
Assessing ecological and social uncertainty in the evaluation of land-use
impacts on ecosystem services

Fabien Que�tiera,b,$,*, Sandra Lavorela,b, Sophie Daigneya,b† and Jacqueline de Chazala,b‡

aLaboratoire d’Ecologie Alpine, Universite� Joseph Fourier, Grenoble Cedex, France; bStation Alpine
Joseph Fourier, Universite� Joseph Fourier, Grenoble Cedex, France

Ecosystem services provided by semi-natural agro-ecosystems in Europe are vulnerable to
land-use change. Typically, vulnerability assessments include uncertainty around the future
political andeconomiccontextof land-use systems through theuseof scenarios.Here,weusea
novel indicator sequence to assess the acceptability of scenario impacts on ecosystem
properties to social representations of ecosystem services in a case study area. The sequence
can incorporatemultiple sourcesof uncertainty, andwehighlight thekey roleof plant dispersal
in driving ecosystem service provision by comparing outcomes from different methods for
projecting scenario impact on ecosystem properties. By varying which properties underly
valued ecosystem services and by comparing how people could adapt their future demand for
ecosystem services we also incorporate social uncertainty.We find that social representations
most negatively affected by litter accumulation are the most vulnerable.
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Introduction

Changes in the intensity and spatial patterns of land-use can lead to the loss of important
ecosystem services (Vitousek, Mooney, Lubchenco and Melillo 1997; Foley et al. 2005;
Dı́az, Fargione, Chapin and Tilman 2006). In Western Europe, many semi-natural ecosys-
tems and the ecosystem services they provide are related to socially and economically
marginal agricultural production systems that are very dependent on public subsidies. This
makes these ecosystem services particularly vulnerable to possible evolutions of public
policies regarding agriculture and the environment, as well as rural development policies and
the organization of agricultural markets (Baldock et al. 2002; Dobbs and Pretty 2004;
Rounsevell et al. 2006).

Future scenarios describing these possible evolutions are central to assessing vulner-
ability (e.g. Peterson, Cumming and Carpenter 2003b; Verburg, Rounsevell and Veldkamp
2006b; Westhoek, van den Berg and Bakker 2006; Eickhout, van Meijl, Tabeau and van
Rheenen 2007). It is on the basis of such scenarios that impacts on society in general
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(or stakeholders in particular) are then projected (e.g. Baker et al. 2004; Rounsevell, Ewert,
Reginster, Leemans and Carter 2005; Verburg et al. 2006b; Sheate, Partidário, Byron, Bina
and Dagg 2008). Formulating scenarios allows for the voluntary incorporation of uncertainty
related to the indeterminacy of future developments (Peterson et al. 2003b – for a meta-analysis
in a land-use context, see Busch 2006). On the other hand, it is often argued that uncertainties
derived from the projection of impacts – i.e. related to projection models themselves – should
be minimized (Rounsevell et al. 2006 but see Castella, Pheng Kam, Dinh Quang, Verburg
and Thai Hoanh 2007).

For projecting land-use change impacts on ecosystems, models based on current rela-
tionships between ecosystem properties and past and present land-use (static models, e.g.
Que�tier, The�bault and Lavorel 2007b) presuppose that these relationships will remain valid
in the future. To overcome this limitation, mechanistic models can be developed but limited
knowledge of ecological mechanisms often makes uncertainty unavoidable (e.g. Schumaker,
Ernst, White, Baker and Haggerty 2004; Que�tier, Lavorel, Thuiller and Davies 2007a;
Dorrough, Vesk and Moll 2008). Similarly, uncertainties are also unavoidable when making
projections of future societal response to scenarios and scenario impacts (e.g. when evaluat-
ing adaptive capacity – Castella and Verburg 2007). In particular, evaluating future scenarios
on the basis of current stakeholder preferences for a set of ecosystem services requires that
these stay the same and that the relationships between ecosystem properties and the services
they provide also remain unmodified (e.g. Parkins and MacKendrick 2007).

