses struggle

to preserve essential landscape elements for environmental sustainability. To remedy this

failure, more integrated policies reĆecting the interdependencies of the socio-ecological

systems are needed. Land-use and land-cover change (LUCC) scenarios are tools that

seek this goal by promoting an integrated vision of the landscape dynamics, pointing

out the inconsistency between the "siloization" of the public sector and the need for in-

tegrated management. In this paper, we analyse the outcomes of some LUCC scenarios,

including their role in encouraging integrated management. To assess outcomes, we in-

terviewed local actors who participated in the co-construction process or got to know

scenarios during some dissemination workshops. Collected qualitative data were analysed

with a thematic and lexicometric analysis. Results highlight the double role of scenar-

ios as a catalyst of an already present political will to promote integrated management

and as a rising awareness tool. Indeed, group-level outcomes (e.g. citing the results of

scenarios in political decision-making and increased collaboration between institutions)

arose for stakeholders participating in the co-creation phase or having the will to de-

velop integrated management initiatives. Additional personal outcomes include increased

awareness of environmental-related challenges and the consolidation of non-formalised

knowledge. We argue that proposing complementary impact pathways for sustainable sci-

ence improves research outcomes for land management and, with a moderate marginal

effort, dissemination practices can consistently increase co-produced knowledge outcomes

by generating positive feedback.
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2.1 Introduction

We live in an era in which science-based technology and scientiĄc knowledge are

broadly available (Glavovic et al., 2021; Renn, 2018), and current scientiĄc knowledge

warns of the necessity of an urgent change in socio-economic paradigms to face a multi-

dimensional socio-environmental crisis (González-Márquez and Toledo, 2020). Terms like

ŞsustainabilityŤ and Şlow-carbon transitionŤ are gaining an increasingly important place

not only within the scientiĄc community (Fang et al., 2018; Kajikawa et al., 2014; Wim-

badi and Djalante, 2020) but also in public debate and political discussion (Yeh, 2020).

While scientists highlight the need to value and protect nature for its intrinsic value

(Pereira and Ferrier, 2020), in capitalist systems, decisions are still predominantly taken

with a neoclassical approach (Brand and Wissen, 2013; Spash and Hache, 2022) over-

looking scientiĄc knowledge and citizens’mobilisations against this approach. In the rural

context, the environmental degradation due to intensive agriculture and the limited eco-

logical ambition of the recently approved Common Agricultural Policy (CAP) represents

the reticence to change the traditional paradigm (Lasa Lopez, 2022; Pe’er et al., 2020).

Indeed, the CAP and other complementary traditional top-down and Ąscal approaches

are still the foundation of the agricultural economy even if they struggle to promote en-

vironmental sustainability, for example, failing to conserve landscape elements (Bodin

et al., 2016) essential to preserve biodiversity, water, and soil. The division of the public

administration into Śsilos’ has been recognised as a substantial barrier to implementing

integrative policies capable of simultaneously supporting social, economic and environ-

mental well-being (Candel and Biesbroek, 2016; Duffy and Cook, 2019).

In this paper, we want to analyse the outcomes of some watershed-level land-use and

land-cover change (LUCC) scenarios, including their role in encouraging integrated man-

agement. To analyse the outcomes of LUCC scenarios, we selected the scenarios published

by Houet et al. (2022) as case study. The methods through which scenarios were produced

and diffused and the spatial extent and resolution of scenarios are central variables for

our evaluation. Indeed, scenarios were co-constructed with water and urban land man-

agers and diffused to a broader audience throughout a series of workshops (Rigo et al.,

submitted). The evaluation of LUCC scenarios outcomes is composed of two steps: in the

short-term (during workshops), we evaluated the perceived usability of scenarios through

an interactive survey; then, 7 to 11 months after the workshops, we interviewed some

participants to identify personal and group outcomes (with a high emphasis on policy in-
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tegration) and contextualise them in the administrative and political context. This article

focuses on this second evaluation, called hereafter Ślong-term’ assessment, and considers

feedback from stakeholders who participated in the co-construction process and those who

participated only in the diffusion workshops.

The paper is organised as follows. Section 2.2 brieĆy resumes literature on policy

integration, including the concepts of boundary objects and impact pathways that under-

pin our analysis. Section 2.3 describes the LUCC scenarios and the relative geographical

and administrative context. Then, Section 2.4 details the interview protocol and analysis

methods. The following section reports the interviews results and links with the short-term

survey. In this part, we analyse the network of local water management actors and their

connections with the agricultural and urban management sectors at the organisation level

they operate. Then, using a lexicometric and thematic analysis, we analyse the long-term

outcomes of scenarios. In Section 2.6, the paper discusses the role of scenarios in fostering

collaboration between different actors and implications for integrated management, the

implication of a coherent spatial extent and resolution in producing outcomes and the

theoretical and practical limitations of the study. Lastly, Section 2.7 concludes the paper.

2.2 Literature review

The concept of policy integration refers to "the collaboration of actors from two or

more policy domains in order to integrate aims and concerns derived from one policy

domain into another" (Tosun and Lang, 2017, p. 553 ). Initially applied to marine policy

(Tosun and Lang, 2017), integration is gaining attention in environmental management,

which is generally confronted with cross-sectoral wicked problems (Duffy and Cook, 2019).

Nevertheless, the development of integrative policies is hampered by the division of the

public administration into "silos" composed of relatively stable groups of actors in charge of

sub-sectoral policies and with a speciĄc perception of environmental issues (Candel and

Biesbroek, 2016). This "pillarisation" or "siloization" complicates collaboration between

administrations and services and hinders a more holistic way to approach cross-cutting

problems (Candel and Biesbroek, 2016; Duffy and Cook, 2019). In their framework, Metz

and Glaus (2019) highlight how policy integration can be promoted not just by a change

in the legal framework but also by favouring the involvement of actors in policymaking,

while other authors highlight the critical contribution of social innovation (Marini Govigli

et al., 2022; Nijnik et al., 2022). The capacity of public institutions to provide integrated
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policies has been studied at different spatial scales (see Candel et al., 2016, for a study

at the European level; Molenveld et al., 2021, at the national level; and Metz and Glaus,

2019, at the watershed level) and for different environmental issues. In particular, con-

cerning the water management context, Murgue et al. (2015) show that a low integration

between water and land use issues is one of the most signiĄcant challenges for sustainable

management.

Despite some application limits (Lang et al., 2017), the production of transdisciplinary

action-oriented knowledge that helps to understand socio-ecological systems (Fang et al.,

2018) has been recognised as a potential way to foster policy integration and enhance

decision-making capacity (Clark and Dickson, 2003; Miller et al., 2014). By engaging

non-scientists in the production of multidisciplinary action-oriented studies, sustainabil-

ity science can create bridges between different actors, services and projects (Posner and

Cvitanovic, 2019). In this reĆection, the concept of boundary objects is central. Indeed, it

can be applied to any object that is Ćexible enough to facilitate communication between

actors from different communities of practices (Wenger, 1998) or social words (Star and

Griesemer, 1989). At the same time, a boundary object can be used and interpreted differ-

ently to satisfy the speciĄc needs of the groups (Star and Griesemer, 1989). Furthermore,

boundary objects comply with two other conditions: they address practical information

needs, and they can be applied across different groups while maintaining a shared identity

(Star, 2010; Steger et al., 2018). Boundary objects can then facilitate collaboration and

learning between people with different backgrounds interacting through them (Fischer and

Ostwald, 2003). By analysing how learning occurs at boundaries, Akkerman and Bakker

(2011) identify identiĄcation, coordination, reĆection, and transformation mechanisms.

The Ąrst is related to knowing the other’s practices; the second is about creating stable

exchanges; the third is about developing broader or different perspectives on practices,

and the latter is about co-creating new practices.

Besides studies on learning in the presence of boundaries, well-established literature

explores a whole panel of research potential outcomes occurring at different time lags

(see Carden, 2004; Reed and Rudman, 2022; Weiss, 1979 for some examples). Hamilton

et al. (2019) categorise research outcomes at the project level (i.e. credibility, saliency and

legitimacy of the research), individual level (such as an increased system understanding),

group level (such as an instrumental use of research results and increased collaboration
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between stakeholders), and Ąnally, system level (e.g. a systematic change in attitudes).

One central element to consider when analysing outcomes is how research is produced

and communicated. As synthesised by Muhonen et al. (2020), the interaction between

scientists and other stakeholders can assume different forms leading to different impact

pathways. The authors identify 13 typologies of pathways to societal impact that go from

the linear "classical pipeline pathway", in which scientiĄc knowledge passes from scientist

to society through a "knowledge creep" to more complex interaction models. Although im-

pact pathways and societal outcomes of research are relatively well known, scientists can

lack an in-depth understanding of the land management system, including a global vision

of the multitude of stakeholders and the relations between them (Bürgi et al., 2004). This

partial comprehension of social dynamics can lead to inefficient interaction strategies and

hinder potential outcomes.

This study focuses on the outcomes of LUCC scenarios for land management. LUCC

scenarios can be deĄned as tools that provide a spatially explicit representation of how

land use and land cover may develop in a pre-deĄned time-lapse often by combining nar-

ratives with mathematical modelling (Houet, Aguejdad, et al., 2016). While scenarios had

been previously recognised as boundary objects in different contexts (Lebel, 2013; Salmi

et al., 2012), here we focus on particular types of scenarios largely used in local land man-

agement for their support in sharing visions, values and needs of different stakeholders

and facilitate shared problem framing. Moreover, LUCC scenarios have the potential to

promote integrative management by reĆecting interactions between landscape elements

and socio-economic evolutions (Badham et al., 2019) beyond the "siloization" of the public

sector. In scenario-making, modelling characteristics and social outcomes are deeply inter-

connected. For example, suppose the goal is to highlight interactions between landscape

elements and socio-economic evolutions (i.e. the development of different agricultural sys-

tems or an evolving population density). In that case, a high spatial resolution is needed

up to the parcel level. Nevertheless, a higher spatial resolution is often assimilated with

a limited covered area potentially mismatching the operative boundaries of some stake-

holders implicated in land management. For example, water and land management are

often the competence of separate administrative sectors with jurisdiction over different

and overlapping areas (Garrick et al., 2022). Therefore, a trade-off between spatial res-

olution, the accuracy of modelling landscape elements interactions, and spatial extent

exists (Houet et al., 2022). For this reason, identifying the appropriate spatial extent and
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impact pathway to promote inter-service and inter-institutional collaborations is essential

to reach land-management sustainability.

2.3 Context and Matherials

In North West France, where this study takes place, the bocage (hedgerow network) is

iconic. In addition to a substantial cultural and economic value and its inĆuence on biodi-

versity and Ąeld microclimate (Forman and Baudry, 1984; Montgomery et al., 2020) sev-

eral studies certiĄed the inĆuence of this landscape element on soil-water transfer (Ghazavi

et al., 2008) and groundwater quality (Thomas and Abbott, 2018). Nevertheless, despite

the legal protection and local initiatives favouring the maintenance of bocage, the linear

is decreasing at the Brittany scale (Chever et al., 2021; Houet et al., 2022). The decrease

in hedgerows economically beneĄts farmers who take advantage of selling wood and of a

uniform landscape mosaic more accessible to cultivate. Although from the farmers’ point

of view, removing the bocage is sometimes the logical consequence of a barely rentable and

time-consuming job. This local example more largely shows how the present land manage-

ment and speciĄc top-down measures fail to translate scientiĄc knowledge into practices.

Rather than focusing on marked-led responses targeting speciĄc sectors, scholars highlight

the urgent need to tackle sustainability issues from an integrated socio-ecological systems

approach that reĆects the interdependencies of the environmental system (Bondin, 2017;

Martínez-fernández et al., 2021).

The scenarios we evaluate are developed under the Alice project and published in

Houet et al. (2022), and study the impact of agriculture and urban changes on water qual-

ity, quantity, and biodiversity through the lens of landscape connectivity for the Couesnon

watershed. We select those scenarios because they consider the implementation of the Blue

and Green Infrastructures (BGINs) policy, which is the local declination of the EU Biodi-

versity Strategy, as one driver of land use and land cover changes that limits the possible

expansion of urban areas. Furthermore, the scenarios highlight the multiple roles of land-

scape elements that compose BGINs making them a suitable tool to encourage integrated

management between various and separated actors and land-management sectors.

Scientists impulsed the project and developed it in collaboration with water and urban

land managers. Narratives were co-constructed with an enlarged panel of local actors and

fed a LUCC model to simulate future landscape changes (Houet et al., 2017; Houet et
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al. (in prep)). Results were diffused to a broad audience throughout 12 workshops (see

Appendix 3.1 for more details; Rigo et al., submitted). In each workshop, we presented the

methodology and results of scenarios to a homogeneous audience in terms of professional

activity. Following the Muhonen et al. (2020) framework, we followed two pathways to

create research impact: the "collaboration pathway" for the local actors involved in the co-

creation of scenarios and the "interactive dissemination pathway" for local actors assisting

in dissemination workshops. During the workshops, participants discussed the results of

the scenarios and the implications on their professional activity. Moreover, we used an

interactive polling system to verify that local actors generally considered scenarios usable

(intended as legitimate, salient, and credible) and effective in raising awareness of fu-

ture land management problems and understanding landscape elements’ interdependency

(Rigo et al., submitted). The survey showed that respondents’ conĄdence in the research

results was high and did not change signiĄcantly between the different professional activity

groups, nor according to the familiarity with the study area. In addition, representatives

considered results showing water quality and quantity evolutions more relevant for their

professional activity than results on biodiversity trends. Conversely, technicians and civil

society did not express any signiĄcant difference.

Scenarios envision LUCC for the Couesnon river catchment (1 130 km2) located in

North West France (Figure 2.1). The interest of this area is that residents are sensitive

to water management tensions as farming activities led to signiĄcant water quality issues

(Dupas et al., 2018; Eau du Bassin Rennais, 2019). Nevertheless, water quantity tensions

due to climate change recently started to warn local actors as an emerging environmental

problem. Moreover, the agricultural lands are characterised by the bocage: a hedgerows

network in the agricultural matrix that composes part of the BGINs.

On the administrative level, the multiscale decision system is well represented, but

at the same time, it is not over complex. Indeed, Alice project scenarios were developed

at a consistent extent for local water managers: the SAGE Couesnon (an administrative

structure in charge of the sustainable management of water resources for the Couesnon

watershed). Regarding urban land management, the principal organisation level is the in-

termunicipalities 1: a grouping of municipalities that jointly manages local public services

and promote sustainable development in urban and rural territories. Nevertheless, several

1. Établissements publics de coopération intercommunale (EPCI) in french
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intermunicipalities can jointly manage urbanisation via a SCoT. Nine intermunicipalities

cover the Couesnon, two cover two-thirds of the territory and share the same SCoT. At

the same time, most of the SCoT belongs to the Couesnon Watershed.

Figure 2.1 Ű Scenarios extent covers the Sage Couesnon area (light blue). The intermunicipalities
of Couesnon Marche de Bretagne (in orange) and Fougères agglomeration (in green) share the
same urbanisation policy regime (the SCoT pays de Fougères). The yellow dots represent the
city of Fougères.

2.4 Methods

7 to 11 months after the workshops, we selected some of the participants for the in-

depth interview. One or more interviewees from each workshop were selected, prioritising

actors with solid interpersonal connections with the other participants and high visibility

on the initiatives and actions taken by their organisation/group of stakeholders. We esteem

this evaluation time lag long enough to let some group effects emerge while allowing inter-

viewees to remember workshop supports and discussions (See Appendix 3.2 for details on

interviews timing and Interviewees’ anonymised data). Informed consent to participate in

the study has been given by all interviewees orally. We organised workshop sessions based

on a Ąrst draft of the actors analysis (Figure 2.2). Workshop participants and interviewees

represent the main actors involved in water management, agriculture and urban planning

at different organisation levels. To limit acquiescence bias, the researcher who conducted
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the interviews participated in the dissemination phase but not in the scenario-making one.

In total, we conducted 20 interviews lasting between 27 and 88 min (52 min on

average). The interview was divided into three main parts: 1) First, we conducted a

semi-structured interview. This part aimed to understand the interviewees’ professional

activity, the links between the organisation they belong to and other land management

actors, and the main contributions of participating in the workshop (we asked a follow-up

question regarding the salient points of the workshop if needed). With this part of the

interview, we aimed to have a Ąrst insight into the representation interviewees have of

the scenario’s outcomes and interviewees’ characteristics that mainly deĄne it; 2) The

second part was a reactivation interview aiming to understand the outcomes of scenarios

besides the principal ones. In this part of the interview, we looked at a booklet resuming

the main point of scenarios methodology and results that we distributed at the end of

the workshops. Moreover, we showed the answers to the interactive polling we collected

during the workshop; 3) We concluded the interview with a framing part in which the

interviewer framed how the interviewee lived the workshop and which were the outcomes

of scenarios for him/her. Reactions to this part allowed us to detail some outcomes and

verify that the interviewee framed the situation likewise.

Interviews were transcribed manually with the aid of Sonal software (Alber, 2018) and

examined with a thematic and lexicometric analysis. The former, performed on the entire

corpus, permits reĄning the scheme of actors related to land management, their connec-

tions and the organisation level at which they operate. Moreover, it allows for identifying

the globality of the outcomes of scenarios for each interviewee. Interview citations are

translated literally from the original language (French) to English. Lexicometric analysis

was performed on a sub-corpus using the Iramuteq (Interface de R pour les Analyses

Multimensionnelles de Textes et de Questionnaires) open-access software. We included

all the parts of interviews related to the workshops’ primary outcomes in the sub-corpus,

and we coded each interview extract as a text associated with variables (code of the

interviewee, professional activity, coherence between the interviewee’s working scale and

scenarios extent). We organised the sub-corpus into a single Ąle, standardised acronyms,

and combined compound words into single ones following the procedure suggested by Ca-

margo and Justo (2013). The sub-corpus was then automatically lemmatised, and words

were divided into active forms (adjectives, adverbs, nouns and verbs) used for analysis
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and supplementary forms excluded from the analysis.

After preparing the corpus, we performed a Descending Hierarchical ClassiĄcation

(DHC) using the ALCESTE method (Reinert, 1993) that allows sorting the text into

separate text classes with a highly similar internal vocabulary and different vocabulary

between classes. To quantify the associative strength between words and the respective

class, Iramuteq uses the chi-square test (χ2). Only words with χ
2 ≥ 3.84 (corresponding

to a probability of 0.05% to randomly associate the word to the class) are considered in

the classiĄcation. Classes and relations between them are shown as a dendrogram and

through a factorial correspondence analysis (FCA) resulting from the DHC (Camargo

and Justo, 2013). The FCA allows us to analyse for each generated class the statistically

most signiĄcant words plotted on a Cartesian plane. Once the classes were identiĄed, we

qualitatively analysed the extracts containing the classiĄed words.

2.5 Results

2.5.1 The land management system

The scheme presented below (Figure 2.2, detailed in Appendix 3.3) permits a vi-

sual representation of the administrative documents, the Ąnancial mechanisms and the

multiplicity of local actors related at different scales to water, agriculture and urban man-

agement impacting the Couesnon watershed. Interconnections between scales and sectors

are mainly administrative (integrating documents into lower-level directives and legal

documents), Ąnancial (funding projects or incentives) and technical (support in the def-

inition of policies and administrative documents). Actors are divided according to their

sector (water, agriculture and urban management), their organisation level (Communal,

Sub-regional, Watershed, Regional, National, Continental) and their nature (Administra-

tion, political, technical, and civil). This non-exhaustive scheme is centred on the water

management issue.
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Figure 2.2 Ű Actors involved in the Couesnon water management and their relations
with urban management and agriculture actors. The scheme is not exhaustive and does
not represent elements belonging to agriculture and urban management, which are not
related to water management.
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Water is primarily managed at the watershed level, and the spatial extent of scenarios

reĆects this organisation. The main actors for water management are the Syndicate of the

CLE Couesnon, which together compose a structure in charge of, respectively, manag-

ing and approving the SAGE, a document that integrates the SDAGE, a strategic master

plans for managing river basins. The SDAGE and the SAGE are integrated with urbanism

via legal documents and human connections in the form of technical support. Conversely,

an integration between water policies and agriculture depends on the voluntary subscrip-

tion of farmers to funding mechanisms, primarily coming from The European Union and

integrated with regional fundings and sustainable farming projects (Breizh bocage and

Terre de Source 2 being the most cited in the interviews). At the local level, using an agri-

cultural system beneĄcial for water quality and quantity rests on the possibilities and will

of farmers. The most coherent level to promote integrative water and agricultural poli-

cies in the current administrative system seems to be the regional one, where transversal

political and administrative structures are present.

2.5.2 Lexicometric analysis

To understand how interviewees represented scenarios, we analysed the semi-structured

part of the interviews (regarding primary contributions of the workshop) with lexicometric

analysis (DHC). The analysis was performed on a corpus of 6424 occurrences, including

486 hapaxes (7.57%), with an average of 338 occurrences per text. The active forms in-

cluded in the analysis were 747. 98.37% of text segments were used for the analysis, which

is considered an efficient use of ECU (Camargo & Justo, 2013). The DHC, performed on

the ensemble of interviews, shows that the discourse is structured around four main se-

mantic blocks (Figure 2.3). The second class and the Ąrst one (the most signiĄcant ones)

regroup rising-awareness-related words. The third addresses the application of scenarios in

the administrative context, while the fourth regroups Şgeopolitical contextŤ related words.

Technicians and politicians are the ones who use more words linked to the instrumental

applications, while farmers and inhabitants (coded as "civils") relate scenarios more as a

rising awareness tool. Moreover, interviewees mostly cited agriculture and water-related

words in the classes related to scenario outcomes, while urban management-related words

did not appear.

Analysing the context of the words included in the fourth class, it becomes evident

how interviewees connected one of the scenarios, which described an increase in cereals,

2. Terre de source official webpage (accessed on 01/12/2022) : https://terresdesources.fr/
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Figure 2.3 Ű a) Dendrogram of the four lexical named classes obtained from the DHC of the
active words. The percentages represent the distribution of the classiĄed words for each category
(e.g. category one groups 3,3% of the classiĄed words); b) FCA of t the active words in each of
the lexical classes obtained in the DHC; c) FCA of the variables in each of the lexical classes
obtained in the DHC.
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to the current cereal plantations due to the ongoing Ukrainian war and the consequent

rise of cereal prices. On the contrary, technical elements of scenarios, like spatial extent

and resolution, the hypothesis made, or the protocol followed to develop the scenarios,

were rarely cited in this Ąrst part of the interview.

The Şgeopolitical contextŤ theme, brought up by the lexicometric analysis, is not

semantically related to the outcomes of scenarios. Nevertheless, interviewees perceived it

as connected to it. Going back to the entire corpus and analysing it qualitatively, we see

that people talk about the present geopolitical context as a breaking moment that tilts

the world toward one of the scenarios. Even if we cannot state a causal effect between as-

sisting the workshops and an increased ability to identify connections between landscape

elements, interviewees show a high level of transversality when talking about the actual

geopolitical context. For example, interviewees citing the increase in cereals also talked

more broadly about a uniformisation of landscape and its effects on water quality and the

economy.

ŞThree things struck me: the apocalyptic scenario of all wheat, the fact that
Brittany could get out of this economy based on dairy, and the fact that the
most ecological and alternative scenario was the least applicable. For me, it was
a sort of: "But why this scenario, which is the most local, the one that respects
the ecology and people, is not the one that will Ąnally be implemented?". And
then we always come back to economic questions. And I wonder today, with
the war in Ukraine, if we are not going towards more cereals here too? And
so the whole landscape changes" (LA 12, Inhabitant)

ŞIt allows us to ask questions from a land use point of view, but also considering
the energy aspect. What does it mean that the farmer creates energy and what
are the potential consequences on our soil?Ť (LA 13, Inhabitant)

2.5.3 The land management system

The lexicometric analysis shows that interviewees considered scenarios as a rising

awareness tool and as a support for administrative procedures. With a thematic analysis,

we identiĄed more speciĄc outcomes of the scenario workshop for each interviewee (Table

2.1). Following the framework of Hamilton et al. (2019), we group outcomes into individual

and group ones.
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Table 2.1 Ű Outcomes for the integrity of interviewees resulting from thematic analysis, a green
case represents the presence of the outcome. Coherence between the area covered by scenarios
and interviewee organisation level (yes (Y) when the organisation level corresponds to the Coues-
non or is entirely included in the Couesnon; Non (N) when the organisation level corresponds
to another watershed or is entirely outside the Couesnon watershed; partially (P) when the
organisation level partially superposes the Couesnon watershed, e.g. SCoT Pays de Fougéres);
Interviewee’s participation (participation in the co-construction phase - CC, or in workshops -
W).

2.5.3.1 Individual-level outcomes

The most recurrent outcomes cited by the interviewees were individual. Indeed, inter-

viewees often cited a raised awareness of water tensions, a consolidated political point of

view, and learning technical concepts or factual information as outcomes of scenarios.

The interviewees cited increased awareness of water and biodiversity problems the

area could face in the upcoming years and the importance of taking countermeasures.

ŞWhat will happen in 20 or 30 years if the corn surface increases by 30% to
40% as planned? That shocked me.Ť (LA 04 - Representative)

ŞAbove all, the awareness of the fragility and the importance of reacting... In
the scenarios, you well showed that today’s choices will operate for 2050.Ť (LA
15 - Representative)

In the survey submitted during the workshops, participants stated that the contribu-

tion of scenarios was higher in understanding territory dynamics than in understanding

challenges faced by the territory. Nevertheless, in the long term, interviewees primarily
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cited an increased awareness of future water problems.

Other interviewees stated that the workshop consolidated a non-formalised awareness.

ŞThis study marked me, and the fact that it reinforced my thought gives it
strength. Because we say to ourselves: Şwhat I feel is conĄrmed by a serious
studyŤ, and therefore, it allows us to be more conĄdent in the debates that
can take place elsewhere.Ť (LA 05 - Representative)

SpeciĄc results of scenarios and contents were cited in the semi-structured interview,

showing the acquisition of speciĄc notions.

Ş1/3 of the Couesnon Ćow rate taken by the city of Rennes. . . Some key
Ągures like that. We were not aware of this. [...] From memory, [the quantity
of water] also shocked us. The volume did not change much, but it was the
distribution. The water did not arrive at the right time for agriculture. And
this is catastrophic.Ť (LA 03 - Farmer)

We did not consider as learning outcomes an increased knowledge on the methodology

of scenario-making, which technicians particularly cited.

2.5.3.2 Group-level outcomes

For most interviewees, outcomes did not go beyond the personal level. However, some

group-level outcomes were cited. Furthermore, the short-term survey underlined that rep-

resentatives and technicians were more likely to use results of scenarios than civil society

and considered water resources data more likely to be mobilised than those on biodiver-

sity. Long-term interviews reĆect the survey results.

During the workshops, technicians and representatives recognised the multidisciplinary

scenarios as an effective tool for fostering integrative management. In the interview con-

ducted several months after the workshops, technicians at the Brittany Region and the

SAGE Couesnon conĄrmed that statement recognising increased transversality in their

actions directly linked with scenarios.

First, a technician of the SAGE Couesnon recognised a tighter collaboration between

the SAGE and SCoT, two structures with different domains of competencies (the former

is competent in water management only, while the latter in land management only):

ŞThere was an interesting joint work between SCoT and SAGE when we
worked together on the Alice project. [...] The same list of people worked
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on their workshops. [...] Because of this exchange that was created, he made
me intervene several times in the SCoT environment commission to present
water quantity problems. He saw that we were talking about [urbanisation]
differently with the Alice project, and he said to himself: "this message via the
SAGE and the Alice project [...] allows the representatives to see that tomor-
row they will be confronted with water quantity problems.Ť (LA 08 - water
technician)

ŞWe wouldn’t have participated if only BGINs were considered, we wouldn’t
have been legitimate. That’s also why [...] I said that I couldn’t see myself
working on this without the SCoT, which works on the land use planning
part.Ť (LA 08 - water technician)

It is important to underline how both cited structures participated in the co-creation

stage of scenarios. Hence, the two structures consolidated their exchanges during the whole

co-creation process.

The second example comes from the regional administration, in which speciĄc de-

partments and services are in charge of agriculture, water, and urban management (see

Appendix 3.3 for more details). In this case, technicians working at the regional level

participated only in a scenarios dissemination workshop.

ŞIt was good for us to have this exchange between the Region’s services because
sometimes we have different logic. [The workshop] allowed a real exchange in
transversality, no matter the position of the services. [Before the workshops],
a small group already existed, but it was not easy to lead. It was even a
bit stuck. Sometimes there were misunderstandings, and it was difficult to
reach an agreement. I think that [the workshop] was the starting point for
moving forward. In the weeks that followed, we succeeded in making a common
proposal to articulate our policies on the bocage, on water, and on the BGINs.
This is not yet the end of the road, but I think that the work between technical
services progressed a little afterwards. [...] For the moment, we don’t have the
political validations. There are a lot of steps to go through. But it has made
us think. That’s for sure.Ť (LA 19 - Environment technician)

Notably, technicians at the Brittany Region spontaneously contacted us to organise

the workshop. In this context, scenarios must be considered as tools that accelerated an

already present dynamic in which technicians wanted to increase the transversality of their

policies. Moreover, the incoherent spatial extent between scenarios and their organisation

level was not a limitation.
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The CLE directly cited scenarios in a decision-making process. Indeed, the Alice

project scenarios entered the political discussion when the CLE had to give an opinion on

the implantation of the agrifood industry Bridor on the territory.

ŞFor the CLE, there was a before and after [Alice]. We saw it in the decisions
that followed. [...] For Bridor this was very clear. [...] Before Alice, the question
of today’s decisions on long-term projections was not necessarily taken into
account. [...] When the day for the notice 3 arrived, we did not oppose to the
installation, because it is not our vocation, but we warned a lot about the
fact that there was a limit that must not be reached. In fact, it was necessary
to avoid situations with too much water consumption. [...] With the Bridor
case for all the representatives of the CLE that was like a little thing that
happened, like saying: "Ouch, there we have a problem! It’s our water. We
don’t have much of it already. We have to think about our next decisions". [...]
There was a real shift, and this was felt in the relations between the territory
of the Couesnon watershed through the CLE and Rennes. For the Ąrst time,
we dared to say: be careful. You have to leave us some water. [...] It is this
"gently" that the CLE never dared to say. We said it.Ť (LA 15 - Representative)

In this case, the member of the CLE cited the scenarios as a scientiĄc source alerting

the signiĄcant diminution of water quantity in the watershed by 2050. The CLE then

asked the industry to estimate water consumption for the long term as a condition for

the implantation of the industry. While this notice remains a punctual decision and not

a system change, the same interviewee cited a desirable change in the decision-making

system realizing the need of consistent societal changes and new institutional procedures

to effectively tackle modern socio-ecological challenges. Indeed, the interviewee evoked the

urgency to change the paradigm that identiĄes the economic committee as the Ąrst insti-

tutional instance to give an opinion on the implantation of industries while the analysis

of water resource availability comes at the end of the decision-making process.

2.5.3.3 Other outcomes

In the months following the workshops, the scientiĄc and administrative main part-

ners were invited to the annual conference of the Brittany biodiversity agency to present

3. Extract from the notice translated from french: ń The Bridor Ąle establishes forecasts up to 2030.
However, industrial activity is expected to continue beyond that date. The results of the Alice project
conducted by scientists in the Couesnon watershed have highlighted the risk of a decrease in the water
Ćow by half during the low-water period by 2050. Global changes are announced by the IPCC for a
horizon further away than 2030 (2050 and 2100) and can no longer be ignored. The Bridor Ąle, like all
ICPE and Water Law Ąles, should be able to evaluate the impacts of their activities beyond the date on
which their investments are planned ż Available at https://www.liffre-cormier.fr/wp-content/uploads/
2022/02/2021-09-02_Avis-CLE-COUESNON.pdf (accessed on 22/12/2022)
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the Couesnon scenarios as an example of a research project designed to support decision-

making. Moreover, the research team and the SAGE Couesnon prolonged their collabora-

tion to detail quantitative results of scenarios. Detailed results are expected to be further

reused by the SAGE Couesnon to develop agricultural water use scenarios.

Moreover, Alice project’s scenarios were also cited in the working version of the

roadmap for the BGIN’s management of the Regional Directorate for the Environment,

Development and Housing (DREAL) Bretagne 4 as an example of research as an aware-

ness and decision support tool.

From the scientiĄc side, this project pushed the leading researcher and colleagues

to develop a project aiming to identify, experiment and evaluate regulatory and economic

leverages to transition towards more sustainable agriculture. The project is co-constructed

and managed with the Regional Agricultural Council, the dominant regional farmer syn-

dicate that contacted the author after the workshops. This project aims at co-developing,

co-testing and co-monitoring integrated and multiscale indicators of agriculture and land-

scape changes based on trajectory-based objectives that will be compared with Alice

scenarios has a reference set of (un-)desirables futures. The leverages that will be tested

concern land tenure (reforming parcel distribution around farmsteads) and the integra-

tion of agroecological infrastructure (hedgerows and grassy riparian wetlands) within the

agricultural production system. The proposal had been submitted in early December 2022

for a 6 to 7 years project of several billion euros.

2.6 Discussion

2.6.1 Between collaboration and integrated management

The need for more integrative management is generally acknowledged by local actors.

Nevertheless, joint initiatives with different land management services are not the norm

in our case study. Legislative obligations assure a basic level of integration between wa-

ter and urban management, mainly managed locally (watershed and intermunicipalities

levels). However, integration between water management and agriculture is limited, re-

Ćecting the absence of signiĄcant leverages at the local/watershed level and the primacy

of European and regional policies (Houet et al., 2022).

4. Direction Régionale de l’Environnement, de l’Aménagement et du Logement in French
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In our study, interviewees recognised the role of scenarios in strengthening the col-

laboration between communities of practice. First, between the SAGE and SCoT, and

second between different services of the Brittany region. In the second case, even if ser-

vices come from the same structure, they have speciĄc habits, missions and tools. In the

workshops in which representatives of these structures participated, the notion of "bound-

ary" was most explicit (i.e. the interviewees referred to different domains of competencies

or different logics and tools). Nevertheless, in both workshops, a shared vocabulary was

already present, and the scenarios per se did not bring new fundamental knowledge. Using

the classiĄcation of Akkerman and Bakker (2011), learning occurred through a reĆection

process in which technicians from different services/structures looked at their practices

simultaneously and reĆected on how to coordinate them. When we did the evaluation,

technicians from the Region made a joint proposal to articulate their Ąnancial and admin-

istrative tools, but a political agreement is still needed to approve it. Despite the role of

scenarios in tightening collaboration, the exchanges that followed the workshops were not

structured around scenarios but around day-to-day work issues. In this sense, the scenar-

ios did not foster integrative management but instead pointed out existing organisational

limitations or controversial policies and reactivated, thanks to the dissemination phase,

a social dynamic of inter-structures/inter-sectors collaboration aiming at more integrated

land management. Similarly, the notion of boundary objects for the scenarios we evaluate

does not seem pertinent as the study was impulsed by the scientiĄc side and did not focus

on practical information needed by the different structures. Nevertheless, scenarios had

the merit of bringing people together and tightening cooperation between local actors, a

Ąrst step towards incrementing policy integration.

2.6.2 The influence of spatial scale and impact pathways on scenarios out-

comes

Regarding the spatial extent, the mismatch between the extent of scenarios (the Coues-

non watershed) and administrative boundaries (Brittany region) was not a barrier to

promoting cooperation. To consolidate the pre-existent will of working in transversality,

technicians of the region were primarily interested in the connections between landscape

elements, better expressed with the local extent and high-resolution scenarios than more

global scenarios. Far from meaning that the spatial extent and resolution of scenarios

have no impact on promoting integrative management, we argue that in this case, lo-
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cal scenarios were suited even if uncoherent with the Brittany boundaries. At the local

level, the SAGE and SCoT occasionally worked together to advise local administration

on local urban management plans. However, their technicians did not participate in the

scenario-making with a conscious willingness to foster collaboration between their struc-

tures. Therefore, a coherent extent was crucial to interest those structures in the co-

creation process that reinforced connections. A coherent area covered by scenarios was

also crucial for the emergence of an instrumental outcome: the inclusion of Alice project’s

results in the note regarding Bridor’s installation. Indeed, the citation of water quantity

results was possible because scenarios reĆected the local reality.

An adequate spatial extent also fostered curiosity for the dissemination workshops

for participants who did not have speciĄc expectations, such as representatives of the lo-

cal intermunicipalities. Most of those representatives recognised that scenarios help them

to deepen awareness of local water tension. Beyond the individual nature of this outcome,

an elected representative at the intermunicipality Pays de Fougères and at the CLE, es-

teemed that this higher awareness facilitated collaboration between representatives who

assisted in the workshop. Indeed, scenarios facilitated a common understanding of the sit-

uation, and water-quantity issues became a not to question problem. Moreover, the fact

that results were tailored to their territory was crucial to limit opposition. To understand

the complementarity between co-production and dissemination, it is worth noting that the

same representative who helped us organise the workshop for the local intermunicipalities

did it because she is part of the structure involved in the co-construction phase and knew

the process that led to the results.

Despite the case study nature of this evaluation, we believe that the lessons learned are

transposable. Indeed, the complementarity of co-production and dissemination pathways

can be applied to any sustainability science study. Moreover, the double role of scenarios

as a catalyst of an already present political will to promote integrated management or as

a rising awareness tool can be transposable to other scenarios.

2.6.3 Limitations and open questions

This study showed that scenarios succeed in fostering group outcomes, including for

structures working at a broader organisational level. Nevertheless, while the workshops

fostered interdisciplinary exchanges between structures working at the same level, inter-
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viewees did not report inter-scale outcomes. Creating ad-hoc workshops that mix actors

working at different organisational levels could help test the contribution of scenarios

in generating inter-scale debate. Moreover, as economic leverages primarily drive farm-

ers’decisions, scenarios should integrate economic indicators such as yield loss due to

climate change and biodiversity decline to promote the integration of agriculture and wa-

ter management at the local level.

Interviewees recognised the contribution of scenarios concerning agriculture and water

tensions. Nevertheless, despite being essential pillars of the scenarios, urbanisation and

biodiversity were under-represented in their discourse. The only two people who discussed

urbanisation either implied in the whole scenario-making process or put consistent effort

in the dissemination phase. A bias in these results can be due to the interviewees selec-

tion. Indeed, while the sample contains several farmers and agricultural technicians, only

one urbanisation technician took part in the interviews. However, even non-specialised

Ągures like inhabitants and representatives referred primarily to agriculture and water.

This Ąnding suggests that when the interaction between scientists and society is repeated

and time-consuming, working on multidisciplinary axes can effectively promote a multi-

disciplinary point of view in analysing complex phenomena such as landscape changes.

On the contrary, when the interaction is short, the raised awareness of complex dynamics

and expected challenges are limited to concepts previously considered important.

Regarding the assessment time, setting the appropriate timing is difficult for different

reasons. First, on the research side, the timing of the projects imposes some constraints;

secondly, on the administrative side, the revision timing of official planning and manage-

ment documents is not quickly and publicly available. Getting that information without

regular access to internal dynamics and decisions can be complicated and time-demanding.

Similar to the strong call for open science, on the institutional side, easier access to up-

dated schedules on administrative document decisions would be beneĄcial. Long-term

assessment results may still evolve, and some instrumental outcomes may arise when lo-

cal technical documents, such as the SCoT and SAGE, will be revised. Thus, it questions

the most appropriate time lag between the dissemination of scenarios and the evaluation

of their contribution to integrated land management, which can not be determined univo-

cally but is rather dependent on the administrative and political context. The time lag we

chose could then be considered not as long-term outcomes as made here from a scientiĄc
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perspective but assimilated to rather mid-term outcomes.

In addition, according to the interviewee, the instrumental use of scenarios was pos-

sible thanks to the dissemination process. Indeed, diffusing the results to representatives

created a common discussion ground based on scientiĄc elements. While action prioritisa-

tion remains in the hands of representatives, an external voice bringing scenarios results

allowed to set the water quantity problem on the table. In this case study, the implication

of scientists as a "neutral" element who does not bring political convictions, but scientiĄc

elements have been perceived as necessary for representatives to consider water tensions

as factual. In a moment where the opportunity window to reverse the climate change

trend is sharp (IPCC, 2021), scientists are increasingly assuming political positions and

actively Ąghting against climate change. Without questioning the appropriateness of the

advocacy of scientists (Nelson and Vucetich, 2009), this consideration raises the question:

when should scientists keep a "neutral" posture? And when do they need to speak loudly?

Answering this question goes beyond the scope of this paper. Nevertheless, expanding the

literature questioning how and in which situation scientists should take a precise political

posture appears crucial.

Finally, while the Ąne-scale facilitated awareness and collaboration at a regional and

sub-regional scale, the authors are sceptical about enlarging these results on coarser res-

olution scenarios applied at a national or continental scale. If this study does not explore

outcomes for scenarios at different scales, it proposes a robust methodological approach to

do so. Moreover, the authors claim to promote a self-evaluation of future scenario-based

scientiĄc projects, an additional step that is rarely made, articulating quantitative and

qualitative methods during both phases of co-constructing and disseminating scenarios.

2.7 Conclusions

This study aimed to identify the outcomes of some LUCC scenarios, including their

role in encouraging integrated management. Based on the analysis of a local case study,

we conclude that:

1. Joint initiatives with different land management services are scarce and local actors

generally acknowledge the need for more integrative management.

2. Despite the lack of scenarios in tackling practical information needed by the dif-
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ferent structures, local actors recognised the role of scenarios in strengthening the

collaboration between communities of practice. This is especially true for actors

participating in co-production and dissemination workshops in which the notion of

ŞboundaryŤ was most explicit.

3. The scenarios dissemination workshop fostered the emergence of integrative man-

agement initiatives. Nevertheless, while the initiative roots can be found in the

reĆections around scenarios, technical discussions on how to integrate different land

management services were based on external sources.

4. While a spatial extent of scenarios coherent with operational boundaries was neces-

sary for involving local actors in the co-creation phase and for the arising of instru-

mental outcomes, it was not necessary when the political will to promote integrated

management was already present.

5. Finally, we found a strong complementarity of co-production and dissemination

pathways in fostering social outcomes.
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3 Additional results and conclusion of Chapter 2

This chapter analysed outcomes arising a few months after the dissemination process

using semi-structured and reactivation interviews. During the restitution of scenarios to

the co-production team and dissemination workshops, some interviewees agreed to remove

anonymity from the survey. Access to the nominal answers allowed us to rediscuss the

short-term vision of the scenarios. Among the 20 interviewees, 16 consented to remove

anonymity. Of them, 14 declared in the short-term survey that scenarios supported some

learning outcomes; however, only 6 maintained the same opinion in the mid-term inter-

view. Indeed, some learning outcomes that enjoyed a broad consensus in the short-time

assessment (especially the levelling up knowledge on challenges and practices) lost their

consensus as the months passed. On the other side, the only person who used this study

as a base for additional work originally stated that the results of the scenarios were not

helpful for his professional activity.

Moreover, we highlighted how the scenarios were used in an instrumental way leading

to the citation of the results of scenarios in a notice written by the CLE Couesnon warning

on the long-term consequences of installing a factory on the water resource. Nevertheless,

it is essential to specify that the notice did not prevent the factory from obtaining the

installation permit. On the contrary, what obstacles the project is an ongoing civil move-

ment. Indeed, citizens and associations demonstrated against the factory installation with

multiple marches and mobilisations on the site designated for the construction of the fac-

tory, in defence of the environment (especially of wetlands), and for the preservation of

water resources.

In the article, we analyse two cases where scenarios increased collaboration between

different communities of practice (SCoT and SAGE and technicians from the Brittany

Region). In both cases, respondents worked on or got to know scenarios with people who

did not belong to the same community. The ZA Armorique workshop is another case

in which the heterogeneity of respondents’proĄles was consistent. Indeed, the inhabitant

participating in the ZA workshop interviewed in the mid-term assessment alluded to the

consistent knowledge gap between her and the farmers regarding the impact of a changing

environment on agricultural practices. Regarding boundary types, a syntactic boundary

was present in the ZA workshop, and learning occurred through forming a shared vocab-
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ulary and identiĄcation. This extract from the interview illustrates it well:

ŞFor example, I remember that at one point you said that there would be
more drought in the summer and more rain in the winter. And I remember
that the three farmers who were there looked at me like that (widening eyes)
because, of course, the whole system changes. And when you’re in the city,
you don’t realise it. [...] It marked me because I realised it seeing the reaction,
because I didn’t know it technically how important this climate change is and
that they are without means in front of that. What are they going to do? It’s
their world that’s spilling out.Ť (Inhabitant)

For the interviewee’s experience, scenarios helped to increase the empathy (Kouprie

and Visser, 2009) of a person from a different social and geographical dimension towards

farmers who live next door. As we have reported in the article, in the other two cooper-

ation examples, a shared vocabulary was already present, and learning occurred through

a reĆection process in which different actors reĆected on how to coordinate their practices.

In the article, we presented outcomes of scenarios without comment on the speciĄc

contribution of maps in triggering outcomes. Indeed, in our workshops, we presented sce-

narios as a unique tool composed of narratives and maps without focusing on LUCC maps

speciĄcally. Nevertheless, we consider it interesting to comment on this speciĄc support

brieĆy. First, in the short-term survey, farmers and technicians considered maps and dis-

cussions more effective than narratives, while representatives ranked the three supports

equally. In the mid-term interviews, 12 out of 20 interviewees cited either maps, narra-

tives or discussions as something they remembered. For nine interviewees, the most vivid

souvenir was LUCC maps, regardless of their familiarity with the Couesnon. Although

maps are remembered as the visual aspect of the presentation, no one commented on

maps’details, for example, referring to trends emerging in certain watershed zones. The

literature on maps as boundary objects is vast. Nevertheless, in our case, they were pre-

sented and received as part of the scenarios. Moreover, the discussions during workshops

were structured around the survey questions, leaving a little margin to structure their

discussions around maps and use them as support freely.

Lastly, it is worth noting how the discourse on agricultural practices drastically changed

from the short to the mid-term. Indeed, in the short term, farmers underlined the het-

erogeneity between their agricultural practices and opinions. Conversely, in the mid-term

interviews, most interviewees referred to consistent expected growth in the wheat surface.
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Ş[W]ith the war in Ukraine, the price of wheat has doubled. . . This is the
worst-case scenario: corn, wheat. . . All cereals. Cows imply a huge workload.
If the [price of] cereals goes up, the livestock industry will collapse. It’s clear
this is the worst case scenario, and it’s a plane headed straight for that one.Ť
(Farmer)

The geopolitical conditions changed how people see landscape trajectories and pushed

them to have a more homogeneous vision of the future. Nevertheless, as we saw in the

article, some could reconnect a changing landscape with environmental risks, showing an

increased capacity to analyse the socio-ecological system.

To conclude, this mid-term evaluation article allowed us to:

• Verify the mid-term outcomes of scenarios: while outcomes were mainly

personal and cognitive, we detected some group outcomes when the presence of

boundaries was most explicit. Indeed, collaboration was fostered between tech-

nicians from different land management structures who participated in the co-

construction phase and between technicians from different services of the same

structure who solicited a dissemination workshop.

• Highlight that a strong political will for integrated management allowed scenarios

to act as catalysts and impulse an integrated management initiative even

for an audience who participated solely in the dissemination phase.

• Recognise that scenarios entered the decision-making process in a way

not envisioned by the academic team: the Bridor factory case. Indeed we

detected a direct use of scientiĄc information from a water management organ-

isation that was called to give an opinion on a decision impacting the area’s

economic development. Scenarios were then mobilised to guide a collective deci-

sion based on long-term effects reasoning.

• Detect a positive feedback loop between co-production and dissemi-

nation of scenarios: co-production was essential for local actors to recognise the

study as usable. In return, dissemination was crucial for local actors defending

the necessity to express concern about the factory implant. Indeed, as many rep-

resentatives knew the study and considered it usable, representatives could use

scenarios in a political way and reach the Ąnal group decision.
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• Highlight shifts in respondents’opinion between the short and mid-

term and the role of reactivation events in the perceived usability of scenarios:

i.e. the initially shared opinion on the support of scenarios in levelling up knowl-

edge on challenges and practices lost its consensus as the months passed between

people who did not rediscuss scenarios or related topics. On the other side, the

usability of scenarios was reconsidered by the person who used them as a base

for additional work.
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Chapter 3

OUTCOMES OF SCENARIOS IN THE LONG

TERM
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1 Introduction: reconstructing the past

In the Ąrst two chapters, we draw a picture of a time-speciĄc situation to understand

how people perceived scenarios and their outcomes in the short and mid-term at a Ąxed

instant. This chapter takes a long-term approach To do so, we analyse scenarios devel-

oped 15 years ago by interviewing local actors, reconstructing and comparing the observed

LUCC with those considered in the scenarios and considering social changes on the terri-

tory over the years.

In this chapter, the modelling aspects of scenarios take a more important place, and the

notion of plausibility and accuracy are discussed. Indeed the following paper considers the

spatial extent of scenarios (administrative vs farm-level boundaries) as a central element

and relates it to the accuracy of scenarios. In conclusion of this chapter, we will relate the

spatial extent of scenarios to their outcome, enriching conclusions of the previous chapter.

The following paper is the Ąrst written chronologically. The lessons learned by the

Lestolet Case study are summarised in the article’s tables. Nevertheless, they might seem

partial at this point in the dissertation. In the general conclusions, we will enrich those

Ąndings with lessons from the Couesnon case study. The introduction of this chapter was

included in the general introduction of the thesis.

This chapter has been published as an original research paper in the Future journal.

Rigo R., Martin P., Verburg P., Houet T. (2022) Contributions of local LUCC spatially explicit

scenarios for water management: Lessons learned from an ex-post evaluation, Futures, Vol.139,

p 102937
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2 Article: Contributions of local LUCC spatially ex-

plicit scenarios for water management: lessons learned

from an ex-post evaluation

R. Rigo, P. Martin, P.H. Verburg, T. Houet

Abstract

Although potential beneĄts and limits of scenarios are well known, few studies verify

their outcomes on knowledge production and public decision-making in the long term. In

this paper, we perform an ex-post evaluation of land-use and land-cover change (LUCC)

scenarios produced in 2004 aiming to support water management. The objective is to eval-

uate to what extent the outcomes of those scenarios reĆect expectations and to understand

which factors inĆuenced the occurrence of outcomes. Moreover, we provide insights on the

driving forces considered in LUCC modelling that produce plausible scenarios at a water-

shed level. At the time horizon of scenarios, we used semi structured interviews, combined

with a quantitative comparison between observed and simulated LUCC. Results indicate

that scenarios fulĄlled their original purpose: to support the deĄnition of the local water

management strategy. Furthermore, they promoted a multidisciplinary perspective within

land managers and facilitated the recognition of challenges and opportunities faced by lo-

cal farmers. Nevertheless, they failed in creating a shared vision of the future across groups

of different actors. The lessons learned from the evaluation are synthesized in guidelines

that can be used to enhance outcomes of any future scenarios.

2.1 Introduction

2.1.1 Classification of scenarios

Since their initial application in the military (BradĄeld et al., 2005), scenarios have

become a popular tool to explore the range of possible futures in multiple disciplines and

contexts (Harries, 2003; Harrison et al., 2019; Reed et al., 2013; Sitas et al., 2019; Varum

and Melo, 2010). Nowadays, scenarios are particularly used in environmental management

(Garb et al., 2008; Oliveira et al., 2018; Palomo et al., 2011) where they are considered

as an important tool for deĄning land-management policies (Kok et al., 2017; Metzger

et al., 2017). Despite a wide range of deĄnitions (Chermack and Lynham, 2002; Parson
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et al., 2007), scenarios can be considered as "plausible descriptions of how the future may

develop, based on a coherent and internally consistent set of assumptions about key rela-

tionships and driving forces" (IPCC, 2000, p. 594). The multitude of scenario types, the

lack of a consistent classiĄcation (Börjeson et al., 2006) and common terminology can

hinder an easy understanding of the methodology and purpose behind a scenario.

One possible classiĄcation system divides scenarios into two categories; forecasting

and backcasting scenarios, according to the vantage point (Van Notten et al., 2003).

In forecasting scenarios, the developer makes some assumptions on the evolution of key

driving forces (e.g. changes in macro-economic factors, changes in human behaviors and

preferences. . . ), and they explore the potential consequences. In backcasting scenarios, the

developer assumes what the future will look like and they explore the conditions needed

to reach that state.

When including the concept of desirability, another classiĄcation is possible (see Rot-

mans et al., 2000 and Van Notten et al., 2003 for some examples) and scenarios can be

divided into exploratory (or descriptive) and normative. Exploratory scenarios look at

possible futures without stating an order of desirability, but rather building on past and

present trends (Durance and Godet, 2010). On the contrary, normative scenarios describe

probable or (un-)desirable futures. While the role of exploratory scenarios is well recog-

nized in environmental management, a limited place is reserved to normative ones (Van

der Voorn et al., 2012; Van der Voorn et al., 2017), such as backcasting scenarios which

are normative by nature (Milestad et al., 2014).

Confusion may also arise from the difference between the terms foresight and fore-

casting which, despite their similarity, carry different meanings. The difference between

them lies in the space left to uncertainty: while a forecast tries to deĄne the most probable

future, foresight rather explores a range of possible futures (Amer et al., 2013; Chermack

et al., 2001; Durance and Godet, 2010; Wilkinson, 2009). Additional attention must be

paid when talking about forecasting scenarios, which as described above, belong to fore-

sight.

When referring to the methodology used to generate scenarios: qualitative, semi-

quantitative or quantitative approaches can be followed (Alcamo and Henrichs, 2008;
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Börjeson et al., 2006; Kok and van Vliet, 2011). When scenarios are applied to geograph-

ical systems and land management, quantitative models are often used (Fusco et al.,

2017). Geographic systems, modelling and prospective studies are then combined in a so-

called geoprospective approach: a type of study that integrates the spatial dimension (e.g.

neighbouring effects of land covers and land uses, emerging properties of socio-ecological

changes) as economic, historic or demographic dimensions (Voiron-Canicio, 2012). In this

approach, narratives, modelling and participatory methods are combined (Houet and

Gourmelon, 2014), creating scenarios particularly suited to support land managers in

designing a sustainable development for their territory accounting for population’s expec-

tations on the future (Voiron-Canicio, 2006).

2.1.2 The application of scenarios in the land management

Uses and beneĄts of scenarios in the public planning sector and land management

are commonly explored in literature. Xiang and Clarke (2003) state that scenarios have

the powerful quality to bridge different pieces of information and facilitate knowledge

sharing and the co-production of knowledge. In addition, scenarios stretch the personal

thinking allowing to consider a wider range of possible futures by reconsidering personal

beliefs (Xiang and Clarke, 2003). Participatory scenarios are also expected to promote a

dialogue, a consensus, and a shared vision of the future between different actors (Baker

et al., 2004; Palomo et al., 2011). Moreover, they can help to clarify the interactions

between different variables (Hagemann et al., 2020; Swart et al., 2004) supporting the

deĄnition of land management goals and the identiĄcation of management strategies (Xi-

ang and Clarke, 2003). Finally, participatory scenarios can enhance consciousness about

territorial issues pushing local actors to take action (empowerment) (Palomo et al., 2011).

outcomes of scenarios can be divided in three categories (Dunlop, 2014; Lumbroso,

2019; Mckenzie et al., 2014):

• Instrumental outcomes where scenarios serve to inform decision makers and improve

policy actions;

• Conceptual outcomes where scenarios help deepen understanding about a complex

phenomenon, shape ways of thinking and allow new beliefs and values to arise. As

highlighted by Dunlop (2014), this kind of outcome is indirect, and it may arise time

after the communication of scientiĄc knowledge;

• Political outcomes in which scenarios promote the legitimization of a speciĄc group
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of interest or preference. In this political mode, scenarios can be used to support

pre-existing preferences and policy options, or to legitimize action.

However, not all scenarios produce the outcomes expected, and many studies address

obstacles to implementing scenarios as decision-making tools, such as the balance of power

and interests among stakeholders (Commod, 2005; Kothari, 2001; Lumbroso, 2019), the

large amount of time needed to develop participatory scenarios (Walz et al., 2007) and

cultural barriers between researchers and Ąnal users (Bradshaw and Borchers, 2000; Car-

den, 2004). Due to these obstacles, even salient scenarios can be of little help for decision

making (Cairns et al., 2017; Clark et al., 2006).

Amer et al. (2013) propose a literature review of the scenario validation criteria:

consistency and plausibility being the most cited. In this paper, special attention will

be given to plausibility, deĄned as the capacity of scenarios to Şfall in the limits of what

might conceivably happenŤ (Wilson, 1998, p. 91). To improve scenarios’ plausibility, land

change science community often combines LUCC models with participatory narratives

to evaluate possible quantitative outcomes on resources and ecosystems services (Houet,

Marchadier, et al., 2016; Houet, Aguejdad, et al., 2016).

Despite the potential beneĄts and limits of scenarios are well known, the literature

assessing the use of scenarios remains limited, and many authors highlight the need to

verify outcomes on public decision making empirically (Bowman et al., 2013; European

Environment Agency, 2009; Langhammer et al., 2019; Volkery and Ribeiro, 2009). Few

studies (Cairns et al., 2017; Mckenzie et al., 2014; Saritas, 2006; Sitas et al., 2019) have

evaluated the inĆuence of scenarios on decision making in the public context, and even

fewer have evaluated scenarios years after the end of the project (ex-post eval- uations).

Oteros-Rozas et al. (2015) performed ex-post evaluation of 23 participatory scenarios and

concluded that the scenarios had several indirect beneĄts, but they stressed the difficulty

in producing evidence of a direct outcome on management actions. The lack of ex-post

evaluation can be a strong barrier to understanding which features of scenarios make them

inĆuential on the decision making.

This study aims to address this knowledge gap by assessing spatially explicit scenarios

developed to support water management in Brittany (western France). We analysed sce-

narios built in 2004 for the year 2020 published by Houet (2006) and Houet et al. (2008)
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and Houet, Loveland, et al. (2010). Both forecasting and backcasting scenarios were pro-

duced and multiple trajectories of LUCC were simulated for 2006-2020 for the Lestolet

secondary watershed, an area of 1320 ha in central Brittany. The assessed scenarios were

expected to produce instrumental outcomes, as a support tool for the deĄnition of the

SAGE, a planning tool aiming at the sustainable management of water resources. More-

over, being developed in a context where different actors work together in managing a

complex system, the expectations on conceptual and political outcomes could reasonably

be high.

From a modelling perspective, monitoring landscape and land use/cover changes is

essential to identify the driving forces which are needed to produce plausible LUCC mod-

elling (Houet, Verburg, and Loveland, 2010). Comparing observed and simulated LUCC

would allow us to identify which driving forces should have been included to improve the

model’s predictive power, considered as a mean to increase scenarios plausibility. Thus,

we deem that an ex-post evaluation is particularly suited to, on one side, verify scenario

outcomes on public decision making, and, on the other side, to provide useful knowledge

for future LUCC modelling.

The objective of this paper is to verify if the contribution of scenarios reĆects ex-

pectations derived from the literature in terms of outcomes and to understand which

factors inĆuenced the occurrence of outcomes (i.e., the steps followed to co-construct sce-

narios, the selection of basis hypotheses behind scenarios narratives, the methods used

to communicate the results of scenarios, the institutional and political context in which

scenarios were developed).

Moreover, we aim at giving insights of LUCC driving forces which need to be con-

sidered in LUCC modelling to produce plausible scenarios at a watershed level. Being

aware that neither backcasting nor forecasting scenarios have a predictive aim, at no

point do we want to evaluate the effectiveness of a scenario based on its accuracy. Nev-

ertheless, identifying the main LUCC drivers that were either missing or over-inĆuential

can further improve scenarios plausibility.

To meet these goals, we interviewed local actors to understand (1) the outcomes of the

scenarios; (2) the elements that increased or decreased outcomes; and (3) which factors
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contributed to variations between scenarios and reality. In parallel, we compared the ob-

served LUCC trajectory to those proposed by scenarios and used this analysis to support

the interviews. Finally, we synthesized the results from the qualitative and quantitative

analysis into practical advice to consider in each step of the creation of participatory

scenarios.

2.2 Materials

2.2.1 Study site: landscape and institutional description

The study site is the Lestolet secondary watershed (1320 ha), located in the Blavet

watershed in the Côtes d’Armor department (Brittany) (Figure 3.1), a region historically

devoted to agriculture. The case study was selected because scenarios were developed far

enough in the past to allow for a long-term ex-post evaluation at the time horizon of sce-

narios. Regardless of changes in ownership and of responsibility for local land management,

we were still able to contact the main actors who participated in the scenario-building

process and other potential end-users.

Figure 3.1 Ű The Lestolet watershed (red outline) located in central Brittany (France) on the
northern edge of the Blavet watershed (reddish area).

138

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



2. Article: Contributions of local LUCC spatially explicit scenarios for water management:
lessons learned from an ex-post evaluation

The Lestolet watershed is deĄned by its distinctive location on top of a granite massif

and the presence of a dense hedgerow network and riparian wetlands. Compared to the

northern part of the Blavet watershed, the Lestolet is a highly productive sector in which

most of the area is dedicated to livestock and dairy production. As a result of the intense

agricultural activity, the area has faced water-quality problems since the late 1970s (like

everywhere else in Brittany), due mainly to high nitrate concentrations. In 2004 when the

scenarios were built, water quality was a major concern on the Lestolet, but its indicators

were improving considerably (Agence de l’eau Loire-Bretagne, 2007; Syndacat Mixte du

SAGE Blavet, 2011) and other environmental issues and geographic areas started to draw

land planners’ attention instead.

French water is managed at the watershed level as deĄned by the Water Act of 3

Jan 1992 (Allain, 2002), which established the creation of the Local Water Commission

(CLE) and the SAGE. The CLE is the political body, composed of elected, land-user and

public-service representatives, that develops and validates the SAGE and monitors imple-

mentation of its directives (Allain, 2002). This water management organization relies on a

participatory planning approach, where different local actors are meant to work together

to manage all the issues related to water (irrigation, sanitation, drinking water, aquatic

environments and Ćooding) jointly (Allain, 2001; Rinaudo et al., 2020).

To deĄne the SAGE, a perspective study is mandatory, and it allows to choose which

strategy to adopt in the watershed (Allain, 2002). Once approved, several local programs

can translate the directives into practical operations and ultimately meet the goals that

have been set (SAGE Blavet, 2013). The jurisdiction of operational organizations re-

organized greatly beginning in 2018, when the MAPTAM law (of 27 Jan 2014) came

into force, and municipalities (or groups of them) took over watershed management and

Ćood prevention (Barone and Dedieu, 2015), leaving the planiĄcation phase unchanged.

Thus, water management of the Lestolet changed from the Syndicat mixte Kerné Uhel

(Houet, 2006), to the urban area of Loudeac, with little continuity. Given the organization

of water management, we identiĄed the technicians responsible for managing the water

quality of the Blavet watershed (i.e. working for operational organizations), people sitting

in representative bodies responsible for land management and water quality (i.e. SAGE

Blavet and the CLE) and landowners in the Lestolet and surrounding areas as important

stakeholders.
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2.2.2 Spatially explicit scenarios (2006 -2020)

In 2003, the SAGE Blavet asked for a prospective analysis at two scales: (1) local, in-

cluding secondary watersheds such as the Lestolet), for which simulation of annual LUCC

highlighted landscape dynamics and possible water quality evolutions (Houet, 2006; Houet

et al., 2008), and (2) the entire Blavet watershed. The local scenarios were used to inte-

grate local characteristics into the larger scale and improve estimates of potential costs of

landscape management actions (e.g. riparian wetlands, hedgerow restoration).

In this context, Houet (2006) developed backcasting and forecasting participatory

LUCC scenarios for the Lestolet and for other two secondary watersheds. Local scenarios

were subsequently used to feed more global scenarios at the Blavet watershed scale (de-

tails in Section 2). For the scope of this article, we will focus on the scenarios developed

for the Lestolet. Indeed, backcasting scenarios were developed just for the Lestolet, and

contacts with local actors had been particularly developed in that study site.

Two of the backcasting scenarios assumed that water-quality targets were met either

by spending large amounts of money or by the disappearance of farms. A third backcast-

ing scenario predicted a strong decrease in water quality (increased nitrate concentration)

and a loss of biodiversity due to the transition to agro-energy cropping systems. The

forecasting scenarios considered farmers’ coping strategies in response to the 2006 reform

of the EU Common Agricultural Policy (CAP). Three potential changes to the CAP and

farmers’ response to each were deĄned:

• no drastic changes: farmers do not change their practices, thus maintaining an overall

increase in maize at the expense of grassland (Şbusiness-as-usual (BAU) strategyŤ)

• favoring grasslands: farmers increase grassland area at the expense of silage maize

area (ŞGreening strategyŤ)

• favoring crops: farmers increase the percentage of wheat area slightly (by 5 per-

centage points compared to the 2004 reference year) at the expense of grassland

(ŞCropping strategyŤ).

In addition, three assumptions were made: the same behavior for all farmers, an in-

crease in farm size, and the stability of production systems.
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The same group of local stakeholders participated in the co-construction of both back-

casting and forecasting scenarios. The Ąnal outcomes of both types of scenarios were

presented to local actors in a single meeting. Following the analysis framework developed

by Lumbroso (2019), the local and watershed-level scenarios were presented to the SAGE

with an environmental management objective and whose ultimate aim was to inform a

collective decision (i.e. deĄnition of water-management strategies). Conversely, forecasting

and backcasting scenarios at the local scale were presented to local actors to return the

results to the people who participated in the scenario-building process and to enhance

their understanding of the relations among farm practices, landscape elements and water

quality.

2.3 Methods

To meet the objectives of this study, we couple qualitative and quantitative methods.

Qualitative analysis Ąrstly allowed us to understand the outcomes of scenarios and what

enabled or inhibited them. As plausibility is considered one of the main validation crite-

ria for scenarios, we also aim to understand which driving forces shaped the landscape

changes, and to what extent they had been considered in the scenario making. To do

so, a quantitative analysis comparing scenarios and observed LUCC is proposed. Results

of the quantitative analysis were used as support for interviews to get insights on the

main driving forces and on which factors caused discrepancies between simulated LUCC

and real world observations. Results from the qualitative and quantitative analysis are

combined to develop practical guidelines to enhance plausibility and outcomes of scenar-

ios on decision making, qualitative analysis mainly fed guidelines to design realistic and

attainable scenarios.

2.3.1 Qualitative analysis of scenarios outcomes and LUCC drivers

Interviews with local actors were crucial for understanding to what extent the spatially

explicit scenarios had been used by local actors and to reconstruct which elements origi-

nated differences between simulated and observed LUCC from 2007 to 2020. Interviewees

were selected according to their current profession or to the one they had when scenarios

were built. We interviewed eight local actors (LA) among farmers, members of the CLE,

SAGE Blavet, Agricultural Council and other local organizations. Participation in the

workshops that had been held to develop scenarios in 2005 was not a selection criterion.
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This choice allowed us to understand if local actors involved in land management who did

not attend the workshops were aware of the study. Although the small study area and

depth of the interview protocol prevented us from interviewing more actors, we were still

able to collect a large amount of consistent data by selecting participants with a deep

knowledge of the territory and central roles in local management. Moreover, this type of

evaluation exercise commonly has a small number of interviewees (e.g. Mckenzie et al.,

2014).

To collect data, we used a semi-structured interview composed of open questions and

a Şcard gameŤ in which LAs had to sort a list of possible outcomes based on whether or

not they thought that the scenarios had produced these outcomes (Harrell and Bradley,

2009). Questions were followed by prompts, according to recommendations presented in

Kallio et al. (2016) and Turner (2010). Using this structure, interviewees felt free to ex-

press their thoughts and to raise what they perceived as the most important themes, while

producing comparable data. The protocol was divided in two main parts: (1) collecting

information about the main drivers of LUCC in relation to the results of the quantitative

analysis and (2) attempting to understand outcomes of scenarios (the interview protocol

is available in Appendix 4.1). We analysed the data collected using a thematic analysis

(Braun and Clarke, 2006) (see Maguire and Delahunt (2017) for an application and Ro-

nan and Gallagher (2016) for a practical guide). To report results, we adapted the form

used by Mckenzie et al. (2014). Due to the COVID-19 health crisis (2020 - 2021), most

interviews were performed via videoconference.

2.3.2 Quantitative analysis: a comparison between the observed LUCC and

the simulated ones in scenarios

We compared Land Parcel IdentiĄcation System 1 (LPIS) data, georeferenced data is-

sued from farmers’ common agricultural policy (CAP) declaration and published yearly,

to the LUCC composition and conĄguration of the proposed forecasting scenarios (Li and

Reynolds, 1995).

We Ąrst calculated Kappa indices (Kappa, Khist, Kloc, Fuzzy Kappa) from land-cover

maps rasterized into 1 × 1 m cells using the Map Comparison Kit software (Visser and De

Nijs, 2006) to compare LUCC at the scenarios’ time horizon (2020). The Kappa indexes

1. Registre parcellaire graphique (RPG) in French
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are widely used metrics to perform comparison of categorical maps (Cohen, 1960; Pon-

tius et al., 2001). Kappa index measures classiĄcation accuracy in a single metric, while

Kappa location (Kloc) and the Kappa quantity (Khist) consider errors induced by location

and quantity separately (Hagen, 2002; Pontius, 2000). In addition, the fuzzy Kappa con-

siders near misses by comparing neighbouring cells around each pixel (Hagen, 2003, 2008).

To limit effects of crop rotations (variations in quantity and location), for each sce-

nario, we calculated mean values and variance of K indexes of all combinations of observed

and scenario values for 2017, 2018 and 2019. Pixels whose value did not change in the

simulation (e.g. forests, Ąelds whose owner was not identiĄed) were removed from the

analysis and an exponential decay function with a radius of 100 pixels was used to calcu-

late the fuzzy Kappa.

To provide insights into drivers of change and to understand what may have caused

potential differences between observed and predicted land-cover conĄguration, we anal-

ysed the observed land covers’ trajectories and interviewed local actors. We considered

two geographic scales for the LPIS data: (1) the watershed level, which considered only

the Ąelds inside the watershed boundaries, and (2) the farm level, which considered all

Ąelds that belonged to farms that had at least one Ąeld inside the watershed boundaries.

Working with data at the farm level allowed us to verify each farmer’s strategy and the

assumption of increasing farm size used to build the scenarios. The advantage of using

LPIS is that it provides farm’s boundaries allowing an analysis at the farm level. How-

ever, LPIS data from 2007-2014 and from 2015-2019 were published with different spatial

resolutions. To address this problem, we used the method of Barbottin et al. (2018).

We visually compared the predicted trajectories of crop percentages to the observed

percentages using stack graphs. Once again, to limit effects of crop rotations, we calcu-

lated a three-year moving average for observed land cover when considering only the Ąelds

inside the watershed (1064 ha in 2007 and 1061 ha in 2019). In the Lestolet, crop rotations

follow mainly a Ąve year pattern, and a three year pattern (Martin et al., 2021). Since

performing a Ąve-year moving average on a thirteen-year time series would leave us with

a too short series to be studied, we opted for a three-year moving average.

To identify the actual production systems of farms, we used the knowledge of a local
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farmer and a technician. Knowing which farm did or did not change their production

system from 2006-2020 allowed us to compare the two groups’ LUCC trajectories. We

considered the BAU, Greening and Cropping trajectories mentioned previously. The in-

tensity of each trajectory was classiĄed (with arbitrarily chosen thresholds) as: Şin lineŤ,

if the increase of the concerned land cover is lower than 7.5% over the period; ŞstrongŤ,

if it increased 7.5-12.5% and ŞextremeŤ if it increased more than 12.5%.

As stated during the interviews (LA1), the local and watershed-level studies were

perceived as a single study by the actors involved in the SAGE. The same applies to

the type of scenarios: during the interviews, LAs did not clearly distinguish forecasting

and back- casting scenarios, but they rather refer to elements coming from both of them

without differentiation. The vision of backcasting and forecasting scenarios as a unique

tool impedes understanding which outcomes arise from one or the other.

2.4 Results

Three main themes emerged from interviews: (1) signiĄcant outcomes of scenarios, (2)

scenarios’ related features that inĆuenced their usefulness and (3) external factors that

inĆuenced their usefulness. Appendix 4.2 provides results of transcript analysis and quo-

tations for each of the themes. Scenario outcomes were divided according to the scenario

usage (instrumental, conceptual and political). We then associated with these outcomes

the scenario and process attributes and the external conditions that inĆuenced each of

them.

2.4.1 Significant outcomes of scenarios

2.4.1.1 Instrumental use

According to LAs who were involved in the deĄnition of SAGE 2007 (n = 3), the

scenarios at the watershed level were one of the supporting materials used to choose the

environmental management strategy and write technical documents for land planning

(the SAGE Blavet 2007), which agrees with the original aim. In combination with other

studies, the scenarios helped deĄne priority intervention zones, which are areas where

LUCC could decrease water quality below targets.
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2.4.1.2 Conceptual use

All the interviewees who were familiar with the study (n = 6) recognized some con-

ceptual outcome of scenarios. The most cited contribution of scenarios (n = 5) has been

to foster a systems analysis approach and to promote a multidisciplinary perspective. In

this perspective, scenarios pushed local actors to consider new variables in their everyday

work.

[We became more aware] of the time that we could devote to landscape man-
agement for instance, [...] and all that is wetland restoration. (LA 3)

Personally [looking at the scenarios] it was an electroshock for me. For me,
personally, it made me say to myself: you focus too much on agriculture; you
need to open your mind to other things. (LA 4)

Interviewees recognized scenarios as a support tool which enable to get used to new

working methods (n = 4, 3 of them part of the Chamber of Agriculture);

I don’t know to what extent your work has contributed, but I would say that
[in our everyday job] the work with cartography was integrated at about the
same time [of the scenarios]. Before we were very much focused on agriculture.
We used to take the maize, the wheat and to go on like that. From then
on, we were much more with a system approach using cartography. [...] For
me, even if then we focused on another watershed, in terms of methods, in
terms of approaches, it [scenarios] could very well have been used to work on
neighbouring areas. (LA 6)

Third, scenarios were recognized to be useful in anticipating new challenges and visu-

alizing middle/long term trajectories of land use development (n = 3).

[Scenarios] allowed us to get the support to work in a direction, to go further
in the reĆection. [It allowed] to say: "this is how it can be tomorrow". It was
useful to alert. (LA 4)

Finally, there was no agreement on the effectiveness of scenarios in creating a shared

vision of the future. Nevertheless, the interviewees involved in the SAGE agreed on say-

ing that scenarios contributed to construct a shared vision between people involved in the

planning (i.e., members of the CLE), but not with the actors managing the operational

phase (i.e., member of the Chamber of Agriculture). To support this statement, intervie-

wees working for operational structures stated that scenarios failed in creating a shared

vision of the future. Nevertheless, interviewees who attended the participatory meetings

and scenario presentations agreed that the study allowed them to create a space in which
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LAs could debate even while having conĆicting and diverging objectives (farmers vs. water

managers).

2.4.1.3 Political use

Local forecasting and backcasting scenarios were presented to individual farmers by

a member of the Agricultural Council to analyse factors that could play a major role in

social and environmental dynamics of the area. The backcasting scenarios considered the

arrival of non-farmer land users (e.g. Ąshers and hunters) who exploit natural resources

for recreational and economic activities. Farmers reacted strongly to these scenarios and

recently compared them to the arrival of new land users who exploit woodlands. In this

case, scenarios were not only useful in recognizing new challenges (the possibility to exploit

marginal land and the arrival of external people making proĄt on them), but this awareness

allowed farmers to reĆect on how they can exploit marginal lands. Finally, they proposed

creating an Economic and environmental interest group 2 (GIEE) to manage and take

advantage of marginal lands. Local farmers thus recognized the local scenarios as an

awareness-raising tool, which increased consciousness about their role in landscape and

environmental management and legitimized their actions in non-agricultural domains.

We talked about it again [with reference to the scenarios] at the creation of
the GIEE, where we said: you see, at the time we were already talking about
hunting companies coming and today it’s the start-ups that are valorising our
wood. They manage to live with it and we don’t do anything with this land.
Maybe we need to take a new look at these surfaces. (LA 4)

2.4.2 Features influencing the use of scenarios

LAs identiĄed scenarios and process-related features that enhanced or prevented sce-

nario outcomes on decision making (Table 3.1).

As widely discussed in the literature (Commod, 2005), the participatory method used

to build the scenarios is acknowledged as being useful for multiple aspects, as well as pre-

senting results to LAs using different supports (i.e., maps, narratives, LUCC indicators

measuring LUCC’s outcome on environmental variables). Analysing management implica-

tions of the study with Ąnal users has also been identiĄed as a useful and well-established

practice to improve instrumental use.

2. A collective of farmers that develops local projects to reach social, economic and environmental
goals. Groupements d’intérêt économique et environnemental in French
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Presenting narratives that address all aspects of territorial development allows a dia-

logue to be established between people who represent different issues. Indeed, technicians

explained they refer to economic, social and environmental data to draft land manage-

ment documents.

Moreover, the fact that scenarios presented multiple alternatives and not few cari-

catural scenarios which only differ for the level of ambition is recognized as crucial for

establishing dialogue.

In other studies, three scenarios were proposed: a not very ambitious one that
doesn’t cost much; [...] a second, moderately ambitious scenario that costs
more, but that was still affordable; a third one, very ambitious that costs
a lot and it was known that the communities would not have the budget to
implement it. And so, there are three caricatured scenarios [...] and we basically
chose the middle one. (LA 1)

Although technicians used scenario predictions in an instrumental way, the function-

ing of institutions, the discontinuity of political representation and landowners’ priorities

represented the main barriers to the outcome of scenarios on local land management.

A member of SAGE highlighted how the land-management documents written with the

contribution of the scenarios have never been translated into practical actions because of

a change in political representatives and political will.

In 2014, we had municipal elections with a complete renewal of the CLE [...]
thus we had a CLE with elected representatives who did not necessarily want
the provisions of the SAGE to be implemented. The environmental Ąeld [...]
is extremely dependent on the public policies that are set up and on the will
of local representatives. (LA1)

Regarding the functioning of institutions, a technician stressed the need to wisely

choose the moment to present scenarios. poor communication between different water

management structures paired with poor timing in the presentation of scenarios, hindered

other instrumental uses of scenarios besides the deĄnition of the SAGE.

2.4.3 Comparison of scenario projections with observed changes Through

Through a quantitative analysis, we identiĄed the driving forces of LUCC. Although

plausibility of scenarios is the result of different key factors (such as the internal structure

of scenarios, the presentation of scenarios, the correspondence with users’ worldviews),
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Table 3.1 Ű Scenario outcomes and factors that inĆuence scenario use. Scenario attributes and
process attributes inĆuence the related outcomes in a positive way. External conditions can have
a positive (+) or negative (-) inĆuence on scenario outcome.
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precision of scientiĄc knowledge can enhance credibility of science for policy (Maxim and

van der Sluijs, 2011; Schmidt-Scheele, 2020). We performed a quantitative comparison be-

tween the observed LUCC and the one proposed by scenarios to identify crucial variables.

2.4.3.1 Comparison of projected and observed trajectories of crop percent-

ages

In terms of landscape similarity, the Kappa index ranged from 0.097-0.135 (0.090 Ű

0.143 for Fuzzy K) which indicates slight strength of agreement according to Landis and

Koch (1977). In terms of quantitative similarity, the BAU and cropping scenarios differed

slightly less from the observed (LPIS) data than the greening scenario did. Appendix 4.3

provides details of K indexes. When comparing scenarios and observed trajectories, all

scenarios overestimated the presence of grassland during the entire period, while cereals

and oilseeds were generally underestimated (Figure 3.2). For the farms that had at least

one Ąeld inside the Lestolet watershed (farm level), grasslands increased continuously

from 2007-2019 (by 10%). Conversely, for only the Ąelds inside the watershed (watershed

level), grassland increased drastically from 2008 to 2011 and then dropped (by 14%) from

2014-2015 and continued to decrease. This suggests that the overall increase in grassland

observed when considering the farm level occurred mainly on Ąelds outside the watershed

from 2015. At the farm level, the cereals and oilseeds percentage continuously increased

from 2008- 2014 (by 25%) and decreased from 2014-2019 (by 8%), suggesting that certain

forces favoured grasslands at the expense of cereals beginning in 2015. Maize decreased

continuously from 22% of the UAA in 2007 to 17% in 2019. Moreover, the observed trajec-

tories appeared to be more similar to the one resulting from exploratory scenarios when

considering farms that had at least one Ąeld inside the Lestolet watershed (Details on

trajectories of crop percentages in 4.4).

According to the local actors and consistent with LPIS data, crop percentages did not

change greatly. The small increase in grasslands, was likely due to EU Agri-Environment

and Climatic Measures 3, a regulatory mechanism that began in 2015 available in Brit-

tany, which pays farms based on their grassland percentage. Due to this mechanism, the

grassland percentage of farms with at least one Ąeld in the watershed increased slightly,

unlike the regional trend (Chambre d’agriculture de Bretagne, 2019). The local format

of regulatory framework and the farmers’ adaptation strategies to economic incentives is

3. Mesures agroenvironnementales et climatiques (MAEC), in french
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Figure 3.2 Ű Trajectories of crop percentages resulting from each scenario compared to those
observed inside the Lestolet watershed (ŞWatershed levelŤ) and for all farms that had at least
one Ąeld inside the Lestolet watershed (ŞFarm levelŤ). Scenarios: Şbusiness-as-usualŤ (BAU)
(increase in maize at the expense of grassland), Greening (increase in grassland at the expense
of maize) and Cropping (increase in wheat at the expense of grassland).

therefore a crucial variable to consider in LUCC scenarios. Although scenarios did not

consider a change to the regulatory system in 2015, it did consider adaptation strategies

to the CAP reform as discussed in Section 2.2.2.

2.4.3.2 Comparison of projected and observed farm size and production sys-

tem

The mean size of farms increased from 75.0 ha in 2007 to 98.5 ha in 2019 (in agreement

with the scenarios’ assumptions) and the number of farms decreased (from 37 to 35, i.e.

5%), but by less than the percentage predicted by the scenarios (55% from 1998-2020)

or by the mean percentage for Brittany (14% from 2010-2018) (Chambre d’agriculture de

Bretagne, 2019). As highlighted in the interviews (LA4), the Lestolet watershed remains

an attractive area for its soil characteristics and social context.
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The mean ratio of the area inside and outside the watershed per farm decreased from

43.9 to 36.7, while the mean distance between Ąelds of the same farm increased from

1.8 to 2.0 km. The increased farm size combined with farm fragmentation likely caused

grasslands to concentrate around the farms to reduce herd movement. This phenomenon

might explain the differing trajectories of grassland inside and outside the watershed.

Moreover, the increased farm size may have increased workload, changing the organiza-

tion of work and distribution of crops, as explained by interviewees. Thus, the assumption

of an increase in farm size was partly veriĄed and the structure of farms inĆuenced LUCC.

With LA, we reconstructed the farms’ current production systems on the study site.

the production systems did not change drastically, and milk production remains the domi-

nant production system (Figure 3.3). Nonetheless, according to the farmer and technician,

livestock farmers took their production systems in three main directions in the past 5-6

years - intensiĄcation, a mixed system (with some grazing) and organic - which diversiĄed

the dairy production systems. Moreover, the diversity of production systems increased at

the expense of cattle-only farms.

Although land cover did not change drastically at the watershed level, it did at the

farm level. Changing the production system could inĆuence the strategy adopted: the

farmers who maintained the same production system tended to have less drastic LUCC

than those who did change and to follow mainly a greening trajectory (Figure 3.4). Con-

versely, the farmers who did change their production system reported more drastic LUCC,

mainly in the cropping direction (see Appendix 4.5 for more details). Thus, the fact that

land cover did not change drastically at the watershed level seemed to result from two

contrasting trends: (1) greening, followed mainly by farmers who did not change their

production system, and (2) cropping, followed mainly by farmers who did change their

production system. As observed in previous studies (Ronfort, 2010), the basic assump-

tions of the stability of production systems and homogeneous behaviour of farmers were

shown to be incorrect by this study. Change in the production system and heterogeneous

behaviour of farmers should then be considered to produce plausible LUCC scenarios.

2.4.4 Improving scenarios outcomes: recommendations

Merging results from the qualitative and quantitative analysis, we developed practical

guidelines for researchers to enhance outcomes of scenarios on decision making (Table
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Figure 3.3 Ű Observed distribution of farm production systems in 2006 and 2020 in the Lestolet
watershed.

Figure 3.4 Ű Observed distribution of farm production systems in 2006 and 2020 in the Lestolet
watershed.
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3.2). The table suggests actions to take during the different stages of the scenario-building

process, to attain speciĄc objectives and improve Instrumental, cognitive, or political use

of scenarios. While it is not an exhaustive list, these guidelines summarize the lessons

learned from our study. Moreover, even though the results are based on a speciĄc case

study, we believe that they can be used for studies that aim to inĆuence decision making

using spatially explicit scenarios.

Table 3.2 Ű Elements to consider during the stages of the scenario-building process to enhance
scenario outcomes.

2.5 Discussion

2.5.1 Contributions and limitations of scenarios: What is needed to improve

their usefulness?

n this paper we adopted a mix of qualitative and quantitative methods to evaluate

the contributions of local LUCC spatially explicit scenarios for water management. Al-

though expectations driven from literature on scenario outcomes had been partly met,

some context related factors and some scenarios characteristics hindered the visibility of

the research in the local community and its outcomes on local water management.
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Knowing the political and institutional context is crucial in developing a strategy

to effectively diffuse study results in a timely manner. In our study context, poor commu-

nication among land-management organizations had been widely recognized. Neverthe-

less, the results of scenarios had been disseminated to local farmers by a member of the

Agricultural Council. Targeting the different institutions for communicating the results

of scenarios and identifying the people who can disseminate the study results further to

their networks is vital in overcoming a potential lack of information Ćow due to how ad-

ministrative and operational organizations operate.

The essential character of Śnovelty’ in scenarios is also worth discussion. Intervie-

wees indicated the presence of elements that diverge from typical thinking as essential to

increase the cognitive use of scenarios. Moreover, they referred to Şcaricatural scenariosŤ

as scenarios that missed novelty, but they are rather extensions of current trends with

different levels of ambitions for environmental targets. On the other end, scenarios must

be plausible to evaluate alternative management options that lie within the reach of stake-

holders to increase instrumental use. The elements of rupture included in the narratives

should thus be anchored in reality (Xiang and Clarke, 2003). In the scenarios evaluated,

envisioning Ąshers and hunters coming to the Lestolet watershed was considered an ele-

ment of rupture; the fact that they were already coming to nearby areas added credibility.

While scenarios contributed to create a collective vision of the future within homo-

geneous groups of actors (i.e., within technicians working on water management), they

failed to create a shared vision across groups. The different perspectives on the territory

and the past experiences can anchor people to a predetermined vision of the future. Using

scenarios built on present situations and past trends could hence prevent the arousal of a

common vision (Van der Voorn et al., 2012). Even though creating a shared vision of the

future was not the original aim of scenarios, enhancing the heterogeneity of stakeholders

contributing to scenario making (Voinov and Bousquet, 2010) and giving more space to

backcasting (Van der Voorn et al., 2012) scenarios might have been possible ways to en-

courage the emergence of a common vision.

Finally, we want to stress the need to clearly deĄne the scope of the study at the

beginning of the scenario making process. Even though this can be perceived as an obvi-

ous approach, many studies highlight the beneĄts of this approach (see Edwards and Kok
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(2021) as an example) and we believe that scenarios originally developed for an instru-

mental scope can overlook the whole spectrum of beneĄts they can provide. The scenarios

we evaluated had been originally commissioned to support the deĄnition of the SAGE, so

that the only outcome that was clearly expected was an instrumental one. Being aware of

the different outcomes that may arise from scenarios can help to set up a scenario-building

process that also maximizes cognitive and, eventually, political outcomes without harming

the instrumental one.

2.5.2 Predictive ability and scenarios outcome

Although some main drivers were considered when building the scenarios (i.e. reform

of economic incentives, the farmers’ associated coping strategies, increase in mean farm

size), some assumptions were found to be too restrictive (e.g. no change in production

systems and homogeneous farmer behaviour). In agreement with the results of Houet and

Verburg (2022), integrating the farm level into landscape scenarios appeared to be crucial

to produce plausible LUCC simulations. When building scenarios, choosing a spatial scale

that matches the scale at which the drivers of LUCC produce their effects seems crucial

to produce plausible estimates of LUCC. Nonetheless, limited data availability (e.g. LPIS

data protection, high costs) and the fact that land tenure data do not exist over the long

term (i.e. at least 20 years) remains a strong limit to understanding the inĆuence of land

tenure on landscape changes.

Moreover, individual choices at the farm scale inĆuence the landscape and LUCC

strongly, suggesting the need to consider diversifying actors’ strategies, which are inĆu-

enced by the social and demographic systems. This result is in line with the importance of

incorporating farmers’ decision-making in land-use change models emphasized by Agar-

wal et al. (2002), Martel et al. (2019), and Truong et al. (2015).

DeĄning the appropriate scale was an issue raised during the interviews. As reported

in the literature (Biggs et al., 2007), our results conĄrm the importance of selecting the

spatial scale according to the goals. In our study, scenarios at the primary watershed-level

were used in an instrumental mode, while Ąner scale (secondary watershed-level) scenarios

provided a more cognitive outcome by making interactions among variables explicit and

contributing to building a more systematic approach.
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This study indicates that even though the scenarios failed to predict the range of

developments observed in the recent past, they succeeded in triggering some instrumen-

tal, conceptual and political outcomes on local actors and local land-management. This

strengthens the generally agreed idea that scenarios are not meant to predict territorial

changes, but instead to suggest different possible trajectories to support policy makers

and stakeholders in their management decisions and in the change in their knowledge

and ways of thinking. Nevertheless, the spatial rendering of narratives reinforced the per-

ceived plausibility of scenarios reinforcing the interest of combining narratives and LUCC

models. In this context, improving the predictive power of LUCC models appears to be

crucial even for scenarios that do not have a predictive aim.

2.5.3 Theoretical and practical limitations

Our results provide evidence of outcomes of scenarios in the context of local water

management. However, some limitations are worth noting. The number of interviewees

was limited due to the few stakeholders involved in the process and the difficulty in reach-

ing people involved in a process that occurred more than 10 years in the past. Although

we were able to collect a large amount of consistent data, scarcity in interviewees hin-

dered us from understanding how the interviewees’ personal point of views Ąt into the

opinion of a wider stakeholder group. The context-dependency of the study represents a

second limitation. The speciĄc contributions of scenarios and related inĆuencing factors

are dependent on different scenarios application and/or institutional, environmental, and

social context. For example, in a context of Ćuid communication among land-management

organizations, issues such as distortion of information or manipulation of results that we

did not Ąnd in our case study may arise. In addition, farmers with a long-term vision of

the territory created the GIEE as they perceived external people exploiting the land as

a challenge. Local actors might not have reacted if farmers’ decrease and new residents’

arrival in the area were more consistent than observed. Nevertheless, the participatory

method used in the scenario-building process ensures that the context and values belong-

ing to the stakeholders are considered to produce case- speciĄc instrumental, cognitive,

and political use.

Moreover, conceptual outcomes, such as the promotion of a multidisciplinary approach,

are heavily dependent on a larger cultural change. While interviewees referred to scenar-

ios, quantifying the contribution of the individual study in a changing environment is
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impossible.

Repeating the analysis for other case studies would be useful to generate a more

comprehensive picture of the elements to consider during scenario building to enhance

scenario outcomes. The data used for the quantitative analysis are freely available for

several European countries and the interview protocol is easily reproducible, making our

procedure applicable to other case studies.

2.6 Conclusions

We found that scenarios supported water managers in the deĄnition of land manage-

ment policies and produced several conceptual and political outcomes but failed to create

a common vision of the future for the local actors. Nonetheless, our analysis showed that

there is room to improve scenarios as decision-making tools, both in the modelling and

in the participatory process. To address this issue, we provided practical guidelines to

consider in the stages of the scenario-building process. For example, we suggest deĄning

the expected outcomes of scenarios beforehand, without limiting them to the institutional

ones, selecting the spatial scale that best Ąts the expected results (land-planning scale

or the scale at which variables impact landscape dynamics), adapting the communication

strategy to the political and institutional context, and stressing the element of novelty

in scenarios narratives. Even though the guidelines we propose are not exhaustive, they

summarize the lessons learned from our study and are based on empirical evidence. Addi-

tional assessments with a wider variety of case studies are needed to verify the usefulness

of scenarios in the long term; nonetheless, this study can be considered a step forward in

understanding how to enhance scenario outcomes on decision making.

3 Additional results and conclusion of Chapter 3

In this paper, we showed that some outcomes of scenarios appeared years after the

project in response to external events. In this regard, it is worth noting that a dissemina-

tion process was carried out by a participant in the co-construction phase (member of the

Agricultural Council) who presented scenarios to farmers. The deĄnition of the GIEE in

response to newcomers taking advantage of the wood was supported by this dissemination

effort, not controlled by researchers. The long-term evaluation also showed the contribu-
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tion of scenarios to the policy-making process. Nevertheless, the scenarios we evaluated

were part of the mobilised knowledge but were not directly used to support policy-making.

Indeed, the SAGE Blavet commissioned a consultancy Ąrm (ASCA) to elaborate scenarios

with the speciĄc aim of informing the deĄnition of the SAGE Blavet 2007. The scenarios

proposed by the consultancy Ąrm were partially based on and completed the scenarios pro-

posed by Houet (2006), but the technician identiĄed the consultancy Ąrm as the principal

knowledge provider.

ŞWhen we worked on the different possible scenarios of what will [the Blavet]
become in 10/20 years, we worked in working groups with different actors,
and ASCA provided all the knowledge we might need to work on the speciĄc
themes. It was economic data, geographical data, and maps. . . there was a bit
of everything. [...] [The Blavet scenarios] were on more general themes. It was
one element among others.Ť (Technician SAGE Blavet)

In this sense, the support tool for deĄning the water management plan was policy-pull

research partially based on scenarios we evaluated.

From the modelling perspective, we saw that LUCC trajectories envisioned by scenar-

ios did not reĆect the observation. Part of the reason can be explained by a modelisation

done at the watershed extent rather considering all the parcels belonging to farms that

own at least one plot within the watershed. Nevertheless, lack of data can signiĄcantly

constrain the integration of farmers’ decision-making in models and local actors never

cited modelling at a watershed level as a drawback/limitation. Consequently, considering

the internal dynamic in a farm can improve the accuracy of modelisation and spatialisa-

tion of agricultural practices, while complaining with the administrative boundaries can

be beneĄcial for integration in policies.

To conclude, this long-term evaluation article allowed us to:

• Contribute to the definition of factors influencing scenarios’ plausibil-

ity. Considering a spatial scale that matches the one at which the LUCC drivers

produce their effects, the difference in land tenure inside and outside the water-

shed boundaries, the difference in farming decision-making and the changes in

production systems in modelling could be explored to enhance plausibility and,

consequently, the deĄnition of environmental impacts.
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• Detect long-term outcomes In particular, we observed that scenarios indi-

rectly entered policy-making. Indeed Lestolet scenarios supported more compre-

hensive studies commissioned by the SAGE Blavet and provided by a consultancy

Ąrm that were used instrumentally to deĄne official planning instruments. More-

over, we observed that external events occurring years after the scenario-making

triggered the memory of scenarios. Scenarios were then mobilised in a cognitive

way during the decision-making process leading to the constitution of a GIEE.

• Identify factors influencing outcomes in the long term. I.e. spatial extents

that lead to more accurate LUCC modelling might not be the most appropriate

to induce instrumental outcomes when they do not match organisational bound-

aries. Moreover, institutional aspects (such as the limited collaboration between

institutions and the re-transcription of results via consultancy Ąrms) signiĄcantly

conditioned the outcomes of scenarios.
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This Ąnal chapter will combine and reframe the lessons learned within the theoret-

ical concepts evoked throughout the thesis. Moreover, general conclusions applicable to

scenario-making and sustainable studies will be drawn. Therefore, we structure the con-

clusion as follows: Ąrst, we expose the theoretical contribution of the thesis; second, we

discuss the thesis’ limitations and perspectives for LUCC scenarios; and third, we con-

clude by discussing perspectives to better align science-push research with the aims of

sustainable studies.

1 Theoretical contribution

In the introduction, we structured our four research questions around two main topics:

the outcomes of scenarios and their inĆuencing factors. While this structure gave us a clear

framework to analyse the case studies, to separately present outcomes and inĆuencing

factors causes a consistent loss of information. For this reason, in the following section,

we present the registered outcomes of LUCC scenarios, anticipating some Ąrst crucial

inĆuential factors. Then, in Section 1.2, we detail the effects of time and impact pathways

on outcomes.

1.1 Structuring the outcomes of land use studies

Several classiĄcations of outcomes associated with scientiĄc projects exist in the liter-

ature. In the thesis, we referred to frameworks that, Ąrst, classify outcomes into personal,

inter and intra-group and systemic outcomes (Hamilton et al., 2019) and, second, into

cognitive, political and instrumental ones (Mckenzie et al., 2014). In this chapter, we

move away from those classifications and summarise the outcomes according

to the level of primary conditions needed for outcomes to appear. Figure 3.5

resumes the outcomes of scenarios we detected in the two case studies, the process they

followed, and the conditions that allowed them to emerge. Nevertheless, we only consider

outcomes for local actors leaving aside the impacts on the research (which we brieĆy

discussed in Section 2.5.3.3). Furthermore, the conditions we cite are necessary but not

sufficient to generate outcomes. Indeed, even when one or more conditions are satisĄed,

external events could hinder the progression of the process.

As reported in the literature, usability is the first condition, as local actors must

perceive scenarios as legitimate, salient and credible to trigger any outcome. If this Ąrst
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Figure 3.5 Ű Outcomes of scenarios (in coloured semi-circles) according to an increasing degree
of conditionality (from the center to the outside). Conditions for outcomes emergence (in white
semicircles) are detailed below the semi-circle.
A usable LUCC scenario (which has the • characteristics) can result in light blue outcomes. If
a reactivation process happens driven by ⋆ events, it can result in dark blue outcomes. Then,
if a collective recognition process happens when ■ conditions are presents, peach outcomes can
arise. Finally, ▲ conditions can cause a detachment process and light peach outcomes.
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condition is fulĄlled, some personal outcomes can arise. In the Ąrst step, local actors who

enter into contact with scenarios receive or structure information on landscape dynamics

and expected management challenges. They can formalise previously acquired non-formal

knowledge and question traditional practices in light of the new information. Whether

local stakeholders receive or structure information depends on the dissemination pathway

through which they relate to scenarios (dissemination or co-production in our case).

After the Ąrst exposure to scenarios, a reactivation process can appear, facili-

tating the evolution of additional outcomes. Reactivation happens when an event returns

to memory concepts and knowledge mobilised in the co-creation/dissemination. Different

events can function as reactivation triggers: external events that remind some hypothesis

or result of the scenario; reading scenarios’ communication supports; being involved in

scenarios-related discussions; or being implied in further dissemination activities. In our

case studies, long and mid-term interviews also functioned as reactivation triggers. We also

consider participation in the co-creation process as a reactivation trigger as local actors

involved in co-creation participate in multiple workshops and dive back into the scenarios

several times. The reactivation mechanism can lead to several personal outcomes: the

use of scenarios to support personal opinions, a reconsideration of traditional practices, a

different way of reasoning, and Ąnally, a changed consideration of environmental problems.

Afterwards, group outcomes can arise either directly or indirectly. We divide here

between outcomes strictly related to scenarios (intended both as the outputs and as the

impact pathway through which local actors were involved) and outcomes that can be

registered after the intervention of scenarios but unrelated to the scenarios themselves.

Via collective recognition, science-pushed scenarios can directly enter institu-

tional decision-making by supporting decisions based on long-term effects. To reach

this group outcome, a consistent number of members must have reached the previous

stage either through a shared experience with scenarios or because of previous conscious-

ness, and the new ideas must be aligned. In our experience, collective recognition led to

decision-making (i.e. the Bridor case) but did not enter the policy-making process. Indeed,

local-level decision-making follows structured procedures and protocols that necessitate

speciĄc knowledge formats.
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Science-pushed exploratory scenarios also supported decision-making indi-

rectly following a detachment process. First, scenarios fostered collaboration within

a speciĄc community (e.g. farmers of Lestolet who created a GIEE) and between differ-

ent communities of practices that met in the dissemination or co-construction phase (e.g.

Brittany region’s services who worked on a joint policy proposal). While the collaboration

led to concrete decisions, such as structuring joint policy proposals or building projects to

manage unwanted effects of external events, it was structured around separate topics and

tools. Second, they supported policy-pushed studies that served in the design of technical

documents (e.g. SAGE Blavet). In these two cases, the detachment process was generated

by the need for more adapted knowledge for decision-making or a previously strong will to

collaborate. In this case, scenarios worked as catalysts of a pre-existing will to collaborate

on a joint policy proposal.

Knowing which conditions of Figure 3.5 are present in the moment of the science-

policy interaction and which could be facilitated helps scenario-makers and local actors

pre-deĄne attainable goals and tailor the intervention strategy. For example, suppose the

goal is to raise awareness of expected environmental management problems. In that case,

intervention can be more focused on the effects of management practices and external

factors (e.g. climate change) on the speciĄc territory. Conversely, if the goal is to foster

collaboration and integrative management between local actors with high awareness of

possible resource tensions, the intervention can focus on the effects of preserving land-

scape elements on different environmental and socio-economic variables.

To summarise the outcomes process, we borrow the "divergence, emergence and conver-

gence" concept developed by Sirr and Ratcliffe (2003). Even if initially applied to private

strategic planning, this concept can also Ąt the outcomes associated with co-production

and dissemination of scenarios. Indeed, a scenario can lead to a panel of new questions,

perspectives and ideas, creating a divergence from the initial state (personal cognitive

outcome). Then debate around future challenges and implications of different possible

futures can let collective opinions/goals emerge (cognitive and political group outcomes).

Finally, instrumental group outcomes can arise through the collective recognition of the

new idea and convergence of opinion.
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1.2 Main factors influencing outcomes

1.2.1 The effects of time in a changing institutional, social and geopolitical

context

The co-creation phase was essential in fostering collaboration and transversality in a

public sector divided into silos. Indeed, multidisciplinary projects must face the limited

legitimacy of one structure to work on several subjects, and it is in this narrow legitimacy

that science-pushed scenarios Ąnd their place. While the direct implication of the results

of scenarios in policy-making is limited, science-pushed scenarios have the merit to confer

around them different actors with legitimacy on separate angles of environ-

mental decision-making. Moreover, we observed high heterogeneity in the ways local

actors approach scenarios. Different ambitions and motivations pushed administrations,

political institutions and other local actors to participate in scenarios co-creation and dis-

semination workshops. For this reason, we must consider that scenarios do not operate in

a neutral space but are instead immersed in a force Ąeld in which each stakeholder group

has unique competencies, goals, operating rules, and relations to other institutions. As

with any other tool, the contribution of scenarios to environmental management depends

not only on the scenarios’ technical aspects but also on the user.

The high heterogeneity of stakeholders’ approach to scenarios and the consequent

effect on outcomes pushed us to represent the outcomes of science-pushed scenarios based

on an increased conditionality rather than on time lag. Indeed, even if there is a con-

sequentiality in some outcomes, the impact of time is controversial and focusing

on it suggests that more complex outcomes need more time to arise. However, for some

actors, outcomes can stagnate long in one stage, possibly without reaching the next one,

while for others, they can reach outcomes subjected to high levels of conditionality very

fast. Moreover, we observed that scenario-supported decision-making could arise quickly

if the conditions are reunited when co-production or diffusion occurs. To strengthen the

idea that a series of conditionalities, more than time, inĆuence the impact of scenarios,

we drive attention to two outcomes we registered: the creation of a GIEE and a Re-

gion policy proposal. In our scheme, we classiĄed the creation of integrative management

projects and the policy design in the same stage. Indeed, both happen after a detachment

process and have a tangible inĆuence on land management. Nevertheless, we registered

the creation of a GIEE years after the creation and dissemination of scenarios, while the
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Region made a policy proposal just a few months after the dissemination. The quick rise

of group outcome was possible because technicians from the Brittany region contacted

us to present scenarios when the conditions to reach higher impact stages were reunited.

For them, scenarios were an additional element that reinforced the conviction to question

traditional practices. Furthermore, having a joint workshop in which scenarios were pre-

sented stimulated the practice of regularly organising transversal meetings that worked

as reactivation triggers. The will to collaborate was already there, so the reactivation and

detachment process occurred fast. Conversely, for the creation of the GIEE, the reac-

tivation event had been the arrival of external people taking economic advantages from

the selling of wood that happened in 2016, 12 years after the presentation of the scenarios.

This example also allows us to discuss the Şopportunity windowŤ concept that, bor-

rowed from public policy and entrepreneurship (Kingdon and Stano, 1984; Wickham,

2006), can be related to the outcomes of scenarios. We refer here to the opportunity win-

dow as the moment when outcomes can emerge, determined by stability in the actors

involved in local land management and by the presence of institutional and geopolitical

context related to the scenarios’ storylines. Indeed, the link between scenarios and the

creation of integrative management projects was possible because one person, extremely

active on the territory as an agricultural counsellor at the moment of scenario-making,

was still working on the territory when external people arrived. In the same case study,

other local actor groups cited the change in political representatives as a signiĄcant bar-

rier to the emergence of outcomes.

For the Lestolet farmers, the change in the geopolitical context recalled something

that was evoked by storylines triggering a reactivation process that made local actors re-

consider practices and propose an integrative management project (the GIEE). Similarly,

in the Couesnon case study, the outbreak of the war in Ukraine triggered a reactivation

process allowing inhabitants to recognise the effect of the war on local environmental

resources. Consequently, introducing elements that breaks the code of thinking in the

storylines is vital because when some event related to storylines happens, it can trigger

reactivation, even if it is not precisely the one cited in scenarios.

In this section, we drew attention to the conditionalities for outcomes more than

temporality. Nevertheless, setting our protocol according to different time evaluations al-
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lowed us to observe that reactivation can still occur years after the scenario-making if

external events (re)open the opportunity window.

1.2.2 Co-production and dissemination

The beneĄts of co-production on legitimacy, saliency, credibility, and other outcomes

are well studied in the literature (Djenontin and Meadow, 2018) and have been partially

discussed in Chapter 1 and the introduction. In this chapter, we discuss the contribution

of co-production compared to dissemination and the limits of co-production in a science-

pushed context.