Figure 1. Illustration of the assessment framework. The information flow is illustrated on the left-
hand side: scenario-based land-use changes are successively translated into land-cover (vegetation)
change, changes in ecosystem properties and ecosystem service impacts before being evaluated as
acceptable (positive or neutral impacts) or unacceptable (negative impacts) to different social repre-
sentations. These evaluations are then grouped to provide overall social evaluations of scenario
acceptability. Finally, integrating these evaluations across scenarios incorporates exposure into the
vulnerability assessment. On the right-hand side, steps 1–5 detail which sources of uncertainty were
incorporated into the assessment and how this was done.
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In this paper, we explicitly consider uncertainties related to (1) the projection of land-use
change impacts on ecosystems (ecological mechanisms), (2) how ecosystems are valued (the
relationships between ecosystem properties and ecosystem services) and (3) social adapta-
tion (Which ecosystem services will be most important to particular stakeholders or groups
of stakeholders in the future?). We propose to appraise the individual and combined effects
of these three sources of uncertainty on the assessment of land-use change impacts on
ecosystem services in a case study landscape of the central French Alps dominated by
semi-natural grasslands.

We use an assessment framework first proposed by de Chazal, Que�tier, Lavorel and van
Doorn (2008) and built as an indicator sequence whose successive steps are illustrated in
Figure 1. The assessment framework is built around the projection and subsequent social
evaluation of changes in the ecosystem properties underlying ecosystem service provision.
These projections are made using quantitative linkages between ecosystem properties and
vegetation (land-cover) response to land-use. In this study, these linkages are made easier by
using a functional approach to describe and model vegetation response to land-use change.
Rather than on species composition, such an approach is based on plant functional diversity
indices such as the distribution of plant trait values in the vegetation (e.g. Dı́az et al. 2007;
Que�tier et al. 2007a).

On the basis of social survey data, projected changes in ecosystem properties are
subsequently interpreted in terms of ecosystem service provision, and the latter provides
input for a social evaluation of each scenario’s impacts. The framework recognizes that not
all stakeholders share a common evaluation, and it allows any stakeholder classification to
be used for differentiating their views. In this study, we used social representations,
identified through social surveys (Rivoal 2004; Que�tier 2006), as a way of describing the
various ways in which people relate to ecosystems in the case study site. The social
evaluations of the different stakeholders are finally combined to estimate an overall accept-
ability of each scenario. Scenarios could then be ranked based on their acceptability, either
between or across the different social representations. Although we recognize that society
cannot (or should not) be restricted to the sum of its component interest groups, our
assessment framework aims primarily to identify potential winners and losers rather than
identifying a consensus (O’Brien and Leichenko 2000, 2003).

It is also important to point out that because of its focus on ecosystem services, the
assessment framework and the results obtained in this study ignore many social and
economic components that people would take into account when making an overall evalua-
tion of scenarios (such as economic development or social justice). The importance of these
components was explored by presenting the scenarios to a range of stakeholders in the case
study site, both residents and visitors, during individual interviews and focus group discus-
sions (Daigney 2005). Their opinions offer an interesting point of comparison for our results
from the point of view of those who will have to adapt to – and in part determine – future
land-use change in the study area. We used the same social representations to interpret and
categorize the preferences they expressed as for the analysis, making the two approaches
comparable.

Acknowledging ecological and social uncertainties in assessing ecosystem impacts of
land-use change scenarios

We assessed the effects of the three sources of uncertainty introduced above by (1) con-
sidering three methods of increasing complexity for projecting land-use change effects on
ecosystem properties, (2) by applying four increasing detection thresholds below which a
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change in ecosystem property is considered insignificant and finally (3) by making the
importance of various ecosystem services or social representations consistent with each
scenario’s storyline. These sources of uncertainty operate at different steps in the indicator
sequence, as illustrated in Figure 1. The assessment framework is flexible enough to allow
for different types of relations between land-use, biodiversity, ecosystem properties, eco-
system services and stakeholders to be combined at each one of these steps (de Chazal et al.
2008).