First, the relation between co-production and saliency can be re-discussed within the

science-pull and policy-pushed research framework. Indeed, although we can generally

say that co-production fosters saliency, science-pushed research allows a little room for

manoeuvre for institutional partners in shaping the format of results (Sterk et al., 2009).

In our most recent case study, the SAGE Couesnon accepted to be involved in the Alice

project under the condition of having some elements on water. Nevertheless, there was

no speciĄc reĆection on the data and the format needed. The restitution workshops also

reĆected this lack of planning on expected results. Indeed, while results on water quality

were available at a Ąner resolution, we presented the results at the outfall to simplify the

communication. It was only during the evaluation phase that technicians reported that

nitrates and phosphorus concentration projections at a Ąner resolution better suited their

needs. Consequently, we realised that a communication error could considerably hinder

the technicians’ usability perception of scenarios. Even if preliminary meetings were held

between the institutional partners and the research side and scenarios were co-produced,

expected results were discussed on a too broad base to enable instrumental outcomes of

scenarios in the institutional decision-making.

In the Alice case study, the results of co-produced scenarios were diffused to a wide

range of local actors, and dissemination produced several outcomes on plural occasions.

The best example of complementarity between dissemination and co-production has been

quickly discussed in Chapter 2. When we intervened in local political bodies, scenarios

supported personal outcomes, especially in what concerns the consideration of environ-

mental problems. Indeed, since the scenarios were tailored to their territory and showed

a degradation of water quality and a diminution of water quantity regardless of the sce-
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narios, local actors who assisted in the workshop started to think of water management

tensions as non-controversial. It is worth noting that the contact person between local

representatives and us was a member of SAGE Couesnon, deeply convinced of the need

to preserve the water resource and used our workshop to support her political opinion.

Disseminating workshop functioned as a vehicle for a well-structured political opinion, but

that was disseminated by researchers external from the political dynamics. The increased

awareness of local representatives then led to a collective decision based on scenarios that

had not been envisioned at the beginning of the project.

Dissemination was then made possible because of the legitimacy developed with co-

creation and allowed to widen the spectrum of occasions in which scenario results were rel-

evant and applicable to science-based decisions. Conversely, in the Lestolet case, scenario-

makers did not actively impulse dissemination. Nevertheless, one member of the chamber

of agriculture who participated in the co-creation process diffused scenarios to the farmers

with whom she worked. Ideally, when political dynamics do not require an external/neutral

person to limit tensions, dissemination could be done by people participating in the co-

production phase. However, some partners involved in co-creation shared their concerns

in disseminating the results of scenarios because of the insufficient knowledge of techni-

cal aspects of the study, particularly regarding the modelling of LUCC. Moreover, weak

connections between institutions make autonomous dissemination to stakeholder groups

who did not participate in the co-production unrealistic. Therefore, the expected involve-

ment of co-production participants in disseminating study results within their respective

institutions should be discussed explicitly at the beginning of the project.

In conclusion of this section, we believe that coupling co-production and dis-

semination of science-pushed research can support scientific-based decisions

in the context of fragmented land management. Indeed, as the socio-economic context

changes constantly and local actors are called to respond to changing conditions, it is

impossible, at the co-production stage, to foresee all cases in which scenarios could be

mobilised to support decisions and actions. However, disseminating scenarios allows for

multiplying the chances to provide valuable information and shape the way of thinking of

people that will be called to take actions inĆuencing land-use land-cover change. More-

over, to resume the theoretical contributions of this thesis, we give an overview of the

answers to our research questions in Figure 3.6.
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Figure 3.6 Ű Concise answers to research questions

2 Limits of the study and scientific perspectives for

LUCC scenarios

In discussing limits and perspectives, it is essential to comment on our choice of

taking a case study approach. Working on case studies allowed us to dive deeply into

scenario-making processes and their social and institutional context. Moreover, it allowed

us to set up a temporal assessment and work on disseminating Alice’s scenarios. Since out-

comes evaluation for scenarios is not a signiĄcantly developed practice yet, Ąnely studying

speciĄc scenarios contributes to the comprehension of the outcomes of these tools from

the cognitive, political and instrumental aspects. Nevertheless, a literature review on the

expectations of scenario makers on outcomes and how scenarios are developed (science-

pushed/policy-pull scenarios) could strengthen our Ąndings.

This thesis assesses the contribution of LUCC scenarios for local land and water man-

agement, and it is structured around a short, mid and long-term evaluation. Nevertheless,

the administration and research follow different calendars. This calendar mis-

match can impede evaluating the outcomes of scenarios at the most opportune moment,
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particularly concerning instrumental outcomes for decision and policy-making. E.g. the

review phase of the SCoT pays de Fougères will end in 2023, impeding an assessment at

the end of the revision phase in the context of this thesis. While we esteem that the time-

lag we selected for the mid-term interview was suitable to point out the social outcomes

of scenarios, we potentially missed some instrumental outcomes occurring throughout the

revision phase. Besides outcomes, an additional evaluation at the end of the revision could

help understand which kind of data and supports are used by technicians and represen-

tatives to take collective decisions. Moreover, it could deepen the understanding of the

practical and potential complementarity between science-pushed scenarios and the rest of

the documentation mobilised in decision and policy-making.

In addition, we could not interview one of the local actors who participated in the

co-production stage of the Couesnon scenarios and who could give us some insights on

possible conĆicts between the researchers and the institutions. Indeed, one technician of

the SCoT was critical of research results showing that, while SCoTs can effectively control

the expansion of grey infrastructure, they do not have a consistent impact on connectivity

which mainly depends on agricultural land uses. Nevertheless, we interviewed a represen-

tative from the same structure who did not report any particular criticism or conĆict.

Another point to investigate further is the contribution of integrating past evo-

lutions of LUCC and their causes in the scenarios. In the scenarios we evaluated,

the notion of past LUCC has been integrated via the LUCC reconstruction used to cal-

ibrate the models and deĄne the business-as-usual storyline. Nevertheless, the storylines

had been perceived as determined by factors over which the ensemble of the local actors

have direct inĆuence, but not a single one. In Chapter 1, we cited that reconstructing

the past could also be used to highlight the margins of manoeuvre of local stakeholders

and the effects of local stakeholders’ decisions on the LUCC. For example, showing in

which moment the LUCC followed administrative or political decisions or showing the

concentration of pollutants in the water associated with past land use and land cover

could enhance the consideration of the long-term effects of present decisions and foster

reĆection on action levers.

Regarding the structure of the workshops, we chose to standardise the presentation for

all stakeholder groups. This choice was necessary to have comparable survey and interview
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data and provide future assessment guidelines. Nevertheless, a tailored presentation

could enhance cognitive impacts and registered outcomes. Moreover, even if the

person who conducted the evaluation interview was not directly involved in the scenario-

making phase, she was still perceived as internal to the project. The biases introduced

by an internal evaluation have been discussed in each paper in relation to the speciĄc

adopted protocol.

Moreover, even if workshops were not designed to identify leverages for more sustain-

able land management, participants identiĄed the following leverages: 1) the institution

of a well-designed parcelling to improve water quality (e.g. facilitating re-parcelling that

pushes farmers to plough in the direction of the slope to limit runoff, or favouring perma-

nent grassland in critical parcels for the nitrate input to watercourses); 2) the insertion

of a consulting phase of environmental and resource-management institutions at the be-

ginning of a decision-making process; 3) or yet the obligation of providing a long-term

estimation on water and other resources consumption to cross with estimations of re-

source availability for any construction project. A dedicated workshop could detail

the feasibility and impacts of leverages proposals and fostering concrete trans-

formation. Indeed, similar to previous studies (see, Totin et al., 2018, for an example),

this consideration suggests that relying solely on scenarios may not effectively encourage

transformative change. Conversely, the scenario-making must be considered as a tool to

solve a concrete unacceptable, unstable or unsustainable situation (Kahane, 2012) more

that an end in itself.

Another element to explore is the possible synergies between policy-pulled

and science-pushed scenarios. Indeed, while our research focused on science-pushed

projects, policy-pulled or projects co-pilot by scientiĄc and private/institutional partners

also exist. In the case of French water management, a foresight exercise is mandatory to

deĄne management strategies. In this context, (policy-pulled) scenarios are usually com-

missioned by an administrative structure and are provided by consultancy Ąrms. Those

Ąrms, are submitted to market laws that push them to restrict the analysis to the evolu-

tion of landscape elements impacting water quantity and quality and restrict the novelty

of scenarios. In our experience, local actors in charge of water management often referred

to scenarios provided by private consultancy Ąrms as the "classical scenarios". Although

analysing the beneĄt of these "classical scenarios" goes beyond the scope of this thesis,
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local stakeholders mainly referred to an imposed use of those scenarios and reported a

general lack of the transversality and Ćexibility that characterise science-pushed scenarios.

Investigating synergies between public research scenario-making and consultancy Ąrms’

expertise can help overcome the limited cognitive outcomes of policy-pull scenarios and

limited instrumental outcomes of science-push ones.

Even if technical aspects of LUCC modelling were not the focus of this thesis, we

want to discuss the effect of choosing a specific spatial extent and resolution,

which we partially anticipated in the central chapters. In Chapter 2, we showed how

scenarios developed for a different spatial extent from the organisation level can still pro-

duce group outcomes if clear expectations on the workshop are present. Conversely, a

coherent spatial scale is vital when there is no strong expectation and expected outcomes

are personal. Chapter 3 discusses the need to consider plot resolution and farm-level dy-

namics when developing agricultural LUCC scenarios to accurately model agricultural

practices (such as keeping livestock closer to the farm). Nevertheless, this does not mean

that administrative boundaries should be overlooked. First, it is essential to interest local

administrations in the study and to avoid legitimacy problems when working on other

watersheds. Second, the watershed level is appropriate when estimating the effects of

LUCC changes on environmental variables, such as the change in the transfer of nitrates

in groundwater. To meet the double need of increasing accuracy while maintaining co-

herence with organisational levels, exploring farm-level models and then considering the

effects on environmental variables within watershed boundaries could be of interest.

Lastly, while studying potential outcomes of scenarios is crucial, it remains a narrow

perspective. Indeed, while we highlighted how scenarios support environmental manage-

ment, we do not intend to give a general opinion on the viability and need for this tool.

To do so, bedside beneĄts of scenarios, we would have to assess their cost in terms of

time, money and intellectual resources. This thesis clariĄes the potential outcomes of sce-

narios and conditions that allow them to arise. Determining if the balance between

the cost needed to develop scenarios and their benefits in terms of expected

outcomes is viable is left to define case by case.
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3 Contributions and perspectives for sustainable stud-

ies

Sustainable studies are intrinsically linked with actionable science and the idea of

a locally-based knowledge aiming to alleviate socio-ecological problems. The number of

scientiĄc projects and funding engaged in producing this knowledge has grown in the

last decades (Arnott et al., 2020; Fang et al., 2018), and co-production has become the

norm (Nature editorial, 2018). Nevertheless, introducing participatory phases in knowl-

edge production is not enough to facilitate transformative changes (Beier et al., 2017;

Díaz et al., 2019; Pelling et al., 2015; Van Bruggen et al., 2019). Indeed, while we ob-

served a genuine attempt to go beyond the historical Ştwo communities approachŤ of

science, the co-production phases of the case studies we studied had mainly an extrac-

tive purpose aiming to support the creation of knowledge/tools designed principally to

reach scientiĄc goals. This supremacy of scientific ambition over transformative

change is reflected in different aspects of knowledge production. First, the ideas

at the origins of our case studies projects were the development of Ąne-scale scenarios in

agricultural landscapes and studying the impact of different blue and green infrastructure

strategies on water resources (Lestolet and Couesnon) and biodiversity (Couesnon). Sec-

ond, the affiliation process of institutional partners came once the project was approved

and with little manoeuvre in the deĄnition of expected outputs. Lastly, the common

deĄnition of expected outputs between institutional partners and researchers was over-

looked (see Chapter 3). In this sense, the results of Arpin and Collin (2019), showing that

collaborations are generally judged more satisfactory by researchers than practitioners,

should alert. Indeed, while science-driven projects are intrinsically valuable and can pro-

duce outcomes, including instrumental ones, we warn against putting much emphasis on

the action-oriented side of such projects. In fact, we believe that using the hat of action-

oriented studies, even when research is not primarily driven by Şreal world problemsŤ, will

empty of meaning a Ąeld of study that Ąnds all its legitimacy in this historical moment.

Moreover, the meaning of actionable science itself should be discussed. Indeed, re-

cent deĄnitions and applications of this concept carry the idea that action is determined

at the institutional level (see the deĄnition of Pearman and Cravens, 2022, as an example).

Nevertheless, we register a general increase in bottom-up civil movements (Hayes, 2006;

Thackeray et al., 2020), including actions of civic disobedience that result in more radical
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and fast concrete changes than institutional attempts (see Section 3). In this context, it

is a matter of discussion whether it is appropriate to link actionable science explicitly

(and almost exclusively) to the policy context. Far from being just a linguistic matter,

detaching the concept of action from an institutional context that clearly shows its limits

in tackling environmental issues could foster the ambition of science in supporting civil

movements and lobbies.

If we look at our study retrospectively, it was rooted in the fundamental idea that

new (co-constructed) knowledge would lead to a transformation through more sustainable

practices. Nevertheless, we must acknowledge the little transformative changes associated

with this approach. Interesting insights to interpret the limited transformative capacity of

sustainable studies (Shrivastava et al., 2020) are offered by the literature deĄning trans-

formative knowledge as the result of transformations practices rather than a condition

for transformation (Bennett et al., 2016; Colloff et al., 2017). Indeed, innovative experi-

ences such as those in the real-world labs and the territoires ecoles show how gathering,

structuring and diffusing already existing transformative practices support scaling up.

According to this approach, starting from success stories and working to diffuse them

produce broader impacts than creating knowledge from which innovative practices should

be deduced. Studying the role of science in understanding and diffusing sustainable prac-

tices, more than knowledge, seems particularly adapted to the objective of sustainable

studies. For example, suppose the Ąnal goal is to support farming practices that are less

detrimental to the environment and economically viable. In that case, the role of scientists

can be not to promote the emergence of new practices, but to inĆuence which existing

practices are selected and retained (Folke et al., 2021) for example by providing scientiĄc

evidence of the beneĄts of speciĄc practices (see Teschner and Orenstein, 2022, for an ex-

ample on transitions in vineyards). Moreover, understanding and widely communicating

under which conditions the economic model can be adapted to the local socio-economic

and environmental conditions could have a substantial transformative potential.

Finally, besides researchers’ ambitions and will, research structures and financing

systems can significantly push sustainable studies towards producing trans-

formative knowledge. Indeed, in light of our observations, producing action-oriented

research in a science-pushed project seems, if not a contradiction, at least left to the

sensibility and competencies of the researchers. To overcome this issue, the research fund-
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ing for sustainable studies should go beyond evaluating expected outcomes and demand

coherence between outcomes and impact pathways and the deĄnition of a joint agenda

setting between academic and non-academic partners (Schneider et al., 2019). Moreover,

requiring interdisciplinary teams that include experts in philosophy of science, political

science, sociology, and economy seems a prerogative to overcome the primacy of environ-

mental aspects over social and economic ones (Schoolman et al., 2012) and meeting the

need to better deĄne (Alvarez et al., 2010) and reach expected outcomes. In this sense, it

can be interesting for research structures to have people working transversally on multiple

projects with expertise in the science-society interface.

In conclusion, this thesis provides a perspective to structuring scenario-making in

accordance to the desired outcomes and existing conditions. By combining quantitative

and qualitative methods, we gave some evidence of personal and group outcomes

of scenarios and we showed the ambiguous role of time in their emergence. While

the analysis of the outcomes of scenarios was previously quasi exclusively reserved

for co-construction processes, we expanded the discourse to dissemination practices

highlighting synergies between those two impact pathways. Despite our research in

anchored in scenario-making, our Ąndings pushed us to join a much larger discussion

on how to better align participatory methods to the Ąnality of sustainable studies.

With this thesis we then join our voice to the many other pledging for a research that

effectively address the challenges of our century.
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APPENDICES

1 Appendix Materials

1.1 Couenson 2050 dissemination booklet

221

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



sur l
a 

bi
od

iv
er

si
té

  
&

  
le

s 
re

ss
ou

rc
es

 e
n 

eau 

C
o

u
es

n
o

n
 2

0
50

É
vo

lu
ti

o
n

s 
d

e
s 

p
a

ys
a

g
e

s
&

 i
m

p
a

ct
s 

p
o

ss
ib

le
s

Im
pr

ov
in

g 
th

e 
m

an
ag

em
en

t 
of

 a
tla

nt
ic

 la
nd

sc
ap

es
 a

cc
ou

nt
in

g 
fo

r 
bi

od
iv

er
si

ty
 a

nd
 e

co
sy

st
em

 s
er

vi
ce

s

222

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



Ve
rs

 u
ne

 m
ei

lle
ur

e 
ge

st
io

n 
de

s 
pa

ys
ag

es
 a

tla
nt

iq
ue

s 
pa

r 
le

 d
év

el
op

pe
m

en
t 

d’
ou

til
s 

de
 c

ar
ac

té
ri

sa
tio

n 
de

 la
 b

io
di

ve
rs

ité
 e

t d
es

 s
er

vi
ce

s 
éc

os
ys

té
m

iq
ue

s

AL
IC

E 
es

t 
un

 p
ro

je
t 

de
 r

ec
he

rc
he

-a
ct

io
n 

eu
ro

-

pé
en

, fi
na

nc
é 

su
r 4

 a
ns

 et
 d

on
t l

’ob
jec

tif
 es

t d
’ai

-

de
r à

 am
éli

or
er

 la
 co

ns
er

va
tio

n 
de

 la
 b

io
di

ve
rs

i-

té
 e

t 
le

s 
se

rv
ic

es
 é

co
sy

st
ém

iq
ue

s 
as

so
ci

és
 a

u 

tra
ve

rs
 d

’ou
til

s 
de

 p
lan

ifi
ca

tio
n 

te
rri

to
ria

le 
te

ls 
qu

e l
es

 Tr
am

es
 Ve

rte
 et

 B
leu

e.

Il 
re

gr
ou

pe
 15

 p
ar

te
na

ire
s 

(c
en

tr
es

 d
e 

re
ch

er
ch

e,
 

co
lle

ct
ivi

té
s t

er
rit

or
ial

es
, O

NG
, e

nt
re

pr
ise

s p
riv

ée
s)

Il 
s’a

pp
uie

 s
ur

 4
 s

ite
s 

de
 d

ém
on

st
ra

tio
n 

re
pr

é-

se
nt

at
ifs

 d
e 

la
 d

iv
er

si
té

 d
es

 p
ay

sa
ge

s 
de

 la
 fa

-

ça
de

 A
tla

nt
iq

ue
 :

  C
ar

lin
gf

or
d L

ou
gh

 (Ir
lan

de
 du

 N
or

d)
  B

as
sin

 ve
rs

an
t d

u C
ou

es
no

n (
Fr

an
ce

)
   B

as
sin

s v
ers

an
ts 

de
 la

 Pa
s, M

ier
a e

t A
so

n (
Es

pa
gn

e)
  B

as
sin

 ve
rs

an
t d

e l
a r

ivi
èr

e P
aïv

a (
Po

rtu
ga

l)

L
e 

p
ro

je
t 

In
te

rr
eg

 A
L

IC
E

223

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



E
d

it
o

La
 p

ro
sp

ec
tiv

e

L’o
bje

ct
if 

de
 ce

 pr
oje

t n
’es

t p
as

 de
 pr

éd
ire

 l’a
ve

nir
 

m
ais

 d
’ex

plo
re

r l
es

 fu
tu

rs
 p

os
si

bl
es

 d
u 

te
rr

ito
ir

e 

ét
ud

ié 
au

 tr
av

er
s d

e s
cé

na
rio

s p
ro

sp
ec

tif
s.

AL
IC

E,
 p

ro
gr

am
m

e 
de

 re
ch

er
ch

e-
ac

tio
n 

en
 p

ar
-

te
na

ria
t a

ve
c 

de
s 

ac
te

ur
s 

loc
au

x, 
a 

po
ur

 a
m

bi-
tio

n 
de

 ra
ss

em
ble

r d
es

 é
lém

en
ts 

d’a
pp

ré
cia

tio
n, 

ch
iff

ré
e o

u n
on

, c
on

ce
rn

an
t la

 pl
ur

ali
té

 de
s f

ut
ur

s 
po

ss
ibl

es
. 

Ce
 r

eg
ar

d 
su

r 
l’a

ve
nir

 a
 p

ou
r 

bu
t 

d’é
cla

ire
r 

la 
pr

ise
 de

 dé
cis

ion
s p

ou
r c

on
du

ire
 à 

un
 av

en
ir 

plu
s 

co
nf

or
m

e à
 n

os
 p

ré
fé

re
nc

es
 q

ue
 s’

il n
’y 

av
ait

 p
as

 
eu

 ce
t é

cla
ira

ge
 pr

os
pe

ct
if.

Au
 c

œ
ur

 d
e 

ce
tte

 p
os

tu
re

, i
l s

’ag
it 

d’é
va

lue
r l

es
 

Tr
am

es
 Ve

rte
 et

 Bl
eu

e, 
co

m
m

e p
ol

iti
qu

e 
pu

bl
iq

ue
 

de
 p

ré
se

rv
at

io
n 

de
 la

 b
io

di
ve

rs
ité

 d
an

s 
l’a

m
é-

na
ge

m
en

t d
u 

te
rr

ito
ire

. 

Ce
tte

 év
alu

at
ion

 co
nc

er
ne

 au
ss

i b
ien

 le
ur

s l
im

ite
s 

qu
e 

leu
rs

 p
ot

en
tia

lit
és

 à
 c

on
sid

ér
er

 le
s s

er
vic

es
 

éc
os

ys
té

m
iqu

es
 d

an
s 

leu
r 

en
se

m
ble

, p
ou

r 
un

e 
ge

sti
on

 pl
us

 du
ra

ble
 de

s t
er

rit
oir

es
. 

Ce
 liv

re
t, 

co
ns

tru
it 

pa
r d

es
 sc

ien
tifi

qu
es

, e
n p

ar
-

te
na

ria
t a

ve
c 

de
s 

ac
te

ur
s 

lo
ca

ux
 re

sti
tu

e l
a d

é-
m

ar
ch

e 
sc

ien
tifi

qu
e, 

les
 p

rin
cip

au
x 

ré
su

lta
ts,

 e
t 

pr
op

os
e 

un
e 

sy
nt

hè
se

 e
t d

es
 re

co
m

m
an

da
tio

ns
 

de
sti

né
s a

ux
 ac

te
ur

s l
oc

au
x . 

Au
 fi

na
l, s

’il 
po

ur
ra

 p
lus

 p
ar

tic
uli

èr
em

en
t t

ou
ch

er
 

les
 us

ag
er

s d
u t

er
rit

oir
e d

u C
ou

es
no

n, 
no

us
 es

pé
-

ro
ns

 qu
’il 

pu
iss

e i
ns

pir
er

 pl
us

 la
rg

em
en

t l
es

 te
rri

-

to
ire

s a
u-

de
là 

de
s l

im
ite

s d
e s

on
 ba

ss
in 

ve
rs

an
t.

 T.
 H

OU
ET

Di
re

ct
eu

r d
e R

ec
he

rc
he

 C
NR

S
Gé

og
ra

ph
e U

MR
 LE

TG
-R

en
ne

s

224

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



Ba
se

 d
e 

co
nn

ai
ss

an
ce

s

po
ur

 la
 c

on
st

ru
ct

io
n 

de
 s

cé
na

ri
os

La
 m

ét
ho

de

Le
s 

sc
én

ar
io

s

Le
s 

im
pa

ct
s 

fu
tu

rs

Co
nc

lu
si

on
s

Re
co

m
m

an
da

tio
ns

5 •
 Le

 si
te

 d’
ét

ud
e

6 •
 La

 Tr
am

e V
er

te
 et

 B
leu

e

7 •
 L’

ap
pr

oc
he

 gé
né

ra
le

8 •
 Le

s h
yp

ot
hè

se
s

9 •
 La

 m
ét

ho
de

 de
 ca

rto
gr

ap
hie

10
 • 

Le
 ch

an
ge

m
en

t c
lim

at
iqu

e
11 

• L
’év

alu
at

ion
 de

s i
m

pa
ct

s

12
 • 

30
 an

s d
’év

olu
tio

n d
u p

ay
sa

ge
 

13
 • 

Fil
 de

 l’e
au

14
 • 

Do
ub

le 
pe

rfo
rm

an
ce

15
 •

 A
tt

ra
ct

iv
ité

 v
er

te

16
 • 

Dé
se

rt 
cé

ré
ali

er
17 

• P
er

fo
rm

an
ce

 én
er

gé
tiq

ue

18
 • 

L’u
rb

an
isa

tio
n f

ut
ur

e 
20

 • 
 Int

en
sifi

ca
tio

n a
gr

ico
le

21 
• L

a c
on

ne
ct

ivi
té

 pa
ys

ag
èr

e
22

 • 
 La

 qu
ali

té
 de

 l’e
au

23
 •

  L
a 

qu
an

tit
é d

’ea
u

24
 • 

 Rô
les

 de
s T

VB
 

et
 fa

ct
eu

rs
 de

 ri
sq

ue
 

En
jeu

x f
ut

ur
s

25
 • 

 Et
 ap

rè
s ?

So
m

m
ai

re

225

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



G
ra

ni
te

 d
e

R
oz

/C
ou

es
no

n
Po

nt
or

so
n

M
ar

ai
s 

de
 

So
ug

éa
l

St
 J

am
es

St
 A

ub
in

 
du

 C
or

m
ie

r

FO
UG

ÈR
ES

M
on

t S
ai

nt
-M

ic
he

l

G
ra

ni
te

 d
e 

B
on

ne
m

ai
n

Le
 C

og
la

is

5

Gé
og

ra
ph

ie

•  D
’un

e s
up

er
fic

ie 
de

 1 1
30

 k
m

2 , le
 ba

ss
in

 ve
rs

an
t d

u C
ou

es
no

n b
én

éfi
cie

 d’
un

 cl
im

at
 de

 ty
pe

 oc
éa

ni
qu

e.
•   I

l s
’ét

al
e 

su
r p

lu
s 

de
 6

0 
co

m
m

un
es

 d
’Il

le
 e

t V
ila

in
e 

et
 15

 c
om

m
un

es
 d

e 
la

 M
an

ch
e 

ré
un

is
sa

nt
 p

as
 m

oi
ns

 
de

 90
 00

0 
ha

bi
ta

nt
s.

• L
e 

Co
ue

sn
on

, a
pr

ès
 a

vo
ir 

pa
rc

ou
ru

 11
5 

km
, s

e j
et

te
 au

 pi
ed

 du
 M

on
t-S

ain
t-M

ich
el.

• I
l e

st
 al

im
en

té
 pa

r d
es

 co
ur

s d
’ea

u a
ux

 dé
bi

ts
 tr

ès
 la

rg
em

en
t t

rib
ut

air
es

 de
 la

 pl
uv

iom
ét

rie
.

La
 f

ai
bl

e 
pe

rm
éa

bi
lit

é 
du

 s
ou

s-
so

l, 
co

m
po

sé
 p

rin
ci

pa
le

m
en

t 
de

 r
oc

he
s 

m
ét

am
or

ph
iq

ue
s 

(s
ch

is
te

, g
rè

s,…
) o

u 
pl

ut
on

iq
ue

s 
(g

ra
ni

te
), 

co
nt

rib
ue

 à
 u

n 
ré

se
au

 h
yd

ro
gr

ap
hi

qu
e 

trè
s 

de
ns

e 
(p

rè
s 

de
 1 

70
0 

km
 d

e 
lin

éa
ire

 d
e 

co
ur

s 
d’e

au
 p

ér
en

ne
 o

u 
no

n)
 e

t l
a 

pr
és

en
ce

 d
e 

no
m

br
eu

se
s 

zo
ne

s 
hu

m
id

es
 d

e 
fo

nd
s 

de
 v

al
lé

es
.

L’o
cc

up
at

io
n 

ag
ric

ol
e 

pr
éd

om
in

e 
su

r l
e 

te
rr

ito
ire

 e
t l

’ag
gl

om
ér

at
io

n 
de

 F
ou

gè
re

s 
co

ns
tit

ue
 la

 
zo

ne
 la

 p
lu

s 
ur

ba
ni

sé
e 

et
 in

du
st

ria
lis

ée
. 

Au
 N

or
d 

du
 te

rr
ito

ire
, d

an
s l

es
 p

ol
de

rs
 d

u 
Mo

nt
-S

ai
nt

-M
ic

he
l, l

es
 g

ra
nd

es
 c

ul
tu

re
s e

t l
es

 c
ul

tu
re

s 
lé

gu
m

iè
re

s 
do

m
in

en
t l

e 
pa

ys
ag

e.
 

La
 p

ar
tie

 c
en

tr
al

e 
qu

an
t 

à 
el

le
 s

e 
ca

ra
ct

ér
is

e 
pa

r 
un

 s
ys

tè
m

e 
de

 p
ol

yc
ul

tu
re

-é
le

va
ge

 la
iti

er
 

do
m

in
an

t, 
pr

és
en

ta
nt

 u
ne

 ri
ch

e 
m

os
aï

qu
e 

de
 p

ra
iri

es
, c

ul
tu

re
s f

ou
rr

ag
èr

es
 (m

aï
s)

 e
t d

e 
cé

ré
al

es
 

/ o
lé

o-
pr

ot
ég

an
ie

ux
 (b

lé
, c

ol
za

). 

La
 de

ns
ité

 de
 pr

air
ies

 va
rie

 se
lon

 la
 gé

olo
gie

 : 

Ce
s 

pa
ys

ag
es

 s
on

t a
in

si
 re

pr
és

en
ta

tif
s 

de
 la

 fo
rte

 d
en

si
té

 d
’él

ev
ag

es
 p

ré
se

nt
s 

su
r l

e 
te

rr
ito

ire
. 

Le
s 

pr
in

ci
pa

le
s 

fo
rê

ts
 s

on
t c

el
le

s 
de

 F
ou

gè
re

s 
à 

l’e
st

 e
t d

e 
Vi

lle
ca

rti
er

 à
 l’o

ue
st

.

Al
or

s q
ue

 la
 te

nd
an

ce
 dé

m
og

ra
ph

iq
ue

 é
ta

it 
pl

ut
ôt

 à
 la

 b
ai

ss
e 

av
an

t 1
99

9,
  c

el
le

-c
i s

’es
t i

nv
er

sé
e 

su
ite

 à
 l’o

uv
er

tu
re

 e
n 

20
03

 d
e 

l’a
ut

or
ou

te
 d

es
 e

st
ua

ire
s 

re
lia

nt
 F

ou
gè

re
s 

à 
Re

nn
es

. F
ou

gè
re

s, 
av

ec
 s

es
 21

 80
0 

ha
bi

ta
nt

s, 
co

ns
tit

ue
 le

 p
ôl

e 
ur

ba
in

 le
 p

lu
s 

st
ru

ct
ur

an
t. 

De
s 

co
m

m
un

es
 n

ou
ve

lle
s 

co
m

m
e 

Ma
en

 R
oc

h,
 P

on
to

rs
on

 e
t S

ai
nt

-J
am

es
 c

on
tri

bu
en

t à
 la

 s
tru

ct
ur

at
io

n 
du

 te
rr

ito
ire

.

• Z
on

es
 gr

an
iti

qu
es

 

(T
ra

ns
-la

-F
or

êt
, 

Ro
z 

/ 
Co

ue
sn

on
, 

Le
 C

o -
gl

ai
s)

, a
ux

 s
ol

s 
m

oi
ns

 p
ro

fo
nd

s 
et

 a
u 

re
lie

f 
pl

us
 v

al
lo

nn
é,

 p
ré

se
nt

e 
un

 p
ay

sa
ge

 b
oc

a-
ge

r e
nc

or
e 

bi
en

 m
ar

qu
é 

où
 le

s 
pr

ai
rie

s 
do

-
m

in
en

t s
ur

 le
s 

zo
ne

s 
le

s 
m

oi
ns

 fa
vo

ra
bl

es
 

(pe
nt

e s
, z

on
es

 de
 fo

nd
s d

e v
all

ée
s…

) ; 

• Z
on

es
 p

lu
s 

pl
an

es

Le
s 

zo
ne

s 
pl

us
 p

la
ne

s 
au

x 
so

ls
 p

lu
s 

pr
o-

fo
nd

s 
pr

és
en

te
nt

 u
n 

pa
ys

ag
e 

pl
us

 o
uv

er
t, 

au
 b

oc
ag

e 
re

lic
tu

el
, 

av
ec

 d
es

 p
ar

ce
lle

s 
pl

us
 g

ra
nd

es
 e

t p
lu

s 
pr

od
uc

tiv
es

. 

L
e 

b
as

si
n

 v
er

sa
n

t 
d

u
 C

o
u

es
n

o
n

226

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



6

Ob
je

ct
if

Mi
se

 e
n 

œ
uv

re
 d

an
s 

le
s 

SC
oT

 (S
ch

ém
a 

de
 C

oh
é-

re
nc

e 
Te

rr
ito

ria
ux

), 
la

 T
VB

 c
on

si
st

e 
à 

pr
és

er
ve

r 
le s

 c
or

rid
or

s 
éc

olo
giq

ue
s 

en
tre

 d
es

 r
és

er
vo

irs
 

de
 b

iod
ive

rs
ité

. D
oc

um
en

t r
ég

lem
en

ta
ire

 o
pp

o-
sa

ble
, e

lle
 c

on
tra

in
t l

’ur
ba

ni
sa

tio
n 

dé
fin

ie 
da

ns
 

Pl
an

 L
oc

au
x 

d’
Ur

ba
ni

sm
e 

(P
LU

) 
de

s 
co

m
m

un
es

 
et

  in
te

rc
om

m
un

ali
té

s.

Le
s 

en
je

ux
 d

e 
ge

st
io

n 
su

r l
e 

Co
ue

sn
on

  L
a 

qu
al

ité
 d

e 
l’e

au
Bi

en
 q

ue
 q

ue
lq

ue
s 

tro
nç

on
s 

de
 ri

vi
èr

es
 (s

ec
te

ur
 E

st
 e

t a
m

on
t) 

pr
és

en
te

nt
 d

es
 c

on
ce

nt
ra

tio
ns

 
en

 n
itr

at
es

 s
up

ér
ie

ur
s 

à 
la

 n
or

m
e 

Eu
ro

pé
en

ne
 d

e 
po

ta
bi

lit
é 

(5
0 

m
g/

L)
, la

 m
aj

eu
re

 p
ar

tie
 d

’en
tre

 
el

le
s 

on
t d

es
 c

on
ce

nt
ra

tio
ns

 c
om

pr
is

es
 e

nt
re

 2
0 

et
 4

0 
m

g/
L.

 L
’or

ig
in

e 
de

 c
et

te
 p

ol
lu

tio
n 

es
t 

es
se

nt
iel

lem
en

t a
gr

ico
le.

Le
s 

pe
st

ic
id

es
 im

pa
ct

en
t é

ga
le

m
en

t l
e 

Co
ue

sn
on

 d
an

s 
so

n 
en

se
m

bl
e,

 e
t p

lu
s 

pa
rti

cu
liè

re
m

en
t 

la
 z

on
e 

m
ar

aî
ch

èr
e 

de
s 

po
ld

er
s.

  L
a 

qu
an

tit
é 

d’e
au

L’a
lim

en
ta

tio
n e

n e
au

 po
ta

ble
 (A

EP
) e

st 
im

po
rta

nt
e s

ur
 le

 Co
ue

sn
on

 : 1
5,3

 m
illi

on
s d

e m
3  so

nt
 p

ré
-

lev
és

 en
 m

oy
en

ne
 ch

aq
ue

 an
né

e. 
Pr

ès
 de

 50
 %

 so
nt

 ex
po

rté
s h

or
s d

u t
er

rit
oir

e p
ou

r a
lim

en
te

r 
l’ a

gg
lo

m
ér

at
io

n 
re

nn
ai

se
. O

ut
re

 la
 q

ua
lit

é 
de

 l’e
au

 q
ui

 p
eu

t i
m

pa
ct

er
 l’A

EP
, le

 m
ai

nt
ie

n 
d’

un
 d

éb
it 

m
in

im
al 

es
t n

éc
es

sa
ire

 po
ur

 pr
és

er
ve

r l
a b

iod
ive

rs
ité

 aq
ua

tiq
ue

.

  L
es

 z
on

es
 h

um
id

es
La

 re
st

au
ra

tio
n 

de
s 

co
ur

s 
d’e

au
 (a

ra
se

m
en

t d
’ou

vr
ag

es
) e

t d
es

 z
on

es
 h

um
id

es
 e

st
 u

n 
en

je
u 

im
po

rta
nt

 p
ou

r a
tte

in
dr

e 
le 

bo
n 

ét
at

 é
co

log
iq

ue
 d

es
 m

as
se

s d
’ea

u 
im

po
sé

 p
ar

 la
 D

ire
ct

ive
 

Ca
dr

e E
ur

op
ée

nn
e s

ur
 l’e

au
. C

’es
t é

ga
le

m
en

t u
n 

le
vi

er
 d

’ac
tio

n 
po

ur
 a

m
él

io
re

r l
a 

ge
st

io
n 

qu
al

i-
ta

tiv
e 

et
 q

ua
nt

ita
tiv

e 
de

 l’e
au

. C
et

te
 m

os
aï

qu
e 

d’h
ab

ita
ts

 p
ré

se
nt

e 
un

 in
té

rê
t m

aj
eu

r, 
no

ta
m

m
en

t 
po

ur
 la

 fa
un

e.
 L

’un
e 

de
s 

zo
ne

s 
hu

m
id

es
 –

 le
 m

ar
ai

s 
de

 S
ou

gé
al

 –
 e

st
 re

co
nn

ue
 p

ou
r s

on
 in

té
rê

t 
po

ur
 la

 p
ré

se
rv

at
io

n 
de

s o
is

ea
ux

, d
es

 p
oi

ss
on

s (
br

oc
he

ts
) e

t d
e 

la
 p

ré
se

nc
e 

de
 q

ue
lq

ue
s p

la
nt

es
 

pr
ot

ég
ée

s. 

  L
a 

Ba
ie

 d
u 

Mo
nt

-S
ai

nt
-M

ic
he

l
L’e

ns
em

bl
e 

de
s 

pr
at

iq
ue

s 
ag

ric
ol

es
 s

itu
ée

s 
da

ns
 la

 b
ai

e 
et

 e
n 

am
on

t i
m

pa
ct

e 
la

 q
ua

lit
é 

et
 la

 
qu

an
tit

é d
’ea

u 
qu

i, p
ar

 co
ro

lla
ire

, in
flu

e s
ur

 la
 q

ua
lit

é 
éc

olo
giq

ue
 d

es
 p

ré
s s

alé
s (

co
lo

ni
sa

tio
n 

pa
r l

e 
ch

ie
nd

en
t m

ar
iti

m
e)

, la
 re

ss
ou

rc
e c

on
ch

yli
co

le 
et

 la
 sé

di
m

en
ta

tio
n 

d’u
n 

sit
e c

las
sé

 au
 

pa
tri

m
oin

e m
on

di
al 

de
 l’U

NE
SC

O.

La
 c

ar
te

 (c
i-d

es
so

us
) é

la
bo

ré
e 

en
 p

ar
te

na
ria

t a
ve

c 
le

 b
ur

ea
u 

d’é
tu

de
 S

GE
vT

 (
To

ul
ou

se
) 

re
pr

és
en

te
 

ce
s 

co
rr

id
or

s 
et

 l
eu

r 
im

po
rt

an
ce

 e
n 

te
rm

e 
de

 
co

nn
ec

tiv
ité

 e
nt

re
 c

es
 r

és
er

vo
irs

 d
e 

bi
od

iv
er

-
si

té
. 

La
 T

VB
 e

st
 p

ar
tic

ul
iè

re
m

en
t 

de
ns

e 
su

r 
le

 
C o

ue
sn

on
 e

n 
ra

is
on

 d
e 

la
 fo

rte
 d

en
si

té
 d

e 
pr

ai
rie

s,
 

de
 c

ou
rs

 d
’ea

u,
 d

e 
zo

ne
s 

hu
m

id
es

 e
t d

’él
ém

en
ts

 
bo

is
és

 (p
et

its
 b

oi
s, 

bo
ca

ge
). 10

0

0

Tr
am

e 
ve

rt
e 

et
 b

le
ue

L
a 

T
ra

m
e 

V
er

te
 e

t 
B

le
u

e 
(T

V
B

)

227

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



Co
-c

on
st

ru
ct

io
n 

de
 s

cé
na

rio
s 

pr
os

pe
ct

ifs
 à

 2
05

0,
 e

n 
lie

n 
av

ec
 le

s 
en

je
ux

 
de

 ge
sti

on
 de

s T
ra

me
s V

er
te

 et
 B

leu
e :

 
1 •

 id
en

tifi
ca

tio
n d

es
 pr

inc
ipa

ux
 fa

ct
eu

rs
 d’

év
olu

tio
n d

es
 pa

ys
ag

es
,

2 
• c

on
st

ru
ct

io
n 

de
 s

cé
na

rio
s 

co
nt

ra
st

és
,

3 
• d

éc
lin

ai
so

n 
/ a

da
pt

at
io

n 
de

 c
es

 s
cé

na
rio

s 
au

 te
rr

ito
ire

 d
u 

Co
ue

sn
on

Pr
és

en
ta

tio
n 

de
s 

sc
én

ar
io

s 
(ré

ci
ts

 
+ 

ca
rto

gr
ap

hi
es

) a
ux

 a
ct

eu
rs

 lo
ca

ux
 a

ya
nt

 
po

ur
 o

bje
ct

if 
d’a

ffi
ne

r 
et

 d
e 

va
lid

er
 le

s 
hy

po
th

ès
es

 d
es

 s
cé

na
rio

s

Di
ffu

si
on

 d
es

 r
és

ul
ta

ts
 s

ou
s 

la
 fo

rm
e 

de
 

ré
un

io
ns

 p
ub

liq
ue

s, 
pr

és
en

ta
tio

ns
, e

t 
li -

vr
et

 d
e 

sy
nt

hè
se

 (c
e 

liv
re

t)

sur l
a 

bi
od

iv
er

si
té

  
&

  
le

s 
re

ss
ou

rc
es

 e
n 

eau 

C
o

u
es

n
o

n
 2

0
50

É
vo

lu
ti

o
n

s 
d

e
s 

p
a

ys
a

g
e

s
&

 i
m

p
a

ct
s 

p
o

ss
ib

le
s

Im
pr

ov
in

g 
th

e 
m

an
ag

em
en

t 
of

 a
tla

nt
ic

 la
nd

sc
ap

es
 a

cc
ou

nt
in

g 
fo

r 
bi

od
iv

er
si

ty
 a

nd
 e

co
sy

st
em

 s
er

vi
ce

s

O
cc

u
p
a
ti
o
n
 d

u
 s

o
l

F
o
rê

t 
d
e
 f
e
u
ill

u
s

F
o
rê

t 
m

ix
te

A
rb

u
st

e
s

U
rb

a
in

 e
t 

ro
u
te

E
a
u

B
lé

M
a
ïs

A
u
tr

e
 c

u
lt
u
re

P
ra

ir
ie

 p
e
rm

a
n
e
n
te

P
ra

ir
ie

 t
e
m

p
o
ra

ir
e

7

Tr
av

ai
l e

n 
la

bo
ra

to
ire

Tr
av

ai
l p

ar
tic

ip
at

if
Co

-c
on

st
ru

ct
io

n
Ré

un
io

ns
 a

ve
c 

le
s 

ac
te

ur
s

Tr
aj

ec
to

ire
s 

d’é
vo

lu
tio

n
de

s p
ay

sa
ge

s

Sc
én

ar
io

s
pa

rt
ic

ip
at

ifs
Va

lid
at

io
n

Re
st

itu
tio

n

Si
m

ul
at

io
n

de
s p

ay
sa

ge
s f

ut
ur

s
Ev

al
ua

tio
n

de
s 

im
pa

ct
s 

po
ss

ib
le

s

A
p

p
ro

ch
e 

g
én

ér
al

e

Ut
ili

sa
tio

n 
d’i

m
ag

es
 s

at
el

lit
es

 p
ou

r 
re

-
co

ns
tru

ire
 et

 q
ua

nt
ifi

er
 le

s c
ha

ng
em

en
ts 

d’ o
cc

up
at

io
n 

et
 d

’us
ag

e 
du

 s
ol

Dé
ve

lo
pp

em
en

t 
d’u

n 
m

od
èl

e 
in

fo
rm

a-
tiq

ue
 d

e 
si

m
ul

at
io

n 
de

s 
ch

an
ge

m
en

ts
 

d’o
cc

up
at

io
n 

et
 d

’us
ag

es
 d

u 
so

l

©
Se

nt
in

el
-H

ub

Ut
ili

sa
tio

n 
de

 
m

od
èl

es
 

in
fo

rm
at

iq
ue

s 
po

ur
 

év
al

ue
r 

le
s 

im
pa

ct
s 

en
vi

ro
nn

e-
m

en
ta

ux
, 

ut
ili

sa
nt

 l
es

 c
ar

te
s 

pr
od

ui
te

s 
co

m
m

e 
do

nn
ée

 d
’ en

tré
e.

Ce
la

 p
er

m
et

 d
’év

al
ue

r l
’im

pa
ct

 d
es

 c
ha

n-
ge

m
en

ts
 p

ay
sa

ge
rs

 e
nt

re
 2

01
8 

et
 2

05
0 

et
 

de
 c

om
pa

r e
r l

es
 s

cé
na

rio
s.

228

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



8

Te
nd

an
ci

el
Ax

é 
su

r l
a 

tr
an

si
tio

n 
én

er
gé

tiq
ue

Éc
o-

ci
to

ye
n

   
 Dé

ve
lo

pp
em

en
t 

de
 la

 c
ér

éa
lis

at
io

n
Dé

se
rt

 c
ér

éa
lie

r
Pe

rfo
rm

an
ce

 én
er

gé
tiq

ue
Co

nf
ro

nt
at

ion
s

   
 Fi

liè
re

 la
it 

pr
od

uc
tiv

e 
au

 c
en

tr
e 

du
 d

év
el

op
pe

m
en

t a
gr

ic
ol

e
Fi

l d
e 

l’E
au

Bi
om

as
se

s d
ive

rs
ifi

ée
s

Do
ub

le
 p

er
fo

rm
an

ce

    D
ive

rs
ifi

ca
tio

n  
et

 A
ut

on
om

ie
Ø

Op
tim

isa
tio

n T
VB

At
tr

ac
tiv

ité
 v

er
te

DÉ
VE

LO
PP

EM
EN

T 
TE

RR
IT

OR
IA

L 
+/

- A
MB

IT
IE

UX
 P

OR
TÉ

 P
AR

 L
ES

 É
LU

S
• D

éc
lin

ai
so

n 
SC

OT
 d

an
s 

le
s 

PL
U 

/ 
PL

Ui
 • 

De
gr

é 
de

 v
ol

on
ta

ris
m

e
• A

tt
en

te
s 

so
ci

al
es

 e
n 

m
at

iè
re

 d
e 

m
od

e 
d’

ha
bi

te
r

• O
rie

nt
at

io
ns

de
 la

 P
AC

 

• R
èg

le
s 

de
 c

on
di

tio
nn

al
ité

• L
og

iqu
e d

e 

dé
ve

lo
pp

em
en

t 

de
s fi

liè
re

s a
gr

ico
les

•   A
ttr

ac
tiv

ité
 (l

ot
iss

em
en

ts
, Z

AC
) c

on
di

-
tio

nn
e  

le
 d

év
el

op
pe

m
en

t d
ur

ab
le

•  C
on

cu
rr

en
ce

 c
om

m
un

al
e 

/ i
nt

er
co

m
-

m
un

al
e

•  P
ré

se
rv

at
io

n 
de

s 
pa

ys
ag

es
 / 

l’e
nv

iro
n-

ne
me

nt
 : s

ub
sid

iar
ité

 à 
la 

po
liti

qu
e 

na
tio

na
le

 
+ 2

4 8
55

 ha
bi

ta
nt

s
• P

ér
i-u

rb
an

is
at

io
n 

te
nd

an
ci

el
le

•  P
ay

s 
de

 fo
ug

èr
es

 p
ol

ar
is

an
t d

an
s 

un
e 

dy
na

m
iq

ue
 ré

gi
on

al
e 

m
ét

ro
po

lit
ai

ne
 

et
 li

tto
ra

le
•  P

ro
du

ct
iv

ité
 é

ne
rg

ét
iq

ue
 d

es
 p

ay
-

sa
ge

s, 
TV

B 
se

co
nd

ai
re

•  P
er

fo
rm

an
ce

 ur
ba

ine
 : É

co
-q

ua
rti

er
s, 

co
nc

en
tra

tio
n 

et
 ré

no
va

tio
n 

ur
ba

in
e

+3
1 4

06
 ha

bi
ta

nt
s

• T
él

ét
ra

va
il 

et
 a

ttr
ac

tiv
ité

 d
u 

lit
to

ra
l

•  A
tte

int
e d

u Z
ér

o a
rti

fic
ial

isa
tio

n  
en

 2
04

5

•  P
ro

xi
m

ité
 e

t q
ua

lit
é 

de
 v

ie
•  P

ol
iti

qu
es

 lo
ca

le
s 

fa
vo

ra
bl

es
 à

 la
 

tra
ns

iti
on

 é
co

lo
gi

qu
e 

et
 s

ol
id

ai
re

•  F
or

te
 ré

gu
lat

ion
 ur

ba
ine

 :  
TV

B,
 R

én
ov

at
io

n 
et

 p
et

its
 c

ol
le

ct
ifs

•  C
irc

ui
ts

 c
ou

rts
 

+2
9 0

58
 ha

bi
ta

nt
s

•  C
ro

iss
an

ce
 u

rb
ai

ne
 d

an
s 

le
s 

ca
m

pa
gn

es

HY
PO

TH
ES

ES

Dé
cli

n d
e l

’él
ev

ag
e d

an
s l

’ou
es

t a
u p

ro
fit

 de
s P

EC
O

El
ev

ag
e 

de
 n

ic
he

 /
 p

ro
xi

m
ité

•  P
ro

du
ct

io
n 

de
 b

io
m

as
se

 (P
ol

iti
qu

e 
Ag

ric
ol

e 
En

er
gé

tiq
ue

 20
32

): c
ér

éa
les

•  G
ro

ss
es

 u
ni

té
s 

de
 m

ét
ha

ni
sa

tio
n 

•  V
al

or
is

at
io

n 
Cé

ré
al

es
 h

iv
er

 e
t m

aï
s 

•  A
ba

nd
on

 d
es

 fo
nd

s 
de

 v
al

lé
e

•  E
le

va
ge

 re
lic

tu
el

 c
en

tré
 s

ur
 l’h

er
ba

ge

PA
C 

20
25

 (p
rim

es
 à

 l’
Ha

, é
co

-c
on

di
tio

nn
al

ité
s)

Sp
éc

ia
lis

at
io

n 
ac

cr
ue

 b
as

si
ns

 d
e 

pr
od

uc
tio

n
•  I

nt
en

sifi
ca

tio
n (

à b
as

e d
e m

aïs
 en

sil
ag

e)
•  M

aît
ris

e d
es

 fl
ux

 pa
r l

a m
ét

ha
nis

at
ion

•  G
én

ér
al

is
at

io
n 

de
s 

pr
at

iq
ue

s 
ra

is
on

né
es

•  E
le

va
ge

 p
er

m
et

 d
e 

co
ns

er
ve

r d
es

 te
rr

es
 

diffi
cil

es

Ré
vo

lut
ion

 PA
C 

20
25

 : P
aie

m
en

ts
 po

ur
Se

rv
ic

es
 E

nv
iro

nn
em

en
ta

ux
 (P

SE
)

ve
rs

 l’a
gr

ic
ul

tu
re

 e
t g

ou
ve

rn
an

ce
 ré

gi
on

al
e

Or
ie

nt
at

io
n 

éc
on

om
iq

ue
 

 pr
ot

ec
tio

n a
lim

en
ta

ire
 :

- É
lev

ag
es

 he
rb

ag
er

s +
 di

ve
rs

ifi
ca

tio
n 

- M
ar

ai
ch

ag
es

 c
ol

le
ct

ifs
- E

xte
ns

ifi
ca

tio
n d

e l
’éle

va
ge

- U
til

is
at

io
n 

de
s 

fo
nd

s 
de

 v
al

lé
e

HY
PO

TH
ES

ES
La

 TV
B 

es
t l

e p
ro

du
it 

de
 2 

log
iq

ue
s g

lob
ale

m
en

t i
nd

ép
en

da
nt

es

Le
s 
5 

sc
én

ar
io

s
le

s 
pl

us
 c

on
tr

as
té

s 
so

nt
 e

xp
lo

ré
s

pl
us

 e
n 

dé
ta

ils
 p

ou
r l

e 
pr

oj
et

 A
LI

CE

DY
NA

MI
QU

E 
AG

RI
CO

LE
 D

ÉP
EN

DA
NT

E 
DE

 F
AC

TE
UR

S 
MA

CR
O-

ÉC
ON

OM
IQ

UE
S

IN
S

E
E

 A
n

a
ly

s
e
s
 B

re
ta

g
n

e
 n

°8
9

 e
t 

9
0

 

O
b

s
e
rv

a
to

ir
e
 F

o
n

c
ie

r,
 A

U
D

IA
R

, 
J
a
n

v
ie

r 
2

0
1

8

L
a 

co
n

st
ru

ct
io

n
 d

es
 s

cé
n

ar
io

s

229

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



20
18

 
   

   
   

   
  2

02
4 

   
   

   
  2

02
7 

   
   

 2
02

8 
   

   
   

 
   

  2
03

4
2
0
1
8

2
0
3
7

2
0
3
4

2
0
2
7

2
0
2
4

2
0
3
8

2
0
2
8

20
37

 
   

   
   

   
  2

03
8

2
0
1
8

2
0
3
7

2
0
3
4

2
0
2
7

2
0
2
4

2
0
3
8

2
0
2
8

9

Le
 m

od
èl

e 
FO

RE
SC

EM
 p

er
m

et
 d

e 
si

m
ul

er
, d

e 
fa

ço
n 

ca
rto

gr
ap

hi
qu

e,
 d

es
 c

ha
ng

em
en

ts
 d

’oc
cu

pa
tio

n 
et

 
d’u

sa
ge

 d
u 

so
l, 

et
 le

ur
s 

in
te

ra
ct

io
ns

. I
l i

nt
èg

re
 d

es
 

ca
rte

s 
de

 p
ro

ba
bi

lit
és

 d
e 

ch
an

ge
m

en
t 

gé
né

ré
es

 
pa

r l
a 

ca
lib

ra
tio

n 
du

 m
od

èl
e 

su
r u

n 
pa

ss
é 

pr
oc

he
 

et
 d

es
 c

ar
te

s 
de

 c
on

tra
in

te
s 

po
ur

 c
ha

qu
e 

us
ag

e 
ou

 o
cc

up
at

io
n 

du
 s

ol
, a

m
él

io
ra

nt
 a

in
si

 le
ur

 lo
ca

-
lis

at
io

n.

Pa
r e

x e
m

pl
e,

 l’u
rb

an
is

at
io

n 
se

 fe
ra

 p
ré

fé
re

nt
ie

lle
-

m
en

t à
 p

ro
xi

m
ité

 d
es

 z
on

es
 d

éj
à 

ur
ba

ni
sé

es
 e

t d
u 

r é
se

au
 r

ou
tie

r, 
m

ai
s 

un
iq

ue
m

en
t 

da
ns

 d
es

 z
on

es
 

ur
ba

nis
ab

les
 dé

fin
ies

 da
ns

 le
s P

LU
 / 

PL
Ui

.
Au

 s
ei

n 
de

 l’u
sa

ge
 a

gr
ic

ol
e,

 il
 s

im
ul

e 
le

s 
ro

ta
tio

ns
 

cu
ltu

ra
le

s, 
en

 re
sp

ec
ta

nt
 d

es
 a

ss
ol

em
en

ts
 d

és
iré

s 
(p

ro
po

rt
io

n 
de

 p
ra

iri
es

, m
aï

s, 
bl

é/
ol

éo
-p

ro
té

ag
i -

ne
ux

, a
ut

re
s 

cu
ltu

re
s)

. A
in

si
, l

e 
bl

é 
se

ra
 lo

ca
lis

é 
pr

éf
ér

en
tie

lle
m

en
t 

da
ns

 l
es

 p
lu

s 
gr

an
de

s 
pa

r-
ce

lle
s 

po
ur

 f
av

or
is

er
 d

e 
m

ei
lle

ur
s 

re
nd

em
en

ts
, 

m
ai

s 
pa

s 
su

r 
de

s 
so

ls 
tro

p 
hu

m
id

es
 p

ou
r 

év
ite

r 
qu

’il 
ne

 v
er

se
, c

on
tr

ai
re

m
en

t a
u 

m
aï

s.
 L

e 
m

od
èl

e 
in

tè
gr

e 
au

ss
i 

la
 d

ép
ris

e 
ag

ric
ol

e.
 E

n 
ef

fe
t, 

ce
r-

ta
in

es
 p

ar
ce

lle
s 

ag
ric

ol
es

 e
n 

fo
nd

s 
de

 v
al

lé
e 

où
 

su
r l

es
 te

rr
es

 le
s 

pl
us

 d
éf

av
or

ab
le

s, 
so

nt
 s

ou
ve

nt
 

Un
e m

od
éli

sa
tio

n 
sp

at
ia

le 
in

no
va

nt
e :

à 
l’é

ch
el

le
 p

ar
ce

lla
ire

 

Ill
us

tra
tio

n 
de

 la
 s

im
ul

at
io

n 
de

 r
ot

at
io

ns
 c

ul
tu

ra
le

s 
en

 b
or

du
re

 d
e 

fo
rê

t j
us

qu
’en

 2
02

8,
 d

at
e 

à 
laq

ue
lle

 es
t p

ré
vu

e l
a m

ise
 en

 p
lac

e d
’un

 p
ro

jet
 sy

lvi
co

le 
fic

tif
 (d

éli
mi

ta
tio

n 
en

 ro
ug

e),
 d

on
t l

es
 

no
uv

el
le

s 
pl

an
ta

tio
ns

, a
ss

im
ilé

es
 à

 la
 c

la
ss

e 
re

co
lo

ni
sa

tio
n 

(m
ar

ro
n)

, m
et

tro
nt

 p
lu

s 
de

 10
 a

ns
 

av
an

t d
’êt

re
 c

on
si

dé
ré

es
 c

om
m

e 
un

e 
fo

rê
t (

ve
rt 

fo
nc

é)
.

ab
an

do
nn

ée
s e

t e
nt

ra
în

en
t u

ne
 é

vo
lu

tio
n 

na
tu

re
lle

 
ve

rs
 u

ne
 r

ec
ol

on
is

at
io

n 
ar

bu
st

iv
e 

pu
is

 a
rb

or
ée

. 
Ce

 c
ha

ng
em

en
t d

’oc
cu

pa
tio

n 
du

 s
ol

 e
nt

ra
în

er
a 

un
 

ab
an

do
n 

du
 m

ili
eu

.

L’
in

té
r ê

t 
de

 c
e 

m
od

èl
e 

ré
si

de
 d

an
s 

sa
 c

ap
ac

ité
 

à 
pr

en
dr

e 
en

 c
om

pt
e 

de
 n

om
br

eu
x 

pa
ra

m
èt

re
s 

sc
én

ar
ist

iq
ue

s 
co

m
m

e 
un

e 
év

olu
tio

n 
de

s 
qu

an
-

tit
és

 d
e 

cu
ltu

re
s 

à 
l’é

ch
el

le
 d

u 
te

rr
ito

ire
 é

tu
di

é,
 

de
 fu

tu
rs

 PL
Ui

 ou
 zo

ne
s d

e c
on

tra
in

te
s t

ell
es

 qu
e 

les
 TV

B 
dé

fin
ies

 da
ns

 le
s S

Co
T.

FO
RE

SC
EM

 :
FO

Re
ca

st
in

g 
la

nd
sc

ap
E 

SC
En

ar
io

s 
M

od
el

*
* 

Mo
dè

le
 d

e 
si

m
ul

at
io

ns
 p

ay
sa

gè
re

s 
su

r l
a 

ba
se

 d
e 

sc
én

ar
io

s

• M
od

èl
e

• C
al

ib
ra

tio
n

• P
ro

ba
bi

lit
és

 d
e 

ch
an

ge
m

en
ts

• R
èg

le
s 

de
 c

ha
ng

em
en

t d
’u

sa
ge

et
 d

’oc
cu

pa
tio

n 
du

 s
ol

 (e
x :

 ro
ta

tio
ns

 cu
ltu

ra
les

)

Pa
ra

m
èt

re
s s

cé
na

ris
tiq

ue
s

US
AG

ES
 d

u 
so

l
OC

CU
PA

TI
ON

 d
u 

so
l

Si
m

ul
at

io
n

T  (n
+1

)

S
o

u
rc

e
s
 :

 P
a
lk

a
 e

t 
a
l.
 (
in

 P
re

p
) 
S

im
u
la

ti
n
g

 i
n

te
ra

c
ti
o

n
s
 a

n
d

 f
e
e
d

b
a
c
k
s
 b

e
tw

e
e
n

 l
a
n

d
 u

s
e
 a

n
d

 l
a
n

d
 c

o
v
e
r 

c
h
a
n
g

e
s
 f

o
r 

p
ro

s
p

e
c
ti
v
e
 s

c
e
n
a
ri
o

s
 w

it
h
 F

O
R

E
S

C
E

M
.

H
o

u
e
t 

T.
, 

G
ré

m
o

n
t 

M
.,

 V
a
c
q

u
ié

 L
.,

 F
o

rg
e
t 

Y
.,

 B
o

u
rr

ie
r 

F.
, 

P
e
lt
ie

r 
A

.,
 P

u
is

s
a
n

t 
A

.,
 B

e
rn

a
rd

ie
 S

.,
 G

ra
n

d
je

a
n

 

G
.,

 (
2
0
1
7
) 
D

o
w

n
s
c
a
lin

g
 s

c
e
n
a
ri
o

s
 o

f 
fu

tu
re

 l
a
n

d
 u

s
e
 a

n
d

 l
a
n

d
 c

o
v
e
r 

c
h

a
n

g
e
s
 u

s
in

g
 a

 p
a
rt

ic
ip

a
to

ry
 a

p
-

p
ro

a
c
h
: 

a
n
 a

p
p

lic
a
ti
o

n
 t

o
 m

o
u
n
ta

in
 r

is
k
 a

s
s
e
s
s
m

e
n

t 
in

 t
h

e
 P

y
re

n
e
e
s
 (
F

ra
n

c
e
),
 R

e
g

io
n

a
l 
E

n
v
ir
o

n
m

e
n

ta
l 

C
h
a
n
g

e
, 

1
7
(8

):
 2

2
9
3
–
2
3
0
7
, 

h
tt

p
:/

/l
in

k
.s

p
ri
n

g
e
r.
c
o

m
/a

rt
ic

le
/1

0
.1

0
0

7
/s

1
0

1
1

3
-0

1
7

-1
1

7
1

-z
 

L
a 

ca
rt

o
g

ra
p

h
ie

 d
es

 s
cé

n
ar

io
s

230

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



 1
8
5
0
 

1
9
0
0
 

1
9
5
0
 

2
0
0
0
 

2
0
5
0
 

2
1
0
0

3
0

2
5

2
0

1
5

1
0 5 0 -5E
n

 G
tC

 H
is

to
ri

q
u

e

 P
ro

fi
l 
R

C
P

2
.6

 P
ro

fi
l 
R

C
P

4
.5

 P
ro

fi
l 
R

C
P

6
.0

 P
ro

fi
l 
R

C
P

8
.5

10

Li
m

ite
 B

as
si

n 
ve

rs
an

t

C
ou

rs
 d

’e
au

P
ré

ci
pi

ta
tio

ns
 m

oy
en

ne
s 

an
nu

el
le

s 
en

 é
té

4
6

4
7

,4

4
8

,4

4
9

,6

5
0

,5

S
ou

rc
e 

: G
ie

c,
 1

er
 g

ro
up

e 
de

 t
ra

va
il,

 2
0

1
3

ht
tp

s:
//

w
w

w
.s

ta
tis

tiq
ue

s.
de

ve
lo

pp
em

en
t-

du
ra

bl
e.

go
uv

.

fr
/e

di
tio

n-
nu

m
er

iq
ue

/c
hi

ff
re

s-
cl

es
-d

u-
cl

im
at

/3
-s

ce
na

-

ri
os

-e
t-

pr
oj

ec
tio

ns
-c

lim
at

iq
ue

s

Pr
oj

ec
tio

ns
 d

es
 é

m
is

si
on

s 
lié

es
 a

ux
 é

ne
rg

ie
s 

fo
ss

ile
s

su
iva

nt
 qu

at
re

 pr
ofi

ls 
d’é

vo
lut

ion
 de

 G
ES

 (L
es

 R
CP

 du
 G

IE
C)

20
18

20
50

Le
s p

ro
jec

tio
ns

 de
 ch

an
ge

m
en

t c
lim

at
iq

ue
 u

til
isé

es
 da

ns
 ce

tte
 ét

ud
e s

on
t b

as
ée

s s
ur

 le
s s

cé
na

rio
s d

u 
GI

EC
 (2

00
7).

 P
ou

r e
nv

isa
ge

r l
es

 si
tu

at
ion

s l
es

 pl
us

 co
nt

ra
st

ée
s, 

les
 es

tim
at

ion
s s

e b
as

en
t s

ur
 le

 sc
én

a-
rio

 le
 pl

us
 pe

ss
im

ist
e (

RC
P 

8.5
)

 
 

   
   

   
Co

ns
éq

ue
nc

e 
su

r l
e 

cl
im

at
 lo

ca
l e

n 
20

50

•  D
es

 h
iv

er
s 

pl
us

 d
ou

x 
et

 p
lu

s 
hu

m
id

es

•   D
es

 é
té

s 
pl

us
 c

ha
ud

s 
et

 p
lu

s 
se

cs
 (-

5 
à 

-8
 m

m
 /

 m
oi

s)

• H
au

ss
e d

es
 te

m
pé

ra
tu

re
s m

oy
en

ne
s a

nn
ue

lle
s  

   
 

+ 
1,4

 à
 1,

6°

• H
au

ss
e 

de
s 

pr
éc

ip
ita

tio
ns

 a
nn

ue
lle

s 
   

 
+ 

14
 à

 2
0%

Pm
m

 m
oy

en
ne

s 
m

en
su

el
le

s 
es

tiv
al

es
 

L
e 

ch
an

g
em

en
t 

cl
im

at
iq

u
e

5
1

,5

5
2

,7

5
3

,6

5
4

,5

5
5

,8

231

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



11

Ca
rt

og
ra

ph
ie

s 
ac

tu
el

le
et

 fu
tu

re
s

Le
s 

ca
rto

gr
ap

hi
es

 a
ct

ue
lle

 (2
01

8)
 e

t f
ut

ur
es

 (2
05

0)
 

so
nt

 ut
ilis

ée
s :

  p
ou

r é
va

lu
er

 d
ire

ct
em

en
t l

es
 c

ha
ng

em
en

ts
 

pa
ys

ag
er

s (
ur

ba
nis

at
ion

 fu
tu

re
, z

on
e d

’in
te

ns
ifi

ca
-

tio
n 

ag
ric

ol
e,

 e
tc

.) 
et

 d
u 

ch
an

ge
m

en
t c

lim
at

iq
ue

,

  P
ou

r a
lim

en
te

r d
’au

tre
s m

od
èl

es
 p

ub
lié

s d
an

s 
la 

litt
ér

at
ur

e s
cie

nt
ifi

qu
e a

fin
 d’é

va
lue

r le
s i

m
pa

ct
s 

de
s 

ch
an

ge
m

en
ts

 p
ay

sa
ge

rs
 s

ur
 c

er
ta

in
s 

se
rv

ic
es

 
éc

os
ys

té
m

iq
ue

s (
Ma

rtí
ne

z L
óp

ez
 et

 al
, 2

01
9) 

:

•  l
es

 re
ss

ou
rc

es
 en

 ea
u 

en
  t

er
m

e d
e q

ua
nt

ité
 et

 
de

 qu
ali

té
 (A

lva
re

z 
Ca

br
ia

 &
 a

l 2
01

6)
,

•  l
es

 p
ay

sa
ge

s 
au

 t
ra

ve
rs

 d
e 

l’in
te

ns
ifi

ca
tio

n 
ag

ric
ol

e 
et

 d
e 

l’u
rb

an
is

at
io

n,

•  l
a 

bi
od

iv
er

si
té

 a
u 

tr
av

er
s 

de
 l

a 
co

nn
ec

tiv
ité

 
éc

olo
giq

ue
 du

 pa
ys

ag
e.

Lim
ite

s :
 le

s é
va

lu
at

io
ns

 q
ua

nt
ita

tiv
es

 d
es

 im
pa

ct
s 

re
st

en
t 

gé
né

riq
ue

s 
au

x 
di

ve
rs

 s
ite

s 
d’é

tu
de

s 
du

 
pr

oj
et

 A
LI

CE
, e

t n
e 

tie
nn

en
t m

al
he

ur
eu

se
m

en
t p

as
 

co
mp

te
 de

s s
pé

cifi
cit

és
 lo

ca
les

. 

NB
 : p

ou
r l

es
 be

so
ins

 de
 l’é

tu
de

, u
n t

er
rit

oir
e l

ég
è -

re
m

en
t p

lu
s 

va
st

e 
a 

ét
é 

co
ns

id
ér

é,
 te

na
nt

 c
om

pt
e 

d’u
ne

 z
on

e 
de

 3
km

 a
ut

ou
r 

de
s 

lim
ite

s 
du

 b
as

si
n 

ve
rs

an
t d

u 
Co

ue
sn

on
.

Ev
al

ua
tio

n 
de

s 
im

pa
ct

s 
fu

tu
rs

Ev
al

ua
tio

n 
de

s 
im

pa
ct

s

Bi
od

iv
er

si
té

Pa
ys

ag
e

Ea
u

D
és

er
t

cé
ré

al
ie

r

D
o

u
b

le
 

p
er

fo
rm

an
ce

F
il

 d
e 

l’e
au

P
er

fo
rm

an
ce

 
én

er
g

ét
iq

u
e

A
tt

ra
ct

iv
it

é 
ve

rt
e

2
0

18

Ga
m

m
e 

de
s 

f u
tu

rs
 p

os
si

bl
es

Et
ud

e 
de

 5
 fu

tu
rs

 p
os

si
bl

es

L’
év

al
u

at
io

n
 d

es
 i

m
p

ac
ts

232

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



12

En
tre

 19
90

 et
 20

18
, le

 te
rri

to
ire

 du
 C

ou
es

no
n e

st 
le 

té
mo

in 
d’u

ne
 in

te
ns

ifi
ca

tio
n s

ign
ifi

ca
tiv

e d
e l

’ag
ri-

cu
ltu

re
 q

ui 
se

 tr
ad

uit
 p

ar
 u

ne
 d

im
inu

tio
n 

co
ns

idé
ra

ble
 d

es
 p

ra
iri

es
 (-

40
 00

0 
ha

 e
nv

iro
n).

 E
lle

s 
so

nt
 

re
m

pl
ac

ée
s 

po
ur

 la
 p

lu
pa

rt 
pa

r d
es

 c
ul

tu
re

s 
al

or
s 

qu
e 

d’a
ut

re
s, 

en
 fo

nd
 d

e 
va

llé
es

, s
e 

so
nt

 tr
an

sf
or

-

mé
es

 en
 ri

pis
ylv

es
 (e

nv
iro

n 
+4

 30
0 

ha
). A

u 
co

ur
s d

e c
et

te
 p

ér
iod

e, 
l’ar

tifi
cia

lis
at

ion
 d

u 
te

rr
ito

ire
 a

 f
or

te
m

en
t 

au
gm

en
té

 e
n 

ra
is

on
 d

e 
l’é

ta
le

m
en

t 
ur

ba
in

 d
’un

e 
pa

rt 
et

 d
e 

la
 

cr
éa

tio
n d

e l
’au

to
ro

ut
e A

84
 d’

au
tre

 pa
rt 

(+ 
5 9

50
 ha

 au
 to

ta
l).

3
0

 a
n

s 
d

’é
vo

lu
ti

o
n

 d
u

 p
ay

sa
g

e

20
18

20
06

 
19

90
 

 
  E

au

 
  U

rb
ai

n

 
  A

rb
us

te
s 

   
   

 
  F

or
êt

 m
ix

te
   

   

 
  F

or
êt

 d
e 

fe
ui

llu
s 

   
  

 
  B

lé
   

   

 
  M

aï
s 

   
  

 
  A

ut
re

s 
cu

ltu
re

s 
   

   

 
  P

ra
iri

e 
te

m
po

ra
ire

   
   

 

 
  P

ra
iri

e 
pe

rm
an

en
te

  

Pl
ai

ne
s 

(s
ol

s 
pr

of
on

ds
)

Ma
ss

ifs
 a

ux
 s

ol
s 

pe
u 

pr
of

on
ds

Fo
nd

s 
de

 v
al

lé
e

Ve
rs

an
ts

 m
ar

qu
és

Or
ga

ni
sa

tio
n 

du
 p

ay
sa

ge
 et

 év
olu

tio
n 

pa
ss

ée
L’é

vo
lut

ion
 du

 pa
ys

ag
e e

st
 es

se
nt

iel
lem

en
t l

iée
 à 

la 
dy

na
m

iq
ue

 ag
ric

ole
. 

De
pu

is
 le

s 
an

né
es

 19
90

, s
ui

te
 a

ux
 c

ha
ng

em
en

ts
 

de
 p

oli
tiq

ue
s a

gr
ico

les
 (P

AC
), 

ell
e 

se
 c

ar
ac

té
ris

e 
pr

in
cip

ale
m

en
t p

ar
 :

   u
n 

ag
ra

nd
is

se
m

en
t d

es
 p

ar
ce

lle
s 

ag
ric

ol
es

, 

   u
ne

 d
is

pa
rit

io
n 

pr
og

re
ss

iv
e 

du
 b

oc
ag

e,

   l
’au

gm
en

ta
tio

n 
de

s 
su

rf
ac

es
 d

e 
m

aï
s 

au
 d

é-
tri

m
en

t d
es

 pr
air

ies
.

C e
tte

 d
yn

am
iq

ue
 e

st
 c

ep
en

da
nt

 m
oi

ns
 p

ro
no

nc
ée

 
su

r 
le

s 
m

as
si

fs
 g

ra
ni

tiq
ue

s 
du

 s
ite

 d
’ét

ud
e.

 L
es

 
bo

rd
s 

du
 C

ou
es

no
n 

se
 c

ar
ac

té
ris

en
t p

ar
 u

ne
 é

vo
-

lut
ion

 d
e 

mo
sa

ïqu
es

 p
ay

sa
gè

re
s 

div
er

sifi
ée

s 
: d

e 
gr

an
de

s 
su

rf
ac

es
 d

e 
pâ

tu
ra

ge
s 

et
 q

ue
lq

ue
s 

ro
se

-
liè

re
s 

en
 a

va
l (

se
ct

eu
r d

e 
So

ug
éa

l) 
à 

un
e 

m
os

aï
qu

e 
de

 z
on

e s
 h

um
id

es
 f

au
ch

ée
s 

et
 p

ât
ur

ée
s 

da
ns

 le
s 

tê
te

s 
de

 b
as

si
ns

 v
er

sa
nt

s, 
en

 p
as

sa
nt

 p
ar

 d
es

 r
i-

pi
sy

lve
s 

da
ns

 le
s 

va
llé

es
 le

s 
pl

us
 e

nc
ai

ss
ée

s 
au

x 
v e

rs
an

ts
 m

ar
qu

és
.

233

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



Ea
u

Ur
ba

in

Ar
bu

st
es

Fo
rê

t m
ix

te

Fo
rê

t d
e 

fe
ui

llu
s

Bl
é

Ma
ïs

Au
tre

s 
cu

ltu
re

s

Pr
ai

rie
 te

m
po

ra
ire

Pr
ai

rie
 p

er
m

an
en

te

13

Bo
ca

ge
 

(L
in

éa
ire

 b
oi

sé
 e

n 
Km

)
Ra

tio
 

Su
rf

ac
e 

en
 H

er
be

 /
 S

AU
Su

rf
ac

e 
en

 m
aï

s 
(K

m
²)

20
18

8 9
15

41,
2 %

41
2

Fi
l d

e 
l’e

au
7 2

98
35

,8 
%

55
0

Le
 ré

ci
t

Le
 d

év
el

op
pe

m
en

t 
te

rr
ito

ria
l 

po
ur

su
it 

le
s 

lo
gi

qu
es

 a
ct

ue
lle

s 
de

 
co

nc
ur

re
nc

e 
en

tre
 t

er
rit

oi
re

s 
et

 d
’ur

ba
ni

sa
tio

n 
de

s 
zo

ne
s 

pé
riu

r-
ba

ine
s, 

co
up

lé 
à u

n r
en

fo
rc

em
en

t d
e l

a s
pé

cia
lis

at
ion

 da
ns

 un
e fi

liè
re

 
la

iti
èr

e 
in

te
ns

iv
e.

L’
id

en
tit

é 
ag

ric
ol

e 
s’i

ns
cr

it 
da

ns
 la

 c
on

tin
ui

té
 d

e 
l’id

en
tit

é 
ac

tu
el

le
 o

ù 
le 

Co
ue

sn
on

 p
ar

tic
ipe

 à
 la

 fi
liè

re
 la

iti
èr

e 
ind

us
tri

ell
e 

du
 G

ra
nd

 O
ue

st.
 

De
s 

él
ev

ag
es

 la
iti

er
s 

ho
rs

 s
ol

 e
t l

a 
cu

ltu
re

 d
u 

so
ja

 s
e 

dé
ve

lo
pp

en
t. 

Su
r 

les
 p

lat
ea

ux
, l’

ag
ra

nd
iss

em
en

t d
es

 p
ar

ce
lle

s s
e 

po
ur

su
it 

au
 p

ro
fit

 d
e 

cu
ltu

re
s 

de
 c

ér
éa

le
s 

et
 d

u 
m

aï
s 

pl
us

 p
ar

tic
ul

iè
re

m
en

t, 
co

nt
rib

ua
nt

 à
 

la
 d

is
pa

rit
io

n 
te

nd
an

ci
el

le
 d

u 
bo

ca
ge

 n
on

 p
ro

té
gé

 ré
gl

em
en

ta
ire

m
en

t. 
La

 c
on

di
tio

nn
al

ité
 d

es
 a

id
es

 a
gr

ic
ol

es
 g

ar
an

tit
 l

a 
co

ns
er

va
tio

n 
de

 
qu

el
qu

es
 h

ai
es

, lo
ca

lis
ée

s 
en

 b
or

d 
de

 ro
ut

e 
ou

 e
n 

lim
ite

 d
’ex

pl
oi

ta
tio

n 
ag

ric
ol

e.
 L

es
 p

ra
iri

es
 s

e 
m

ai
nt

ie
nn

en
t 

un
iq

ue
m

en
t 

en
 b

or
du

re
 d

es
 

co
ur

s 
d’e

au
, d

an
s 

le
s 

zo
ne

s 
hu

m
id

es
 a

cc
es

si
bl

es
.

En
 t

er
m

es
 d

’u
rb

an
is

at
io

n,
 le

s 
bo

ur
gs

 s
’ét

en
de

nt
 à

 la
 f

av
eu

r 
de

 la
 

co
ns

tru
ct

io
n 

de
 lo

tis
se

m
en

ts
 d

e 
m

ai
so

ns
 i

nd
iv

id
ue

lle
s. 

La
 r

én
ov

a -
tio

n 
ur

ba
ine

 e
xis

te
 m

ais
 re

ste
 lim

ité
e 

: d
es

 b
ât

im
en

ts 
ag

ric
ole

s s
on

t 
tra

ns
fo

rm
és

 au
 p

ro
fit

 d’
un

 us
ag

e r
és

ide
nt

iel
. P

ar
all

èle
me

nt
, le

s z
on

es
 

ar
tis

an
al

es
 e

t 
éc

on
om

iq
ue

s 
po

ur
su

iv
en

t 
le

ur
 d

év
el

op
pe

m
en

t 
le

 lo
ng

 
de

 l’a
ut

or
ou

te
 A

84
.

Le
 c

ha
ng

em
en

t i
m

po
rt

an
t r

és
id

e 
da

ns
 la

 c
ré

at
io

n 
de

 r
és

er
vo

irs
 e

t 
de

 re
te

nu
es

 co
llin

air
es

. E
n 

ef
fe

t, 
ac

ce
nt

ué
es

 p
ar

 le
s 

ef
fe

ts
 d

u 
ch

an
-

ge
m

en
t c

lim
at

iq
ue

, l
es

 te
ns

io
ns

 s
ur

 la
 re

ss
ou

rc
e 

en
 e

au
 a

ug
m

en
te

nt
 

du
 fa

it 
de

 la
 c

ér
éa

lis
at

io
n 

de
 l’a

gr
ic

ul
tu

re
 s

ur
 le

 b
as

si
n 

ve
rs

an
t e

t d
e 

la
 

cr
oi

ss
an

ce
 d

ém
og

ra
ph

iq
ue

 d
e 

l’a
gg

lo
m

ér
at

io
n 

re
nn

ai
se

. C
es

 o
uv

ra
ge

s 
so

nt
 ai

ns
i fi

na
nc

és
 pa

r c
et

te
 de

rn
ièr

e.

Le
 p

ay
sa

ge
 en

 20
50

  L
es

 
su

rf
ac

es
 

ur
ba

ni
sé

es
 

to
ta

lis
en

t 
15

 41
1 

ha
 (

co
nt

re
 1

2 8
44

 h
a 

en
 2

01
8).

 
L’a

ba
nd

on
 a

 p
ro

gr
es

sé
 d

e 
+3

 27
2 

ha
 

(7 
79

1 h
a e

n 2
01

8).

F
il

 d
e 

l’e
au

S
cé

n
ar

io

Le
s s

ur
fa

ce
s a

gr
ico

les
 (1

 30
2 k

m²
) s

on
t c

ou
ve

rte
s p

ar
 : 

• 4
2 %

 de
 m

aïs
,  

• 3
6 %

 de
 pr

air
ies

 (d
on

t le
s d

eu
x t

ier
s d

e m
oin

s d
e 7

 an
s) 

 
• 2

2 %
 d’

au
tre

s c
ult

ur
es

 (b
lé 

/ o
léo

-p
ro

té
ag

ine
ux

, a
ut

re
s).

 
Le

s h
ai

es
 to

ta
lis

en
t e

nc
or

e 
un

 lin
éa

ire
 d

e 
7 2

98
 km

 (8
 91

5 
km

 e
n 

20
18

).

16
0 

00
0

14
0 0

00
12

0 
00

0

10
0 

00
0

80
 0

00

60
 0

00

40
 00

0
20

 0
00 0

 19
90

 
20

06
 

20
18

 
20

25
 

20
35

 
20

50

S
u

rf
a

c
e
 e

n
 h

a

234

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



14

Bo
ca

ge
 

(L
in

éa
ire

 b
oi

sé
 e

n 
Km

)
Ra

tio
 

Su
rf

ac
e 

en
 H

er
be

 /
 S

AU
Su

rf
ac

e 
en

 m
aï

s 
(K

m
²)

20
18

8 9
15

41,
2 %

41
2

Do
ub

le
 P

er
fo

rm
an

ce
7 2

99
35

,8 
%

55
0

Le
 ré

ci
t

La
 p

op
ul

at
io

n 
a 

pr
is

 c
on

sc
ie

nc
e 

de
 la

 n
éc

es
si

té
 d

’ad
ap

te
r s

on
 m

od
e 

de
 v

ie
 

po
ur

 fa
ire

 fa
ce

 a
u 

ré
ch

au
ffe

m
en

t c
lim

at
iq

ue
. C

e 
dé

ve
lop

pe
m

en
t t

er
rit

or
ial

 
pr

ivi
lég

ie 
la 

pr
ox

im
ité

 e
t l

a 
qu

ali
té

 d
e 

vie
. L

a 
re

ch
er

ch
e 

d’u
n 

ca
dr

e 
de

 v
ie 

« 
au

 v
er

t »
 re

vit
ali

se
 le

s 
vil

lag
es

 ru
ra

ux
. V

ict
im

e 
de

 s
on

 s
uc

cè
s 

et
 fa

ce
 à

 
la 

de
m

an
de

, le
s c

am
pa

gn
es

 so
nt

 le
 su

pp
or

t d
’un

e l
ég

èr
e a

rti
fic

ial
isa

tio
n n

e 
pe

rm
et

ta
nt

 pa
s d

’at
te

in
dr

e l
e z

ér
o a

rti
fic

ial
isa

tio
n.

Ce
 d

év
el

op
pe

m
en

t t
er

rit
or

ia
l à

 c
on

no
ta

tio
n 

en
vi

ro
nn

em
en

ta
le

 s
e 

he
ur

te
 p

ar
-

fo
is 

au
 dé

ve
lop

pe
me

nt
 ag

ric
ole

 ce
nt

ré
 su

r u
ne

 in
te

ns
ifi

ca
tio

n 
de

 la
 fi

liè
re

 la
it 

da
ns

 la
qu

el
le

 le
 t

er
rit

oi
re

 p
ou

rs
ui

t 
sa

 s
pé

ci
al

is
at

io
n.

 L
es

 s
ur

fa
ce

s 
en

 m
aï

s 
au

gm
en

te
nt

 a
u 

dé
tri

m
en

t d
es

 p
ra

iri
es

. P
lu

si
eu

rs
 le

vi
er

s 
so

nt
 m

ob
ili

sé
s 

pa
r l

es
 

po
lit

iq
ue

s 
pu

bl
iq

ue
s 

po
ur

 a
pp

uy
er

 e
t h

ar
m

on
is

er
 c

es
 d

yn
am

iq
ue

s 
te

rr
ito

ria
le

s 
et

 ag
ric

ole
s :

 
•  i

nv
es

tis
se

m
en

ts
 p

ou
r d

év
elo

pp
er

 le
s fi

liè
re

s l
oc

ale
s, 

•  a
bo

nd
em

en
t d

es
 a

id
es

 e
n 

fa
ve

ur
 d

e 
la

 co
nv

er
sio

n à
 l’a

gr
icu

ltu
re

 bi
olo

giq
ue

 
po

ur
 c

er
ta

in
es

 fe
rm

es
,

•  m
es

ur
es

 c
om

pe
ns

at
oi

re
s 

po
ur

 fa
vo

ris
er

 le
 re

sp
ec

t d
es

 p
re

sc
rip

tio
ns

 e
nv

i -
ro

nn
em

en
ta

le
s 

fo
nd

ée
s 

su
r d

es
 b

on
ne

s 
pr

at
iq

ue
s 

pl
us

 q
ue

 s
ur

 d
es

 a
m

én
a-

ge
m

en
ts

 p
ay

sa
ge

rs
 p

ar
 le

s 
ag

ric
ul

te
ur

s, 
• v

al
or

is
at

io
n 

du
 b

oi
s 

de
s 

ha
ie

s, 
•  p

ro
jet

s d
e p

et
ite

s u
nit

és
 d

e m
ét

ha
nis

at
ion

 a
bs

or
ba

nt
 le

s s
ur

plu
s d

’effl
ue

nt
s 

d’é
le

va
ge

, e
tc

. 
En

 o
ut

re
, l

e 
pa

ri 
es

t f
ai

t q
ue

 la
 g

én
ér

at
io

n 
su

iv
an

te
 s

er
a 

pl
us

 fo
rm

ée
 e

t m
ie

ux
 

se
ns

ibi
lis

ée
 : 

l’ar
ge

nt
 ju

sq
u’a

lor
s d

éd
ié 

à 
la 

se
ns

ibi
lis

at
ion

 p
ou

rra
 ê

tre
 d

év
olu

 
au

x m
iss

io
ns

 d
e 

po
lic

e 
en

vi
ro

nn
em

en
ta

le
 p

ou
r s

an
ct

io
nn

er
 le

s a
tte

in
te

s à
 l’e

n -
vir

on
ne

me
nt

. A
u 

fin
al 

l’ap
pli

ca
tio

n 
de

s 
pr

es
cr

ipt
ion

s 
de

vie
nt

 d
e 

plu
s 

en
 p

lus
 

ef
fe

ct
iv

e 
da

ns
 le

 te
rr

ito
ire

, m
ai

s 
n’a

 p
as

 d
e 

tra
du

ct
io

n 
pa

ys
ag

èr
e 

ta
ng

ib
le

. D
e 

so
n 

cô
té

, l’
ag

ric
ul

tu
re

 re
st

e 
lié

e 
au

x 
gr

os
se

s 
en

tre
pr

is
es

 a
gr

o-
al

im
en

ta
ire

s 
au

x 
lo

gi
qu

es
 d

e 
m

ul
tin

at
io

na
le

s. 
Si

 la
 v

ol
on

té
 d

e 
ré

po
nd

re
 a

ux
 c

ha
ng

em
en

ts
 d

e 
me

nt
ali

té
s e

st 
affi

rm
ée

, le
 sc

hé
ma

 cl
as

siq
ue

 de
 ha

us
se

 de
 la

 pr
od

uc
tio

n r
es

te
 

pr
ép

on
dé

ra
nt

 d
an

s 
la

 m
an

iè
re

 d
e 

pe
ns

er
 le

 m
od

èl
e 

éc
on

om
iq

ue
 a

gr
ic

ol
e.

Le
 pa

ys
ag

e e
n  

20
50

En
 20

50
, le

s n
ou

ve
lle

s 
su

rf
ac

es
 u

rb
an

i-
sé

es
 to

tal
ise

nt 
15  

141
 ha

 (c
on

tre
 12

 84
4 h

a 
en

 2
01

8)
 e

t 
se

 d
is

tr
ib

ue
nt

 a
ut

ou
r 

de
s 

pô
le

s 
ur

ba
in

s 
et

 d
an

s 
le

s 
ca

m
pa

gn
es

. 
L’a

ba
nd

on
 a

 p
ro

gr
es

sé
 à

 la
 f

av
eu

r 
de

 la
 

dé
pr

ise
 a

gr
ico

le 
de

 +
3 6

95
 h

a 
(7 7

91 
ha

 
en

 20
18

). 

Le
s s

ur
fac

es
 ag

ric
ole

s (
130

2 k
m²

) s
on

t c
ou

ve
rte

s :
• à

 42
 %

 pa
r d

u m
aïs

,
• 3

6 %
 pa

r d
es

 pr
air

ies
 (d

on
t le

s d
eu

x t
ier

s d
e m

oin
s d

e 7
 an

s) 
• e

t 2
2 %

 pa
r d

’au
tre

s c
ult

ur
es

 (b
lé 

/ o
léo

-p
ro

téa
gin

eu
x, 

au
tre

s).
Le

 bo
ca

ge
 se

 m
ai

nt
ie

nt
 au

to
ur

 de
s v

illa
ge

s e
t d

es
 ha

m
ea

ux
 ai

ns
i q

u’e
n 

lim
ite

 d
’ex

pl
oi

ta
tio

ns
 a

gr
ic

ole
s 

et
 to

ta
lis

e 
en

co
re

 7
 29

9 
km

 (-
1 6

16
 k

m
 

pa
r r

ap
po

rt 
à 

20
18

).

D
o

u
b

le
 p

er
fo

rm
an

ce

S
cé

n
ar

io

 19
90

 
20

06
 

20
18

 
20

25
 

20
35

 
20

50

16
0 

00
0

14
0 0

00
12

0 
00

0

10
0 

00
0

80
 0

00

60
 0

00

40
 00

0
20

 0
00 0

S
u

rf
a

c
e
 e

n
 h

a

Ea
u

Ur
ba

in

Ar
bu

st
es

Fo
rê

t m
ix

te

Fo
rê

t d
e 

fe
ui

llu
s

Bl
é

Ma
ïs

Au
tre

s 
cu

ltu
re

s

Pr
ai

rie
 te

m
po

ra
ire

Pr
ai

rie
 p

er
m

an
en

te

235

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



15

Bo
ca

ge
 

(L
in

éa
ire

 b
oi

sé
 e

n 
Km

)
Ra

tio
 

Su
rf

ac
e 

en
 H

er
be

 /
 S

AU
Su

rf
ac

e 
en

 m
aï

s 
(K

m
²)

20
18

8 9
15

41,
2 %

41
2

At
tr

ac
tiv

ité
 v

er
te

7 7
41

61,
3 %

10
4

 19
90

 
20

06
 

20
18

 
20

25
 

20
35

 
20

50

16
0 

00
0

14
0 0

00
12

0 
00

0

10
0 

00
0

80
 0

00

60
 0

00

40
 00

0
20

 0
00 0

Le
 ré

ci
t

Le
 d

év
elo

pp
em

en
t t

er
rit

or
ial

 e
st

 c
en

tré
 s

ur
 la

 p
ro

xim
ité

 e
t l

a 
qu

ali
té

 d
e 

vie
 a

ve
c, 

en
 p

ar
al

lè
le

, u
n 

dé
ve

lo
pp

em
en

t 
ag

ric
ol

e 
pr

om
ou

va
nt

 u
ne

 t
ra

ns
iti

on
 a

gr
ic

ol
e 

éc
o-

log
iq

ue
, a

ut
on

om
e 

et
 d

ive
rs

ifi
ée

, a
nc

ré
e 

da
ns

 so
n 

te
rri

to
ire

 e
t r

ém
un

ér
ée

 p
ou

r l
es

 
se

r v
ice

s é
co

sy
st

ém
iq

ue
s q

u’e
lle

 re
nd

. 
La

 P
AC

 in
ci

te
 le

s 
ag

ric
ul

te
ur

s 
à 

pr
od

ui
re

 a
ut

re
m

en
t a

ve
c 

la
 m

is
e 

en
 œ

uv
re

 d
es

 p
ai

e-
m

en
ts

 p
ou

r s
er

vi
ce

s 
en

vi
ro

nn
em

en
ta

ux
 (P

SE
) q

ui
 p

er
m

et
te

nt
 d

e 
ré

m
un

ér
er

 l’e
nt

re
tie

n 
du

 b
oc

ag
e 

e t
 d

es
 z

on
es

 h
um

id
es

. L
es

 é
lu

s 
lo

ca
ux

 in
tro

du
is

en
t a

ct
iv

em
en

t d
es

 p
ro

du
its

 
bi

o 
et

 lo
ca

ux
 d

an
s l

a 
re

st
au

ra
tio

n 
co

lle
ct

iv
e 

m
ai

s a
us

si
 d

an
s l

es
 su

pe
rm

ar
ch

és
 d

u 
te

rr
i-

to
ire

. U
n 

re
m

em
br

em
en

t v
er

t a
 é

té
 m

en
é 

à 
l’in

iti
at

iv
e 

de
s c

ol
le

ct
iv

ité
s l

oc
al

es
 a

ve
c 

l’a
id

e 
de

 la
 C

ha
m

br
e 

d’a
gr

ic
ul

tu
re

, d
e 

la
 S

AF
ER

 e
t d

e 
co

lle
ct

ifs
 d

’ag
ric

ul
te

ur
s. 

Ce
t é

ch
an

ge
 fo

n-
ci

er
 p

er
m

et
 d

e 
lim

ite
r l

’ép
ar

pi
lle

m
en

t p
ar

ce
lla

ire
 e

t a
ss

ur
e 

de
s 

éc
on

om
ie

s 
d’é

ch
el

le
s 

(d
im

in
ut

io
n 

de
s 

dé
pl

ac
em

en
ts

 p
ar

 e
xe

m
pl

e)
 e

t 
un

e 
plu

s 
gr

an
de

 d
ive

rs
ifi

ca
tio

n 
de

s 
ro

ta
tio

ns
 e

n 
l’a

bs
en

ce
 d

’îlo
ts

 s
pé

ci
al

is
és

 e
n 

cu
ltu

re
s. 

Se
ul

es
 le

s 
ha

ie
s 

si
tu

ée
s 

da
ns

 
le

s 
îlo

ts
 c

ul
tiv

és
 te

nd
en

t à
 d

is
pa

ra
îtr

e 
m

ai
s 

co
nt

rib
ue

nt
 à

 m
ai

nt
en

ir 
un

 b
oc

ag
e 

de
ns

e 
m

al
gr

é 
to

ut
*. 

Le
s 

pa
ys

ag
es

 s
e 

ca
ra

ct
ér

is
en

t p
ar

 d
es

 é
le

va
ge

s 
m

aj
or

ita
ire

m
en

t 
he

r -
ba

ge
rs

, q
ui

 v
al

or
is

en
t a

u 
m

ax
im

um
 le

s 
pr

ai
rie

s 
na

tu
re

lle
s 

de
 fo

nd
s 

de
 v

al
lé

es
, c

ou
pl

é 
à 

de
s 

cu
ltu

re
s 

or
ie

nt
ée

s 
es

se
nt

ie
lle

m
en

t v
er

s 
la

 p
ro

du
ct

io
n 

al
im

en
ta

ire
 (m

ar
aî

ch
ag

e,
 

cé
ré

al
es

, g
ra

in
es

 p
ro

du
ct

iv
es

, o
lé

ag
in

eu
x…

). 
Su

r l
es

 p
la

te
au

x,
 d

es
 é

ol
ie

nn
es

 s
on

t i
ns

-
ta

llé
es

 s
ur

 le
s 

zo
ne

s 
ve

nt
eu

se
s.

Le
s 

él
us

 lo
ca

ux
 in

ve
st

iss
en

t m
as

si
ve

m
en

t d
an

s 
la

 re
st

au
ra

tio
n 

de
s 

co
ur

s 
d’e

au
 e

t d
es

 
zo

ne
s 

hu
m

id
es

 a
nc

ie
nn

em
en

t d
ra

in
ée

s. 
Su

r l
e 

pl
an

 d
e 

l’u
rb

an
is

m
e,

 la
 r

én
ov

at
io

n 
ur

-
ba

in
e e

t l
es

 éc
oq

ua
rti

er
s s

on
t p

riv
ilé

gi
és

 e
n 

de
ho

rs
 d

es
 c

en
tre

s 
bo

ur
gs

. L
a 

re
ch

er
ch

e 
d’ u

n c
ad

re
 de

 vi
e «

 au
 ve

rt 
» 

re
vi

ta
lis

e 
le

s 
vi

lla
ge

s 
ru

ra
ux

. V
ic

tim
e 

de
 le

ur
 a

ttr
ac

tiv
ité

, 
le

s 
ca

m
pa

gn
es

 s
on

t l
e 

su
pp

or
t d

’un
e 

lég
èr

e 
ar

tifi
cia

lis
at

ion
 n

e 
pe

rm
et

ta
nt

 p
as

 d
’at

-
te

ind
re

 le
 zé

ro
 ar

tifi
cia

lis
at

ion
. L

e d
év

elo
pp

em
en

t d
es

 fi
liè

re
s é

oli
en

ne
s e

t b
ois

 bo
ca

ge
 

e s
t e

nc
ou

ra
gé

 p
ou

r a
ss

ur
er

 u
n 

ap
pr

ov
isi

on
ne

m
en

t é
ne

rg
ét

iq
ue

 lo
ca

l.

* 
l’h

yp
ot

hè
se

 d
’un

e 
ba

iss
e 

te
nd

an
ci

el
le

 a
 é

té
 re

te
nu

e 
m

al
gr

é 
la

 m
is

e 
en

 o
eu

vr
e 

ré
ce

nt
e 

de
 m

es
ur

es
 

po
uv

an
t a

id
er

 à
 m

ai
nt

en
ir 

le
 b

oc
ag

e 
(m

es
ur

es
 d

e 
re

pl
an

ta
tio

ns
 c

om
pe

ns
at

oi
re

s, 
PL

Ui
, la

be
l…

).

A
tt

ra
ct

iv
it

é 
ve

rt
e

S
cé

n
ar

io

Le
 p

ay
sa

ge
 en

 20
50

Le
s s

ur
fac

es
 ag

ric
ole

s (
1 3

15 
ha

) s
on

t c
ou

-
ve

rte
s d

e :
 

• 8
 %

 pa
r d

u m
aïs

,  
•  6

1 %
 pa

r d
es

 pr
air

ies
 (d

on
t p

lus
 d’u

n t
ier

s 
de

 m
oi

ns
 d

e 
7 a

ns
) lo

ca
lis

ée
s p

rin
ci

pa
le-

m
en

t  
su

r l
es

 p
en

te
s 

et
 d

an
s 

les
 fo

nd
s 

de
 v a

llé
es

, 
•  e

t 3
1 %

 pa
r d

’au
tre

s c
ult

ur
es

 (b
lé 

/ o
léo

- 
pr

ot
éa

gi
ne

ux
, a

ut
re

s).
 

Le
 m

ai
lla

ge
 b

oc
ag

er
 r e

st
e 

de
ns

e 
(7 

68
9 

km
, -

1 1
74

 k
m

 p
ar

 ra
pp

or
t à

 
20

18
) e

t s
e 

m
ai

nt
ie

nt
 a

ut
ou

r d
es

 v
illa

ge
s 

et
 d

es
 h

am
ea

ux
 a

in
si 

qu
’en

 
lim

ite
 d

’ex
pl

oi
ta

tio
ns

 a
gr

ic
ole

s.

En
 2

05
0,

 le
s 

no
uv

ell
es

 su
rfa

ce
s u

rb
an

isé
es

 to
ta

lis
en

t 1
5 1

39
 h

a 
(co

nt
re

 12
 84

4 
ha

 e
n 

20
18

) e
t s

e 
di

st
ri

bu
en

t 
au

to
ur

 d
es

 p
ôl

es
 

ur
ba

in
s 

et
 d

an
s 

le
s 

ca
m

pa
gn

es
. L

’ab
an

do
n 

a 
pr

og
re

ss
é 

à 
la

 fa
ve

ur
 

d’u
ne

 lé
gè

re
 dé

pr
ise

 ag
ric

ole
 de

 + 
2 3

34
 ha

 (7
79

1 h
a e

n 2
01

8).

Ea
u

Ur
ba

in

Ar
bu

st
es

Fo
rê

t m
ix

te

Fo
rê

t d
e 

fe
ui

llu
s

Bl
é

Ma
ïs

Au
tre

s 
cu

ltu
re

s

Pr
ai

rie
 te

m
po

ra
ire

Pr
ai

rie
 p

er
m

an
en

te

S
u

rf
a

c
e
 e

n
 h

a

236

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



16

Le
 pa

ys
ag

e e
n  

20
50

Le
s p

ra
iri

es
 se

 m
ai

nt
ie

nn
en

t u
ni

qu
em

en
t 

en
 b

or
du

re
 d

es
 c

ou
rs

 d
’ea

u,
 d

an
s 

les
 

zo
ne

s 
hu

m
id

es
 m

oi
ns

 p
ro

pi
ce

s 
à 

la 
cé

-
ré

ali
cu

ltu
re

. 
Le

s 
pl

at
ea

ux
, 

ou
ve

rts
, 

so
nt

 m
as

si
ve

-
m

en
t c

ult
ivé

s.

D
és

er
t 

cé
ré

al
ie

r

S
cé

n
ar

io

Le
s s

ur
fac

es
 ag

ric
ole

s (
1 3

02
 ha

) s
on

t c
ou

ve
rte

s  
:

• à
 25

 %
 pa

r d
u m

aïs
, 

• 1
5 %

 pa
r d

es
 pr

air
ies

 (d
on

t u
n t

ier
s d

e m
oin

s d
e 7

 an
s) 

• e
t 6

0 %
 pa

r d
’au

tre
s c

ult
ur

es
 (b

lé 
/ o

léo
-p

ro
téa

gin
eu

x, 
au

tre
s).

Le
 b

oc
ag

e 
ne

 to
ta

lis
e 

pl
us

 q
ue

 6
 90

3 
km

 d
e 

ha
ie

s. 
En

 2
05

0,
 le

s 
su

r -
fac

es
 ur

ba
nis

ée
s t

ota
lis

en
t 15

 41
0 h

a (
co

ntr
e 1

2 8
44

 ha
 en

 20
18)

, l’a
ba

n-
do

n a
 pr

og
res

sé
 de

 +6
 01

4 h
a (

7 7
91 

ha
 en

 20
18)

.

Bo
ca

ge
 

(L
in

éa
ire

 b
oi

sé
 e

n 
Km

)
Ra

tio
 

Su
rf

ac
e 

en
 H

er
be

 /
 S

AU
Su

rf
ac

e 
en

 m
aï

s 
(K

m
²)

20
18

8 9
15

41,
2 %

41
2

Dé
se

rt
 c

ér
éa

lie
r

6 9
03

15
,6 

%
32

4

 19
90

 
20

06
 

20
18

 
20

25
 

20
35

 
20

50

16
0 

00
0

14
0 0

00
12

0 
00

0

10
0 

00
0

80
 0

00

60
 0

00

40
 00

0
20

 0
00 0

Le
 ré

ci
t

Le
 d

év
el

op
pe

m
en

t 
te

rr
ito

ria
l 

po
ur

su
it 

le
s 

lo
gi

qu
es

 a
ct

ue
lle

s 
de

 
co

nc
ur

re
nc

e 
en

tr
e 

te
rr

ito
ire

s 
et

 d
’u

rb
an

is
at

io
n 

de
s 

zo
ne

s 
pé

riu
r-

ba
in

es
, c

ou
pl

é 
à 

un
e 

cé
ré

al
is

at
io

n 
du

 te
rr

ito
ire

. 
L’

id
en

tit
é 

ag
ric

ol
e 

fo
nd

ée
 s

ur
 la

 c
ér

éa
lis

at
io

n 
du

 te
rr

ito
ire

 s
’in

sc
rit

 
su

r 
un

e 
ru

pt
ur

e 
d’

id
en

tit
é 

as
se

z 
ne

tt
e,

 c
en

tr
ée

 s
ur

 la
 p

ro
du

ct
io

n 
én

er
gé

tiq
ue

, m
ai

s r
ep

os
an

t s
ur

 de
s g

er
m

es
 de

 ch
an

ge
m

en
t d

éjà
 à 

l’œ
uv

re
 en

 20
18

 en
 B

re
ta

gn
e.