Uncertainty related to ecological mechanisms

Land-use and land-cover change models have been very successful in linking socio-
economic drivers with changing patterns in land-cover across multiple spatial and temporal
scales (Verburg, Kok, Pontius and Veldkamp 2006a) and have been particularly useful in
making scenario-based projections (e.g. Rounsevell et al. 2005; Alcamo et al. 2006).
However, these models need to more explicitly incorporate ecological mechanisms operat-
ing at finer scales, within landscapes, in particular if they are to help bridge the gap between
land-cover and ecosystem services (Chhabra et al. 2006; Dı́az et al. 2007). Assessing land
change impacts on ecosystem service provision requires a systematic approach where
ecological and socio-economic systems interact (e.g. Peterson, Carpenter and Brock
2003a) and where ecological uncertainties, resulting from spatio-temporal variation in
environmental factors or ignorance as to which ecological processes should be represented
in the models, will flow through to socio-economic outcomes and thus land-use decisions
(see Dorrough et al. 2008 for an example of coupled socio-economic and ecological models
in grasslands). Acknowledging such uncertainty is now considered the best practice in
environmental modelling and forecasting (e.g. Sutherland and Watkinson 2001; Thuiller
2004; Refsgaard, van der Sluijs, Hojberg and Vanrolleghem 2007).

To incorporate ecological uncertainty, we compared three projection methods of increas-
ing complexity for projecting ecosystem property response to land-use change scenarios
(step 2 in Figure 1). The first method involved directly extrapolating field data on ecosystem
properties measured in different grassland types (Que�tier et al. 2007b). In contrast, the
second and third methods combined a vegetation dynamics model that simulates changes in
plant functional type abundance and hence functional diversity with statistical models
predicting the impact of these changes on relevant ecosystem properties (these models are
detailed in Que�tier 2006 and Que�tier et al. 2007a). Unlike the first method, these included a
dynamic component. The third method was a modification of the second, whereby dispersal
limitations were imposed on a particular plant functional type: large unpalatable tussock
grasses. These have a strong effect on community structure, functional diversity and
ecosystem properties (Que�tier et al. 2007a,b). Comparing method 1 with methods 2 and 3
enabled us to evaluate how much was gained by including ecological mechanisms related to
the dynamics of plant functional diversity in our assessment. Comparing methods 2 and 3
enabled us to assess how important dispersal, a landscape-level ecological mechanism that is
poorly known, can be for projecting land-use change impacts on ecosystems. All three
projection methods were obtained on the basis of field data (Que�tier et al. 2007a,b).

Uncertainty related to perceptions of ecosystem properties

Considering a change in ecosystem property as significant or not involves judgement, and
variations in judgement add uncertainty to the assessment of scenario impacts. Firstly, the
significance of projected changes in ecosystem properties might be decided on the basis of
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current scientific methodologies [e.g. the precision allowed by projection methods or
measurement apparatus, sampling methods – see Clapham, Aguilar and Hatch (2008) for
an example in wildlife management]. These are likely to change in the future, shifting the
boundary between significant and insignificant impacts. Secondly, it is not easy to decide
how much change in each ecosystem property is relevant or significant to a stakeholder
without a complex quantitative assessment of how they perceive these properties and their
effects on ecosystem service provision. As an example, is a 1% change in Simpson’s index of
plant diversity significant for a nature reserve manager? These stakeholder perceptions are
also likely to evolve with time. To explore this source of uncertainty, we applied three
detection thresholds to projected changes in ecosystem properties whereby properties whose
responses were below the threshold were considered as unmodified (i.e. undetected or
insignificant) in the following steps of the assessment (step 3 in Figure 1).