Le
s 

cu
ltu

re
s 

de
 c

ér
éa

le
s 

(b
lé

, c
ol

za
, m

aï
s)

 s
e 

dé
ve

lo
pp

en
t m

as
si

ve
-

m
en

t p
ar

to
ut

. E
lle

s 
al

im
en

te
nt

 d
es

 u
si

ne
s 

de
 m

ét
ha

ni
sa

tio
n 

qu
i s

’im
-

pl
an

te
nt

 s
ur

 le
 b

as
si

n 
ve

rs
an

t. 
L’é

le
va

ge
, d

és
or

m
ai

s 
tr

ès
 li

m
ité

, n
’es

t p
lu

s 
vr

ai
m

en
t v

is
ib

le
 d

an
s 

le
 

pa
ys

ag
e :

 se
ule

s q
ue

lqu
es

 pr
air

ies
 se

 m
ain

tie
nn

en
t e

n f
on

d d
e v

all
ée

s 
et

 d
an

s 
le

s 
Es

pa
ce

s 
Na

tu
re

ls 
Se

ns
ib

le
s 

pr
ot

ég
és

. 
De

 m
êm

e,
 qu

elq
ue

s a
rb

re
s i

so
lés

 p
ar

sè
m

en
t l

es
 p

la
te

au
x. 

Le
s 

ha
ies

 on
t q

ua
sim

en
t d

isp
ar

u d
u p

ar
ce

lla
ire

 ag
ric

ole
 (-

2 0
12 

km
) : 

on
 n

’en
 tr

ou
ve

 p
lu

s q
u’e

n 
bo

rd
ur

e 
de

s l
ot

iss
em

en
ts

 q
ui

 se
 c

on
st

ru
is

en
t 

à 
la

 li
si

èr
e 

de
s 

bo
ur

gs
 h

is
to

riq
ue

s, 
en

 b
or

du
re

 d
es

 ro
ut

es
 o

u 
en

 li
m

ite
 

d’e
xp

lo
ita

tio
n 

ag
ric

ol
e.

 
En

 t
er

m
es

 d
’ur

ba
ni

sa
tio

n,
 l

es
 b

ou
rg

s 
s’é

te
nd

en
t 

à 
la

 f
av

eu
r 

de
 l

a 
co

ns
tr

uc
tio

n 
de

 lo
tis

se
m

en
ts

 d
e 

m
ai

so
ns

 in
di

vi
du

el
le

s.
 L

a 
ré

no
va

-
tio

n 
ur

ba
ine

 e
xis

te
 m

ais
 re

ste
 lim

ité
e 

: d
es

 b
ât

im
en

ts 
ag

ric
ole

s s
on

t 
tr a

ns
fo

rm
és

 au
 pr

ofi
t d

’un
 us

ag
e r

és
ide

nt
iel

. P
ar

all
èle

me
nt

, le
s z

on
es

 
ar

tis
an

ale
s e

t é
co

no
m

iq
ue

s p
ou

rs
ui

ve
nt

 le
ur

 d
év

el
op

pe
m

en
t l

e 
lo

ng
 

de
 l’a

ut
or

ou
te

 A
84

.  
Le

 c
ha

ng
em

en
t i

m
po

rta
nt

 ré
si

de
 d

an
s 

la
 c

ré
at

io
n 

de
 ré

se
rv

oi
rs

 e
t d

e 
re

te
nu

es
 c

ol
lin

ai
re

s. 
En

 e
ffe

t, 
ac

ce
nt

ué
es

 p
ar

 le
s 

ef
fe

ts
 d

u 
ch

an
ge

-
m

en
t c

lim
at

iq
ue

, l
es

 te
ns

io
ns

 s
ur

 la
 r

es
so

ur
ce

 e
n 

ea
u 

au
gm

en
te

nt
 

du
 f

ai
t d

e 
la

 c
ér

éa
lis

at
io

n 
de

 l’
ag

ric
ul

tu
re

 s
ur

 le
 b

as
si

n 
ve

rs
an

t e
t 

de
 la

 c
ro

iss
an

ce
 d

ém
og

ra
ph

iq
ue

 d
e 

l’a
gg

lom
ér

at
ion

 re
nn

ais
e. 

Ce
s 

ou
vr

ag
es

 so
nt

 ai
ns

i fi
na

nc
és

 pa
r c

et
te

 de
rn

ièr
e.

S
u

rf
a

c
e
 e

n
 h

a

Ea
u

Ur
ba

in

Ar
bu

st
es

Fo
rê

t m
ix

te

Fo
rê

t d
e 

fe
ui

llu
s

Bl
é

Ma
ïs

Au
tre

s 
cu

ltu
re

s

Pr
ai

rie
 te

m
po

ra
ire

Pr
ai

rie
 p

er
m

an
en

te

237

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



17

P
er

fo
rm

an
ce

 é
n

er
g

ét
iq

u
e

S
cé

n
ar

io

Le
 p

ay
sa

ge
 en

 20
50

Le
s p

ra
iri

es
 se

 m
ai

nt
ie

nn
en

t u
ni

qu
em

en
t 

en
 b

or
du

re
 d

es
 c

ou
rs

 d
’ea

u,
 d

an
s 

les
 

zo
ne

s 
hu

m
id

es
 m

oi
ns

 p
ro

pi
ce

s 
à 

la 
cé

-
ré

ali
cu

ltu
re

. 
Le

s p
la

te
au

x, 
ou

ve
rts

, s
on

t m
as

si
ve

m
en

t 
cu

lti
vé

s 
et

 p
ar

se
m

és
 d

’éo
lie

nn
es

. 

Le
s s

ur
fac

es
 ag

ric
ole

s (
1 3

02
 ha

) s
on

t c
ou

ve
rte

s :
• à

 25
 %

 pa
r d

u m
aïs

, 
• 1

5 %
 pa

r d
es

 pr
air

ies
 (d

on
t u

n t
ier

s d
e m

oin
s d

e 7
 an

s) 
• e

t 6
0 %

 pa
r d

’au
tre

s c
ult

ur
es

 (b
lé 

/ o
léo

-p
ro

téa
gin

eu
x, 

au
tre

s).
Le

 b
oc

ag
e 

ne
 to

ta
lis

e 
pl

us
 q

ue
 6

 94
2 k

m
 d

e 
ha

ie
s. 

En
 2

05
0,

 le
s 

su
rfa

ce
s 

ur
ba

ni
sé

es
 t

ot
ali

se
nt

 1
4 7

77
 h

a 
(c

on
tre

 
12 

84
4 

ha
 e

n 
20

18)
, l’

ab
an

do
n 

a 
pr

og
re

ss
é 

de
 +

68
04

 h
a 

(7 7
91 

ha
 

en
 20

18
).

Bo
ca

ge
 

(L
in

éa
ire

 b
oi

sé
 e

n 
Km

)
Ra

tio
 

Su
rf

ac
e 

en
 H

er
be

 /
 S

AU
Su

rf
ac

e 
en

 m
aï

s 
(K

m
²)

20
18

8 9
15

41,
2 %

41
2

Pe
rf

or
m

an
ce

én
er

gé
tiq

ue
6 9

42
15

,6 
%

32
4

 19
90

 
20

06
 

20
18

 
20

25
 

20
35

 
20

50

16
0 

00
0

14
0 0

00
12

0 
00

0

10
0 

00
0

80
 0

00

60
 0

00

40
 00

0
20

 0
00 0

Le
 ré

ci
t

Le
 d

év
el

op
pe

m
en

t 
te

rr
ito

ria
l 

s’o
rg

an
is

e 
au

to
ur

 d
e 

la
 t

ra
ns

iti
on

 
én

er
gé

tiq
ue

 e
t e

st
 e

n 
co

hé
re

nc
e 

av
ec

 le
 d

év
elo

pp
em

en
t a

gr
ico

le 
ca

ra
ct

ér
isé

 pa
r u

n d
év

elo
pp

em
en

t d
e l

a c
ér

éa
lis

at
ion

 et
 de

s fi
liè

re
s 

dé
di

ée
s à

 la
 pr

od
uc

tio
n é

ne
rg

ét
iq

ue
 (b

iom
as

se
 vé

gé
ta

le)
.

La
 cr

ise
 de

 20
14

 à 
20

16
 av

ait
 pr

éfi
gu

ré
e d

e p
ro

fo
nd

s c
ha

ng
em

en
ts 

av
ec

 
le

s 
di

sp
ar

iti
on

s 
de

 p
et

ite
s 

ex
pl

oi
ta

tio
ns

 la
iti

èr
es

 m
ai

s 
ég

al
em

en
t d

e 
gr

os
se

s 
ex

pl
oi

ta
tio

ns
 la

iti
èr

es
 q

ui
 é

ta
ie

nt
 e

n 
ph

as
e 

de
 c

on
ve

rs
io

n 
à 

l’a
gr

icu
ltu

re
 bi

olo
giq

ue
. L

e 
co

nt
ex

te
 m

ac
ro

-é
co

no
m

iq
ue

, la
 d

ém
og

ra
-

ph
ie

 a
gr

ic
ol

e 
et

 la
 P

AC
 e

ng
en

dr
en

t u
ne

 fo
rt

e 
di

m
in

ut
io

n 
du

 n
om

br
e 

d’ a
gr

ic
ul

te
ur

s 
su

r l
e 

te
rr

ito
ire

. L
es

 re
pr

is
es

 p
ar

 d
e 

gr
an

ds
 c

ér
éa

lie
rs

 
No

rm
an

ds
 o

u 
de

 la
 B

ea
uc

e 
en

ge
nd

re
nt

 u
n 

ag
ra

nd
is

se
m

en
t 

de
s 

ex
-

pl
oi

ta
tio

ns
 e

t u
n 

dé
ve

lop
pe

m
en

t d
es

 fi
liè

re
s é

ne
rg

ét
iq

ue
s c

ou
pla

nt
 

én
er

gi
e 

éo
lie

nn
e 

et
 b

io
m

as
se

 a
gr

ic
ol

e :
 

U
le

 m
aï

s 
al

im
en

te
 d

e 
gr

os
 m

ét
ha

ni
se

ur
s 

im
pl

an
té

s 
su

r l
e 

te
rr

ito
ire

 
U

les
 fi

liè
re

s b
lé 

et
 co

lza
 as

su
re

nt
 la

 pr
od

uc
tio

n d
’ag

ro
-c

ar
bu

ra
nt

s. 
Ce

rta
in

es
 e

xp
lo

ita
tio

ns
 p

os
sè

de
nt

 le
ur

 p
ro

pr
e 

un
ité

 d
e 

m
ét

ha
ni

sa
tio

n.
 

Le
 la

it 
iss

u 
de

 la
 fi

liè
re

 in
du

str
iel

le 
cla

ss
iqu

e 
dé

cl
in

e 
du

 f
ai

t 
de

 la
 

co
nc

ur
re

nc
e 

de
s P

EC
O 

(P
ay

s d
’Eu

ro
pe

 C
en

tra
le

 e
t O

rie
nt

al
e)

 p
lu

s c
om

-
pé

tit
ifs

. L
a 

pr
od

uc
tio

n 
de

 la
it 

bi
o 

lo
ca

l a
ug

m
en

te
 m

êm
e 

si
 e

lle
 re

st
e 

m
in

im
e,

 d
e 

m
êm

e 
qu

e 
la

 v
ia

nd
e 

lo
ca

le
, e

n 
ré

po
ns

e 
à 

la
 d

em
an

de
 d

es
 

ha
bi

ta
nt

s 
du

 t
er

rit
oi

re
. L

es
 e

xp
loi

ta
tio

ns
 e

n 
ag

ric
ult

ur
e 

bi
olo

giq
ue

 
pr

at
iq

ue
nt

 p
ou

r u
ne

 la
rg

e 
pa

rti
e 

d’e
nt

re
 e

lle
s 

la
 v

en
te

 d
ire

ct
e.

 
L’

ur
ba

ni
sa

tio
n 

se
 ré

al
is

e 
pr

in
ci

pa
le

m
en

t d
an

s 
l’a

gg
lo

m
ér

at
io

n 
Fo

ug
e -

ra
is

e,
 d

an
s 

de
 n

ou
ve

au
x 

 é
co

qu
ar

tie
rs

 (p
et

its
 c

ol
le

ct
ifs

) à
 é

ne
rg

ie
 

po
si

tiv
e 

ou
 d

an
s 

le
 c

ad
re

 d
’op

ér
at

io
ns

 d
e 

ré
no

va
tio

n 
 à

 h
au

te
 p

er
-

fo
rm

an
ce

 é
ne

rg
ét

iq
ue

 p
ré

vu
es

 d
an

s 
le 

SC
oT

, f
av

or
isa

nt
 la

 d
en

sifi
-

ca
tio

n.
 L

e 
zé

ro
 a

rti
fic

ial
isa

tio
n 

es
t a

tte
in

t e
n 

20
45

. L
a 

gé
né

ra
lis

a-
tio

n 
du

 té
lé

tra
va

il 
vi

sa
nt

 à
 m

in
im

is
er

 le
s 

dé
pe

ns
es

 é
ne

rg
ét

iq
ue

s 
de

s 
m

ig
r a

tio
ns

 p
en

du
la

ire
s 

pa
rti

ci
pe

 é
ga

le
m

en
t 

à 
un

e 
ur

ba
ni

sa
tio

n 
de

s 
pô

le
s 

ur
ba

in
s 

et
 d

es
 z

on
es

 p
ro

ch
es

 d
u 

lit
to

ra
l, p

lu
s 

at
tra

ct
iv

es
. 

Ea
u

Ur
ba

in

Ar
bu

st
es

Fo
rê

t m
ix

te

Fo
rê

t d
e 

fe
ui

llu
s

Bl
é

Ma
ïs

Au
tre

s 
cu

ltu
re

s

Pr
ai

rie
 te

m
po

ra
ire

Pr
ai

rie
 p

er
m

an
en

te

S
u

rf
a

c
e
 e

n
 h

a

238

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



18

2
0

50
2

0
18

F
il

 d
e 

l’e
au

D
és

er
t 

cé
ré

al
ie

r
P

er
fo

rm
an

ce
 

én
er

g
ét

iq
u

e

D
o

u
b

le
 

p
er

fo
rm

an
ce

A
tt

ra
ct

iv
it

é 
ve

rt
e

C
o

m
p

ar
ai

so
n

 d
es

 i
m

ag
es

 d
u

 f
u

tu
r

Ea
u

Ur
ba

in

Ar
bu

st
es

Fo
rê

t m
ix

te

Fo
rê

t d
e 

fe
ui

llu
s

Bl
é

Ma
ïs

Au
tre

s 
cu

ltu
re

s

Pr
ai

rie
 te

m
po

ra
ire

Pr
ai

rie
 p

er
m

an
en

te

239

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



19

Ce
tt

e 
ca

rt
e 

m
on

tr
e 

le
s 

zo
ne

s 
où

 l’
ur

ba
ni

sa
tio

n 
es

t s
us

ce
pt

ib
le

 d
e 

se
 p

ro
du

ire
 à

 l’
ho

riz
on

 2
05

0 
po

ur
 u

n 
ou

 pl
us

ieu
rs

 sc
én

ar
ios

. 
En

 r
os

e 
cl

ai
r 

so
nt

 r
ep

ré
se

nt
ée

s 
le

s 
zo

ne
s 

ur
ba

ni
sé

es
 d

an
s 

un
 s

eu
l s

cé
na

rio
, l

es
 te

in
te

s 
ja

un
e,

 v
er

t e
t 

ro
se

 fo
nc

é, 
les

 zo
ne

s q
ui

 so
nt

 ur
ba

ni
sé

es
 da

ns
 pl

us
ieu

rs
 sc

én
ar

ios
. 

Le
 rô

le
 m

aj
eu

r d
es

 a
xe

s 
m

aj
eu

rs
 d

e 
co

m
m

un
ic

at
io

n

L’u
rb

an
is

at
io

n 
si

m
ul

ée
 d

an
s 

le
s 

5 
sc

én
ar

io
s 

m
on

tre
 u

ne
 a

tt
ra

ct
iv

ité
 d

e 
l’a

gg
lo

m
ér

at
io

n 
de

 F
ou

gè
re

s 
et

 
de

s 
co

m
m

un
es

 p
ro

ch
es

 d
e 

l’a
ut

or
ou

te
 (S

ai
nt

-A
ub

in
-d

u-
Co

rm
ie

r, 
Sa

in
t-

Br
ic

e-
en

-C
og

lè
s, 

Sa
in

t-
Et

ie
nn

e-
en

-
Co

gl
ès

, S
ai

nt
-J

am
es

, .
..)

. L
es

 c
om

m
un

es
 q

ui
 s

up
po

rte
ro

nt
 le

 p
lu

s 
pr

ob
ab

le
m

en
t l

’ex
te

ns
io

n 
ur

ba
in

e 
so

nt
 le

s 
co

m
m

un
es

 p
ré

se
nt

an
t u

ne
 a

cc
es

si
bi

lit
é 

él
ev

ée
 a

ux
 p

ôl
es

 u
rb

ai
ns

 d
u 

ba
ss

in
 v

er
sa

nt
 (F

ou
gè

re
s)

 e
t e

n 
de

ho
rs

 
(R

en
ne

s)
. A

in
si

, l
es

 c
om

m
un

es
 à

 l’o
ue

st
 d

u 
ba

ss
in

 v
er

sa
nt

 e
t p

lu
s 

él
oi

gn
ée

s 
du

 ré
se

au
 ro

ut
ie

r r
ap

id
e 

vo
ie

nt
 

le
ur

 d
év

el
op

pe
m

en
t u

rb
ai

n 
pl

us
 li

m
ité

. 

Id
en

tifi
ca

tio
n 

de
 zo

ne
s p

ot
en

tie
lle

s d
’en

je
ux

•  L
es

 z
on

es
 p

ré
se

nt
an

t l
es

 te
in

te
s 

ve
rt 

et
 ro

se
 fo

nc
é 

co
rr

es
po

nd
en

t a
ux

 z
on

es
 le

s 
pl

us
 s

us
ce

pt
ib

le
s 

d’ê
tr

e 
ur

ba
ni

sé
es

 à 
l’a

ve
ni

r q
ue

lle
 qu

e s
oit

 l’e
ffi

ca
cit

é d
es

 de
s S

Co
T a

do
pt

és
. 

•  L
es

 zo
ne

s p
ré

se
nt

an
t l

es
 te

in
te

s l
es

 p
lu

s c
la

ire
s c

or
re

sp
on

de
nt

 a
ux

 e
sp

ac
es

 s
us

ce
pt

ib
le

s 
d’ê

tr
e 

ur
ba

ni
sé

s 
su

iv
an

t l
es

 é
vo

lu
tio

ns
 p

os
si

bl
es

 d
es

 c
ho

ix
 s

oc
ié

ta
ux

 e
n 

m
at

iè
re

 d
e 

m
od

es
 d

’ha
bi

te
r (

“s
e 

m
et

tre
 a

u 
ve

rt”
 

vs
. “e

ffi
ca

cit
é é

ne
rg

ét
iqu

e d
es

 ce
nt

ra
lité

s”)
 et

 de
s g

ou
ve

rn
an

ce
s 

lo
ca

le
s 

en
 m

at
iè

re
 d

’ur
ba

ni
sa

tio
n 

(“c
oo

-
pé

ra
tio

n 
in

te
rc

om
m

un
al

e”
 v

s. 
“c

om
pé

tit
io

n 
en

 m
at

iè
re

 d
’at

tra
ct

iv
ité

 c
om

m
un

al
e”

).

Ce
rta

in
es

 d
e 

ce
s 

zo
ne

s 
pe

uv
en

t n
e 

pr
és

en
te

r a
uc

un
e 

co
nt

ra
in

te
 p

ar
tic

ul
iè

re
. D

’au
tre

s 
pe

uv
en

t f
ai

re
 l’o

bj
et

 
d’e

nje
ux

 pa
ys

ag
er

s, 
éc

olo
giq

ue
s o

u e
nc

or
e s

oc
iét

au
x à

 m
oy

en
 te

rm
e q

ui 
n’a

va
ien

t p
as

 ét
é i

de
nt

ifi
és

 ju
sq

u’à
 

m
ai

nt
en

an
t.

Pa
r e

xe
m

pl
e,

 a
ut

ou
r d

e 
Fo

ug
èr

es
, le

s 
zo

ne
s 

su
sc

ep
tib

le
s 

d’ê
tre

 u
rb

an
is

ée
s 

so
nt

, q
ue

lq
ue

 s
oi

t 
le

 s
cé

na
rio

, s
itu

ée
s 

da
ns

 d
es

 s
ec

te
ur

s 
pr

és
en

ta
nt

 u
ne

 fa
ib

le
 c

on
ne

ct
iv

ité
 é

co
lo

gi
qu

e.

Tr
am

e 
ve

rt
e 

et
 b

le
ue

Fo
ug

èr
es

Fo
ug

èr
es

L’
u

rb
an

is
at

io
n

 f
u

tu
re

au
cu

n 
sc

én
ar

io
un

 s
cé

na
rio

de
ux

 s
cé

na
rio

s
tr

oi
s 

sc
én

ar
io

s
qu

at
re

 sc
én

ar
ios

cin
q s

cé
na

rio
s

l’é
ta

t i
ni

tia
l

Ur
ba

ni
sé

 d
an

s

240

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



25 0

Oc
cu

re
nc

e 
an

né
e

25 0

Oc
cu

re
nc

e 
an

né
e

20

Un
e 

ba
is

se
 d

es
 re

nd
em

en
ts

 e
n 

cu
ltu

re
s

En
 ra

iso
n d

u c
ha

ng
em

en
t c

lim
at

iq
ue

, d
es

 ba
iss

es
 de

 re
nd

em
en

ts
 de

s c
ult

ur
es

 so
nt

 pr
év

ue
s :

  R
en

de
m

en
ts

 en
 m

aïs
 : -

5,2
%

 à 
-14

,9%
  R

en
de

m
en

ts
 en

 bl
é :

 -2
%

 à 
-5

%
Ce

s b
ais

se
s s

on
t c

om
pe

ns
ée

s p
ar

 l’a
ug

m
en

ta
tio

n d
es

 su
rfa

ce
s c

on
ce

rn
ée

s.

Ide
nt

ifi
ca

tio
n d

es
 zo

ne
s s

us
ce

pt
ibl

es
 d’

êt
re

le
s 

pl
us

 in
te

ns
iv

es

Ce
s 

illu
st

ra
tio

ns
 m

on
tre

nt
 le

s 
oc

cu
rr

en
ce

s 
po

ur
 le

 m
aï

s 
(e

n 
ha

ut
) e

t l
e 

bl
é 

(e
n 

ba
s)

, c
’es

t à
 d

ire
 le

 n
om

br
e 

de
 fo

is 
qu

’un
e 

pa
rc

el
le

 e
st

 re
co

uv
er

te
 p

ar
 c

es
 c

ul
tu

re
s 

su
r l

a 
pé

rio
de

 2
01

8 
20

50
 p

ou
r l

es
 s

cé
na

rio
s 

les
 p

lu
s 

in
te

ns
ifs

.

Qu
el

qu
e 

so
it 

l’in
te

ns
ifi

ca
tio

n a
gr

ico
le 

co
ns

id
ér

ée
, la

 p
la

in
e 

sit
ué

e 
da

ns
 la

 b
as

se
 va

llé
e 

du
 C

ou
es

no
n 

au
to

ur
 d

u 
m

ar
ai

s 
de

 S
ou

gé
al

, f
ai

sa
nt

 u
n 

ar
c 

de
 c

er
cle

 e
nt

re
 B

az
ou

ge
s 

la
 P

ér
ou

se
, A

nt
ra

in
, P

on
to

rs
on

 e
t P

le
in

e 
Fo

ug
èr

es
, 

es
t c

el
le

 q
ui

 d
ev

ra
it 

êt
re

 la
 p

lu
s 

in
te

ns
ive

 à
 l’a

ve
ni

r d
an

s 
le

 b
as

sin
 v

er
sa

nt
 d

u 
Co

ue
sn

on
. D

an
s 

un
e 

m
oi

nd
re

 
m

es
ur

e, 
le

 se
ct

eu
r a

u 
Su

d 
et

 à
 l’

Es
t d

e 
Fo

ug
èr

es
 s

er
a 

au
ss

i c
on

ce
rn

é.

Da
ns

 le
 ca

s d
’un

e i
nt

en
sifi

ca
tio

n l
ait

ièr
e, 

to
ut

e l
a p

ar
tie

 am
on

t d
u C

ou
es

no
n, 

ain
si 

qu
e l

e C
og

lai
s d

ev
ra

ien
t 

se
 dé

m
ar

qu
er

 fo
rte

m
en

t.

Le
 ri

sq
ue

 d’
un

e d
em

an
de

 ac
cr

ue
 de

s b
es

oin
s e

n e
au

po
ur

 l’i
rr

ig
at

io
n

Po
ur

 c
om

pe
ns

er
 la

 b
ai

ss
e 

de
s 

pr
éc

ip
ita

tio
ns

 q
ui

 im
pa

ct
er

a 
les

 re
nd

em
en

ts
, u

ne
 h

au
ss

e 
de

 la
 d

em
an

de
 e

n 
ea

u à
 de

s fi
ns

 d’
irr

iga
tio

n e
st 

pr
ob

ab
le.

 
Pa

r a
ille

ur
s, 

un
e 

ba
is

se
 p

lu
s 

fo
rt

e 
de

s 
re

nd
em

en
ts

 e
n 

bl
é 

do
it 

êt
re

 e
nv

isa
gé

e 
ca

r l
es

 im
pa

ct
s 

de
 la

 h
au

ss
e 

de
s 

pr
éc

ip
ita

tio
ns

 h
ive

rn
al

es
 (r

isq
ue

 d
’ér

os
io

n 
de

s 
so

ls)
 e

t p
rin

ta
ni

èr
es

 (r
isq

ue
 d

e 
ve

rs
e 

du
 b

lé
) n

e 
so

nt
 p

ris
 e

n 
co

m
pt

e 
ic

i.

Oc
cu

rr
en

ce
s 

en
 c

ér
éa

le
s

po
ur

 le
 s

cé
na

rio
 «

Pe
rf

or
m

an
ce

 é
ne

rg
ét

iq
ue

» 
pr

év
oy

an
t u

ne
 in

te
ns

ifi
ca

tio
n c

ér
éa

liè
re

Oc
cu

rr
en

ce
s 

en
 m

aï
s

po
ur

 le
 s

cé
na

rio
 «

Do
ub

le
 P

er
fo

rm
an

ce
»

pr
év

oy
an

t u
ne

 in
te

ns
ifi

ca
tio

n l
ai

tiè
re

P
er

fo
rm

an
ce

 
én

er
g

ét
iq

u
e

D
o

u
b

le
 

p
er

fo
rm

an
ce

In
te

ns
ifi

ca
ti

on
 a

gr
ic

ol
e

241

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



21

Pe
rt

e 
de

 c
on

ne
ct

iv
ité

 p
ar

 
ra

pp
or

t à
 20

18
 (e

n %
)

Co
nn

ec
tiv

ité

hu
m

id
e

bo
is

ée
pr

ai
ria

le
pa

ys
ag

èr
e

-1
3,0

8
-2

5,
28

-2
9,

31
-2

2,
55

-1
3,

47
-2

3,
44

-2
9,

94
-2

2,
28

42
,4

6
-9

,8
0

63
,75

+3
2,

13

-4
7,5

2
-3

2,
27

-8
7,5

2
-5

5,7
7

-4
8,

46
-3

3,
80

-8
7,4

2
-5

6,
56

P
er

fo
rm

an
ce

 é
n

er
g

ét
iq

u
e

A
tt

ra
ct

iv
it

é 
ve

rt
e

D
o

u
b

le
 p

er
fo

rm
an

ce

F
il

 d
e 

l’e
au

D
és

er
t 

cé
ré

al
ie

r

Im
pa

ct
 m

aj
eu

r
de

 l’a
gr

ic
ul

tu
re

L’a
gr

icu
ltu

re
 in

flu
e f

or
te

me
nt

 su
r l

es
 co

nn
ec

tiv
ité

s 
pa

ys
ag

èr
es

 f
ut

ur
es

. L
es

 s
cé

na
rio

s 
d’i

nt
en

sifi
ca

-
tio

n 
ag

ric
ol

e 
en

ge
nd

re
nt

 d
es

 p
er

te
s 

al
la

nt
 d

e 
-1

3 
à 

-4
8 

%
 de

 co
nn

ec
tiv

ité
 h

um
ide

, d
e -

25
 à 

-3
2 %

 de
 

co
nn

ec
tiv

ité
 b

ois
ée

 et
 d

e -
29

 à 
-8

7 %
 d

e c
on

ne
c-

tiv
ité

 p
ra

iri
al

e.
 L

e 
ve

rd
iss

em
en

t d
e 

la
 P

AC
 (A

ttr
ac

-
tiv

ité
 v

er
te

) p
er

m
et

tra
it 

un
e 

au
gm

en
ta

tio
n 

de
 +

42
 

à 
+6

3 
%

 d
e 

co
nn

ec
tiv

ité
s h

um
ide

 e
t p

ra
iri

ale
. L

a 
ré

gr
es

si
on

 d
u 

bo
ca

ge
 q

ue
lq

ue
 s

oi
t 

le
 s

cé
na

rio
, 

en
ge

nd
re

 u
ne

 p
er

te
 m

ini
ma

le 
de

 p
rè

s d
e 1

0 
%

 d
e 

co
nn

ec
tiv

ité
 b

oi
sé

e 
à 

l’h
or

iz
on

 2
05

0.

Un
e 

cé
ré

al
is

at
io

n 
de

 l’a
gr

ic
ul

tu
re

 d
im

in
ue

ra
it 

pa
r 

de
ux

 l
a 

co
nn

ec
tiv

ité
 p

ay
sa

gè
re

 g
lo

ba
le

, 
un

e 
in

-
te

ns
ifi

ca
tio

n 
lai

tiè
re

 à
 b

as
e 

de
 m

aïs
 e

ns
ila

ge
 u

ne
 

ba
iss

e d
e 2

2%
.

La
 c

on
ne

ct
iv

ité
pa

ys
ag

èr
e 

La
 c

on
ne

ct
ivi

té
 p

ay
sa

gè
re

 e
st 

dé
fin

ie 
ici

 p
ar

 la
 

so
m

m
e 

de
s 

co
nn

ec
tiv

ité
s 

di
te

s 
hu

m
id

es
, b

oi
sé

es
 

et
 p

ra
iri

ale
s 

, p
ou

r 
de

s 
es

pè
ce

s 
« p

ar
ap

lui
es

 »,
 

re
pr

és
en

ta
tiv

es
 d

’au
tre

s 
es

pè
ce

s 
in

fé
od

ée
s 

à 
ch

a-
cu

n 
de

 c
es

 m
ili

eu
x. 

La
 c

on
ne

ct
iv

ité
 re

pr
és

en
te

 le
s 

zo
ne

s 
de

 d
ép

la
ce

m
en

ts
 t

hé
or

iq
ue

s 
de

 c
ha

cu
ne

 
d’e

lle
s 

à 
pa

rti
r 

de
 le

ur
 z

on
es

 d
’ha

bi
ta

ts
 p

ré
fé

re
n-

tie
ls,

 d
e 

la
 p

er
m

éa
bi

lit
é 

du
 m

ili
eu

 e
t d

e 
le

ur
 c

ap
a-

ci
té

 d
e 

dé
pl

ac
em

en
t.

Le
s 

ca
rte

s 
su

iv
an

te
s 

re
pr

és
en

te
nt

 la
 c

on
ne

ct
iv

ité
 

pa
ys

ag
èr

e p
ou

r 2
01

8 e
t le

s c
inq

 sc
én

ar
ios

 :
• F

il 
de

 l’e
au

, 

• D
ou

bl
e 

pe
rf

or
m

an
ce

, 

• P
er

fo
rm

an
ce

 é
ne

rg
ét

iq
ue

, 

• D
és

er
t c

ér
éa

lie
r,

• A
ttr

ac
tiv

ité
 v

er
te

.

De
s S

Co
T e

ffi
ca

ce
s

po
ur

 p
ré

se
rv

er
les

 co
rri

do
rs

 éc
olo

giq
ue

s
du

 d
év

el
op

pe
m

en
t u

rb
ai

n

Si
 l’

on
 c

om
pa

re
 le

s 
sc

én
ar

io
s 

dé
se

rt 
cé

ré
al

ie
r 

/ 
pe

rf
or

m
an

ce
 é

ne
rg

ét
iq

ue
, i

l e
st

 p
os

si
bl

e 
de

 m
es

u-
re

r l
’im

pa
ct

 d’
un

 SC
oT

 tr
ès

 effi
ca

ce
 et

 bi
en

 re
sp

ec
-

té
: c

e s
on

t 0
,9 

%
 de

 co
nn

ec
tiv

ité
 hu

mi
de

 et
 1,6

 %
 

de
 c

on
ne

c t
iv

ité
 b

oi
sé

e 
en

 p
lu

s q
ui

 so
nt

 p
ré

se
rv

ée
s 

co
m

pa
ra

tiv
em

en
t a

u 
ca

s 
où

 c
el

ui
 c

i n
’es

t p
as

 b
ie

n 
re

sp
ec

té
. C

ela
 té

mo
ign

e 
do

nc
 d

e 
leu

r 
effi

ca
cit

é 
po

ur
 p

ré
se

rv
er

 le
s 

co
rr

id
or

s 
éc

ol
og

iq
ue

s 
du

 d
év

e -
lo

pp
em

en
t u

rb
ai

n.
L’i

m
pa

ct
 d

’un
 ch

an
ge

m
en

t d
e p

ré
fé

re
nc

es
 d

u 
lie

u 
de

 
vi

e 
de

s m
én

ag
es

 e
st

 d
u 

m
êm

e 
or

dr
e 

de
 g

ra
nd

eu
r.

P
er

fo
rm

an
ce

 é
n

er
g

ét
iq

u
e

A
tt

ra
ct

iv
it

é 
ve

rt
e

D
o

u
b

le
 p

er
fo

rm
an

ce
F

il
 d

e 
l’e

au
2

0
18

D
és

er
t 

cé
ré

al
ie

r

Im
p

ac
ts

 s
u

r 
la

 c
o

n
n

ec
ti

vi
té

 p
ay

sa
g

èr
e

Ma
x

Mi
n

Co
nn

ec
tiv

ité

242

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



22

Un
e i

nfl
ue

nc
e m

ar
qu

ée
du

 ch
an

ge
me

nt
 cl

im
at

iqu
e

Qu
el

s q
ue

 so
ie

nt
 le

s s
cé

na
rio

s d
e 

ch
an

ge
m

en
ts

 d
’oc

-
cu

pa
tio

n 
et

 d
’us

ag
e d

u 
so

l à
 20

50
, le

s q
ua

nt
ité

s d
’ea

u 
so

nt
 se

ns
ib

le
m

en
t i

m
pa

c t
ée

s p
ar

 le
 c

ha
ng

em
en

t c
li-

m
at

iq
ue

 a
ve

c 
un

 d
éb

it 
es

tiv
al 

pr
es

qu
e 

di
vis

é 
pa

r 
2 

en
 é

té
 e

t u
n 

dé
bi

t l
ég

èr
em

en
t s

up
ér

ie
ur

 e
n 

hi
ve

r 
pa

r r
ap

po
rt 

à 
20

18
.

Au
-d

elà
 d

es
 v

ale
ur

s 
dé

cr
ite

s, 
l’in

flu
en

ce
 d

u 
ch

an
-

ge
m

en
t 

cli
m

at
iq

ue
 c

on
st

itu
e 

un
e 

te
nd

an
ce

 lo
ur

de
, 

so
uv

en
t s

ou
s-

es
tim

ée
. C

et
te

 te
nd

an
ce

 d
ev

ra
it 

êt
re

 

la
 m

êm
e 

po
ur

 d
es

 s
cé

na
rio

s 
de

 c
ha

ng
em

en
t 

cli
-

m
at

iq
ue

 m
oi

ns
 e

xt
rê

m
es

 c
ar

 le
s 

ré
gi

m
es

 d
e 

pl
ui

es
 

so
nt

 id
en

tiq
ue

s 
po

ur
 le

s 
sc

én
ar

io
s 

RC
P 

4.
5 

et
 6

.0
. 

L’i
m

pa
ct

 s
ur

 le
s 

dé
bi

ts
 d

ev
ra

it 
êt

re
 m

al
gr

é 
to

ut
 p

lu
s 

lim
ité

.

En
fin

, la
 ha

us
se

 de
s t

em
pé

ra
tu

re
s d

e l
’ea

u, 
cu

mu
lée

 
au

x d
éb

its
 p

lu
s f

ai
bl

es
, p

ou
rra

ie
nt

 a
vo

ir 
de

s i
m

pa
ct

s 
m

aj
eu

rs
 su

r l
a 

fa
un

e 
aq

ua
tiq

ue
.

ni
 d

e 
la

 h
au

ss
e 

de
s 

pr
él

èv
em

en
ts

 d
’ea

u 
de

st
in

és
 à

 
l’a

lim
en

ta
tio

n 
en

 e
au

 p
ot

ab
le

 c
om

pt
e 

te
nu

 d
es

 é
vo

-
lu

tio
ns

 d
ém

og
ra

ph
iq

ue
s.

Le
s d

éb
its

 d
u 

sc
én

ar
ios

 «
 A

ttr
ac

tiv
ité

 ve
rte

 »
 so

nt
 

pr
ob

ab
le

m
en

t s
ou

s-
es

tim
és

 c
ar

 le
s 

ac
tio

ns
 d

e 
re

s-
ta

ur
at

io
n 

de
s 

zo
ne

s 
hu

m
id

es
 c

on
sid

ér
ée

s 
da

ns
 c

e 
sc

én
ar

io
 e

t p
er

m
et

ta
nt

 u
n 

so
ut

ie
n 

à 
l’é

tia
ge

 n
e 

so
nt

 
pa

s p
ris

es
 e

n 
co

m
pt

e 
no

n 
pl

us
.

Un
 ri

sq
ue

 ac
cr

u d
an

s
le

 c
ad

re
 d

es
 s

cé
na

rio
s 

d’i
nt

en
sifi

ca
tio

n a
gr

ico
le

Si
 le

s 
év

al
ua

tio
ns

 n
’on

t p
as

 é
té

 fa
ite

s 
po

ur
 le

s 
sc

é-
na

rio
s 

or
ie

nt
és

 v
er

s 
la

 p
ro

du
ct

io
n 

én
er

gé
tiq

ue
, l

es
 

v a
le

ur
s 

do
ive

nt
 ê

tre
 p

ro
ch

es
 d

es
 a

ut
re

s 
sc

én
ar

io
s 

en
 r

ais
on

 d
e 

l’in
flu

en
ce

 m
aje

ur
e 

du
 c

ha
ng

em
en

t 
cli

m
at

iq
ue

.

Ce
s é

va
lua

tio
ns

 n
e t

ien
ne

nt
 p

as
 co

mp
te 

de
 m

od
ifi

-
ca

tio
ns

 p
ro

ba
bl

es
 d

es
 p

ra
tiq

ue
s 

ag
ric

ol
es

 (c
ré

at
io

n 
de

 re
te

nu
es

 c
ol

lin
ai

re
s, 

po
m

pa
ge

s 
po

ur
 l’i

rri
ga

tio
n)

, 

Va
le

ur
s 

à 
l’e

xu
to

ire
Dé

bi
t e

st
iv

al
 

(m
3 /s

)
Dé

bi
t h

iv
er

na
l 

(m
3 /s

)
T°

3,0
1

10
,9

16
,5

° 
C

1,6
8

11,
4

17,
6°

 C

1,7
0

12
,73

17,
6°

 C

no
n 

ca
lc

ul
és

 p
ou

r c
es

 s
cé

na
rio

s

Va
le

ur
s 

es
tim

ée
s 

en
 p

ér
io

de
 e

st
iv

al
e

P
er

fo
rm

an
ce

 é
n

er
g

ét
iq

u
e

A
tt

ra
ct

iv
it

é 
ve

rt
e

D
o

u
b

le
 p

er
fo

rm
an

ce

F
il

 d
e 

l’e
au

2
0

18

D
és

er
t 

cé
ré

al
ie

r

Im
p

ac
ts

 s
u

r 
la

 q
u

an
ti

té
 d

’e
au

243

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



23

Un
e 

dé
gr

ad
at

io
n

de
 la

 q
ua

lit
é d

e l
’ea

u 
lié

e 
à 

l’é
vo

lu
tio

n 
de

s 
dé

bi
ts

Qu
el

s 
qu

e 
so

ie
nt

 le
s 

sc
én

ar
io

s 
de

 c
ha

ng
em

en
ts

 
d’o

cc
up

at
io

n 
et

 d
’us

ag
e 

du
 s

ol
 à

 2
05

0,
 la

 b
ai

ss
e 

de
s 

dé
bi

ts
 e

ng
en

dr
er

a 
un

e 
ha

us
se

 d
es

 c
on

ce
n-

tr
at

io
ns

 e
st

iv
al

es
 e

n 
po

llu
an

ts
 (e

ff
et

 s
iro

p)
.

L’ e
ns

em
bl

e 
de

s 
va

le
ur

s 
do

iv
en

t 
êt

re
 p

ris
es

 a
ve

c 
pr

éc
au

tio
n 

ca
r l

e 
m

od
èl

e 
ut

ili
sé

 n
’es

t p
as

 a
da

pt
é 

au
 

co
nt

ex
te

 b
re

to
n 

(p
as

 d
e 

pr
is

e 
en

 c
om

pt
e 

de
 l’é

vo
-

lu
tio

n 
du

 b
oc

ag
e,

 n
i d

e 
la

 r
es

ta
ur

at
io

n 
de

s 
zo

ne
s 

hu
m

id
es

). 
Pa

r 
co

nt
re

, e
lle

s 
pe

rm
et

te
nt

 d
’ém

et
tre

 
de

s 
hy

po
th

ès
es

 s
ur

 le
s 

m
ar

ge
s 

de
 m

an
œ

uv
re

.

 L
es

 n
itr

at
es

Le
s s

cé
na

rio
s d

’in
te

ns
ifi

ca
tio

n 
lai

tiè
re

 p
ré

vo
it 

un
e 

ha
us

se
 im

po
rta

nt
e 

de
s 

co
nc

en
tra

tio
ns

 a
zo

té
es

 e
n 

lie
n a

ve
c l

a h
au

ss
e n

et
te

 de
s e

ffl
ue

nt
s. 

L’é
vo

lut
ion

 
de

s 
us

ag
es

 a
gr

ic
ol

es
 v

er
s 

la
 tr

an
si

tio
n 

éc
ol

og
iq

ue
 

et
 la

 t
ra

ns
iti

on
 é

ne
rg

ét
iq

ue
 p

er
m

et
te

nt
 t

an
t 

bi
en

 
qu

e 
m

al
 d

e 
re

st
er

 s
ou

s 
la

 li
m

ite
 d

es
 5

0 
m

g/
L 

en
 

ni
tra

te
s. 

Né
an

m
oi

ns
, l

es
 c

on
ce

nt
ra

tio
ns

 m
en

tio
n -

né
es

 p
ou

r l
e 

sc
én

ar
io 

« 
At

tra
ct

ivi
té

 v
er

te
 »

 s
on

t 
pr

ob
ab

lem
en

t 
su

re
sti

mé
es

 : 
la 

re
sta

ur
at

ion
 d

es
 

zo
ne

s 
hu

m
id

es
 n

’es
t p

as
 p

ris
e 

en
 c

om
pt

e.
 

 L
e 

ph
os

ph
or

e
La

 p
ro

bl
ém

at
iq

ue
 d

’un
e 

po
llu

tio
n 

de
 l’

ea
u 

pa
r 

le
 

ph
os

ph
or

e 
ém

er
ge

 d
an

s 
le

 c
as

 d
es

 s
cé

na
rio

s 
d’i

nt
en

sifi
ca

tio
n 

ag
ric

ole
 u

niq
ue

me
nt

 q
ui 

au
ro

nt
 

po
ur

 c
on

sé
qu

en
ce

 d
e 

fa
ire

 é
m

er
ge

r 
de

s 
pr

o-
bl

èm
es

 d
’eu

tro
ph

is
at

io
n 

et
 e

ng
en

dr
er

 d
’im

po
r-

ta
nt

s 
su

rc
oû

ts
 d

e 
tra

ite
m

en
t. 

Si
 le

 m
od

èl
e 

te
nd

 
à 

so
us

-e
st

im
er

 le
s 

co
nc

en
tra

tio
ns

 e
n 

ph
os

ph
or

e,
 

se
ul 

le 
sc

én
ar

io 
« 

At
tra

ct
ivi

té
 v

er
te

 »
 p

er
me

t d
e 

m
ai

nt
en

ir 
de

s 
ta

ux
 id

en
tiq

ue
s 

à 
ce

ux
 r

en
co

nt
ré

s 
au

jo
ur

d’h
ui

.

 E
t l

es
 p

es
tic

id
es

 ?
Le

 m
od

èl
e 

ut
ili

sé
 n

e 
tra

ite
 p

as
 d

es
 p

es
tic

id
es

, 
m

al
he

ur
eu

se
m

en
t. 

Né
an

m
oi

ns
, u

ne
 f

or
te

 h
au

ss
e 

de
s 

co
nt

am
in

at
io

ns
 p

ar
 le

s 
pe

st
ic

id
es

 e
n 

qu
an

tit
é 

et
 e

n 
va

rié
té

 d
oi

t ê
tre

 c
on

si
dé

ré
e 

da
ns

 le
 c

as
 d

es
 

sc
én

ar
io

s 
or

ie
nt

és
 v

er
s 

la
 t

ra
ns

iti
on

 é
ne

rg
ét

iq
ue

 
co

m
pt

e 
te

nu
 d

e 
la

 f
or

te
 h

au
ss

e 
de

s 
su

rf
ac

es
 e

n 
cé

ré
al

es
 (t

ra
ite

m
en

ts
 s

éc
ur

ita
ire

s)
.

St
at

io
n

Co
ue

sn
on

 - 
An

tr
ai

n
Ni

tr
at

es
 (m

g/
L)

 
Ph

os
ph

or
e 

(m
g/

L)

Ob
s.

Sim
.

Ob
s.

Sim
.

3
4

2
4

0
,1

1
0
,0

7

7
9

0
,2

3
 ±

 0
.5

4
7

0
,1

2
 ±

 0
.3

4
7

0
,3

0
 ±

 0
.7

P
er

fo
rm

an
ce

 é
n

er
g

ét
iq

u
e

A
tt

ra
ct

iv
it

é 
ve

rt
e

D
o

u
b

le
 p

er
fo

rm
an

ce

F
il

 d
e 

l’e
au

2
0

18

D
és

er
t 

cé
ré

al
ie

r

Im
p

ac
ts

 s
u

r 
la

 q
u

al
it

é 
d

e 
l’e

au

244

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



24

C
o

n
cl

u
si

o
n

s 

Le
s T

ra
me

s V
er

te
 et

 Bl
eu

e :
un

 rô
le

 a
lla

nt
 a

u-
de

là
 

de
 la

 b
io

di
ve

rs
ité

 !

Le
 r

ôl
e 

de
s 

TV
B 

ne
 s

e 
lim

ite
 p

as
 à

 la
 b

io
di

ve
rs

i-
té

 (
pr

és
er

va
tio

n 
de

 c
on

ne
ct

iv
ité

s 
éc

ol
og

iq
ue

s)
. 

Le
ur

 m
ai

nt
ie

n 
/ 

pr
és

er
va

tio
n 

im
pl

iq
ue

 d
es

 u
sa

ge
s 

ag
ric

ol
es

 q
ui

 a
ur

on
t, 

pa
r 

in
ci

de
nc

e,
 d

es
 i

m
pa

ct
s 

po
si

tif
s 

su
r 

la
 r

es
so

ur
ce

 e
n 

ea
u 

(li
m

ita
tio

n 
de

s 
po

llu
tio

ns
 a

gr
ic

ol
es

 d
iff

us
es

, 
au

gm
en

ta
tio

n 
de

s 
ré

se
rv

es
 u

til
es

 e
t 

so
ut

ie
n 

à 
l’é

tia
ge

…
). 

D’a
ut

re
s 

év
al

ua
tio

ns
 d

oi
ve

nt
 ê

tre
 ré

al
is

ée
s 

su
r l

a 
ré

gu
la

tio
n 

de
s 

in
on

da
tio

ns
, l

a 
lim

ita
tio

n 
de

 l’é
ro

si
on

 d
es

 s
ol

s 
po

ur
 m

es
ur

er
 p

le
in

em
en

t 
le

s 
av

an
ta

ge
s 

qu
’el

le
s 

pr
oc

ur
en

t..
.

Un
e 

ha
us

se
 p

ro
ba

bl
e

de
s 

te
ns

io
ns

 s
ur

 l’e
au

 

Le
 c

ha
ng

em
en

t c
lim

at
iq

ue
 a

ur
a 

te
nd

an
ce

 à
 im

pa
c-

te
r 

le
s 

re
ss

ou
rc

es
 e

n 
ea

u,
 ta

nt
 s

ur
 le

s 
qu

an
tit

és
 

qu
e 

su
r 

la
 q

ua
lit

é ,
 d

an
s 

un
 c

on
te

xt
e 

te
nd

an
ci

el
 

de
 c

ro
iss

an
ce

 d
ém

og
ra

ph
iq

ue
 s

ur
 l

e 
te

rr
ito

ire
 

du
 C

ou
es

no
n 

et
 s

ur
 l’

ag
gl

om
ér

at
io

n 
re

nn
ai

se
 q

ue
 

le
 C

ou
es

no
n 

al
im

en
te

 e
n 

ea
u 

po
ta

bl
e.

 U
n 

im
pa

ct
 

fo
rt 

du
 c

ha
ng

em
en

t c
lim

at
iq

ue
 p

ou
rra

it 
ré

du
ire

 
à 

né
an

t 
de

s 
dé

ce
nn

ie
s 

d’a
m

él
io

ra
tio

n 
de

s 
pr

a -
tiq

ue
s a

gr
ico

les
. 

Co
mb

iné
 à

 u
ne

 in
te

ns
ifi

ca
tio

n 
ag

ric
ole

, la
 te

ns
ion

 
su

r l
’ea

u 
va

 s
’ac

ce
nt

ue
r d

’un
e 

pa
rt,

 e
n 

ra
is

on
 d

’un
e 

ha
us

se
 p

ro
ba

bl
em

en
t d

e 
la

 d
em

an
de

 e
n 

ea
u 

à 
de

s 
fin

s d
’ir

rig
at

io
n 

co
m

pt
e 

te
nu

 d
e 

l’im
pa

ct
 d

u 
ch

an
-

ge
m

en
t 

cl
im

at
iq

ue
 s

ur
 le

s 
re

nd
em

en
ts

, e
t 

d’a
ut

re
 

pa
rt,

 e
n 

ra
is

on
 d

e 
co

nt
am

in
at

io
ns

 n
ou

ve
lle

s 
en

 
ni

tra
te

s, 
ph

os
ph

or
es

 e
t p

es
tic

id
es

 s
el

on
 le

s 
or

ie
n-

ta
tio

ns
 l

ai
tiè

re
 o

u 
én

er
gé

tiq
ue

 d
es

 p
ro

du
ct

io
ns

 
ag

ric
ol

e s
.

Se
ul

 u
n 

m
ai

nt
ie

n 
de

s 
él

ém
en

ts
 c

on
st

itu
an

t 
la

 
Tr

am
e 

Ve
rte

 e
t B

le
ue

 p
eu

t l
im

ite
r l

es
 te

ns
io

ns
 fu

-
tu

re
s 

su
r c

et
te

 re
ss

ou
rc

e 
re

nf
or

ça
nt

 l’e
nj

eu
 m

aj
eu

r 
qu

e 
co

ns
tit

ue
 la

 r
es

ta
ur

at
io

n 
et

 l’
in

té
gr

at
io

n 
de

s 
zo

ne
s 

hu
m

id
es

 e
t d

u 
bo

ca
ge

 d
an

s 
le

s 
us

ag
es

 a
gr

i-
co

le
s 

et
 d

es
 c

ol
le

ct
iv

ité
s 

lo
ca

le
s. 

Le
s f

ac
te

ur
s d

e r
isq

ue
su

r l
’effi

ca
cit

é à
 m

oy
en

et
 lo

ng
 te

rm
e 

d’
un

 S
Co

T

  L
’ag

ric
ul

tu
re

 a 
un

e i
nfl

ue
nc

e m
aje

ur
e s

ur
 le

s 
co

nt
in

ui
té

s 
éc

ol
og

iq
ue

s, 
bi

en
 p

lu
s 

fo
rte

 q
ue

 l’
ur

-
ba

ni
sa

tio
n.

  S
i d

es
 le

vie
rs

 ne
 so

nt
 pa

s t
ro

uv
és

 po
ur

 in
flu

er
 

/ 
or

ie
nt

er
 lo

ca
le

m
en

t 
le

 d
év

el
op

pe
m

en
t 

ag
ric

ol
e 

de
s 

ce
rta

ine
s 

ex
plo

ita
tio

ns
, l

’effi
ca

cit
é 

de
s 

SC
oT

 
po

ur
ra

 ê
tre

 ré
du

ite
 à

 n
éa

nt
. 

  
L’é

vo
lu

tio
n 

de
s 

pr
éf

ér
en

ce
s 

de
s 

m
én

ag
es

 
en

 m
at

iè
re

 d
e 

lo
ge

m
en

t (
à 

la
 c

am
pa

gn
e,

 lo
ge

m
en

t 
co

lle
ct

ifs
, e

tc
.) 

et
 la

 c
on

tin
ui

té
 e

t l
e 

vo
lo

nt
ar

is
m

e 
de

s 
po

lit
iq

ue
s 

lo
ca

le
s 

ap
rè

s 
de

s 
él

ec
tio

ns
 m

un
ic

i-
pa

le
s 

so
nt

 le
s 

pr
in

ci
pa

ux
 ri

sq
ue

s 
po

ur
 le

s 
SC

oT
.

Ré
co

nc
ili

er
 

«d
év

el
op

pe
m

en
t

te
rri

to
ria

l»
et

 «
ag

ric
ult

ur
e»

Le
s 

sc
én

ar
io

s 
cr

éé
s 

su
r 

le
 b

as
si

n 
ve

rs
an

t 
du

 
Co

ue
sn

on
 ill

us
tre

nt
 u

ne
 ré

ali
té

 : 
la

 fa
ib

le
 in

té
gr

a-
tio

n 
de

 l’a
gr

ic
ul

tu
re

 d
an

s 
le

 d
év

el
op

pe
m

en
t t

er
ri-

to
ria

l. L
e s

 p
ol

iti
qu

es
 e

n 
m

at
iè

re
 d

e 
dé

ve
lo

pp
em

en
t 

ur
ba

in 
so

nt
 dé

jà 
fo

rte
s e

t a
mb

iti
eu

se
s. 

Le
ur

 effi
ca

-
cit

é d
ép

en
d :

  d
e 

vi
si

on
s 

à 
lo

ng
 te

rm
e 

de
 l’a

m
én

ag
em

en
t d

u 
te

rr
ito

ire
 q

ue
lle

 q
ue

 s
oi

t 
la

 g
ou

ve
rn

an
ce

 t
er

rit
o-

ria
le

,  d
’un

e 
év

ol
ut

io
n 

pr
of

on
de

 d
u 

co
nt

ex
te

 p
ol

iti
-

co
-r

ég
le

m
en

ta
ire

 à
 l’

éc
he

lle
 d

e 
l’E

ur
op

e 
(P

AC
) 

et
 

de
 la

 R
ég

ion
 a

fin
 d

’év
ite

r q
ue

 le
s d

év
elo

pp
em

en
ts 

ag
ric

ol
es

 e
t 

te
rr

ito
ria

ux
 s

e 
po

ur
su

iv
en

t 
de

 f
aç

on
 

co
m

pl
èt

em
en

t s
ép

ar
ée

.

Au
jo

ur
d’h

ui
, i

l s
’ag

it 
de

 s
av

oi
r 

co
m

m
en

t 
ré

co
nc

i-
lie

r d
es

 e
nje

ux
 é

co
no

m
iq

ue
s 

ag
ric

ole
s 

glo
ba

ux
 

(à 
fo

rte
 te

nd
an

ce
 d

’in
te

ns
ifi

ca
tio

n) 
av

ec
 d

es
 e

n-
je

ux
 d

e 
ge

st
io

n 
te

rr
ito

ria
le

 in
té

gr
ée

 a
ux

 é
ch

el
le

s 
lo

ca
le

s ?

245

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



25

Un
 d

ét
er

m
in

is
m

e
gé

og
ra

ph
iqu

e f
av

or
ab

le 
? 

La
 g

éo
lo

gi
e,

 l’h
is

to
ire

 e
t l

a 
cu

ltu
re

 lo
ca

le
 p

ro
cu

re
nt

 
au

 C
ou

es
no

n 
un

e 
fo

rte
 id

en
tit

é 
de

 “t
er

re
 d

’él
ev

ag
e”

. 
Ils

 c
on

st
itu

en
t a

uj
ou

rd
’hu

i u
ne

 o
pp

or
tu

ni
té

 p
ou

r i
n-

ci
te

r 
à 

un
e 

tra
ns

iti
on

 é
co

lo
gi

qu
e 

fo
rte

, s
yn

on
ym

e 
de

 d
é v

el
op

pe
m

en
t 

du
ra

bl
e 

ca
r 

ce
rt

ai
ns

 s
ec

te
ur

s 
so

nt
 “n

at
ur

ell
em

en
t” 

fa
vo

ra
ble

s 
à 

un
e 

di
ve

rs
ifi

-
ca

tio
n 

et
 u

ne
 d

és
in

te
ns

ifi
ca

tio
n 

de
 l’a

gr
icu

ltu
re

. 
Né

an
m

oi
ns

, 
le

 c
ha

ng
em

en
t 

cl
im

at
iq

ue
 p

ou
rr

ai
t 

fr
ag

ili
se

r c
et

te
 tr

an
si

tio
n 

si
 c

el
le

-c
i n

’es
t p

as
 a

nt
i-

cip
ée

 su
ffi

sa
mm

en
t t

ôt
.

Li
m

ite
r

l’in
te

ns
ifi

ca
tio

n a
gr

ico
le 

?
La

 tr
an

sit
ion

 é
co

log
iq

ue
 n

e 
pe

ut
 ê

tre
 e

nv
isa

gé
e 

qu
’av

ec
 l’a

gr
icu

ltu
re

, p
rin

ci
pa

l a
ct

eu
r 

de
 la

 g
es

-
tio

n 
et

 d
e 

l’e
nt

re
tie

n 
de

s 
te

rr
ito

ire
s. 

La
 m

is
e 

en
 

pl
ac

e 
d’ u

ne
 p

ol
iti

qu
e 

in
té

gr
ée

 d
e 

m
es

ur
es

 d
’ai

de
s 

ou
 c

om
pe

ns
at

oi
re

s 
vi

sa
nt

 l
e 

m
ai

nt
ie

n 
de

s 
pr

ai
-

rie
s 

(p
er

m
an

en
te

s)
, d

es
 é

lé
m

en
ts

 a
rb

or
és

 e
t 

de
s 

zo
ne

s 
hu

m
id

es
 e

st
 in

di
sp

en
sa

bl
e 

po
ur

 li
m

ite
r 

le
s 

im
pa

ct
s 

né
ga

tif
s 

su
r l

es
 s

er
vi

ce
s 

éc
os

ys
té

m
iq

ue
s. 

Le
s 

mé
ca

nis
me

s 
à 

dé
fin

ir 
et

 à
 m

et
tre

 e
n 

œ
uv

re
 

ta
nt

 a
u 

ni
ve

au
 E

ur
op

ée
n 

qu
e 

ré
gi

on
al

, 
de

vr
on

t 
êt

re
 la

rg
em

en
t c

om
m

un
iq

ué
s 

à 
la

 p
op

ul
at

io
n 

po
ur

 
év

ite
r l

e 
“s

yn
dr

om
e 

de
s 

bo
nn

et
s 

ro
ug

e”
 (t

ax
e 

su
p -

pl
ém

en
ta

ire
). 

Il 
co

nv
ie

nd
ra

 d
an

s 
le

 m
êm

e 
te

m
ps

 
de

 f
ai

re
 é

vo
lu

er
 le

s 
SC

oT
, d

’in
no

ve
r 

en
 m

at
iè

re
 

de
 p

oli
tiq

ue
 d

e 
ge

st
ion

 te
rri

to
ria

le,
 p

ou
r i

nfl
ue

r 
su

r 
l’a

gr
ic

ul
tu

re
 p

ot
en

tie
lle

m
en

t 
so

us
 l

a 
fo

rm
e 

d’
in

ci
ta

tio
ns

, d
e 

co
nt

ra
in

te
s 

vo
ire

 d
’ai

de
s 

pa
rt

i -
ci

pa
tiv

es
.

Affi
ne

r e
t c

om
plé

te
r

le
s 

év
al

ua
tio

ns

Le
s s

itu
at

io
ns

 é
vo

qu
ée

s s
on

t p
ro

ba
bl

em
en

t c
ar

ic
a-

tu
ra

le
s, 

vo
lo

nt
ai

re
m

en
t e

xt
rê

m
es

 e
t n

e 
pr

és
en

te
nt

 
pa

s 
de

 s
itu

at
io

n 
id

é a
le

. C
et

 e
xe

rc
ic

e 
a 

le
 m

ér
ite

 
d’i

de
nt

ifi
er

 le
s 

te
nd

an
ce

s 
lou

rd
es

 e
t 

d’é
va

lue
r 

le
ur

 o
rd

re
 d

e 
gr

an
de

ur
. 

Ce
rta

in
es

 é
va

lu
at

io
ns

 
mé

rit
en

t d
’êt

re
 affi

né
es

, n
ot

am
me

nt
 su

r l
e r

ôle
 de

s 
él

ém
en

ts
 d

e 
la

 T
VB

 s
ur

 le
s 

re
ss

ou
rc

es
 e

n 
ea

u.
 Il

 
es

t 
ég

al
em

en
t 

in
di

sp
en

sa
bl

e 
de

 m
es

ur
er

 le
s 

im
-

pa
ct

s 
et

 re
to

m
bé

es
 é

co
no

m
iq

ue
s 

de
 c

ha
cu

n 
de

 
ce

s 
sc

én
ar

io
s, 

po
ur

 m
ie

ux
 é

va
lu

er
 le

s 
m

es
ur

es
 à

 
m

et
tre

 e
n 

œ
uv

re
 p

ou
r f

av
or

is
er

 u
n 

dé
ve

lo
pp

em
en

t 
pl

us
 d

ur
ab

le
.

De
 la

 n
éc

es
si

té
d’u

n 
Ob

se
rv

at
oi

re
Pr

os
pe

ct
if d

u P
ay

sa
ge

Au
-d

el
à 

de
 p

ro
je

ct
io

ns
 tr

ès
 c

on
tra

st
ée

s, 
il 

co
nv

ie
n-

dr
ai

t d
e 

m
et

tre
 e

n 
pl

ac
e 

un
 o

ut
il 

de
 v

ei
lle

 s
tr

at
é-

giq
ue

 (o
bs

er
va

to
ire

 p
ro

sp
ec

tif
 d

u 
pa

ys
ag

e 
?) 

afi
n 

de
 p

ou
vo

ir 
co

m
pa

re
r 

l’é
vo

lu
tio

n 
de

s 
ch

an
ge

m
en

ts
 

d’o
cc

up
at

io
n 

et
 d

’us
ag

e 
du

 s
ol

 p
ar

 ra
pp

or
t a

ux
 tr

a-
je

ct
oi

re
s 

de
s 

sc
én

ar
io

s 
pr

os
pe

ct
ifs

. E
n 

ef
fe

t, 
un

 
su

iv
i d

e s
 c

ha
ng

em
en

ts
 p

ay
sa

ge
rs

 à
 d

es
 é

ch
el

le
s 

fin
es

 p
er

me
ttr

ait
 d

’id
en

tifi
er

 d
e 

fa
ço

n 
pr

éc
oc

e 
les

 
fa

ct
eu

rs
 e

xp
lic

at
ifs

 d
’un

e 
év

ol
ut

io
n 

in
dé

si
ra

bl
e 

et
 

de
 lo

ca
lis

er
 d

es
 z

on
es

 p
ré

se
nt

an
t d

es
 tr

aj
ec

to
ire

s 
à 

ris
qu

e.

E
t 

ap
rè

s 
?

246

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



26

L’e
ns

em
bl

e 
de

s 
ch

er
ch

eu
rs

 i
m

pl
iq

ué
s 

da
ns

 le
 

pr
oj

et
 A

LI
CE

 r
em

er
ci

en
t 

ch
al

eu
re

us
em

en
t 

l’e
n-

se
m

bl
e 

de
s 

pa
rte

na
ire

s 
du

 p
ro

je
t, 

no
ta

m
m

en
t 

le
 S

AG
E 

Co
ue

sn
on

, a
in

si
 q

ue
 l

’en
se

m
bl

e 
de

s 

in
st

itu
tio

ns
 p

ub
liq

ue
s, 

as
so

cia
tio

ns
 e

t 
pe

r-
so

nn
es

 a
ya

nt
 p

ar
tic

ip
é 

au
x 

ré
un

io
ns

 p
ar

tic
ip

a-

tiv
es

 r
el

at
iv

es
 à

 la
 c

on
st

ru
ct

io
n 

de
s 

sc
én

ar
io

s 

pr
os

pe
ct

ifs
.

No
us

 re
m

er
ci

on
s 

le
 b

ur
ea

u 
d’é

tu
de

 S
GE

vT
 p

ou
r 

av
oi

r r
éa

lis
é 

et
 m

is
 à

 d
is

po
si

tio
n 

gr
ac

ie
us

em
en

t 

un
e 

ca
rto

gr
ap

hi
e 

de
s 

Tr
am

es
 V

er
te

 e
t B

le
u 

re
-

pr
en

an
t l

a 
m

êm
e 

m
ét

ho
de

 q
ue

 c
el

le
 u

til
is

ée
 p

ar
 

le
 s

yn
di

ca
t d

u 
SC

oT
 d

u 
Pa

ys
 d

e 
Fo

ug
èr

es
. 

No
us

 re
m

er
ci

on
s 

ég
al

em
en

t l
a 

Zo
ne

 A
te

lie
r A

r-

m
or

iq
ue

, d
isp

os
iti

f s
cie

nt
ifi

qu
e 

du
 C

NR
S, 

po
ur

 
av

oi
r 

m
is

 à
 d

is
po

si
tio

n 
de

s 
ba

se
s 

de
 d

on
né

es
 

de
 s

ui
vi

 à
 lo

ng
 te

rm
e 

de
s 

pa
ys

ag
es

.

En
fin

, 
no

us
 r

em
er

cio
ns

 l
’en

se
mb

le 
de

s 
pe

r-

so
nn

es
 p

ar
tic

ip
an

t 
au

x 
ré

un
ion

s 
pu

bli
qu

es
 

de
 r

es
tit

ut
io

n 
de

s 
ré

su
lta

ts
 li

és
 a

ux
 s

cé
na

rio
s 

pr
os

pe
ct

ifs
 “C

ou
es

no
n 

20
50

” p
ou

r l
eu

r i
nt

ér
êt

 e
t 

le
ur

 m
ob

ili
sa

tio
n.

 

Th
om

as
 H

OU
ET

, G
ae

ta
n 

PA
LK

A,
 R

ob
er

ta
 R

IG
O

   C
NR

S 
– 

UM
R 

LE
TG

 6
55

4 
Un

iv
er

si
té

 R
en

ne
s 

2

Ce
nd

rin
e M

on
y, 

Lu
cie

 Le
co

q
   U

MR
 E

CO
BI

O 
65

53
 C

NR
S 

Un
iv

er
si

té
 R

en
ne

s 
1

Hu
gu

es
 B

ou
ss

ar
d

   U
MR

 B
AG

AP
 IN

RA
e

 Sy
lvi

e L
e R

oy
   S

AG
E 

du
 C

ou
es

no
n

S
o

u
rc

es

•  Á
lva

re
z-

Ca
br

ia
, M

. &
 a

l. 
(2

01
6)

. M
od

el
lin

g 
th

e 
sp

a-
tia

l a
nd

 s
ea

so
na

l v
ar

ia
bi

lit
y 

of
 w

at
er

 q
ua

lit
y 

fo
r 

en
tir

e 
riv

er
 n

et
wo

rk
s 

: R
ela

tio
ns

hip
s 

wi
th

 n
at

u-
ra

l a
nd

 a
nt

hr
op

og
en

ic
 f

ac
to

rs
, 5

45
-5

46
(15

2-
16

2)
, 

Sc
ien

ce
 o

f 
th

e 
To

ta
l E

nv
iro

nm
en

t. 
ht

tp
s:/

/d
oi.

or
g/

10
.10

16
/j.

sc
ito

te
nv

.2
01

5.
12

.10
9 

•  H
ou

et
 T

., 
Gr

ém
on

t M
., 

Va
cq

ui
é 

L.
, F

or
ge

t Y
., 

Bo
ur

-
rie

r F
., 

Pe
lti

er
 A

., 
Pu

iss
an

t A
., 

Be
rn

ar
di

e 
S.

, G
ra

nd
-

je
an

 G
., 

(2
01

7)
 D

ow
ns

ca
lin

g 
sc

en
ar

io
s 

of
 f

ut
ur

e 
la

nd
 u

se
 a

nd
 la

nd
 c

ov
er

 c
ha

ng
es

 u
si

ng
 a

 p
ar

tic
i-

pa
to

ry
 ap

pr
oa

ch
 : a

n a
pp

lic
at

ion
 to

 m
ou

nt
ain

 ri
sk

 
as

se
ss

m
en

t 
in

 t
he

 P
yr

en
ee

s 
(F

ra
nc

e)
, 

Re
gi

on
al

 
En

vir
on

me
nt

al 
Ch

an
ge

, 1
7(8

): 
22

93
–2

30
7, 

ht
tp

://
lin

k.
sp

rin
ge

r.c
om

/a
rti

cl
e/

10
.10

07
/s

10
113

-0
17

-11
71

-z
 

•  M
ar

tín
ez

-L
óp

ez
, J

., 
K.

J.
 B

ag
st

ad
, S

. B
al

bi
, A

. M
a -

gr
ac

h,
 B

. 
Vo

ig
t, 

I. 
At

ha
na

si
ad

is
, 

M.
 P

as
cu

al
, 

S.
 

W
ill

co
ck

, a
nd

 F
. V

ill
a.

 2
01

9.
 T

ow
ar

ds
 g

lo
ba

lly
 c

us
-

to
m

iz
ab

le
 e

co
sy

st
em

 s
er

vi
ce

 m
od

el
s. 

Sc
ie

nc
e 

of
 

th
e 

To
ta

l E
nv

iro
nm

en
t 6

50
(2)

:23
25

-2
33

6. 
ht

tp
s:/

/
do

i.o
rg

/1
0.

10
16

/j.
sc

ito
te

nv
.2

01
8.

09
.3

71
 

•  P
al

ka
 e

t 
al

. 
(in

 P
re

p)
 S

im
ul

at
in

g 
in

te
ra

ct
io

ns
 

an
d 

fe
ed

ba
ck

s 
be

tw
ee

n 
la

nd
 u

se
 a

nd
 la

nd
 c

ov
er

 
ch

an
ge

s f
or

 p
ro

sp
ec

tiv
e 

sc
en

ar
io

s w
ith

 F
OR

ES
CE

M.

•  I
NS

EE
 A

na
lys

es
 B

re
ta

gn
e 

n°
89

 e
t 9

0

•  O
bs

er
va

to
ire

 F
on

ci
er

, A
UD

IA
R,

 J
an

vi
er

 2
01

8

P
ar

te
n

ai
re

s

R
em

er
ci

em
en

ts
A

u
te

u
rs

  &
  P

ar
te

n
ai

re
s

A
u

te
u

rs

247

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



27

N
o

te
s

248

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



co
nt

ac
t@

pr
oje

ct
-a

lic
e.c

om
ww

w.
pr

oje
ct

-a
lic

e.c
om

 

Th
om

as
 H

ou
et

Di
re

ct
eu

r d
e 

Re
ch

er
ch

es
 C

NR
S

UM
R 

LE
TG

-R
en

ne
s

Un
iv

er
si

té
 R

en
ne

s 
2

Th
om

as
.ho

ue
t@

un
iv-

re
nn

es
2.f

r

C
o

n
ta

ct
s 

 &
  C

h
er

ch
eu

r

Ve
rs

 u
ne

 m
ei

lle
ur

e 
ge

st
io

n

de
s 

pa
ys

ag
es

 a
tla

nt
iq

ue
s 

pa
r 

le
 d

év
el

op
pe

m
en

t

d’
ou

til
s 

de
 c

ar
ac

té
ri

sa
tio

n

de
 la

 b
io

di
ve

rs
ité

et
 d

es
 s

er
vi

ce
s 

éc
os

ys
té

m
iq

ue
s

Co
nc

ep
tio

n 
ré

al
is

at
io

n
w

w
w

.s
tu

di
oN

IK
O.

fr
 •

 0
2 

97
 5

7 
84

 2
1

Cr
éd

its
 p

ho
to

 
• 

Th
om

as
 H

O
U

ËT
 •

 P
iq

se
ls

.c
om

 •
 U

ns
pl

as
h

• 
Is

to
ck

 •
 V

ue
 d

e 
dr

ôn
e 

: S
tu

di
o 

N
IK

O
 

249

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



1.2 Norois and Houet’s article describing the socio-demographic

and geographical context of the Lestolet
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RÉSUMÉ. La réforme de la Politique Agricole Commune programmée en 2006 et la 
dévitalisation des campagnes provoquant un agrandissement prononcé des exploitations 
agricoles soulèvent la problématique de l’évolution des modes d’occupation des sols et de ses 
conséquences sur l’environnement. L’élaboration de scénarios prospectifs spatialisés à 
l’échelle locale constitue une méthode puissante pour donner une image des futurs possibles 
d’un territoire agricole. Lorsque celui-ci est porteur d’enjeux sur la gestion qualitative de l’eau 
(tel qu’un bassin versant), ces images peuvent aider les décideurs à mettre en place des actions 
de gestion de la ressource efficaces localement et durables. L’objectif de ce travail est 
d’évaluer l’influence respective de la réforme de la PAC et de l’agrandissement des 
exploitations agricoles sur les changements d’occupation des sols à l’aide de simulations 
dynamiques effectuées avec une plateforme de modélisation. Les résultats montrent que ces 
deux facteurs ont des conséquences différenciées sur les changements d’occupation des sols à 
l’échelle d’un petit bassin versant (1300 ha) : la direction, le rythme et la distribution spatiale 
des changements d’occupation et d’utilisation des sols diffèrent. 
 

ABSTRACT. The reform of the CAP which should come into force in 2006 and the 
depopulation in rural countries that induces significant enlargement of farms refer to the 
problematic of land use and land cover changes and its environmental impacts. Construction 
of prospective scenarios spatialized at a fine scale is a powerful method to provide alternative 
future images of an agricultural area. When this area is concerned by stakes of water quality 
management (like a watershed), these images may help decision-makers to implement 
efficient and sustainable water management policies. The aim of this paper is to evaluate 
respective influence of the 2006’s CAP reform and farm extensions on land use changes from 
dynamic simulations based on a modeling platform. Results show that these two factors have 
differentiated consequences on land use and cover changes at a little watershed scale (1300 
ha): direction, rythm and spatial distribution of land-use and landcover changes differ. 

 

MOTS-CLÉS : Prospective spatialisée, scénario, changements d’occupation du sol, 
simulations dynamiques, exploitation agricole, successions culturales. 

 

KEYWORDS: Spatial prospective, scenario, landcover changes, dynamic simulations, farm, 
crop successions. 
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Introduction 

Les changements actuels des usages des sols en région agricole intensive reflètent des 
stratégies d'acteurs multiples qui se situent à des échelles spatiales très différentes (Europe, 
Etat, Région, Commune, bassin versant). L’ensemble des variables économiques (Politique 
Agricole Commune, GATT1, OMC2, marchés, proximité des industries agro-alimentaires, 
etc.) et environnementales (Mesures Agri-Environnementales, Directive Cadre sur l’Eau, 
Schéma d’Aménagement et de Gestion des Eaux, Contrat Territoriaux d’Exploitation relayés 
par les Contrats d’Agriculture Durable, etc.) agissent de façon directe ou indirecte à l’échelle 
de l’exploitation agricole (Corgne, 2005 ; Houet et Hubert-Moy, 2004). L’agriculteur intègre 
l’ensemble de ces variables par les choix d’assolements qu’il réalise d’une année sur l’autre 
ou dans une vision à plus long terme afin de répondre à ses objectifs économiques, voire 
environnementaux.  

Les types d’occupation du sol au sein d’une exploitation agricole dépendent 
essentiellement du système de production adopté par l’exploitant. Suivant une typologie qui 
peut être plus ou moins détaillée, chaque système de production se caractérise par un 
assolement lui-même défini par les proportions de chacune des cultures principales réparties 
sur la surface agricole utile. Dans les régions d’élevage telle que la Bretagne, les prairies 
temporaires (ray-grass anglais ou italien), le maïs, les céréales et oléo-protéagineux 
constituent les cultures principales les plus courantes. Les exploitants agricoles raisonnent 
l’utilisation de leurs parcelles en fonction des conditions physiques du milieu (pente, type de 
sol, degré d’hydromorphie, etc.), mais aussi en fonction de l’organisation de leur travail 
(distance au siège d’exploitation, taille des parcelles, éclatement du parcellaire de 
l’exploitation, successions agronomiques) (Corgne, 2005). Les travaux de C. Thenail (1997) 
illustrent les modifications du système technique de production et de la gestion territoriale de 
l’exploitation dès lors qu’un évènement intervient (réforme, changement d’exploitant, etc.). 
Parmi ces évènements, les réformes de la PAC et les changements des structures foncières des 
exploitations constituent des moteurs forts dans les changements d’usage des terres. 
Toutefois, l’impact de ces évènements sur l’évolution de l’occupation du sol est assez mal 
connu, bien qu’ils participent pour une part non négligeable à la dégradation ou à 
l’amélioration des milieux, notamment à la qualité des sols et de la ressource en eau.  

L’élaboration de scénarios prospectifs constitue une méthode puissante pour s’interroger 
sur les devenirs possibles d’un territoire, et aider à la prise de décisions (Poux, 2003 ; Mermet 
et Poux, 2002 ; Poux et al., 2001). L’objectif de ce travail est d’évaluer quantitativement et 
spatialement l’influence respective de la réforme de la PAC et de l’agrandissement des 
exploitations agricoles sur les changements d’occupation des sols à l’échelle d’un bassin 
versant à l’aide de simulations dynamiques effectuées avec une plateforme de modélisation. 
Les simulations sont réalisées sur un bassin versant localisé en Bretagne centrale, le Lestolet, 
faisant l’objet d’un programme de reconquête de la qualité de l’eau, dans un contexte agricole 
où l’élevage bovin est dominant (Fig. 1). La localisation de zones à risque vis-à-vis des 
transferts de flux constitue un enjeu fort pour la préservation à moyen et long terme de la 
ressource en eau. 

Après avoir succinctement exposé comment la PAC 2006 et les modifications des 
structures foncières pourraient orienter l’évolution de l’occupation des sols à l’échelle d’une 
exploitation, l’expérience de modélisation permettant de produire des simulations selon 

                                                           
1 General Agreement on Tariffs and Trades 
2 Organisation Mondiale du Commerce 
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plusieurs scénarios contrastés sur le site d’étude est présentée et les premiers résultats relatifs 
à l’impact respectif de la PAC et du foncier sur l’occupation des sols sont montrés. 

 

Figure 1. Localisation du bassin versant du Lestolet et modes d’occupation des sols et 

délimitation des zones humides de fonds de vallées 1998 (Hubert-Moy et al., 2003) 

Figure 1. The Lestolet watershed location and its landcover and riparian wetlands 

boundaries in 1998 (Hubert-Moy et al., 2003) 

La PAC et l’évolution de la structure foncière des exploitations 

agricoles, facteurs d’évolution de l’occupation des sols 

Il s’agit de présenter l’impact de l’évolution des exploitations sur les types d’occupation 
des sols à travers l’évolution des assolements liée à la réforme de la PAC prévue en 2006 et 
leur agrandissement foncier. 

LA REFORME DE LA PAC DE 2006 ET SON INFLUENCE SUR L’OCCUPATION DES SOLS 

À L’ECHELLE DE L’EXPLOITATION AGRICOLE  

La réforme de la PAC constitue un facteur agissant sensiblement sur l’évolution des modes 
d’occupation des sols. Elle engendre des contraintes économiques auxquelles l’exploitant 
s’adapte, par exemple en modifiant son assolement. Les primes attribuées aux céréales et aux 
maïs fourragers dans le cadre de la PAC de 1992 se sont ainsi traduites en Bretagne par une 
augmentation de la part des cultures au détriment des prairies temporaires et naturelles mais 
suivant des ampleurs variables pour des secteurs aux paysages agraires et aux productions 
dominantes différentes (Hubert-Moy et al., 2003). 

La prochaine réforme de la PAC annoncée pour 2006 soulève aujourd’hui la problématique 
de son influence sur l’évolution des types d’occupation des sols d’un territoire (bassin de 
production, bassin versant, etc.) et de son incidence environnementale. Les stratégies 
d’adaptation des exploitations du Grand Ouest à la PAC 2006 et leurs impacts sur les types 
d’occupation des sols, le bocage et les zones humides, ont été déduites lors d’une réunion 
regroupant des experts3 en agronomie, en prospective, en écologie du paysage, sur 
l’agriculture bretonne, sur les zones humides et des gestionnaires de l’eau et de l’espace 
agricole. Ces stratégies ont ensuite été confortées à l’aide d’enquêtes de terrains ayant 
concernées 167 exploitations dispersées sur les quatre départements bretons (Geslot, 2005) et 
par des experts de l’ONIC4. 

                                                           
3 Les experts sollicités sont Xavier Poux (AScA / RGTE CIRED-ENGREF), Jacques Baudry (INRA-SAD 
Armorique) et Bernard Clément (ECOBIO) 
4 Office National Interprofessionnel des Céréales – Experts sollicités : Yves Bonhomme et Stéphanie Geslot 
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Pour une exploitation, deux stratégies antagonistes sont envisageables :  

– Dans le premier cas, la PAC incite à l’extension des systèmes herbagers, ce qui est 
synonyme d’une future désintensification de la production agricole. Le découplage total des 
aides permettrait alors aux exploitants de percevoir la même somme à l’hectare (à + ou – 25 
%) quels que soient les couverts implantés. Par exemple, dans le cas d’élevages laitiers et/ou 
allaitant, l’exploitant ayant beaucoup de terres pourrait faire le choix de baisser ses coûts de 
production par l’implantation d’herbages (passage à une gestion plus extensive). Dans le cas 
où l’exploitant est relativement proche de la retraite, n’a ni emprunt à rembourser ni 
repreneur, celui-ci pourrait tirer un revenu convenable de son activité et réduire 
considérablement sa charge de travail en implantant des prairies pour lesquelles les primes 
n’exigent qu’un entretien minimal (fauche annuelle ou semestrielle). 
– Dans le second cas, la PAC favorise l’implantation de céréales, ce qui se traduit par une 
intensification de la production. Dans le cas d’élevages laitiers, les exploitants ayant peu de 
terres, pourraient faire baisser le coût de leur production en augmentant la production laitière 
par vache. Ils devraient alors réduire légèrement leur cheptel augmentant ainsi la part de maïs 
fourrager par vache. Les surfaces en blé et autres céréales pouvant quant à elles légèrement 
augmenter afin d’assurer le versement de 100% des aides « grandes cultures ». Dans le cas 
d'exploitations n’ayant plus d’emprunts à rembourser et devant mettre leurs bâtiments 
d’élevages aux normes, les élevages pourraient disparaître, des céréales pouvant être 
implantées sur l’ensemble des terres labourables. Leur revenu proviendrait alors des marges 
réalisées sur les céréales à fortes valeurs ajoutées (blé, colza, chanvre, lin,…) ou d’autres 
cultures (légumes industriels, etc.). 

L’IMPACT DES CHANGEMENTS DE LA STRUCTURE FONCIERE DES EXPLOITATIONS 

Peu de recherches portent sur l’impact des changements de la structure foncière des 
exploitations sur l’usage des terres car les mécanismes qui régissent ces changements sont très 
mal connus. De plus, les données sur la structure foncière actuelle des exploitations sont 
difficilement accessibles. En outre, ces données ont été élaborées de façon très ponctuelle 
avant la mise en place récente des déclarations PAC à partir d’orthophotoplans ou des 
diagnostics phytosanitaires du territoire des exploitations, ce qui ne permet pas d’étudier 
précisément et de façon exhaustive les dynamiques du foncier agricole. 

La Bretagne connaît une forte diminution de sa population active agricole en Bretagne. Le 
nombre d’exploitations était de 92000 en 1988, contre 51200 en 2000 (Agreste, 1998 ; 
Agreste, 2001). Leur taille moyenne est passée de 33 ha en 2000 contre 19 ha en 1988. Dans 
un temps comparable (1985-1997), la proportion de surfaces en herbe (prairies temporaires et 
permanentes) par rapport à la SAU bretonne est passée de 47,3 % en 1985 à 39,5 % en 1997 ; 
celle des cultures (céréales + maïs fourrager) de 39,1 % à 48 % (Agreste, 1998). Ainsi, si 
l’agrandissement des exploitations a accompagné la hausse des cultures, l’existence d’une 
relation de causalité n’a jamais été démontrée. D’autres facteurs, comme la réforme de la PAC 
de 1992 où encore les quotas laitiers, sont mis en avant pour expliquer cette évolution (Houet 
et Hubert, 2004).  

Parmi les quelques travaux portant sur l’impact des changements des structures foncières 
sur l’utilisation des terres, ceux de C. Thenail et J. Baudry (2001) et J. Baudry et al., (2003) 
ont montré que l’exploitant est amené à adapter son assolement et ses règles d’allocation des 
cultures en fonction de la configuration spatiale de son exploitation (importance de sa surface 
agricole utile, distribution spatiale, taille et géométrie de ses parcelles en plus de leurs 
caractéristiques agronomiques). En résumé, les changements de la structure foncière des 
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exploitations modifient les règles d’usages des terres (allocation spatiale des cultures, 
utilisation des parcelles humides…). Mais les conséquences sur l’occupation des sols à 
l’échelle d’un territoire agricole (par exemple un bassin versant) n’ont pas encore été 
mesurées. 

Méthodologie  

Les simulations dynamiques et spatialement explicites sont effectuées sur le site du 
Lestolet à l’aide d’une plateforme de modélisation de paysages (L1) suivant des scénarios 
prospectifs contrastés. En fonction des stratégies d’adaptation à la réforme de la PAC 2006 et 
des modifications des structures foncières envisageables sur le site d’étude, trois scénarios ont 
été construits afin d’éclairer leur influence probable sur l’occupation agricole des sols à 
l’échelle du bassin versant. Le premier prolonge les évolutions actuellement observées ; le 
second est construit sur une hypothèse d’évolution vers un système herbager sous l’impulsion 
de la PAC du fait de la situation actuelle des exploitations du Lestolet sans prendre en compte 
les changements fonciers ; enfin le dernier fait évoluer les structures foncières sans considérer 
les changements d’assolement liés à la réforme de la PAC.  

PRESENTATION DU SITE D’ETUDE 

Le bassin versant du Lestolet, d’une superficie totale de 1320 ha, est situé dans le Sud-
ouest du département des Côtes d’Armor, en Centre Bretagne (Fig. 1). Territoire au bocage 
dense (124 m/ha en 1998) et aux zones humides de fonds de vallées très présentes (17 % du 
bassin versant), l’utilisation du sol est quasi-exclusivement agricole. Les communes couvrant 
le bassin versant s’inscrivent dans une dynamique de dévitalisation prononcée de son tissu 
démographique : leur densité de population baisse de -10 à -40 % entre 1982 et 1999, avec 
moins de 30 hab/km² en 1999 (INSEE, 1982 ; INSEE, 1999), et leur population agricole 
vieillit avec moins de 20 % d’actifs agricoles de plus de 55 ans en 1979 contre près de 60 % 
en 1999 (ONIC, 1979 ; ONIC, 2000).  

En 1998, 31 exploitations sont connues pour avoir tout ou partie de leurs terres sur le 
Lestolet5. Ce site se spécialise depuis le début des années 1980 dans l’élevage bovin, la 
production avicole ayant été affectée par les crises des années 1990 (Houet et Hubert-Moy, 
2004). Les exploitations « bovin lait/viande » sont largement dominantes (20) par rapport aux 
exploitations mixtes « bovin + volailles » (7) ; l’élevage hors-sol porcin ou avicole est peu 
présent (1 exploitation de chaque) ; les exploitations mixtes « bovin + porcs » sont peu 
nombreuses (2). Cela se traduit par une dominance des prairies temporaires (473 ha) et 
permanentes (178 ha) et des superficies en maïs et céréales plus faibles (respectivement 224 et 
198 ha). 

Enfin, le Lestolet fait l’objet d’un programme de reconquête de la qualité de l’eau 
(Bretagne Eau Pure) suite à la dégradation de ses eaux par les nitrates, qui a contribué à la 
mise aux normes des bâtiments d’élevage dans le cadre des Plans de Maîtrise des Pollutions 
d’Origine Agricole (PMPOA 1 et 2).  

                                                           
5 La cartographie des exploitations agricoles du Lestolet est soumise à une clause de confidentialité. 
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MODELISATION A TRAVERS LA PLATEFORME L1 

La plateforme L1 

La plateforme de modélisation L1 se présente comme un noyau commun de données, de 
connaissances et de méthodes (empiriques, statistiques, etc.) autour duquel gravitent des 
modèles (sous la forme de modules) dédiés à différentes applications (Fig. 2). La comparaison 
des plateformes de modélisation existantes en matière de simulation dynamique du paysage 
(Gaucherel et al., soumis ; Houet et Gaucherel, sous presse) a montré que la spécificité de L1 
tient dans la description discontinue et évolutive du paysage agraire sur le plan géométrique et 
attributaire, dans l’intégration des interactions entre des variables représentées à différentes 
échelles, d’une gestion souple de la dynamique temporelle (tous les pas de temps possibles) et 
d’une modélisation des décisions humaines et des forçages naturels (Gaucherel et Baudry, 
2004 ; Gaucherel et al., 2004a). Par comparaison, si la plateforme CORMAS (Bousquet et al., 
1998) gère particulièrement bien les processus socio-économiques et décisionnels à travers 
son système multi-agents, elle se concentre essentiellement sur la communication entre agents 
pour modéliser les dynamiques spatio-temporelles des activités humaines (Tyssot et al., 2005) 
et non sur l’évolution spatio-temporelle des composantes du paysage. De même, si le modèle 
CLUE (Veldkamp et Fresco, 1996 ; Verburg et al., 2002) gère particulièrement bien les 
relations multi-scalaires (modélisation de décisions politico-économiques, évènements 
climatiques, etc.), il ne permet pas d’actions géométriques (telles qu’un arasement de haie, 
une réunion de parcelles,etc.) et semble par corollaire peu adapté à restituer des scénarios 
d’évolution de modes d’occupation des sols à une échelle fine, celle de la parcelle. 

 
Figure 2. Architecture de la plateforme L1 (dans Gaucherel et al., 2004a, adapté) 

Figure 2. L1 platform architecture (in Gaucherel et al., 2004a, adapted) 

La généricité de la plateforme L1 lui permet d’être actuellement utilisée dans plusieurs 
domaines : la foresterie (Gaucherel et al., 2004b), l’écologie (flux de population) et l’écologie 
du paysage (Gaucherel et al., sous presse ; Viaud, 2004). L’application dédiée à la 
modélisation de l’évolution d’un paysage agricole bocager utilise des données spatiales et 
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temporelles. Les premières décrivent les composantes du paysage (parcellaire, bocage, 
occupation du sol, degré d’hydromorphie, limites spatiales et système de production des 
exploitations). Les secondes sont destinées à représenter les dynamiques d’évolution de ces 
composantes (évolution des exploitations, vitesse d’agrandissement du parcellaire, évolution 
des assolements par système de production, successions culturales, évolution de la densité 
bocagère, localisation et nombre d’arasements et de créations de haies, vitesse de fermeture et 
évolution de l’extension spatiale des zones humides de fonds de vallées). La simulation 
dynamique est issue de la réalisation, à un pas de temps annuel, de l’ensemble ou d’une partie 
des processus d’évolution des paysages agricoles bocagers (successions culturales, 
création/arasement de haies, reprise d’exploitation, etc.) et de leurs interactions 
spatiotemporelles. Par exemple, la reprise d’une exploitation par une exploitation voisine, va 
engendrer l’année suivante une modification des successions culturales. Ces processus 
(reprise d’exploitation et successions culturales) interviennent à deux échelles différentes 
(parcellaire, exploitations agricoles). La localisation précise dans un espace géographique 
permet à chacune des parcelles de connaître l’exploitation englobante à laquelle elle 
appartient et son système de production, sa distance par rapport au siège d’exploitation, et 
ainsi, par corollaire, de déterminer le type de succession culturale va intervenir sur chacune 
d’entre elles. Le paysage résultant du premier pas de temps va être ensuite utilisé comme 
paysage initial (t) au pas de temps (année) suivant (Fig. 3). Cette application peut être 
considérée, d’après la classification de T. Cheng (2005), comme un spatio-temporal object 

model, où l’approche objet ne tient pas dans la structuration informatique (orienté-objet) mais 
dans les relations spatiales entre les objets spatiaux (relation de voisinage – topologie –, 
relation multi-scalaire – englobé/englobant –).  

 

Figure 3. Fonctionnement général de l’application dédiée à l’évolution d’un paysage 

agricole bocager de la plateforme L1 

Figure 3. General functionment of the pacthy landscape modelling module of the L1 platform 

Une étude récente (Houet et Gaucherel, sous presse) a permis d’évaluer la sensibilité et la 
robustesse du modèle en simulant l’évolution passée des structures paysagères et des modes 
d’occupation des sols sur le bassin versant du Lestolet sur une période de 18 ans (1981-1998). 
La comparaison spatiale et quantitative des changements simulés avec les changements réels 
observés a montré que L1 reproduit des dynamiques d’évolution et une organisation spatiale 
de la mosaïque paysagère de façon cohérente. La validation de la plateforme L1 a permis 
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d’ouvrir le passage vers le domaine exploratoire par la simulation de scénarios prospectifs qui 
est exclusivement centrée sur l’occupation des sols dans cet article. 

 

Règles de définition des assolements 

On peut considérer que, pour chaque système de production (spécialisé « lait » intensif, 
spécialisé « lait » extensif, mixte « lait + porc », etc.), un exploitant va utiliser ou chercher à 
utiliser ces terres de façon relativement similaire chaque année. Cette utilisation vise à la fois 
à assurer le bien-être animal (pâtures), la production de fourrages et/ou de cultures nécessaires 
à l’alimentation des cheptels et enfin de produire des cultures destinées à la vente. La 
définition d’assolements moyens pour chacun des systèmes de production a été réalisée à 
partir de données de télédétection récentes (1999, 2002), de relevés de terrain (2003, 2005) et 
d’enquêtes auprès des agriculteurs (Geslot, 2005, Menasseri, 2004). Il s’agit de valeurs 
moyennes, peu représentatives de la diversité des situations (d’un site à un autre, d’une 
exploitation à l’autre, d’une année sur l’autre) provenant potentiellement de contraintes 
climatiques (sécheresse, etc.), agronomiques (successions culturales) et structurelles (lourds 
investissements, etc.). 

Cette application a bénéficié de développements quant à la structuration des successions 
culturales dont le principe de fonctionnement est décrit par T. Houet et C. Gaucherel (sous 
presse). Dans la précédente version, un seul grand type de successions était appliqué aux 
différents systèmes de production. Cela suffisait à représenter de façon simplifiée 
l’assolement annuel des systèmes de production « bovin lait/viande » et « mixte à base 
bovine », mais était inadapté aux systèmes de production spécialisés (« porcin » et « bovin 
extensif »). Dans cette version, les successions sont différenciées en fonction des systèmes de 
production et de la spécificité des rotations pratiquées (Fig. 4). Ces successions culturales ont 
été élaborées à partir de données de télédétection sur la période 1996-2002 sur trois sites en 
Bretagne dont le Lestolet (Hubert-Moy et al., 2003), à partir des travaux de S. Corgne (2005) 
et V. Viaud (2004) ainsi que d’un partenariat scientifique avec l’INRA-Sad Armorique. Pour 
chacun des systèmes de production, les successions culturales peuvent varier en fonction de la 
distance au siège d’exploitation, du précédent cultural, de la taille et du degré d’hydromorphie 
de la parcelle. 
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Figure 4. Définition des successions culturales par système de production 

Figure 4. Crops successions for each system of production 

LES SCENARIOS PROSPECTIFS 

Trois simulations sont réalisées sur le Lestolet. Elles débutent en 1998, date à laquelle des 
données exhaustives sont disponibles, et projettent une image jusqu’en 2020 à un pas de 
temps annuel. Elles traduisent spatialement trois scénarios prospectifs qui ont été construits 
avec des experts et des acteurs locaux (§ 2.1). 

Scénario A ou « le scénario de référence »  

Le premier scénario, appelé « scénario A », consiste à prolonger les tendances actuelles. Il 
se fonde sur les hypothèses peu vraisemblables que la réforme n’ait pas lieu (et donc que les 
assolements n’évoluent pas) et que les structures foncières des exploitations agricoles restent 
les mêmes jusqu’en 2020. Le scénario A constitue le scénario référent.  

Scénario B ou « l’influence de la réforme de la PAC de 2006 » 

Le second, dénommé « scénario B » illustre la mise en place de la PAC en 2006 sur le 
Lestolet. Les exploitations bovines présentes en 1998 sont relativement grandes et possèdent 
quasiment toutes des bâtiments mis aux normes. Ces caractéristiques soutiennent l’hypothèse 
d’une réforme favorable à l’implantation aux prairies modifiant fortement les assolements 
théoriques de l’ensemble des systèmes de production (Fig. 5). Les céréales disparaissent au 
profit des prairies. 
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L’implantation d’herbe à la place du blé est une opération d’autant plus rentable que, 
tendanciellement, le prix du blé en Europe baisse pour répondre aux exigences du GATT et 
s’aligner sur les cours internationaux. Les économies proviennent des moindres coûts de 
traitement engendrés, de l’arrêt de location de matériels agricoles ou du recours à des ETA 
pour les semis et les récoltes. De plus, ils disposent déjà du matériel nécessaire à la gestion 
minimale des surfaces en herbe (fauche annuelle). Ils gagnent aussi beaucoup de temps libre, 
exigence qui devient de plus en plus forte dans la profession. Les structures foncières des 
exploitations n’évoluent pas durant la simulation.  

L’hypothèse d’une modification généralisée des assolements en 2006 par l’ensemble des 
exploitants est simplificatrice. Toutefois la comparaison des scénarios A et B présente 
l’intérêt de mettre en évidence l’influence de la réforme de la PAC de 2006 suivant une 
hypothèse très contrastée. Ainsi, il est probable que la situation future se situe dans l’intervalle 
de ces deux situations. 

Scénario C ou « l’impact de l’agrandissement des exploitations » 

Le troisième scénario ne fait évoluer que les structures foncières des exploitations. Les 
assolements existants en 1998 ne changent pas tout au long de la simulation. Le nombre 
d’exploitations sur les trois communes concernées a fortement régressé entre 1979 et 2000 (-
60 % en moyenne) engendrant un agrandissement croissant de leur taille moyenne (22 ha en 
1979 contre 51 ha en 2000 [ONIC, 1979 ; ONIC, 2000]). D’après les données disponibles 
(âge des exploitants, SAU, etc.), il a été estimé que 17 exploitations sur les 31 existantes en 
1998 cesseront leur activité d’ici 2020. Sur ces 17 cessations, 6 exploitations sont reprises par 
un jeune et les11 autres par des exploitations voisines. Elles ont lieu entre 2001 et 2016 : 1 
reprise en 2001, 1 en 2002, 1 en 2004, 3 en 2007, 3 en 2008, 2 en 2009, 1 en 2010, 1 en 2012 
et 3 en 2016. La taille moyenne des exploitations sera alors d’environ 90 ha mais avec de forts 
contrastes entre les « grandes » exploitations (100 à 130 ha) et les « petites » exploitations 
(environ 50 à 60 ha).  

Les observations récentes montrent que l’agrandissement d’une exploitation se réalise 
essentiellement soit (1) par une reprise de la totalité d’une exploitation proche, soit (2) par une 
reprise de quelques parcelles suite au démembrement d’une exploitation. Pour des raisons 
informatiques, la modélisation de l’agrandissement des exploitations a été simplifiée et 
s’effectue par la reprise de la totalité d’une exploitation dès lors que son exploitant approche 
de l’âge de la retraite (estimé entre 55 et 60 ans). L’exploitation repreneuse est 
géographiquement proche et son exploitant relativement jeune (23-40 ans). Enfin, les reprises 
déterminées par les experts poursuivent la tendance observée d’une spécialisation vers la 
production « bovin lait/viande » conformément aux scénarios de l’Institut de l’élevage (2004).  
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Figure 5. Evolution des assolements par système de production suite à la réforme de la PAC 

en 2006 (d’après Houet et Gaucherel, sous presse) 

Figure 5. Evolution of landcover proportions for each system of production after the 2006 

CAP reform (from Houet and Gaucherel, in press) 

Ces hypothèses sont simplificatrices : elles ne tiennent pas compte des situations 
économiques des exploitations (faute de données disponibles) et n’envisagent pas de reprise 
progressive des parcelles d’une exploitation qui est démembrée après cessation d’activité par 
plusieurs exploitations voisines. Elles présentent cependant l’intérêt d’évaluer l’effet d’un 
mouvement généralisé de reprise d’exploitations de proche en proche. L’influence de 
l’agrandissement de la structure foncière des exploitations est évaluée en comparant les 
scénario A et C. 

Résultats 

L’influence respective de la réforme de la PAC et de l’agrandissement foncier des 
exploitations sur l’évolution de l’occupation du sol d’ici 2020 a pu être quantifiée et 
spatialisée grâce aux simulations dynamiques et spatialement explicites réalisées avec la 
plateforme L1. 

L’IMPACT DE LA PAC 2006 

Conformément au scénario B, la réforme de la PAC 2006 se traduit par une augmentation 
de la part de prairies à l’échelle du bassin versant. Les changements générés semblent plus 
forts que ceux engendrés par la réforme de la PAC de 1992 (Houet et Gaucherel., sous 
presse). La simulation B permet d’évaluer quantitativement l’impact de la PAC à l’échelle du 
bassin versant : la proportion de prairies passe de 43,9 % de la surface totale du bassin versant 
avant 2006 à 52,3 % en moyenne entre 2007 et 2020, soit une hausse d’environ 116 ha (Fig. 
6b). La part moyenne de maïs avant 2006 était de 17,5 % et atteint 13,8 % après la réforme. 
La part de céréales restante après 2006 est 2,2 %, contre 7,7 % avant la réforme.  

La comparaison de la simulation A avec la simulation B (Fig. 6a et 6b) témoigne de 
l’influence explicite de la PAC 2006. Dans le premier cas, les proportions d’occupation des 
sols présentent une faible variabilité interannuelle due aux rotations culturales. Dans le second 
cas, les répercussions de la réforme de la PAC 2006 sont sensibles et quasi-immédiates : les 
prairies se généralisent sur des espaces qui étaient en maïs ou en céréales avant la réforme. 
Les céréales ont quasiment totalement disparues.  

La distribution spatiale des cultures (Fig. 7a et 7b) est similaire entre les scénarios A et B : 
elles se localisent aux mêmes endroits sur le bassin versant en 2008 et 2018, de façon 
majoritairement dispersée, avec toutefois la présence de quelques petits îlots de parcelles 
cultivées. 

Suite à la PAC de 2006, la place croissante des prairies (temporaires et permanentes) dans 
l’assolement tend à ralentir légèrement la fermeture des zones humides de fonds de vallées. 
Quelques parcelles de prairies permanentes6 ne sont plus abandonnées et n’évoluent plus en 
friches dans le scénario B comparativement au scénario A (99 ha de prairies permanentes en 
1998 ; 85 ha en 2020 pour le scénario A contre 82 ha dans le scénario B).  
                                                           
6 Leur faible nombre provient du fait que les exploitants susceptibles d’utiliser ces parcelles humides n’ont pas tous été 
identifiés. Elles n’ont donc pas toutes été prises en compte dans la simulation et le calcul des types d’occupation du sol dans 
les zones humides. 
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L’IMPACT DE L’AGRANDISSEMENT DES EXPLOITATIONS AGRICOLES 

La spécialisation croissante dans la production « bovin lait/viande » de ce secteur issue de 
l’agrandissement des exploitations agricoles tend à diminuer légèrement la part de prairies de 
43,9 % en 1998 à environ 42 % en 2020 (Fig. 6c). Dans le même temps, la part en maïs est 
restée pratiquement constante (autour de 18 %) et celle des céréales a légèrement augmenté 
(de 7,7 % à 8,9 %). Ainsi, les reprises foncières contribuent à augmenter de près de 20 ha 
entre 1998 et 2020 la surface en céréales à l’échelle du bassin versant. 

Cette restructuration foncière des exploitations a principalement des répercussions sur la 
localisation des cultures (maïs et céréales). La comparaison des scénarios A et C (Fig. 7a et 
7c) montre une tendance au regroupement des parcelles cultivées en îlots au sein d’une 
exploitation. Ceci est accentué par la juxtaposition de parcelles de cultures de diverses 
exploitations qui sont repoussées dans les auréoles les plus lointaines du modèle concentrique 
qui se met en place autour des bâtiments d’élevage. Par conséquent, les haies situées autour de 
ces parcelles représentent une gêne potentielle importante pour les engins agricoles et une 
surface non négligeable pour augmenter les rendements, les rendant particulièrement exposées 
au risque d’arasement.  

Enfin, l’agrandissement foncier tend à accélérer la fermeture des zones humides de fonds 
de vallées (120,5 ha de friches et de bois en 1998 ; 134,7 ha en 2020 pour le scénario A contre 
143,4 ha dans le scénario C). Cela se justifie par deux facteurs : les exploitants sont de moins 
en moins nombreux augmentant ainsi la charge de travail nécessaire à l’entretien des prairies 
humides ; les parcelles humides d’une exploitation venant d’être reprise se situent désormais 
potentiellement plus loin de leur nouveau siège, augmentant ainsi le risque d’abandon. 