Uncertainty related to social adaptations

We explored two facets of adaptive capacity that generate uncertainty in assessing scenario
impacts on ecosystem services and the resulting vulnerability. The first facet recognizes that
depending on the context each scenario offers, stakeholders might change the combination
of ecosystem services they benefit from and thus modify their criteria for evaluating
scenarios. The second facet involves possible shifts in the relative importance of different
stakeholder groups and their ecosystem services in the overall evaluation of scenario
impacts, depending on which scenario unfolds. Testing for this last effect allowed us to
investigate a form of adaptive capacity – that of changing social representations of the
environment – which is rarely touched upon in assessments of vulnerability (e.g. Metzger,
Rounsevell, Acosta-Michlik, Leemans and Schröter 2006; Schröter et al. 2006). We inves-
tigated the effects of these two sources of uncertainty independently.

Material and methods

Study site

The study site is set on the south facing slopes of the valley above the village of Villar
d’Arène in the central French Alps (45.04�N, 6.34�E). Climate is sub-alpine with a mean
annual rainfall of 956 mm and mean monthly temperatures at 1650 m (lowest point in the
study site) ranging between -2.6�C in January and 13�C in July.

When the local population was at its peak around 1830 (Rousset 1977), arable fields
used to cover the lower slopes (1650–2000 m) and large expanses of natural grasslands
were cut for hay between 1800 and 2500 m. As mountain agriculture lost ground to more
profitable activities and rural exodus drained the population away to the cities (from the
1830s until present), former arable fields were abandoned and subsequently converted to
grasslands used for hay or grazing. The resulting landscape is dominated by grassland
ecosystems that are still used by a small but nevertheless active farming community based
on sheep and cattle rearing for lamb and steer production. Former arable land has given the
landscape a unique distinctiveness in the form of terraced slopes extending up to 2000 m
a.s.l. This ‘heritage’ of the former land-use system makes this cultural landscape the focus
of numerous preservation efforts including subsidies to the remaining farmers (Parc
National des Ecrins 2004). Moreover, the contrast between the wilderness of the glaciated
Meije massif and the gentle grassland landscape of the opposing south-facing slope is one
of the main attractions to Villar d’Arène. Indeed, tourism has taken over agriculture as the
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dominant economic activity (Parc National des Ecrins 2004). The site is located in the
buffer zone of the Ecrins National Park and receives many thousands of visitors annually
attracted by opportunities for outdoor recreation, the grandiose mountain setting, its
abundant and diverse fauna and flora as well as the traditional or authentic character of
villages and farmlands.

Ecosystem services

Perceptions of ecosystem services were elicited using 45 semi-guided interviews. Rather
than a predefined list of questions, an interview guide was used to lead the interview from a
description of the overall landscape through to a discussion of more detailed descriptions of
the local grasslands. We found that local people and visitors referred to a variety of
ecosystem services and liabilities from local grasslands (Rivoal 2004; Que�tier 2006;
Que�tier et al. 2007a). Farming systems are heavily constrained by winter fodder require-
ments, and all machinery-accessible grasslands are cut for hay at present. Relative to winter
fodder stocks, available grazing area is not limiting in current farming systems. Rather,
shepherds recognize that selective grazing favours large unpalatable tussock grasses. Grass
quantity is thus an important ecosystem service for hay whilst grass quality (palatability and
nutritional value) is an important ecosystem service for grazing. Plant diversity contributes
to landscape aesthetics. It also contributes to biodiversity conservation objectives of the
Ecrins National Park (Parc National des Ecrins 2004). Some people worry about signs of
inappropriate ‘stewardship’ that diminish cultural heritage value. All local people acknowl-
edge that inappropriate land-use practices can increase snow gliding and associated ava-
lanche and land-slide risk (e.g. Newesely, Tasser, Spadinger and Cernusca 2000; Tasser,
Mader and Tappeiner 2003). Relationships between these ecosystem services and under-
lying ecosystem properties (Table 1) are discussed in Que�tier et al. (2007a).