 

 

Figure 6. Evolution de la proportion des types d’occupation du sol à l’échelle du bassin 

versant dans le cas du (a) scénario A, (b) scénario B et (c) scénario C. 

Figure 6. Evolution of landcover proportions at the watershed scale for the (a) scenario A, 

(b) scenario B and (c) scenario C. 
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Figure 7. Evolution des modes d’usage des terres en 1998, 2008 et 2018 à l’échelle du bassin 

versant dans le cas du (a) scénario A, (b) scénario B et (c) scénario C. 

Figure 7. Evolution of land use and landcover in 1998, 2008 et 2018 at the watershed scale 

in the (a) scenario A, (b) scenario B et (c) scenario C. 

263

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



LA LOCALISATION DE ZONES STRATEGIQUES POUR UNE GESTION DURABLE ET 

EFFICACE DE L’EAU  

La culture du maïs constitue une plante à risque vis-à-vis de la qualité de l’eau puisqu’elle 
n’est pas sensible à une sur-fertilisation et qu’elle peut parfois engendrer l’absence de 
couverture hivernale des sols favorable aux transferts de flux polluants de surface (phosphore, 
pesticides) et de sub-surface (nitrates). Les cartographies annuelles des modes d’occupation 
des sols produites par la plateforme L1, permettent de réaliser des cartes de fréquence de 
retour en maïs pour les trois scénarios prospectifs (Fig. 8). 

 

Figure 8. Localisation des espaces stratégiques de gestion de l’eau dans le cas du (a) 

scénario A, (b) scénario B et (c) scénario C. 

Figure 8. Localization of strategic water management areas for the (a) scenario A, (b) 

scenario B and (c) scenario C. 

 

La localisation des zones présentant une forte fréquence de retour constitue un outil d’aide à la 
gestion durable et efficace de l’eau, d’une part car il tient compte de la longue durée, d’autre 
part car ces zones sont localisées finement et enfin parce qu’il intègre plusieurs hypothèses 
aux conséquences contrastées. Par ailleurs, la localisation de celles situées à proximité des 
cours d’eau peut permettre aux gestionnaires de l’eau ou acteurs agricoles de mieux 
sensibiliser à des pratiques raisonnées les exploitants qui les utilisent. 

264

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



La localisation des haies situées à proximité des parcelles occupées par du maïs au moins 
une année sur deux, apporte là encore des informations précieuses pour une meilleure gestion 
de l’eau. Ces haies sont susceptibles d’être arasées alors même qu’elles peuvent avoir un rôle 
tampon essentiel vis-à-vis de la qualité de l’eau.  

Bilan et discussion 

La modélisation prospective de l’occupation des sols effectuée sur le Lestolet a permis de 
montrer que la réforme de la PAC de 2006 et l’agrandissement des exploitations en zone 
agricole intensive spécialisée dans l’élevage bovin ont des incidences différenciées sur 
l’évolution des modes d’occupation des sols à l’échelle d’un bassin versant à l’horizon 2020. 
Les simulations dynamiques, fondées sur trois scénarios prospectifs, ont montré de façon 
quantifiée et spatialisée l’ampleur, le rythme et la répartition spatiale des évolutions de 
l’occupation du sol pour chacun des scénarios : la réforme de la PAC de 2006 peut tendre vers 
une augmentation sensible des surfaces en herbe ; à l’inverse, l’agrandissement des 
exploitations tendrait à légèrement accroître la part de cultures.  

La mise en évidence des impacts respectifs de la réforme de la PAC de 2006 et de 
l’agrandissement des exploitations agricoles permet désormais d’envisager la construction 
d’un scénario prospectif spatialisé les intégrant simultanément. Un tel scénario interroge sur 
l’influence cumulée et antagoniste de ces deux facteurs sur l’évolution de la proportion des 
prairies à l’échelle du bassin versant, ainsi que sur le devenir et la vitesse de fermeture des 
zones humides de fonds de vallées. 

La simulation dynamique et spatialement explicite de scénarios prospectifs, à l’aide de la 
plateforme L1 met aussi en évidence des espaces stratégiques à l’échelle d’un bassin versant 
pour la gestion de la ressource en eau. Elle permet de localiser (1) des zones où la pression sur 
la structure bocagère est forte, (2) des zones à risque vis-à-vis des transferts de flux polluants 
où des couverts hivernaux doivent être préconisés en raison de fortes fréquences de retour en 
maïs et enfin, (3) des parcelles à risque fort localement et dans le long terme en raison de leur 
proximité au réseau hydrographique et de leur fortes fréquences de retour et où les conseils en 
matière de pratiques raisonnées prennent toute leur importance. D’autres espaces présentant 
des enjeux importants, tels que les parcelles humides où le risque d’abandon et de fermeture 
peut réduire les potentialités dénitrifiantes des zones humides de fonds de vallées, pourraient 
être mis en évidence en comparant la situation initiale avec la situation finale. 

Toutefois, même si cette plateforme est particulièrement adaptée pour la modélisation 
paysagère à l’échelle locale, elle est encore à l’état de prototype qui peut être optimisée, 
notamment sur l’inertie de la chaîne de calcul. Il faut entre 1h15 et 3h pour réaliser chacun des 
scénarios. Si elle permet de modéliser de façon simplifier les décisions humaines et les 
forçages naturels à l’aide de règles déterministes, stochastiques et/ou téléonomiques laissant 
peu de place à l’incertitude, il apparaît que le couplage avec un Système Multi-Agent peut 
contribuer à améliorer la modélisation.  

Enfin, si certaines hypothèses des scénarios prospectifs peuvent apparaître un peu trop 
simplifiées, la traduction de leurs incidences dans le temps sur un territoire en offre une vision 
qui n’en est pas moins plausible. L’exploration de l’incertitude liée à l’évolution à long terme 
à travers l’expérimentation d’hypothèses complémentaires et/ou contrastées (peu probables 
mais envisageables) constitue une démarche essentielle pour aider à une gestion durable de 
l’eau. Les simulations ne cherchent pas à prédire l’avenir avec exactitude mais permettent de 
localiser et de quantifier les marges de manœuvres existantes. La méthode des scénarios 
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prospectifs spatialisés à l’échelle locale constitue un outil puissant d’aide à la décision pour 
les gestionnaires de l’eau afin de mieux cibler et orienter les conseils auprès des agriculteurs 
et les aménagements à réaliser. 
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2 Appendix Chapter 1

2.1 Printed version of the workshop survey
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0 
 

Questionnaire - Ateliers de recherche 

participative territoriale 

1. Et vous ?   

1.1 Comment allez-vous aujourd'hui?: 

฀ J'ai plein d'énergie 
฀ Je ne sais pas à quoi m'attendre 
฀ Enthousiaste par Mentimeter 
฀ Fatigué.e 

1.2 Quel âge avez-vous?    ………….. 

1.3 Habitez-vous et/ou travaillez-vous sur le territoire évoqué lors de l’atelier ? :  

฀ Oui 
฀ Non 

1.4 Vous vous considérez plutôt comme... ? 

฀ Agriculteur.rice exploitant.e ou représentant.e des agriculteur.rices 
฀ Représentant.e (élu.e) d’une collectivité territoriale 
฀ Un.e technicien.ne / Chargé.e de mission / Structure d’animation d’un territoire 
฀ Un.e scientifique 
฀ Etudiant.e 
฀ Autre : ……………………………………………………. 

Êtes-vous familier.ère avec le concept : 

 Pas du tout 
familier.ère 

     Neutre     Très 
familier.ère 

1.5 De changement 
d'utilisation du sol        

1.6 D'aménagement du 
territoire        

1.7 De trames verte et 
bleue        

1.6 Avez-vous déjà réfléchi à la manière dont le territoire sur lequel vous travaillez pourrait évoluer 
sur le long terme ?  

฀ Pas du tout 
฀ Plutôt pas 
฀ Plutôt oui 
฀ Oui souvent 
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1 
 

2. Les TVB  

Dans quelle mesure êtes-vous d'accord avec les affirmations suivantes? 

 Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

2.1 L’analyse des changements 
d’occupation et d’usage du sol est 
un enjeu majeur pour le territoire 

       

2.2 La création des trames vertes 
et bleues (TVB) est un enjeu 
majeur pour le territoire 

       

2.3 Pensez-vous avoir une 
influence/rôle sur la TVB ?        

 

3. Méthodologie 

 

Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

3.1 La méthodologie utilisée est-
elle claire?        

4. Les scénarios 
 

4.1 Quel scénario est le plus proche de l’ idée que vous aviez de l’ avenir? 

฀ Fil de l'eau 

฀ Double performance 

฀ Attractivité verte 

฀ Désert céréalier 

฀ Performance énergétique 

฀ Je n'avais pas d'idée sur le futur 

4.2 Selon vous, quel est le scénario le plus probable? 

฀ Fil de l'eau 

฀ Double performance 

฀ Attractivité verte 

฀ Désert céréalier 

฀ Performance énergétique 

฀ Je ne sais pas 
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2 
 

5. Les impacts 

Dans quelle mesure êtes-vous d'accord avec les affirmations suivantes? 

 Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

5.1 Les résultats produits sur la 
quantité d'eau correspondent à ce 
que j'imaginais pour l'avenir 

       

5.2 Les résultats produits sur la 
qualité d'eau correspondent à ce 
que j'imaginais pour l'avenir 

       

 

6. Évaluation de la recherche et ses implications 

Dans quelle mesure êtes-vous d'accord avec les affirmations suivantes? 

 Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

6.1 Les connaissances produites 
par les scénarios sur les 
ressources en eau sont 
susceptibles de m'aider dans mon 
activité 

       

6.2 Les connaissances produites 
par les scénarios sur la 
biodiversité sont susceptibles de 
m'aider dans mon activité 

       

6.3 Cette recherche prend en 
compte des facteurs influençant la 
TVB sur lesquels les acteurs 
locaux ont un pouvoir d'action 
directe 

       

6.4 Cette recherche prend en 
compte des facteurs influençant la 
TVB sur lesquels j' ai un pouvoir 
d'action directe 

       

6.5 Cette recherche m'a aidé à 
prendre conscience de mon 
influence/rôle dans la mise en 
œuvre des TVB 

       

6.6 Grâce à cette étude, j'ai 
amélioré ma compréhension 
globale des enjeux d'un territoire 

       

6.7 Cette étude m'a permis de 
prendre en compte davantage de 
variables/notions auxquelles je 
n'avais pas pensé auparavant 

       

6.8 Grâce à cette étude, ma 
perception de l'avenir a changé        
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3 
 

 

D'après vous, cette recherche est utile pour 

 Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

6.9 Mieux comprendre les 
dynamiques du paysage        

6.10 Agir sur le territoire        

 

 

Dans quelle mesure pensez-vous que les outils suivants sont un bon moyen de présenter 
les résultats? 

 Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

6.11 Cartes        

6.12 Récits        

6.13 Discussions        

 

7.  Évaluation de l’atelier 

Dans quelle mesure êtes-vous d'accord avec les affirmations suivantes? 

 Pas du tout 
d’accord 

     Neutre     Tout à fait 
d’accord 

7.1 La qualité technique de cette 
recherche était élevée        

7.2 J’ai confiance dans les 
résultats de cette recherche        

 

7.3 Pendant l’atelier, vous êtes senti.e libre d'exprimer votre point de vue ? 

฀ Oui 
฀ Non 
฀ Je ne sais pas  
฀ Oui, mais je n’ai pas exprimé mon point de vue 

8.  Évaluation supplémentaire 
Seriez-vous disponible pour une évaluation supplémentaire des scénarios ? Si oui, pouvez-vous 

indiquer un contact mail/téléphonique? Attention ! Si vous indiquez ici votre contact, les réponses 

vont plus être anonymes 
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2.2 Structure and analysis of the workshop survey
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Structure and analysis of “ Questionnaire - Ateliers de 

recherche participative territoriale » 

Control variables:  
• 1.3 Affection for the territory (Work or live in the Couesnon)  
• 1.4 Job (farmers, politicians and élus, technicians, researchers, student, other) 
• 1.7 Familiarity with BGINs (Êtes-vous familier.ère avec le concept BGINS); 
• 2.2 Importance of BGINs (La création des trames vertes et bleues (TVB) est un enjeu majeur pour 

le territoire); 
• 2.3 Influence on BGINS 

• 6.3, 6.4 Perception of factors included in the research (Cette recherche prend en compte des 
facteurs influençant la TVB sur lesquels j’ ai/les acteurs locaux ont un pouvoir d'action directe) 

• 7.1 Research evaluation (La qualité technique de cette recherche était élevée, J’ai confiance dans 
les résultats de cette recherche); 

• 7.3 Freedom of expression 

 

Sections 

• S1: Contribution of scenarios in understanding the territorial dynamics and challenges   
- 6.6  - Identify challenges :  Grâce à cette étude, j'ai amélioré ma compréhension globale des 

enjeux d’ un territoire 

- 6.7  - Consider influential variables: Cette étude m'a permis de prendre en compte davantage de 
variables/notions auxquelles je n'avais pas pensé auparavant 

- 6.9  - Understand landscape dynamics: Cette recherche est utile pour mieux comprendre les 
dynamiques du paysage 

• S2: Respondent’s perception on the most probable scenario and contribution of scenarios in 
thinking about future landscape trajectories 

- 1.6 - Envisioning futures : Avez-vous déjà réfléchi à la manière dont le territoire sur lequel vous 
travaillez pourrait évoluer sur le long terme ?  

- 4.2 - Probable scenario: Selon vous, quel est le scénario le plus probable? 

• S3: Correspondence between scenarios results and respondents’ expectations based on previous 
knowledge  

- 5.1 – Water quantity expectation:  Les résultats produits sur la quantité d'eau correspondent à ce 
que j'imaginais pour l'avenir 

- 5.2 – Water quality expectation : Les résultats produits sur la qualité d'eau correspondent à ce 
que j'imaginais pour l'avenir 

• S4: Contribution of scenarios quantitative results for respondents’ professional activity  
- 6.1 – Instrumental water: Les connaissances produites par les scénarios sur les ressources en eau 

sont susceptibles de m'aider dans mon activité 
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- 6.2 – Instrumental biodiversity: Les connaissances produites par les scénarios sur la biodiversité 
sont susceptibles de m'aider dans mon activité 

- 6.11, 6.12, 6.13 – Maps, Narratives, Discussions: Dans quelle mesure pensez-vous que les outils 
suivants sont un bon moyen de présenter les résultats? (Cartes, Récits, Discussions)  

• S5: Contribution of scenarios in tackling territorial challenges. 
- 6.5 – Understanding role on BGINs: Cette recherche m'a aidé à prendre conscience de mon 

influence/rôle dans la mise en œuvre des TVB  
- 6.9 - Understand landscape dynamics: Cette recherche est utile pour mieux comprendre les 

dynamiques du paysage 

- 6.10 – Take actions: cette recherche est utile pour agir sur le territoire 
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Hp Section Question code Analysis 

Control variables: 
Affection for the territory; job; Previous 
familiarity with BGINs; Perceived BGINs 
relevance; Previous knowledge on personal 
role on BGINs;  Personal influence on 
considered factors; Local actors’ influence on 
considered factors; Confidence in the 
research; Freedom of expression  

 1.3; 1.4; 1.7; 2.2; 2.3; 

6.3; 6.4; 7.1; 7.3 

 

Correlation between Knowing BGIN's and 
perceive them as a major stake for the 
territory 

Dataset 
description 

1.7 and 2.2 Spearman correlation   

Previous familiarity with BGINs vs job and 
affection for the territory 

Dataset 
description 

1.7 and 1.4; 1.3  - Mann Whitney   
-   Kruskal Wallis +  Dunn test 

(Bonferroni correction) 
Relevance of the concept of BGINs vs job 
and affection for the territory 

Dataset 
description 

2.2 and 1.4; 1.3 - Mann Whitney   
-   Kruskal Wallis +  Dunn test 

(Bonferroni correction) 
Previously knowledge on personal influence 
on BGIN's vs job and affection for the 
territory 

Dataset 
description 

1.7 and 1.4; 1.3 - Mann Whitney   
-   Kruskal Wallis +  Dunn test 

(Bonferroni correction) 
Research evaluation vs job and affection for 
the territory  

Dataset 
description 

7.1 and 1.4; 1.3  - Mann Whitney   
-   Kruskal Wallis +  Dunn test 

(Bonferroni correction) 

Identify challenges  and Consider influential 
variables vs job and affection for the 
territory 

S1  6.6; 6.7 and 1.4; 1.3 - Mann Whitney   
- Kruskal Wallis +  Dunn test 

(Bonferroni correction)  
Understand landscape dynamics vs job and 
affection for the territory 

S1 6.9 and 1.4; 1.3 - Mann Whitney  
- Kruskal Wallis +  Dunn test 

(Bonferroni correction) 
Envisioning futures vs job S2 1.6 and 1.4 - Pairwise Wilcoxon test 
Probable scenario vs job S2 4.2 and 1.4 - Visual comparison 

Water quantity expectation and water 
quality expectation vs job and affection for 
the territory 

S3 5.1; 5.2 and 1.4; 1.3 - Mann Whitney  
- Kruskal Wallis +  Dunn test 

(Bonferroni correction)  
Instrumental water and Instrumental 
biodiversity vs job and affection for the 
territory 

S4 6.1; 6.2 and 1.4; 1.3 - Mann Whitney  
- Kruskal Wallis +  Dunn test 

(Bonferroni correction) 
Maps, Narratives, Discussions vs job S4 6.11; 6.12; 6.13 and 1.4 - Pairwise Wilcoxon test 

Understanding role on BGINs vs job and 
affection for the territory 

S5 6.5 and 1.4; 1.3 - Mann Whitney  
- Kruskal Wallis +  Dunn test 

(Bonferroni correction) 
Understand landscape dynamics and Take 
action vs job and affection for the territory 

S5 6.9; 6.10 and 1.4; 1.3 - Pairwise Wilcoxon test 
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3 Appendix Chapter 2

3.1 List of dissemination workshops

Table A.3 Ű Details of the Couesnon scenarios dissemination workshops.
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3.2 Anonymised data from respondents
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3.3 Main actors implied in water management for the Couesnon

watershed and relations between them

Figure 2.2. represents the main actors implied in water management for the Couesnon

watershed, the relationships with other land-use actors, and the principal administrative

documents. We divide actors according to their primary Ąelds of action (water, agriculture

and urban management) and the spatial extent of their action (Communal, Sub-regional,

Watershed, Regional, National, Europe). This non-exhaustive scheme is centred on water

management; we do not represent all elements belonging to urban management and agri-

culture, which are not related to water management. Only the main actors, documents

and connections are represented.

Actors (are part of):

We divide actors in:

Administration: governmental agency or organisation charged with managing and

implementing regulations. It can be composed of technical agencies and political bodies.

Political body: governmental body composed of elected representatives.

Technical body: organisation composed of technicians in charge of implementing actions.

Civil society: citizens, businesses and non-governmental organisations.

Experts: external professionals who support speciĄc actions.

Outside boundaries: political body outside the selected boundaries.

The main actors are:

Public establishments of inter-municipal cooperation (EPCI): grouping of municipalities

that ensures the State’s public policies application locally. They can jointly manage

certain local public services and/or promote sustainable development in urban and rural

territories.

SCOT Pays de Fougères: It comprises representatives in charge of adopting the planning

document and a technical structure (Syndicat mixte Pays de Fougères) in charge of the

implementation. 2/3 of the Couesnon watershed surface belongs to the SCOT Pays de

Fougères and the rest to 4 other SCOTs.

Local Water Commission (CLE): Political body composed of 50% of EPCI and public

organisations representatives, 25% of water users representatives, and 25% of State

representatives.

SAGE Couesnon: It comprises the CLE and a technical structure (Syndicat Bassin

Versant du Couesnon). 2 EPCIs cover most of the watershed’s surface (Fougères
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Agglomeration and Couesnon Marche de Bretagne). The rest belongs to 6 other EPCIs.

The Couesnon watershed (and the SAGE) covers 73 municipalities (30 of which are

entirely within the watershed).

Chambre of Agriculture: Public organisation representing all the economic agents of

agriculture and supporting farmers in developing their businesses. It operates at the

national, regional and local levels.

Departmental directorate of the Territories d’Ille-et-Vilaine (DDTM 35). An

administrative body that ensures the balanced and sustainable development of urban

and rural areas through agricultural, urban planning, construction, development and

transportation policies.

Regional council: Political body composed of Regional representatives directly elected

by citizens.

Brittany Region: Regional administrative body divided into Directions and departments.

For our study, the Climate, Environment, Water and Biodiversity direction (natural

heritage department and water department), the economic development direction

(agriculture department), and the planning and equality department are relevant.

Brittany Agence for Biodiversity: A regional organisation that supports projects in

favour of biodiversity. It is composed of representatives of several Brittany actors acting

to sustain biodiversity (i.e., DREAL, Région Bretagne, and Loire Bretagne Water

Agency).

Regional Directorate for the Environment, Development and Housing (DREAL):

Regional-based national organisation under the Ministry of Ecological Transition.

Regional Directorates of Food, Agriculture and Forestry (DRAAF): Regional-based

national organisation under the Ministry of Agriculture and Food Sovereignty. Part of

the Ąnancing committee of the Brittany Agence for Biodiversity.

Secrétariat général pour l’investissement (SGI): French administration under the

authority of the Prime Minister.

Loire-Brittany River Basin Committee: A political body composed of 40% EPCI

representatives, 40% of water users representatives and 20% of state representatives.

Loire Bretagne Water Agency: A public institution that provides Ąnancial and technical

assistance for actions related to water and the environment.

French Office of Biodiversity (OFB): A national public institution dedicated to

protecting and restoring biodiversity.

Documents (To integrate and approve):
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Common Agricultural Policy (CAP): European policy which deĄnes the European

subsidies for agriculture.

Water Framework Directive: With this European directive approved in 2000, European

Union member states committed to reaching a good quality and quantity status of water

bodies. This framework deĄnes common goals. Member states must enact the directive

into national law.

Law on water and aquatic environments (LEMA): Loi du 30 décembre 2006, that enact

the Water Framework Directive in France.

Loi Climat et Résilience: French law enacted on 22nd August 2021 to Ąght climate

change and strengthen resilience. It imposes to achieve zero net artiĄcialisation (ZAN)

by 2050. Water Development and Management scheme Directive (SDAGE): Planning

document that sets the guidelines for six years to achieve the expected objectives of

"good water status" at the watershed level (Loire-Bretagne). The Loire-Brittany River

Basin Committee approves it. SDAGE directives must be integrated into the SAGE.

Water Development and Management scheme (SAGE): It deĄnes how to reach the

directives deĄned in the SDAGE at a smaller watershed level (Couesnon watershed). It

comprises a Sustainable Development and Management Plan (PAGD) and a Regulation.

The PADG deĄnes the priorities of the territory in terms of water policy and aquatic

environments, the objectives and measures to achieve them. It evaluates the technical

and Ąnancial means necessary for its implementation; the Regulation deĄnes the

allocation of water resources and priorities for use. The regulation and cartographic

annexes are legally enforceable against third parties. The CLE approves the SAGE, and

a tecni-

cal structure carries out its measures. SAGE directives must be integrated into the SCOT.

Regional plans for planning, sustainable development and territorial equality (STRADETT):

A regional document that sets political vision, priorities and mid-long-term goals

regarding land use planning. The Regional Council adopts it. STRADETT directives

must be integrated into SCOTs and PCAET.

Territorial coherence scheme (SCOT): An urban planning document that determines

and ensures the coherence of all sectoral policies, particularly in terms of housing,

mobility, commercial development, environment and landscape at the supra-municipality

scale. The SCOT pays de Fougères covers the EPCI Fougères Agglomération et

Couesnon Marche de Bretagne. Representatives of EPCI approved it. SCOT directives

must be integrated into local planning documents (PLU, PLUi, Cartes Communales).
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Local Urbanism Plan (PLU), Intermunicipality Local Urbanism Plan (PLUi), and

communal maps: Local. Communal and intermunicipality urban planning documents

that determine the use of land. Communal representatives directly elected by citizens

approve it.

Territorial climate-air-energy plan (PCAET): A planning tool at the intermunicipality

scale deĄnes strategic and operational objectives and the action program to mitigate

climate change, develop renewable energy and control energy consumption. EPCI

representatives approve it. PCAET directives must be integrated into SCOTs.

Fundings (Finance):

Watershed Territorial contracts: Financial tools proposed by the Loire Bretagne Water

Agency (for the Couesnon watershed, they are co-Ąnanced by the Brittany and

Normandy Regions and the departments of Ille-et-Vilaine and Manche) to support

action in favour of achieving good ecological status of water bodies. The Syndicat du

Bassin Versant du Couesnon and the EPCIs beneĄt from the watershed territorial

contract. Grand Plan d’investissement (GPI): A National funding that aims (among

other goals) to accelerate the ecological transition. Terre de source project: Ąnanced by

the GPI and carried by the collectivity Eau du Bassin Rennais, supports farmers in the

catchment areas to reduce their impact on water quality.

European regional development fund (FEDER) and

European Agricultural Fund for Rural Development (FEADER). European funding,

whose management is assigned to the regional councils

European Ąnancing instrument of the CAP dedicated to rural development. Around ¾

of this funding is managed by the Regions, Around ¼ by the State,

Agri-environmental and climatic measures (MAEC) are measures to support farms that

are committed to the development of practices that combine economic and

environmental performance. They are co-Ąnanced by FEADER (EU), Loire Bretagne

Water Agency et le conseil Régional de Bretagne. Breizh Bocage: Financing tool for

hedgerow plantations. It is Ąnanced via FEADER funds, the Loire Bretagne Water

Agency, the Bretagne Region, departments and intermunicipalities.

Tecnical support:

In French land use, management actors mutually support drafting administrative

documents or implementing actions. For example:

SAGE Couesnon, the DDTM 35, and the SCOT Pays de Fugères to intervene at the

municipal level in person or via an informative notiĄcation to help local actors include
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the SCOT and SAGE directives in PLU and PLUi.

The DDTM 35 supports SCOT Pays de Fougères in the conception and application of

the SCOT. The Chamber of Agriculture supports farmers via training courses,

administrative and legal support for their businesses, and technical support for natural

resources management and environmental projects.

The administrations regularly hire consulting Ąrms to conduct feasibility studies that

guide the deĄnition of administrative documents and management projects.
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4 Appendix Chapter 3

4.1 Interview protocol
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1. Protocole d'entretien 

• Date: 

• Lieu de l’enquête:  
Interviewee:  

• Interviewee organization: 

• Participation de l’nterviewee aux ateliers de 2005: 

Section Sous-section à Script  
Introduction 
(10 min) 

présentation 
personnelle 
et de 
recherche 

Tous Recherche doctorale : vérifier l'hypothèse selon laquelle les scénarios ont 

une influence sur la prise de décision des acteurs impliqué dans 

l'aménagement du territoire. Actuellement sur une évaluation à long terme 

Directeur : Thomas Houet, scénarios qu'il a proposés pour sa thèse de 

doctorat. 

 

Processus 
d'entretien 

Tous Cette interview vise à obtenir des informations sur la précision des scénarios 
proposés par Thomas Houet en 2006 et leur utilité pour la prise de décision. 
L'étude mentionnée a été menée il y a 14 ans, et elle a fourni trois principaux 
scénarios pour les changements d'utilisation et de couverture des sols de 
1998 à 2020 pour le bassin versant de Lestolet, et son impact sur la qualité 
de l'eau. 
Les prévisions avaient été élaborées selon une méthode participative: en 
2005, des techniciens et des agriculteurs locaux ont été réunis pour identifier 
les principaux facteurs ayant un impact sur la modification du paysage, qui 
ont ensuite été utilisé dans l'étude.  

Nous menons actuellement cet entretien avec des techniciens travaillant 
dans le domaine de la gestion des terres dans les régions de Lestolet (qui ont 
participé ou non aux ateliers mentionnés). 

L'entretien se déroulera en deux parties.  
La première est importante pour nous, car elle nous permet de comprendre 
clairement comment l'utilisation des terres a changé au cours des 14 
dernières années et quels en ont été les principaux facteurs.  Nous avons fait 
une analyse préliminaire en utilisant des données RPG1 pour voir comment 
l'utilisation du sol a changé.  Cette première partie a également pour but de 
valider cette analyse par des personnes ayant une expertise locale.   

La deuxième partie portera sur l'utilité de l'étude. Dans cette deuxième 
partie, nous voulons évaluer si l'étude a été utilisée d'une manière ou d'une 
autre dans la prise de décision locale en matière de gestion de l'eau; et quels 
ont été les effets de l'étude (le cas échéant).  

Cet entretien sera enregistré et durera environ une heure et demie. Vous 
pouvez refuser de répondre à toute question. 

 

 
1 Registre Parcellaire Graphique, données en libre accès donnant des informations annuelles sur les cultures 

agricoles présentes au niveau de l'îlot ou de la parcelle. 

286

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



 
 

Utilisation de 
données 

Tous Les informations que vous fournirez seront anonymisées et utilisées 
exclusivement dans le cadre de TerraNova. Plus précisément, les résultats 
des entretiens serviront à la rédaction d'un article scientifique visant à 
vérifier si les scénarios spatialement explicites sont des outils efficaces pour 
la gestion des terres. Les données seront stockées pour toute la durée du 
projet TerraNova sur un serveur/matériel sécurisé sous le contrôle des 
chercheurs. Après la fin du projet, les données transcrites et anonymisées 
des entretiens seront stockées sur Zenodo (un outil d'archivage des 
données de recherche et de partage des résultats financé par la 
Commission européenne via les projets OpenAIRE) et seront détruites 
lorsqu'elles ne seront plus nécessaires.  
Signer les conditions de confidentialité 

 

Autres 
questions 

Tous Avez-vous des questions avant que nous commencions l'entretien?    

Changement 
de paysage 
(30 min) 

Changement 
de paysage 

Tous L'étude que nous évaluons a présenté plusieurs trajectoires possibles de 
changement du Lestolet (Haut-Blavet) entre 2006 et 2020.  
Pouvez-vous nous décrire quels ont été les principaux changements qui se 
sont produits sur le territoire durant cette période? 

 

Tous • Les scénarios envisagent des changements en termes de type de cultures, 
en termes de nombre et de dimensions des exploitations et de type 
d'exploitation (porc, lait...). Comment pensez-vous que les changements 
du Lestolet ont changé par rapport à ces variables? 

 

Tous • Présentation de l'analyse préliminaire des données (image1, image2, 
image 3)  
Dans quelle mesure pensez-vous que ces graphiques et cartes 
représentent bien ce qu’il s'est passé sur le bassin versant du Lestolet? 

 

Tous • Nous avons donc dit que... Quels étaient les moteurs de ces changements?  

Tous • Les scénarios considèrent la PAC et l'expansion de l'exploitation agricole 
comme principaux moteurs de changement. Selon vous, quel a été l'impact 
de ces variables sur le territoire? 

 

Tous • Selon nos données, de plus en plus d'exploitations agricoles (AE) se 
tournent vers le porc. Dans quelle mesure pensez-vous que cela soit vrai? 

 

Tous • Si c'est le cas, pouvez-vous décrire les moteurs de ce changement?  
• Si ce n'est pas le cas, pouvez-vous décrire le type d'EA le plus courant sur 

le territoire? 

 

Tous • Afficher les cartes de type AE. Dans quelle mesure pensez-vous que cette 
carte peut correspondre à la réalité? (Image 4) 

 

Tous • Si elles ne sont pas réalistes, quelles sont les erreurs potentielles?  

  Je vous remercie de m'avoir donné un aperçu de ce qui s'est passé sur le territoire, 
nous pouvons maintenant passer à la deuxième partie de l'interview. Je vais vous poser 
quelques questions pour comprendre quel est l'impact de l'étude de Thomas sur la 
prise de décision. 

 

L'utilité de la 
thèse de 
Thomas ( 50 
min) 
 

L'utilité de la 
thèse de 
Thomas 

No 
ateliers 

Avez-vous déjà entendu parler de l'étude de Thomas avant que je vous 
contacte pour l'interview? 

 

• Si oui, à quelle occasion?  
• Comment avez-vous eu connaissance de l'étude? 

Si non, passez à la suivante 
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Tous À quelle fréquence faites-vous référence à des scénarios dans votre travail 
quotidien?  
Avec quel objectif faites-vous référence à des scénarios? 
(S’ils n'ont jamais entendu parler de l'étude, passez à la partie sur la clôture) 

 

Tous Quel genre de scénarios avez-vous déjà considéré pour votre travail?  

Tous Avez-vous déjà utilisé l’étude / les scénarios réalisés sur le Lestolet à des 
fins professionnelles? 

 

entendu 
parler 

Avez-vous déjà fait référence aux résultats de l'étude de Thomas comme 
base pour votre travail? 

 

Sinon, pourriez-vous me donner quelques raisons pour lesquelles vous 
n'avez pas fait référence à l'étude dans votre travail? 
 
Est-ce que vous pouvez m’indiquer qu’est-ce qu’aurait pu contribuer à 
améliorer l’étude? 

 

Utilisation 
indirecte des 
scénarios 

entendu 
parler 

Je vais maintenant vous donner une liste des éventuels impacts indirects 
d'une étude scientifique. Pouvez-vous me dire lesquels résultent de cette 
étude pour vous? Les questions peuvent sembler très générales, mais nous 
irons plus en détail par la suite.  

Cette étude a été utile pour Améliorer vos connaissances; 
Cette étude vous a permis de changer de point de vue sur certaines idées 

préalables que vous aviez; 
Cette étude vous a permis de prendre en compte davantage de 

variables/notions dans votre travail auxquelles vous n'aviez pas 
l'habitude de penser auparavant; 

Cette recherche vous a permis de créer un nouveau réseau de personnes 
travaillant sur des thèmes similaires ; 

Cette recherche vous a permis de renforcer des liens avec des personnes 
appartenant à un réseau préexistant; 

Cette recherche a permis de créer une vision collective de l'avenir;  
Cette recherche a permis de créer une compréhension collective de la 

situation de l’époque de la qualité de l'eau et de l'utilisation des terres 
dans le Lestolet; 

Cette recherche a permis de créer une compréhension collective des 
défis futurs de la qualité de l'eau et de l'utilisation des sols dans le 
Lestolet; 

Cette recherche vous a permis de mettre en évidence certaines 
insuffisances du système de gestion des terres. 

 

• Nous avons donc dit que la recherche de Thomas a eu un impact sur......., 
mais pas sur...........  
Pour être un peu plus précis:  
L'acquisition de connaissances 

Pouvez-vous me dire ce que l'étude vous a apporté en termes 
d'acquisition de connaissances?  
Les connaissances que vous avez acquises grâce à l'étude vous ont-elles 
été utiles dans votre travail quotidien par la suite?  

Idées préalables  
Pouvez-vous me donner un exemple d'idées que vous avez changé 
grâce à l'étude de Thomas?  

En considérant d'autres variables 
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Pouvez-vous me donner un exemple de variables/notions que l'étude 
vous a aidé à prendre en compte? 

Création de réseaux 
Pourriez-vous m'en dire un peu plus sur les liens qui ont été créés grâce 
à ce projet?  

Compréhension collective de la situation 
Pensez-vous que la compréhension de la situation était homogène entre 
les techniciens avant le début du projet?  
En quoi diffèrent-ils? 

Vision collective de l'avenir/challenges futurs 
Pensez-vous que la vision de l'avenir était homogène entre les 
techniciens et les agriculteurs avant le début du projet? 
S'il y a eu création d'une vision collective: cette vision collective a-t-elle 
facilité la prise de décision par la suite?  
Si ce n'est pas le cas: pouvez-vous me dire pourquoi vous pensez que 
l'étude n'a pas réussi à créer une vision collective de l'avenir?  

Inadéquation du système de gestion des terres 
Pourriez-vous m'en dire un peu plus?  

 
entendu 
parler 

• Y a-t-il d'autres impacts que nous n'avons pas abordés et que vous 
aimeriez mettre en lumière? 

 

Influence de 
la 
participation 

Oui 
ateliers  

Dans quelle mesure pensez-vous que la participation aux ateliers influence 
la perception de l'utilité de l'étude? 

 

 
Oui 
ateliers 

• De quelle manière pensez-vous que les ateliers préparatoires ont été 
utiles? 

 

 
Oui 
ateliers 

• Diriez-vous que l'étude n'a eu un impact que sur les personnes qui ont 
participé aux ateliers? 

 

 Nous pouvons maintenant passer aux questions liées aux obstacles à l'utilité de l'étude.  

Obstacles à 
l'utilisation 
des scénarios 

entendu 
parler 

Vous m'avez dit précédemment que ……………. (Ex vous n'avez jamais utilisé 
l'étude de manière directe pour produire des documents techniques), 
pourriez-vous me dire à votre avis ce qui a empêché son utilisation ? 

 

 

entendu 
parler 

• Quelle était la relation entre les techniciens et le chercheur au moment 
des ateliers / quand vous avez entendu parler de l'étude pour la première 
fois? 

Aviez-vous l'habitude de collaborer?  
Y avait-il une communication déjà bien établie?  

• La qualité de l'eau était-elle un sujet pertinent pour vous au moment des 
ateliers/ quand vous avez entendu parler de l'étude pour la première 
fois?  
Avez-vous travaillé sur des questions liées à l'occupation des sols?  

• Par rapport à la qualité de la recherche, pensez-vous que cela a constitué 
un obstacle?  
Pensez-vous que le chercheur était capable de mener efficacement la 
recherche? 

 

entendu 
parler  

entendu 
parler 
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entendu 
parler 

Avez-vous eu l'impression que la recherche était bien ancrée dans la 
réalité locale? 

• Pensez-vous que toutes les variables pertinentes affectant le changement 
d'utilisation des terres ont été prises en compte?  
Sinon, lesquelles devaient être prises en compte? 

• Par rapport aux résultats? Pensez-vous que la compréhension des 
résultats aurait pu être un obstacle?  
A quel point avez-vous trouvé les résultats compréhensibles? 
Si ce n'est pas complètement, quelle en était la raison?  
Était-ce dû à un manque de connaissance? 
Quelle partie des résultats était difficile à comprendre?  (Cartes, format 
texte, graphiques, impact sur la qualité de l'eau) 
Les résultats ont-ils été différents de ce que vous attendiez?  
Ont-ils contredit certaines connaissances antérieures? 

• Dans quelle mesure pensez-vous qu'il aurait été utile de faire un pas en 
avant et de discuter des options politiques avec les chercheurs? 

•  Les options politiques liées à l'étude étaient-elles trop difficiles à mettre 
en œuvre? 
Pensez-vous que le fait de contraster les futurs envisagés aurait été 
contraire à l'intérêt des acteurs importants? Pouvez-vous me donner 
quelques exemples?  
Pensez-vous que le fait de contraster les futurs envisagés aurait signifié 
des changements majeurs dans les arrangements institutionnels? De 
quelle manière? 

• Pensez-vous que la communication des résultats a été efficace?  
Comment les résultats des projets ont-ils été bien diffusés auprès des 
planificateurs?   
Ont-ils atteint les personnes qui n'ont pas participé aux ateliers?  

• Est-ce que l'étude aurait pu être plus efficace si les aménageurs avaient 
plus d’influence directe sur les variables considérées? 
Les participants à l'atelier avaient-ils suffisamment d'influence sur la prise 
de décision? 

entendu 
parler 

Oui 
ateliers 

entendu 
parler 

Oui 
ateliers 

Oui 
ateliers 

Fermeture (5 min) Tous Merci pour votre temps, vos réponses sont vraiment utiles pour mes 
recherches.  
Voulez-vous que je vous envoie l'article final lorsqu'il sera prêt ? 
N'hésitez pas à me contacter à tout moment si vous souhaitez me faire part 
de quelque chose qui ne vous est pas venu à l'esprit aujourd'hui. 
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Figure 1: ha moyennes par EA de 2007 à 2018 (analyse des chercheurs à partir des données de la RPG) 

291

Rigo, Roberta. Outcomes of fine scales land use and land cover change scenarios : a temporal assessment applied to water and environmental management - 2023



 
 

figures 

 

Figure 2: couverture des terres du Lestolet en 2019 (analyse du chercheur à partir des données de Sentinell2) 

Figure 3: type d'EE en 2018 (analyse du chercheur basée sur les données de la RPG) 
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4.2 Interview themes and extracts
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Table A.4 Ű Interview themes (mode of scenarios use; relevant features of scenarios; and external
features inĆuencing scenarios outcomes) and extracts from Lestolet’s local actors.
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4.3 Kappa indexes

Table A.5 Ű Similarity indexes between observed and scenario-predicted land-use cover (means
of 2018, 2019 and 2020).

4.4 Evolution of crops trajectories

Figure A.8 Ű Comparison of observed (LPIS data, solid lines) and predicted (scenarios, dotted
lines) trajectories of crop percentages for the parcels inside the Lestolet watershed (ŞInsideŤ)
and for all farms that had at least one Ąeld inside the Lestolet watershed (ŞInside & OutsideŤ).
Ribbons highlight the ranges of variation predicted by scenarios. Scenarios: Şbusiness-as-usualŤ
(BAU) (increase in maize at the expense of grassland), Greening (increase in grassland at the
expense of maize) and Cropping (increase in wheat at the expense of grassland).
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5 Other contributions

The research part of this thesis is based on a total of 28 interviews and 13

workshops. The contributions of thos research activities being integrated as a the-

sis chapter (Chapter 1 to 3). In this appendix we provide a list of ancillary contri-

butions directly related to the thesis subject, or more in general with the science

- society interface that have been made during the period of the thesis.

5.1 Scientific reports

• C., Fayet, L., Felix, L. C, Quintero Uribe, R., Rigo, T., Houet, Thomas, K., Lindholm, &

J. S., Kluiving (2021). TERRANOVA White Paper 2. An explorative opinion paper: ’why

do we need stakeholders’ engagement in knowledge production: TERRANOVA’s vision on

landscape transformation’. https://doi.org/10.5281/zenodo.5763214

• R. Rigo, C. Fayet, R. Capper, L.C. Quintero-Uribe, N. Fernández, H. M. Pereira (2021).

TERRANOVA Deliverable 4. 2. Scenarios for land management

5.2 Conference posters & presentations

• Rigo Roberta ŞA Long Term View Of Nature And Culture In Decision Making: Are

Spatially Explicit Scenarios Effective For Land Management?Ť. On Sustainability 2021

: Seventeenth International Conference on Environmental, Cultural, Economic & Social

Sustainability; February 24 - 26, 2021; Vrije Universiteit Amsterdam, Amsterdam, Nether-

lands (Held online). Poster

• Rigo Roberta ŞÉvaluer l’utilité de scénarios du changement du paysage sur le processus

décisionnel.Ť ń Réinventer les territoires ? ż : Journèes doctorales de l’Association de

Science Régionale De Langue Française; February 24 - 26, 2021; Université de Poitiers,

Poitiers, France (Held online).

• Rigo Roberta ŞEnvisioning future LUCC for water management: lessons learned from an

ex-post evaluationŤ. Shifting Landscapes 2022 : PhD Conference; June 16 - 17, 2022; De-

partment of Geography & Environment, London School of Economics & Political Science,

London, United Kingdom.

5.3 Other scientific communication activities

• Coordination of Chapter 5: Integrated Landscape Analysis (ILA), addressing the biodi-

versity and climate crises MOOC & Production of Module 6 lesson 2: Towards integrated

landscape management: developing tools for adapting to change MOOC

• Member of the ComSciCon France 2022 & 2023 organising team: https://france.comscicon.com

• Production of podcast Women In Copernicus: https://www.c-lab.fr/emission/women-in-

copernicus.html

• Participation in the MT180 contest 2022: https://www.youtube.com/watch?v=z76xVhtah4Q

• Organisation du projet Erasmus + KA152-YOU-77FA5B82 "Inform.Action". 15 - 24 June

2022, Guipry-Messac, 35480 France
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RÉSUMÉ ÉTENDU

1 Introduction

1.1 Évaluation d’impacts et science de la durabilité

Au cours des dernières décennies les études en science de l’environnement ont considérablement

évolué. Tout d’abord, dans les années 1960 et 1970, les spécialistes de l’environnement ont plaidé pour

un développement durable fondé sur des études multidisciplinaires. Puis, dans les années 1990, face à

l’urgence de lutter contre le réchauffement climatique et à la perte de biodiversité, une partie des études

environnementales s’est orientée vers une approche transdisciplinaire plus axée vers l’action. Dans ce

mouvement, la science de la durabilité a commencé à se structurer jusqu’à son établissement en tant que

domaine autonome caractérisé par l’ambition de produire une science orientée vers l’action et qui aide à

comprendre les systèmes socio-écologiques en utilisant des approches locales et transdisciplinaires.

En parallèle de la mise en place de la science de la durabilité, la question de savoir si les acteurs

locaux utilisaient effectivement les connaissances scientiĄques se posait. Les travaux sur l’évaluation des

programmes publiques ont alors été mobilisés pour évaluer les impacts de la recherche entendus comme

"des changements de valeurs, d’attitudes et de comportements dans le monde au-delà des instituts de

recherche" (Matthews et al., 2011, p. 247). Cette déĄnition large des impacts de la recherche reĆète la

restructuration du contrat social entre la science et la société qui s’est produite au cours des mêmes décen-

nies. En effet, si historiquement le contrat social était basé sur l’idée d’une application linéaire et directe

de la science dans l’arène politique, la croissance de la recherche transdisciplinaire porte à concevoir la

contribution de la science à la société comme plus nuancée et indirecte (European Commission, 2009, p. 7).

Les impacts de la connaissances scientiĄques prouvent être classés comme suit:

• impacts conceptuels (ou cognitifs) qui surviennent lorsque les connaissances scientiĄques sou-

tiennent la conceptualisation d’un problème et suscitent de nouvelles idées;

• impacts politiques (ou stratégiques, symboliques) qui surviennent lorsque les connaissances

scientiĄques sont utilisées pour soutenir des positions préconçues;
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• et impacts instrumentaux, qui surviennent lorsque les connaissances scientiĄques sont directe-

ment utilisées pour éclairer une prise de décision.

Le dépassement de l’idée d’une science produite par des scientiĄques et directement appliquée à

l’élaboration des politiques va de pair avec la pleine reconnaissance des impacts politiques et cognitifs

tant au niveau personnel que collectif, ainsi que des impacts instrumentaux qui découlent de l’utilisation

d’une étude par des acteurs locaux. À cet égard, une étude crédible, légitime et pertinente est considérée

comme utilisable et peut produire des impacts si son utilisation n’est pas entravée par des obstacles

fonctionnels, structurels et sociaux.

Pour évaluer l’utilisabilité d’une recherche, il est nécessaire de considérer le contexte géopolitique

dans lequel elle se déroule ainsi que son processus de production et diffusion. Pour faciliter l’utilisation

d’une étude, aligner la méthode de construction et de diffusion de cette dernière avec les impacts attendus

est essentiel. Dans cette optique les méthodes participatives de coproduction de connaissances ont été

largement reconnues comme des stratégies efficaces pour accroître l’utilisabilité d’une étude. Pour classer

les méthodes de construction et de diffusion, différents chemins d’impact ont été reconnus et classées en

trois classes (science-push, demand-pull et co-construction) selon le dégrée de suprématie des utilisateurs

ou producteurs de l’étude dans le processus de création de connaissances. Ce cadre théorique peut être

davantage détaillé selon les multiples formes d’interaction entre la science et la société.

EnĄn, le moment auquel l’évaluation est effectuée détermine de manière signiĄcative les impacts

détectés. En effet, les impacts évoluent continuellement et peuvent être indirectement liés au processus

de production de connaissances. En outre, des événements externes et sur lesquels les actrices et acteurs

impliqués dans la construction de la connaissance n’ont pas de contrôle, tels que l’évolution des conditions

géopolitiques et du contexte institutionnel, peuvent entraver ou favoriser les impacts.

1.2 Les scenarios comme outil efficace pour la science de la dura-

bilité?

Les scénarios sont "des descriptions plausibles de la manière dont l’avenir peut évoluer, fondées sur

un ensemble cohérent d’hypothèses d’évolution des principaux facteurs du changement et leurs relations"

(IPCC, 2000, p. 594). Constamment utilisés dans la pratique de la prospective, les scénarios ont été re-

connus comme des outils qui s’inscrivent dans les sciences de la durabilité, car ils permettent une réĆexion

sur la coévolution à long-terme des systèmes sociaux, économiques et naturels (Swart et al., 2004) ce qui

est essentiel pour la résilience des systèmes socio-écologiques.
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Dans l’histoire des scénarios, les États-Unis et la France sont les principales ń écoles ż dans lesquels

différentes approches prospectives ont été développées. Bien que l’on puisse trouver certaines différences

entre les approches d’élaboration de scénarios, une caractéristique commune est la combinaison de récits

décrivant l’évolution des tendances futures et de leurs représentations visuelles (par exemple sous forme

de cartes, de vidéos, d’images 3D et de dessins). Pour élaborer ces récits, les prospectivistes font souvent

appel à des expert·e·s et à des approches participatives. D’autre part, les représentations spatialement

explicites sont davantage produites par les prospectivistes à travers des modèles mathématiques qui aident

à visualiser et évaluer les impacts des changements envisagés.

Si nous nous concentrons sur le contexte agricole, focus de cette thèse, les décisions sont prises

au niveau de l’exploitation et sont déterminées par des préférences personnelles et des facteurs à plus

grande échelle telles que les pressions climatiques, les mécanismes économiques et Ąnanciers ou encore

les limites/capacités biogéochimiques du sol. En outre, les pratiques agricoles déterminent des schémas

paysagers à différentes échelles spatiales et ont un impact sur les ressources naturelles au-delà des limites

de l’exploitation. Si les modèles à échelle Ąne sont généralement développés pour des étendues spatiales

restreintes, l’un des principaux avantages de ce type de modèles est d’utiliser la parcelle comme unité de

base. La modélisation prospective à une échelle Ąne permet donc de quantiĄer les impacts des décisions

de gestion agricole sur des variables environnementales telles que la qualité et la quantité d’eau ou la

biodiversité et donner ainsi des indications utiles pour la gestion du territoire.

EnĄn, au-delà de l’échelle spatiale utilisée pour développer les scénarios, d’autres classiĄcations sont

possibles. En effet, on peut distinguer les scénarios du type forecasting et backcasting (selon le point

de départ - le présent ou le futur - utilisé pour développer les scénarios) et les scénarios normatifs et

exploratoires (basés sur la présence/absence de la notion de désirabilité).

1.3 Appliquer l’évaluation d’impacts aux scénarios

Malgré l’ambition des scénarios de fournir un support à la prise de décision (Harrison et al., 2019),

la vériĄcation des impacts réels des études prospectives est encore loin d’être une pratique courante

(Oteros-Rozas et al., 2015; Von Wirth et al., 2014). Ainsi, les connaissances produites dans le champ

de l’évaluation de programmes publiques ne sont pas complétement explorées dans leur application aux

scénarios. Cependant, certaines évaluations ont été réalisées et ont permis de clariĄer le panel des impacts

potentiels des scénarios (par exemple, Millenium Ecosystem Assessment (MA), 2005; Sitas et al., 2019).
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Les trois caractéristiques d’une connaissance utilisable (crédibilité, légitimité et pertinence), pren-

nent des nuances particulières dans le contexte des scénarios. Un scénario crédible rapporte des visions

plausibles du futur avec des récits qui commencent ou atteignent un présent reconnaissable (Mitter et

al., 2019) tout en étant capable d’apporter de la nouveauté. En outre, les hypothèses qui sous-tendent les

récits doivent être cohérentes entre elles. La légitimité est, quant à elle, liée à la transparence des résultats,

des conclusions et des méthodes utilisées, y compris l’accessibilité du modèle mathématique utilisé pour

la spatialisation (Durance and Godet, 2010; Hamilton et al., 2019). En outre, elle dépend de l’intégration

des différents points de vue des acteurs locaux dans les récits et de la capacité des scénarios à représenter

clairement les futurs (Mitter et al., 2019; Xiang and Clarke, 2003). EnĄn, un scénario pertinent est un

scénario orienté vers un objectif clair, comme par exemple, apporter des éléments de soutien à une prise

de décision spéciĄque (Mitter et al., 2019; Wilson, 1998).

Lorsque les scénarios sont perçus comme utilisables, envisager différents futurs déclenche potentielle-

ment plusieurs impacts qui émergent à court ou long terme (Saritas, 2006) au niveau de l’individu, du

groupe et du système.

Du côté cognitif, les scénarios peuvent stimuler l’apprentissage par l’apport de nouvelles informa-

tions et l’aide à la structuration de celles déjà acquises. Xiang and Clarke (2003) qualiĄent ce double

impact cognitif des scénarios des fonctions de rapprochement et d’étirement. Du côté du rapprochement,

les scénarios couplent de multiples éléments d’information et les structurent en une vision systémique et

cohérente. Du côté de l’étirement, les scénarios peuvent élargir l’éventail des éléments, des facteurs de

changement et des futurs possibles considérés par les actrices et acteurs locaux. En ce sens, les scénarios

peuvent aider à prendre en compte les incertitudes (Cook et al., 2014; Pereira et al., 2019), à détecter

les variables clés du changement (Godet and Lesourne, 1977) et à anticiper les déĄs de gestion (Van

der Voorn et al., 2012). Les changements cognitifs peuvent également se reĆéter dans une dynamique

de groupe, par exemple via l’introduction de nouvelles informations dans les discussions collectives et

par le partage des connaissances. En outre, favoriser une pensée créative et une compréhension partagée

des dynamiques socio-écologiques (Butler et al., 2015; Priess and Hauck, 2014), ou encore permettre de

détecter des problèmes dans le raisonnement et dans les modes de gestion établis peuvent être considérés

comme un possible impact cognitif des scénarios (Da Costa et al., 2008).

Du point de vue des impacts politiques, les scénarios peuvent être utilisés pour promouvoir les

préférences personnelles et collectives par rapport aux futurs souhaitables. EnĄn, du côté instrumental,

des changements substantiels peuvent se produire dans les comportements à niveau personnel, conduisant
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à des décisions de gestion privée et à un changement dans le degré d’ouverture envers les autres actrices

et acteurs locaux. Au niveau du groupe, les impacts instrumentaux concernent plutôt l’utilisation directe

des scénarios dans la sélection des options politiques et le développement de stratégies d’intervention

consensuelles. Les scénarios peuvent également être utilisés de manière instrumentale pour améliorer les

mécanismes de gestion à travers la création de collaborations structurées entre différents actrices et ac-

teurs locaux ou la modiĄcation des outils de gestion pour surmonter les incompatibilités institutionnelles

(Hauck et al., 2019; Lumbroso, 2019; Ruckelshaus et al., 2015; Wimmer et al., 2012).

EnĄn, les impacts au niveau du système surviennent indirectement à long terme et regroupent les

changements dans la compréhension générale d’un problème, et dans le fonctionnement d’un système

(Hamilton et al., 2019). Le Tableau R.71 reprend les impacts potentiels des scénarios, qui doivent être

considérés comme des impacts en constante évolution, de sorte que les impacts cognitifs peuvent con-

duire à des impacts politiques et instrumentaux, et les impacts personnels peuvent soutenir les impacts

de groupe et systémiques (Ghazinoory et al., 2015).

1.4 La nécessité d’une recherche transformatrice

Avec une population croissante et une crise sociale et environnementale exacerbée, l’appel à une

transformation économique et sociétale radicale se fait de plus en plus pressant (McCrory et al., 2020;

Schneidewind, Singer-Brodowksi, et al., 2016). Les scientiĄques et les praticien·ne·s impliqué·e·s dans

la science de la durabilité plaident pour une science transformatrice conçue comme "un type spéciĄque

de science qui ne se contente pas d’observer et de décrire les processus de transformation sociétale, mais

qui les initie et les catalyse" (Schneidewind, Singer-Brodowski, Mandy Augenstein, et al., 2016, p. 6).

Plus qu’un champ d’étude distinct, la science transformatrice est une approche qui peut nourrir les

études en science de la durabilité (Horlings et al., 2020) et qui se concentre sur les interactions homme-

environnement dans des contextes de transformation. Dans la recherche transformatrice, la science et la

société se chevauchent, et l’utilisabilité des connaissances produites par la recherche n’est pas le résultat

d’une négociation entre des personnes qui produisent des connaissances et celles qui les utilisent (Schnei-

dewind, Singer-Brodowski, Mandy Augenstein, et al., 2016). En revanche elle découle d’un processus dans

lequel les scientiĄques ne sont qu’un des producteur·ice·s de connaissances aidant à comprendre et à

faciliter la transférabilité des solutions. En effet, ancrée dans l’idée que l’expérimentation sur le terrain

conduit à une meilleure compréhension des transformations, la science transformatrice veut donner les

moyens et créer le changement (Kok et al., 2023) en testant et produisant des solutions acceptables pour

des problèmes concrets et les transférer plus largement (McCrory et al., 2020; Parodi et al., 2018). Dans

ce processus de compréhension et de transfert, les personnes qui affrontent et traitent un problème con-
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individual group System

Acquire new information
(instrumental learning)
Consider uncertainty;
Detect key variables;
Anticipate challenges

Consider new
information in
collective discussions
Knowledge sharing;
Shared understanding of
socio-economic systems and
dynamics;
Create shared values;
Creative thinking

Shift in
community
understand-
ing

Cognitive Reinterpret previous
information
(Communicative learn-
ing)
Stimulate causal
thinking about effects of
today’s choices, trade offs,
small/large scale drivers and
effects;
Highlight pattern of changes

Identify issues in
established
reasoning/management
Detect institutional
incompatibilities

Political

Reinforce personal polit-
ical opinion/preference

Support group political
opinion/preference

Shift in
community
priorities

Mediate conflicts

Instrumental

Change in personal
behaviour (transforma-
tive learning)
Change in private manage-
ment;
Change in attitudes towards
other stakeholders

Develop of new policies
Develop of management
strategies;
Support choices between
options

Shift in
community
practices

Modify management
mechanisms
Improve collaboration
mechanisms between
institutions/groups;
Improve management tools

Table R.7 Ű Impacts attendus des scénarios à niveau individuel, du groupe et du système et
selon le type d’impact.
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cret (frontrunners) sont considérées comme celles qui se sont "appropriées le problème", dépassant les

approches de type "knowledge-first" qui considèrent la société comme le propriétaire du problème et la

science comme un résolveur qui façonne et répond aux questions de recherche (Wittmayer and Schäpke,

2014, p. 485; Miller, 2013).

Cette thèse se concentre sur les impacts sociétaux des scénarios de type science-pushed visant un

changement transformateur. Dans ce contexte, l’activité de plaidoyer des scientiĄques intrinsèque à

l’approche de la recherche transformatrice pourrait intervenir dans la phase de présentation des im-

pacts des scénarios. Néanmoins, l’activité de plaidoyer est limitée dans la phase de réalisation. En effet,

lors de la réalisation des scénarios, les scientiĄques recueillent les visions des personnes participantes sur

les évolutions territoriales, et la légitimité des scénarios repose sur l’inclusion de ces visions dans les récits

sans imposer celle du ou de la prospectiviste.

1.5 Objectifs et matériaux

Alors que les scénarios ont été appliqués à une multiplicité de domaines, cette thèse se concentre sur

les scénarios de changement d’occupation et d’usage du sol (LUCC) développés pour des contextes agri-

coles français. Elle utilise une approche de géoprospective (Gourmelon et al., 2012; Houet and Gourmelon,

2014) qui combine les récits, les méthodes participatives et la modélisation (à échelle Ąne). Un élément

du contexte à considérer est l’approche intégrée qui caractérise la gestion de l’eau en France et qui im-

plique des préoccupations et des décisions de gestion transversales. En outre, le système de gestion de

l’eau demande une phase prospective et est imbriqué dans la gestion agricole et urbaine par le biais

de mécanismes Ąnanciers et juridiques. La présence d’un certain niveau de gouvernance anticipative et

d’interconnexions entre différents secteurs de la gestion environnementale fait de la gestion de l’eau en

France un contexte riche pour étudier les impacts de scénarios à échelle Ąne.

L’objectif de cette thèse est d’évaluer les impacts personnels et collectifs de deux études

de géoprospective participative, fondées sur des scénarios de changements d’occupation

et d’usage du sol, survenant à différents moments et qui résultent de différents chemins

d’impact. À cet égard, nous avons interrogé des actrices et acteurs locaux qui ont participés à la phase

de co-construction, puis nous avons organisé des ateliers de diffusion nous permettant de présenter ces scé-

narios et de débattre de leurs implications avec un large public. Cette approche nous a permis d’introduire

une variable supplémentaire dans notre analyse (se rajoutant à la temporalité de l’évaluation et au chemin

d’impact) : le proĄl du répondant en termes d’activité professionnelle. En suivant Muhonen et al. (2020),

les chemins d’impact que nous analysons sont la collaboration et la diffusion interactive.
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Les questions de recherche qui guident notre travail sont les suivantes :

3 Quels sont les impacts des scénarios LUCC au fil du temps ?

3a) Comment les scénarios modiĄent-ils la façon dont les dynamiques territoriales sont comprises en

dehors du processus décisionnel de gestion des territoires ?

3b) Est-ce que les scénarios entrent-ils dans le processus de prise de décision en matière de gestion des

territoires et si oui, de quelle manière ?

4 Quels sont les principaux facteurs qui influencent les impacts ?

4a) La temporalité : la perception des impacts des scénarios par les actrices et acteurs locaux évolue-

t-elle avec le temps ? Pour quel type d’actrices et acteurs et pour quel type d’impacts ?

4b) La complémentarité entre les chemins d’impact : quelle est la contribution des chemins plus ou

moins chronophages sur les impacts ?

4c) Existe-t-il d’autres facteurs d’inĆuence que le temps et les chemins d’impact ?

La thèse se structure en trois chapitres et le choix des études de cas reĆètent la volonté d’étudier

l’effet de différents chemins d’impact dans le temps (voir Figure R.9). En effet, la première étude de géo-

prospective a été développée pour le bassin versant du Couesnon dans le cadre du projet ALICE Interreg

(2016-2022). La seconde a été développée pour le bassin versant du Lestolet dans le cadre de la thèse

de Thomas Houet (2003-2006) (voir Figure R.10). Lorsque cette thèse a débuté, le projet ALICE entrait

dans son dernier semestre, ce qui nous a permis d’étudier ses impacts à court (chapitre 1) et moyen terme

(chapitre 2). D’autre part, avec le projet Lestolet, nous évaluons les impacts à long terme des scénarios

produits il y a plus de 15 ans (chapitre 3).

Les critères de sélection des scénarios étaient également l’échelle Ąne et le focus sur des questions

environnementales. En outre, l’accès aux données constituant la base des scénarios et les contacts avec les

actrices et acteurs locaux constituaient également un préalable. Les scénarios sélectionnés se concentrent

sur les changements d’utilisation des sols agricoles et leur inĆuence sur la gestion de l’eau et/ou la

biodiversité. Les récits des scénarios ont été élaborés conjointement avec les actrices et acteurs locaux

impliqués dans la gestion de l’eau et l’agriculture. Les scénarios spatialement explicites sont composés

de récits envisageant les effets des facteurs socio-économiques et environnementaux sur le paysage et de

cartes LUCC.
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Figure R.9 Ű Schéma des trois chapitres constituant la partie de recherche de cette thèse en
fonction des actrices et acteurs locaux inclus dans l’étude et du moment de leur évaluation.

Par ailleurs, les scénarios sélectionnés diffèrent par leur type et leur étendue spatiale, et ont été

développés à 15 ans d’intervalle. L’étude de cas du Couesnon (1130 km2) comprend cinq scénarios fore-

casting, tandis que des scénarios backasting sont également représentés pour le Lestolet (1320 ha) (3

scénarios forecasting et 3 backcasting). La place la plus importante accordée aux scénarios forecasting

s’explique par le rôle qu’ils jouent dans le processus de décision. Reconnus comme particulièrement adap-

tés à la déĄnition de la problématique de gestion et à l’établissement de du programme d’action, ils

peuvent produire à la fois des impacts cognitifs et instrumentaux dans un contexte institutionnel.

Ce travail de recherche a été réalisé dans le cadre du projet international de formation (ITN) Terra-

nova, l’initiative européenne d’apprentissage du paysage, qui a bénéĄcié d’un Ąnancement du programme

de recherche et d’innovation Horizon 2020 de l’Union européenne du programme Marie Sklodowska-Curie

[convention de subvention n° 813904]. Ce travail a été réalisé au laboratoire LETG-UMR 6554 (Littoral

Télédétection Environnement Géomatique) de l’Université de Rennes 2 (France). Les impacts reĆètent

uniquement les opinions des auteurs, et l’Union européenne ne peut être tenue responsable de l’usage qui
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pourrait être fait des informations qu’ils contiennent.

Figure R.10 Ű Localisation des deux sites d’étude (lignes jaunes). Le bassin versant du Lestolet
(zone rouge) est situé au centre de la Bretagne (France), à la limite nord du bassin versant du
Blavet (zone rougeâtre). Le bassin versant du Couesnon (zone bleuâtre) est situé au nord-ouest
de la Bretagne.
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Chapitre 1. Impacts des scénarios à court terme

Dans ce premier chapitre, nous recueillons la réaction à court terme vis-à-vis des scénarios ALICE,

de la part d’un public qui a pris connaissance des scénarios grâce aux ateliers de diffusion sans avoir

participé à la phase de coproduction.

Comme souligné dans l’introduction de cette thèse, la co-construction est l’un des piliers des études

de la durabilité dans lequel s’inscrivent les scénarios ALICE. Cependant, la co-construction est accessible

à un nombre limité d’actrices et acteurs locaux. C’est pourquoi nous avons choisi de nous concentrer dans

ce chapitre sur la diffusion en tant que chemin d’impact complémentaire à la co-production.

L’objectif principal est de déterminer si les scénarios ALICE sont perçus comme utilisables, compris

comme applicables dans les activités professionnelles respectives et résultant d’un processus de recherche

crédible. De plus, nous avons analysé comment les groupes d’actrices et acteurs locaux perçoivent l’évolution

du LUCC futur, leur conscience des déĄs attendus en matière de gestion de l’eau et leur connaissance

de certains concepts techniques. EnĄn, des impacts émergents à court terme sont également examinés.

Par conséquent, ce chapitre abordera plus souvent la "perception" des impacts plutôt que les impacts

en eux-mêmes en mettant l’accent sur la question suivante : "les répondants perçoivent-ils les scénarios

comme utilisables ?" plutôt que "les scénarios ont-ils été utilisés ?" abordée dans les chapitres suivants.

Pour vériĄer le rôle de la diffusion des scénarios dans la promotion des impacts, nous avons dif-

fusé les scénarios à différents groupes uniformes d’actrices et acteurs locaux, en sélectionnant des tech-

nicien·ne·s, des représentant·e·s et des agriculteur·ice·s comme étant les plus représentatifs des

parties prenantes dans la gestion des paysages agricoles. Compte tenu de la nécessité d’avoir un nombre

suffisant des personnes répondantes par groupe et dans un temps limité, nous avons choisi une méthode

d’évaluation quantitative enrichie par des notes sur les discussions collectives tenue lors des ateliers. Une

vériĄcation plus approfondie est laissée pour l’évaluation à moyen et long terme. Cependant, l’approche

statistique que nous avons adoptée ne présente pas que des avantages. L’un des revers est l’impossibilité

de prendre en compte les proĄls complexes des répondants. Par ailleurs, pour ce chapitre, nous excluons

les personnes participant à la phase de co-construction car elles n’étaient pas suffisantes pour constituer

une catégorie à part entière. Dans le chapitre suivant, nous remédierons à ces limites en réintroduisant

au sein de l’échantillon les participants à la phase de co-production, et en ajoutant quelques informations

générales concernant les personnes interrogées.

Les résultats du questionnaire interactif et les notes de discussion ont permis de mettre en évi-
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dence les impacts suivants. Concernant la connaissance des concepts techniques, nous avons enregistré

une différence signiĄcative entre les groupes d’actrices et acteurs locaux. En effet, les agriculteurs étaient

moins familiers avec le concept de trame vertes et bleues (TVB) sur lequel le projet ALICE se base et

accordaient moins d’importance à ce réseau d’éléments paysagers que les deux autres groupes. De plus,

les agriculteur·ice·s ont déclaré être moins conscient·e·s des déĄs attendus en matière de gestion de

l’eau. Inversement, les LUCC attendus varient de manière signiĄcative entre les groupes et au sein de

ceux-ci, ce qui montre l’absence de visions homogènes sur le futur du paysage agricole.

En ce qui concerne l’utilité instrumentale des scénarios, tous les groupes ont évalué positivement

la recherche (au-dessus de la valeur médiane), et les représentant·e·s ont considéré les résultats des

scénarios sur la ressource en eau comme plus utilisables par rapport aux agriculteur·ice·s. Néanmoins,

une plus grande variabilité dans les réponses a été enregistrée entre les agriculteur·ice·s et les techni-

cien·ne·s s qu’entre les représentant·e·s. D’une manière générale, les scénarios ont été perçus comme

pertinents et crédibles, et le processus de coproduction a été considéré comme ayant un impact positif

sur leur légitimité.

Une partie des débats ayant eu cours durant les ateliers tournait autour du rôle central des haies

dans la qualité de l’eau et les services écosystémiques. Néanmoins, les différents acteur·ice·s n’avaient

pas une connaissance équivalente des pratiques liées à l’entretien des haies. Par exemple, les agricul-

teur·ice·s reconnaissent la pratique courante consistant à rendre les arbres malades pour contourner

la loi interdisant la suppression des haies. Cependant, alors que les représentants semblaient au courant

de cette pratique, les technicien·ne·s régionaux se sont dit surpris d’entendre de telles méthodes. Bien

que notre protocole n’ait pas permis de vériĄer statistiquement la connaissance de cette pratique dans

les différents groupes, notre observation souligne que certains tabous dans la gestion du territoire ne sont

pas discutés ouvertement, et empêchent une discussion fructueuse sur les politiques à mettre en place

pour favoriser une durabilité économique et environnementale.

Outre l’évaluation de l’utilisabilité des scénarios, nous avons détecté quelques premiers impacts. En

effet, les ateliers ont permis de niveler les connaissances sur les déĄs environnementaux attendus et les

pratiques agricoles.

En résumé, cet article d’évaluation à court terme nous a permis de :

• VériĄer l’exploitabilité des scénarios : les répondants ont exprimé leur conĄance dans les résultats

de la recherche, indépendamment de leur activité professionnelle et de leur familiarité avec la zone
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d’étude. La phase de co-création a été perçue comme essentielle pour asseoir la légitimité de l’étude

montrant une première complémentarité entre les chemins d’impact. Du côté de la pertinence, les

actrices et acteurs locaux considèrent que les résultats sur l’eau sont plus pertinents que ceux

sur la biodiversité, reĆétant les tensions sur les ressources en eau présentes sur le territoire. De

plus, les résultats des scénarios sont plus susceptibles d’aider les représentants dans leurs activités

professionnelles que les techniciens.

• Détecter une incohérence entre les attentes et l’utilité perçue des scénarios par les répondants : les

scénarios ont été développés en partenariat avec une structure technique visant à aider les gestion-

naires du territoire à déĄnir les TVB et à les intégrer dans les plans de gestion locaux. Néanmoins,

les scénarios semblent plus pertinents pour les représentant·e·s que pour les technicien·ne·s.

• Détecter les impacts à court terme : certains impacts personnels et cognitifs ont été détectés à

court terme. En effet, les scénarios ont permis d’améliorer les connaissances sur les déĄs attendus

et les pratiques agricoles, et ont apporté de nouvelles connaissances dans les secteurs d’activités

dans lesquels les personnes qui ont répondu ne sont pas spécialisées (c’est-à-dire le concept de

TVB pour les agriculteur·ice·s et les pratiques qui contournent les restrictions légales pour les

techniciens travaillant à des niveaux organisationnels plus larges).

Si le cadre d’évaluation est facilement reproductible, l’organisation et la mise en pratique des ateliers

demande du temps. Cependant, cette première évaluation permet de poser les bases de l’évaluation des

impacts pour les différents types d’actrices et acteurs locaux, ce qui permettra de mieux cibler le public

par rapport aux impacts attendus.

Ce chapitre a été soumis comme un article de recherche original à la revue Environmental Science and

Policy (en cours de révision).

Rigo R., T Houet, Gonthier C. (Under review) Evaluating and maximising the outcomes of

LUCC scenarios: strategies for an effective dissemination, Environmental Science and Policy
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Chapitre 2. Impacts des scénarios à moyen terme

Dans ce deuxième chapitre, nous passons de l’évaluation de l’utilisabilité des scénarios à l’évaluation

des impacts à moyen terme. L’approche d’une évaluation dynamique permet de différencier les impacts

en fonction du moment de leur apparition. Cela est important aĄn de pouvoir planiĄer efficacement

le moment d’évaluation approprié pour détecter la présence/absence d’impacts spéciĄques. Alors que ce

deuxième chapitre analyse l’émergence de différents types de résultats, nous avons décidé d’observer prin-

cipalement l’impact des scénarios dans une intégration majeure des politiques de gestion du territoire. En

effet, en montrant les interdépendances entre les éléments du paysage et les services écosystémiques, nous

émettons l’hypothèse que les scénarios peuvent mettre en évidence les limites du secteur public divisé

en silos et fonctionner comme un outil de soutien pour une gestion plus intégrée des territoires. Tout au

long du processus de diffusion, nous avons rencontré plusieurs actrices et acteurs locaux impliqués dans

différents aspects de la gestion des territoires. Cela nous a permis d’examiner si et comment les scénarios

ont engendré les impacts attendus dans différentes communautés de pratiques. En outre, les scénarios sont

développés à une échelle spatiale pertinente, car la zone couverte par les scénarios coïncide avec le niveau

de l’organisation de la gestion de l’eau et se chevauche avec le niveau d’organisation de la gestion urbaine.

Dans cette analyse, nous utilisons le concept d’objet-frontière comme des objets physiques permettant

le transfert de connaissances et la coopération entre différents groupes. En effet, différentes actrices et

acteurs locaux ont travaillé ensemble dans la phase de co-construction et ont échangé des expériences,

des connaissances et des pratiques de leur communauté pour co-construire les scénarios (notamment les

technicien·ne·s du SAGE Couesnon et du SCOT du Pays de Fougères, les conseiller·e·s agricoles et les

scientiĄques). A l’inverse, les personnes participant aux ateliers de diffusion provenaient de communautés

relativement homogènes. Néanmoins, à quelques occasions, une certaine hétérogénéité était présente. En

particulier, lors d’une session au sein de la Zone Atelier (ZA) Armorique, des habitant.e.s, des représen-

tant.e.s et des agriculteur.ice.s étaient réunis. De plus un atelier mené à la Région Bretagne a rassemblé

des technicien.ne.s de la même structure mais de services différents. Sur une base plus faible par rapport

à la coproduction, les répondants ont alors pu échanger des points de vue et des pratiques en réponse aux

scénarios. En outre, la mobilisation de ce concept est particulièrement pertinente dans ce chapitre car le

délai d’évaluation relativement court (de 7 à 11 mois) permet aux répondants de se référer à des impacts

cognitifs personnels (tels que des connaissances accrues). Également, suffisamment de temps s’est écoulé

pour permettre l’évocation d’impacts de groupe tels qu’une coopération accrue.

Du point de vue méthodologique, nous basons ce chapitre sur des entretiens, et nous incluons dans

l’échantillon certains actrices et acteurs locaux précédemment exclus en raison des contraintes imposées
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par l’analyse quantitative. Notamment, l’inclusion des personnes ayant participé à la co-construction per-

met de différencier les impacts en fonction du chemin d’impact par laquelle les personnes participantes

sont entrées en contact avec les scénarios de la différence de temps investi dans le projet qui en découle.

L’approche qualitative nous permet également de prendre en compte les proĄls des répondants d’une

façon plus nuancée. Par ailleurs, lors de la restitution des scénarios à l’équipe de coproduction et des

ateliers de diffusion, certaines personnes interrogées ont accepté de lever l’anonymat de l’enquête. L’accès

aux réponses nominales nous a permis de rediscuter la vision à court terme des scénarios. Parmi les 20

personnes interrogées dans le cadre de ce document, 16 ont accepté de lever l’anonymat.

Il faut aussi noter que les conditions sociopolitiques ont changé considérablement entre l’évaluation

à court terme (juin - décembre 2021) et le moment des entretiens (avril - juin 2022) avec une inĆuence

importante sur les impacts relevés. En particulier, la guerre en Ukraine a commencé en février 2022 et a

provoqué une Ćambée des prix des céréales en France (Neveu, 2022). Ainsi, le débat public, auparavant

marqué par les sujets liés à COVID-19, s’est centré sur le conĆit russo-ukrainien en cours.

Les résultats des entretiens menés dans le cadre de ce chapitre soulignent que, alors que les impacts

cognitifs sont toujours majoritaires, certains acquis d’apprentissage ont bénéĄcié d’un large consensus

lors de l’évaluation à court terme. En particulier l’acquisition des connaissances plus approfondies sur les

déĄs environnementaux à venir et sur les pratiques agricoles ont perdu leur consensus au Ąl des mois.

En effet, parmi les 16 personnes interrogées qui ont acceptées de lever l’anonymat des réponses au ques-

tionnaire, 14 avaient déclaré que les scénarios soutenaient certains impacts d’apprentissage ; cependant,

seules 6 personnes ont maintenu la même opinion dans l’entretien à mi-parcours. D’autre part, la seule

personne qui a utilisé cette étude comme base pour un travail supplémentaire avait déclaré à l’origine

que les résultats des scénarios n’étaient pas utilisables dans son activité professionnelle.

De plus, nous mettons en évidence comment les scénarios ont été utilisés de manière instrumen-

tale conduisant à la citation des résultats des scénarios dans un avis rédigé par la Commission Locale

de l’Eau (CLE) Couesnon mettant en garde sur les conséquences à long terme sur la ressource en eau

de l’installation d’une usine. Néanmoins, il est essentiel de préciser que l’avis n’a pas empêché l’usine

d’obtenir le permis d’installation. Au contraire, ce qui entrave le projet de se réaliser est un mouvement

civil, actuellement en cours.

Les scénarios ont augmenté la collaboration entre différentes communautés de pratique dans trois cas

(SCOT et SAGE; techniciens de la Région Bretagne; et agriculteurs et habitants de la ZA Armorique).
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En ce qui concerne les participants à l’atelier sur la ZA, les scénarios on permit d’augmenter l’empathie

des riverain·e·s envers les agriculteur·ice·s qui vivent à côté et l’apprentissage s’est produit par la for-

mation d’un vocabulaire partagé. Dans les deux autres exemples de coopération, un vocabulaire partagé

était déjà présent et l’apprentissage est passé par le biais des réĆexions dans lequel les différentes actrices

et acteurs ont pensé à comment coordonner leurs pratiques.

EnĄn, il faut noter que le discours sur les futures pratiques agricoles a radicalement changé en-

tre l’évaluation à court et moyen terme. En effet, dans le cadre de la première évaluation, les agricul-

teurs·ice·s ont souligné l’hétérogénéité entre leurs pratiques et opinions. À l’inverse, dans les entretiens

à moyen terme, la plupart des personnes interrogées ont fait référence à une croissance attendue de la

surface en blé. Dans ce sens, les conditions géopolitiques renouvelées ont changé la perception des tra-

jectoires paysagères et ont poussé les gens à avoir une vision plus homogène de l’avenir. Néanmoins,

certains ont pu faire le lien entre un paysage changeant et les risques environnementaux, montrant ainsi

une capacité accrue à analyser le système socio-écologique dans sa complexité.

En résumé, ce chapitre d’évaluation à moyen terme nous a permis de :

• VériĄer les impacts à moyen terme des scénarios : alors que les impacts à court terme étaient

principalement personnels et cognitifs, nous avons détecté certains impacts de groupe lorsque la

présence de frontières était la plus explicite. En effet, la collaboration a été favorisée entre des

technicien·ne·s de différentes structures de gestion du territoire qui ont participé à la phase de

co-construction et entre des technicien·ne·s de différents services d’une même structure qui ont

sollicités un atelier de diffusion.

• Souligner que les scénarios ont agi comme catalyseur d’une forte volonté politique déjà présente

d’aller vers une gestion intégrée. Néanmoins, ils ont permis d’impulser une initiative de gestion

intégrée mené par un public qui a participé uniquement à la phase de dissémination et qui ne

travaille pas à la même échelle des scénarios.

• Reconnaître que les scénarios sont entrés dans le processus décisionnel d’une manière qui n’avait

pas été envisagée par l’équipe scientiĄque : le cas de l’installation d’une usine sur le territoire. En

effet, nous avons détecté une utilisation directe de l’information scientiĄque par un organisme de

gestion de l’eau appelé à donner un avis sur une décision ayant un impact sur le développement

économique de la région. Des scénarios ont alors été mobilisés pour guider une décision collective

basée sur un raisonnement des effets à long terme.
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• Détecter une boucle de rétroaction positive entre la co-production et la diffusion des scénarios

: la co-production était essentielle pour que les actrices et acteurs locaux reconnaissent l’étude

comme utilisable. En retour, la diffusion a été cruciale pour qu’ils et elles puissent exprimer leurs

inquiétudes concernant l’implantation de l’usine. En effet, comme de nombreux représentants con-

naissaient l’étude et la considéraient utilisable, certain·e·s représentant·e·s ont pu utiliser les

scénarios de manière politique et parvenir à la décision Ąnale du groupe.

• Souligner les changements d’opinion des personnes répondantes entre le court et le moyen terme

et le rôle des événements de réactivation dans la perception des impacts des scénarios. En effet,

l’opinion initialement partagée sur l’impact des scénarios dans la mise à niveau des connaissances

par rapport aux déĄs environnementaux et aux pratiques agricoles a perdu son consensus au Ąl

des mois entre les personnes qui n’ont pas rediscuté/repris en mains les scénarios ou des sujets

connexes. D’un autre côté, l’utilité des scénarios a été reconsidérée par la personne qui a utilisé les

scénarios comme base pour un travail supplémentaire.

Ce chapitre a été soumis en tant qu’article de recherche original à la revue Land (en cours de révision)..

Rigo R. and Houet T. (submitted) Do land use and land cover scenarios support more

integrated land-use management? Land

Chapitre 3. Reconstructing the past: Outcomes of sce-

narios in the long term

Dans les deux premiers chapitres, nous avons évalué les impacts des scénarios à un moment spéciĄque.

Ce chapitre adopte une approche à long terme qui nous permet de retracer l’évolution des impacts dans

un temps long. Pour ce faire, nous analysons les scénarios élaborés il y a 15 ans en interrogeant à la fois

des actrices et acteurs locaux qui avaient participé à la co-construction et des personnes ayant un rôle clé

dans la gestion actuelle du territoire. En utilisant une approche mixte de données qualitatives (entretiens

semi-directifs) et quantitatifs (Analyse des données RPG et satellitaires Sentinel-2), nous comparons les

LUCC observés avec ceux envisagés par les scénarios en considérant les changements sociaux survenus sur

le territoire au Ąl des ans. Dans ce chapitre, les aspects de modélisation des scénarios prennent une place

plus importante par rapport au deux chapitres précédents, et les notions de plausibilité et de précision

des futurs envisagées sont discutées.

Les résultats indiquent que les scénarios ont indirectement atteint leur objectif initial : soutenir
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la déĄnition de la stratégie locale de gestion de l’eau. En effet, le SAGE Blavet a mandaté un bureau

d’études (ASCA) pour élaborer des scénarios dans le but spéciĄque d’éclairer la déĄnition du SAGE

Blavet en 2007. Les scénarios proposés par le bureau d’études reprenaient et complétaient les scénarios

proposés par Houet (2006). Néanmoins, la technicienne du SAGE interrogée a identiĄé le bureau d’études

comme étant le principal fournisseur de connaissances. En ce sens, le principal outil d’appui à la déĄnition

du plan de gestion de l’eau (les scénarios proposés par le bourreau d’étude) a été une recherche de type

policy-pull partiellement basée sur les scénarios que nous avons évalués.

En outre, les scénarios ont favorisé une perspective multidisciplinaire au sein des gestionnaires du

territoire et ont facilité la reconnaissance des déĄs et des opportunités auxquels sont confrontés les agricul-

teur·ice·s locaux. Néanmoins, ils n’ont pas réussi à créer une vision commune de l’avenir au sein de

groupes différents. L’analyse a aussi permis de montrer que certains impacts des scénarios ont émergées

des années après le projet en réponse à des événements extérieurs. Un processus de dissémination des

scénarios avait été réalisé par une participante à la phase de co-construction (membre de la Cham-

bre d’Agriculture) qui a présenté les scénarios aux agriculteur.ice.s. Des années plus tard, ce groupe

d’agriculteur·ice·s, suivie par la même conseillère agricole, a re-évoqué les scénarios lors de réunions

ayant Ąnalement porté à la création d’un Groupement d’Intérêt Économique et Environnemental (GIEE).

En effet, le groupe a reconnu dans l’arrivée des personnes qui exploitaient économiquement le bois local

la concrétisation d’une des hypothèses considérées dans les scénarios et reconnu des conséquences sociales

négatives pour les habitants du bassin versant.

Du point de vue de la modélisation, nous avons constaté que les trajectoires du LUCC issues des dif-

férents scénarios envisagés, ne correspondaient pas à ce qui c’était réellement passé en termes de LUCC.

Une partie de l’explication peut se retrouver dans une modélisation faite sur les parcelles uniquement

situées à l’intérieur du bassin versant, au lieu de considérer toutes les parcelles appartenant aux exploita-

tions qui possèdent au moins une parcelle dans le bassin versant. Cette dernière option reĆèterait mieux

l’échelle sur laquelle les impacts des décisions prises par les agriculteur·ice·s se manifestent. Néanmoins,

le manque de données peut considérablement limiter l’intégration des décisions des exploitant·e·s agri-

coles dans les modèles. En outre, les personnes interviewées n’ont jamais cité la modélisation à l’échelle du

bassin versant comme une limite de l’étude. Par conséquent, la prise en compte de la dynamique interne

d’une exploitation peut améliorer la précision de la modélisation et de la spatialisation des pratiques

agricoles, tandis que le fait de se conformer aux limites administratives est bénéĄque pour l’intégration

des scénarios dans la prise de décisions institutionnelles.
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Les leçons tirées de ces études sont synthétisées dans des lignes directrices qui pourront être util-

isées pour améliorer les impacts de tout scénario futur.

En résumé, cet article d’évaluation à long terme nous a permis de :

• Contribuer à la déĄnition des facteurs inĆuençant la plausibilité des scénarios et, par conséquent,

la déĄnition des impacts environnementaux. Notamment il peut s’avérer utile de considérer dans

la modélisation: 1) une échelle spatiale qui correspond à l’échelle à laquelle les facteurs des LUCC

produisent leurs effets ; 2) la différence de rendement des sols à l’intérieur et à l’extérieur des

limites du bassin versant; 3) les possibles changements des systèmes de production.

• Détecter les résultats à long terme. Nous avons notamment observé que les scénarios concourraient

à l’élaboration de décisions politiques. En effet, les scénarios du Lestolet ont servi de base pour des

études plus complètes commandées par le SAGE Blavet et fournies par un bureau d’études. Ensuite

cette étude du type policy-pull a été utilisée de manière instrumentale pour déĄnir un document

officiel de planiĄcation. De plus, nous avons observé que des événements extérieurs survenant des

années après la réalisation des scénarios en ont réactivé la mémoire, ils ont ensuite été réemployés

lors du processus de constitution d’un GIEE.

• IdentiĄer des facteurs inĆuençant les résultats à long terme. Par exemple, les étendues spatiales

qui conduisent à une modélisation plus proche des LUCC observés pourraient ne pas être les plus

appropriées pour induire des résultats instrumentaux car elles ne correspondent pas aux limites

organisationnelles. EnĄn, les aspects institutionnels (tels que la collaboration limitée entre les

institutions et la retranscription des résultats via des bureaux d’études) ont considérablement

conditionné les impacts des scénarios.

Ce chapitre a été publié en tant qu’article de recherche original dans la revue Futures.

Rigo R., Martin P., Verburg P., Houet T. (2022) Contributions of local LUCC spatially explicit

scenarios for water management: Lessons learned from an ex-post evaluation, Futures,

https://doi.org/10.1016/j.futures.2022.102937
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2 Conclusions générales

2.1 Structurer les résultats des études d’aménagement du ter-

ritoire

Dans ce chapitre, nous nous éloignons des classiĄcations qui divisent dans un premier temps les im-

pacts personnels, de groupe et systémiques (Hamilton et al., 2019) et dans un second temps les impacts

cognitifs, politiques et instrumentaux (McKenzie et al., 2014). Les résultats sont synthétisés en fonction

des conditions nécessaires à l’apparition des impacts tels qu’observés dans nos cas d’études. La Ągure

R.11 reprend les résultats des scénarios obtenus dans les deux études de cas, ainsi que leurs processus et

les conditions nécessaires pour leur apparition.

Comme indiqué dans la littérature, l’utilisabilité des scénarios est la première condition pour en per-

mettre l’utilisation et, en conséquence, l’émergence d’impacts. Si cette première condition est remplie,

certains résultats personnels peuvent survenir. Tout d’abord, les actrices et acteurs locaux qui prennent

connaissance des scénarios reçoivent ou structurent des informations sur la dynamique du paysage et les

déĄs en lien avec la gestion attendu. Il leur est possible de formaliser des connaissances non formelles

acquises précédemment et remettre en question les pratiques traditionnelles au regard de ces nouvelles

données/informations. Le fait que les actrices et acteurs locaux reçoivent ou structurent les informa-

tions dépend de la voie de diffusion par laquelle ils entrent en contact avec les scénarios (diffusion ou

co-construction dans notre cas).

Après la première exposition aux scénarios, un processus de réactivation peut faciliter l’émergence

d’impacts supplémentaires. Celui-ci peut conduire à plusieurs impacts personnels : une nouvelle consid-

ération des problèmes environnementaux, une reconsidération des pratiques traditionnelles, un mode de

raisonnement différent et, enĄn, l’utilisation des scénarios pour soutenir des opinions personnelles.

Dans un second temps, des résultats collectifs peuvent émerger, directement ou indirectement. Par

le biais de la reconnaissance collective, des scénarios de type science-pushed peuvent entrer directement

dans le processus décisionnel institutionnel en soutenant les décisions basées sur des considérations à long

terme. Les scénarios exploratoires de type science-pushed soutiennent également de manière indirect la

prise de décision en suivant un processus de détachement. Dans les cas d’étude de cette thèse, le processus

de détachement vient d’un besoin de connaissances plus adaptées pour la prise de décision ou par une

volonté de collaboration déjà forte. Dans ce dernier cas, les scénarios ont joué le rôle de catalyseur d’une

volonté préexistante de collaborer pour formuler une proposition politique commune.
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Figure R.11 Ű Impacts des scénarios (en demi-cercles colorés) selon un degré croissant de condi-
tionnalité (du centre vers l’extérieur). Les conditions d’émergence des impacts (dans les demi-
cercles blancs) sont détaillées sous le demi-cercle.
Des scénario LUCC utilisables (qui présentent les caractéristiques •) peuvent donner lieu à
des impacts bleu clair. Si un processus de réactivation se produit sous l’effet d’événements⋆,
ils peuvent donner lieu à des impacts bleu foncé. Ensuite, si un processus de reconnaissance
collective se produit lorsque les conditions ■ sont réunies, les impacts peuvent être de couleur
pêche. EnĄn, les conditions ▲ peuvent entraîner un processus de détachement et des impacts de
couleur pêche claire.
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Savoir quelles conditions de la Ągure R.11 sont présentes au moment de l’interaction science-société

(et lesquelles pourraient être facilitées) aide les prospectivistes. Cela permet également aux actrices et

acteurs locaux à prédéĄnir des objectifs réalisables et permet d’adapter la stratégie d’intervention.

Pour résumer le processus des résultats, nous empruntons le concept de "divergence, émergence et

convergence" développé par Sirr and Ratcliffe (2003). En effet, un scénario peut conduire à l’émergence

de nouvelles questions, perspectives et idées, créant une divergence par rapport à l’état initial (résultat

cognitif personnel). Ensuite, le débat autour des déĄs futurs et des implications des différentes possibilités

peut laisser émerger des opinions/objectifs collectifs (résultats cognitifs et politiques de groupe). EnĄn,

des résultats instrumentaux de groupe peuvent apparaître par la reconnaissance collective de nouvelles

idées et la convergence d’opinions.

2.2 Principaux facteurs influençant les impacts

La phase de co-création a été essentielle pour favoriser la collaboration et la transversalité dans un

secteur public organisé en silos (services). Bien que l’implication directe des résultats des scénarios dans

la prise de décision soit limitée et puisse passer par un processus de détachement, les scénarios de type

science-pushed ont le mérite de rassembler différents actrices et acteurs ayant une légitimité sur des aspects

distincts de la gestion du territoire. De plus, comme pour tout autre outil, la contribution des scénarios à

la gestion de l’environnement dépend non seulement des aspects techniques des scénarios, mais aussi de

la personne qui les utilise. La grande hétérogénéité des motivations qui poussent les actrices et acteurs

locaux à se confronter aux scénarios et aux impacts qui en découlent nous ont poussé à représenter les ré-

sultats des scénarios sur la base d’une conditionnalité croissante plutôt que sur un décalage temporel. En

effet, même s’il existe une conséquence temporelle dans certains impacts, l’effet du temps est controversé

et le fait de se concentrer sur celui-ci suggère que des impacts plus complexes ou tangibles ont besoin de

plus de temps pour apparaître. Cependant, pour certains actrices et acteurs locaux, les résultats peuvent

"stagner" longtemps à un stade, éventuellement sans atteindre le stade suivant, alors que pour d’autres,

ils peuvent atteindre des niveaux plus élevés très rapidement lorsque les conditions requises sont réunies.

Le concept de "fenêtre d’opportunité", emprunté à la politique publique et à l’entrepreneuriat (Kingdon

and Stano, 1984; Wickham, 2006), peut être relié aux impacts des scénarios. Nous nous référons ici à la

fenêtre d’opportunité comme le moment où les résultats peuvent être produits, déterminé par la stabilité

des personnes impliqués dans la gestion locale du territoire et par la présence d’un contexte institutionnel

et géopolitique cohérent avec les hypothèses des scénarios.
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Le chemin d’impact joue également un rôle crucial dans l’émergence des impacts. Tout d’abord,

la relation entre la co-création et la légitimité peut être rediscutée en prenant en compte le caractère

science-pushed, policy-pulled ou de co-création des recherches. En effet, bien qu’il soit généralement ad-

mis qu’une phase de co-création favorise l’appropriation (même d’un projet science-pushed), la recherche

science-pushed laisse peu de place aux partenaires institutionnels pour façonner le format des résultats

attendus (Sterk et al., 2009). Néanmoins, nous avons observé d’importantes rétroactions positives entre la

co-création et la diffusion, en termes d’émergence des impacts. Le meilleur exemple de complémentarité

est présenté au chapitre 3. Lorsque nous avons interagi avec les organes politiques locaux, les scénarios ont

été perçus comme utilisables grâce à la phase de co-création et ont favorisé une meilleure prise en compte

des problèmes locaux de quantité d’eau. La sensibilisation accrue des représentants locaux résultant de

la phase de diffusion a ensuite conduit à une décision collective qui n’avait pas été envisagée au début du

projet, élargissant ainsi le spectre des occasions dans lesquelles les résultats des scénarios ont trouvé leur

pertinence et leur utilisabilité.

2.3 Limites de l’étude et perspectives scientifiques pour les scé-

narios LUCC

Le choix d’adopter une approche par étude de cas a ses avantages et ses inconvénients. D’une part, elle

permet une analyse en profondeur et une compréhension Ąne des processus étudiés prenant en compte le

contexte social et institutionnel. De plus, cela nous a permis de mettre en place une évaluation temporelle

et de travailler sur la diffusion des scénarios ALICE. D’autre part, ce choix nous a empêché d’analyser

davantage d’études de cas, par exemple en introduisant certains policy-pulled scénarios. Bien que nous

estimions que le délai choisi pour l’entretien à moyen terme était approprié pour mettre en évidence les

résultats de groupe, nous avons potentiellement manqué certains résultats instrumentaux. En effet, en rai-

son du décalage entre le calendrier de la recherche et celui de l’administration nous n’avons pas pu évaluer

les impacts des scénarios au terme d’une phase de révision des documents de gestion du territoire (SCoT

du Pays de Fougères). EnĄn, nous n’avons pas été en mesure d’interviewer un technicien qui critiquait

les résultats de la recherche et qui aurait pu apporter des opinions et des perspectives supplémentaires

en enrichissant ainsi les résultats de l’étude.

Cette étude nous a permis d’identiĄer des pistes d’amélioration pour optimiser les impacts des scé-

narios. Dans ce sens, malgré les évolutions passées des LUCC intégrées dans l’élaboration des scénarios, il

peut s’avérer utile de montrer comment des décisions administratives ou politiques passées ont inĆuencé

l’évolution du territoire et accroitre ainsi la prise en compte des effets à long terme des décisions actuelles
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et favoriser la réĆexion sur les leviers d’action.

En ce qui concerne la structure des ateliers, il serait intéressant d’explorer les effets dŚune présen-

tation adaptée à des groupes de parties prenantes spéciĄques, et l’intégration d’évaluateurs externes

pourraient être abordée. De plus, alors que certains leviers d’action pour une gestion plus durable des

sols ont été identiĄés (un foncier agricole regroupé selon certaines caractéristiques par exemple), proposer

un atelier spéciĄque pour l’identiĄcation, l’analyse de faisabilité et l’implication des parties prenantes

dans le développement et la mise en œuvre de ces leviers pourrait considérablement favoriser l’émergence

d’impacts instrumentaux.

Un autre élément à explorer est la possible synergie entre les scénarios science-pushed et policy-

pulled. En effet, si notre recherche s’est concentrée sur des études initiées par des scientiĄques, il ex-

iste également des scénarios policy-pulled ou des projets co-pilotés par des partenaires scientiĄques et

privés/institutionnels. L’étude des synergies entre les différents types des scénarios peut aider à combler

le manque des résultats cognitifs des scénarios policy-pull et des impacts instrumentaux des scénarios

science-push.

EnĄn, cette thèse clariĄe les impacts potentiels des scénarios et les conditions qui leur permettent de

se produire. Il reste à déterminer au cas par cas si l’équilibre entre les coûts nécessaires au développement

des scénarios et leurs avantages en termes de impacts attendus est viable.

2.4 Contributions et perspectives pour des études durables

La science de la durabilité est intrinsèquement liée à la science-action et à l’idée d’un savoir local

visant à atténuer les problèmes socio-écologiques. Néanmoins, l’introduction de phases participatives dans

la production de connaissances ne suffit pas à enclencher des changements transformatifs (Beier et al.,

2017; Díaz et al., 2019; Pelling et al., 2015; Van Bruggen et al., 2019). En effet, bien que nous ayons

observé une véritable tentative de dépasser l’approche qui voit la science et les institutions comme "deux

communautés" complètement séparées, les phases de co-production des études de cas que nous avons

étudiées avaient principalement un but extractif visant à soutenir la création de connaissances/outils

conçus principalement pour atteindre des objectifs scientiĄques. Si les projets science-pushed restent im-

portants en eux-mêmes et peuvent produire des impacts, y compris instrumentaux, nous mettons en

garde contre le fait de mettre en permanence l’accent sur les ambitions transformatives de ces projets. En

fait, nous pensons que l’utilisation d’étiquettes telles que "recherche-action" et "recherche transformative"

lorsque la recherche n’est pas principalement motivée par des "problèmes du monde réel", participe à
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vider de son sens un champs d’études qui trouve toute sa légitimité dans ce moment historique.

Par ailleurs, les déĄnitions et applications récentes du concept de science-action véhiculent l’idée que

l’action est déterminée au niveau institutionnel (voir par exemple la déĄnition de Pearman and Cravens,

2022). Néanmoins, nous constatons une augmentation générale des mouvements civils ascendants (Hayes,

2006; Thackeray et al., 2020), y compris des actions de désobéissance civique qui peuvent entraîner des

changements concrets plus radicaux et plus rapides que les tentatives portées par des institutions. Dans

ce contexte, on peut se demander s’il est approprié de lier explicitement (et presque exclusivement) la

science-action au contexte institutionnel ?

En regardant nos cas d’étude rétrospectivement, nous avons constaté qu’ils étaient fondés sur l’idée

que de nouvelles connaissances co-construites conduiraient à une transformation vers des pratiques plus

durables. Cependant, nous devons reconnaître que cette approche a conduit à peu de changements trans-

formatifs. La littérature sur la connaissance transformative, qui la déĄnit comme le résultat des pratiques

de transformation plutôt que comme une condition préalable à la transformation, offre des perspectives

intéressantes pour interpréter cette capacité transformative limitée des études durables (Bennett et al.,

2016; Colloff et al., 2017; Shrivastava et al., 2020).

EnĄn, en parallèle des ambitions et de la volonté personnelle des scientiĄques, les structures de

recherche et les systèmes de Ąnancement peuvent considérablement encourager les études sur le développe-

ment durable à produire des connaissances transformatives. En effet, à la lumière de nos observations,

produire une recherche orientée vers l’action dans le cadre d’un projet science-pushed, si n’est pas une con-

tradiction, dépend des compétences et volontés des scientiĄques. Pour surmonter ce problème, les critères

de Ąnancement de la recherche devraient aller au-delà de l’évaluation des impacts attendus et exiger une

cohérence entre les impacts attendus et les chemins d’impact et la déĄnition d’un agenda commun entre

les partenaires académiques et non académiques (Schneider et al., 2019). De plus, exiger des équipes in-

terdisciplinaires comprenant des experts en philosophie des sciences, en sciences politiques, en sociologie

et en économie semble être une prérogative pour dépasser la primauté des aspects environnementaux sur

les aspects sociaux et économiques (Schoolman et al., 2012), et répondre à la nécessité de mieux déĄnir

(Alvarez et al., 2010) et atteindre les impacts attendus. En ce sens, il pourrait être intéressant pour les

structures de recherche d’avoir des personnes travaillant de manière transversale sur plusieurs projets et

ayant une expertise dans l’interface science-société.

En conclusion, cette thèse contribue à la réĆexion sur la détermination des impacts attendus et
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atteignables des projets de type science-pushed visant à impacter positivement la société par la produc-

tion d’une science-action. En se basant sur des études de cas de scénarios participatifs LUCC, elle propose

une perspective pour la production et la diffusion de connaissances scientiĄques en fonction des résul-

tats souhaités et des conditions existantes. Les résultats obtenus, grâce à une combinaison de méthodes

quantitatives et qualitatives, ont permis de mettre en évidence les impacts personnels et collectifs des

scénarios, ainsi que le rôle ambigu du temps dans l’émergence des impacts.

Alors que l’analyse des impacts était auparavant quasi exclusivement limitée aux processus de co-

construction, cette thèse a élargi le champ en mettant en évidence les synergies entre les pratiques de

diffusion et les processus de co-construction pour maximiser l’impact des études en science de la durabil-

ité. Les résultats soulignent la nécessité d’aligner les stratégies de méthodes participatives sur les Ąnalités

des études de type science-pushed, inscrites dans les sciences de la durabilité. EnĄn, la thèse souligne

l’importance d’adapter les mécanismes de Ąnancement, le fonctionnement des structures scientiĄques et

l’expertise des équipes pour atteindre les ambitions de la science de la durabilité.
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Titre : Apports des scénarios de changement d'occupation et d'usages des sols pour les 
acteurs locaux: une évaluation temporelle appliquée à la gestion de l'eau et de 
l'environnement à des échelles fines 

Mots clés : scénarios de changement d'occupation et d’usage du sol, évaluation des 
impacts,  gestion intégrée,  chemins d’impact, science de la durabilité 

Résumé :  Avec l'ambition d’orienter la 
recherche vers l'action, caractéristique des 
dernières décennies, la question d’évaluer 
les bénéfices sociétaux de ce type de 
recherche se pose. À travers l’analyse de 
deux cas d’étude, cette thèse évalue les 
impacts des scénarios de changement 
d'occupation et d’usage du sol (LUCC) qui 
visent à soutenir la gestion locale de l'eau en 
Bretagne, ainsi que le processus et les 
conditions qui permettent leur apparition. 
Pour le premier cas d’étude (bassin versant 
du Couesnon), nous avons organisé des 
ateliers de dissémination des scénarios et 
évalué les impacts à court et moyen terme 
via des enquêtes interactives et des 
entretiens semi-directifs. Pour le deuxième 
(bassin versant du Lestolet), les impacts à 

long terme ont été évalués en menant des 
entretiens semi-directifs, couplés à une 
comparaison quantitative entre le LUCC 
observé et simulé.  Les résultats montrent 
la dominance des impacts cognitifs. Des 
impacts instrumentaux ont également été 
enregistrés lorsque les scénarios agissent 
comme catalyseurs d'une volonté 
préexistante d'améliorer la gestion 
intégrée du territoire. En outre, nous 
montrons l'effet controversé du temps sur 
les impacts et la complémentarité entre la 
co-production et de diffusion des 
scénarios. Cependant, le rôle transformant 
des scénarios reste limité, ouvrant ainsi de 
nouvelles perspectives quant au 
développement de scénarios ancrés dans 
une approche transformative. 

Title : Outcomes of fine scales land use and land cover change scenarios: a temporal 
assessment applied to water and environmental management  

Keywords : LUCC scenarios, outcomes evaluation, integrated management, impact 
pathways, sustainable studies 

Abstract : With the growing ambition for 
producing action-oriented research, the 
question of evaluating the societal benefits of 
this type of research arises. This thesis 
evaluates the outcomes of two study cases 
of land use and land cover change (LUCC) 
scenarios developed to support local water 
management in Brittany. For the first case 
study (Couesnon watershed), we organised 
several dissemination workshops and 
evaluated short- and mid-term outcomes via 
interactive surveys and semi-structured. For 
the second case study (Lestolet watershed), 
we evaluated long-term outcomes by 
conducting semi-structured interviews 
coupled with a quantitative comparison 
between observed and simulated LUCC. 

The results highlight the cognitive, 
political, and instrumental outcomes of the 
scenarios and the process and conditions 
that allowed them to arise. Despite the 
dominance of cognitive outcomes in the 
short term, scenarios produced 
instrumental outcomes by working as 
catalysts of a pre-existing will to enhance 
integrated management. Moreover, we 
highlight time's controversial effect on 
outcomes and show that feedback 
between scenarios dissemination and co-
production positively affects outcomes. 
Nevertheless, the transformative impact of 
scenarios is limited, opening new 
perspectives for developing scenarios 
rooted in a transformative study approach. 
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