Social representations

Social representations do not represent social groups, organizations or individuals. Rather,
they correspond to spontaneous and self-consistent descriptions of the grasslands, their

Table 1. Relationships between ecosystem properties, ecosystem services and social representations.

Ecosystem properties Ecosystem services Social representations

AGB* in mown grasslands + Grass for hay ‘grass’
Sward height + Grass for grazing
Lower Leaf tensile strength
Abundance of legumes + Forage quality
Leaf crude protein content
Simpson’s biodiversity index + Flowering diversity ‘post-card’

+ Plant diversity
‘heritage’

Spring litter in un-mown plots - Appropriate stewardship
+ Snow-gliding risk Shared concern

Note: The ‘+’ and ‘-’ signs indicate the direction of the ecosystem properties’ effects on ecosystem services. Notice
that two ecosystem properties contribute to grass for grazing (through palatability, which determines how much can
be grazed) and forage quality and that Simpson’s biodiversity index contributes to both flower diversity (for its
beauty) and plant diversity (for conservation). Snow-gliding risks were recognized by the majority of those
interviewed and is not considered part of a social representation in particular. *AGB is above-ground biomass.
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landscape and their uses, which can be shared between individuals. On the basis of inter-
views with local residents and visitors, these representations were associated to different
combinations of the ecosystem services described above (Table 1): The ‘grass’ social
representation focused on grasslands as a natural resource to be used for livestock. In the
‘post-card’ representation, grasslands were only one minor component of the wider moun-
tain landscape, but the aesthetic contribution of biodiversity was nevertheless recognized.
The ‘heritage’ representation focused on grasslands as a natural and cultural heritage to be
conserved. For a more in-depth description of these social representations see Rivoal (2004)
and Que�tier (2006).

Assessment framework and selected vulnerability indicator

The framework uses a set of matrices to translate input data into output data through an
indicator sequence described in Figure 1 (de Chazal et al. 2008). For each scenario, we first
made quantitative projections of scenario impacts on vegetation and ecosystem properties
using the three different projection methods (step 2, illustrated in Figure 1 and described in
the corresponding subsection). We used qualitative relationships (detailed in Table 1) to
translate these scenario impacts on ecosystem properties into impacts on ecosystem services
(step 3 in Figure 1). Quantitative values for ecosystem services are often difficult to establish
(Dı́az et al. 2007), generating uncertainty in assessments. We therefore translated quantita-
tive projections of ecosystem properties (i.e. rates of change) into qualitative impacts on
ecosystem services (i.e. directions of change, thus losing some information). When two or
more ecosystem properties were relevant to an ecosystem service (e.g. both sward height and
palatability are relevant for ‘grass for grazing’ – Table 1), only the biggest absolute change
was taken into account (i.e. the bigger increase in one property cancels out the smaller
decrease in the other). The framework could accommodate more complex relationships
between ecosystem properties and services, but it would be less tractable for the purpose of
presenting the approach.

Subsequent steps in the vulnerability assessment were based on the qualitative projec-
tions of ecosystem service change obtained. Each of these was evaluated as positive, neutral
or negative for each social representation as summarized in Table 1 (step 4 in Figure 1). This
forms the basis for the social evaluation of each scenario’s impacts on ecosystem services,
first from the point of view of each social representation and secondly considered across
social representation to approximate an overall social evaluation of the impacts (step 5 in
Figure 1).

The framework proposed by de Chazal et al. (2008) was designed to allow for multiple
perspectives and can generate a number of indicators. We chose to use ‘acceptability ratios’,
i.e. the ratio of acceptable to unacceptable impacts on selected ecosystem services (e.g. if
provision of one ecosystem service is improved while that of two other services is negatively
affected by a scenario the scenario’s acceptability ratio will be 1:2). Selected ecosystem
services refer for example to those that make up a social representation. This means that
acceptability ratios give an indication of how much more likely it is that people holding this
representation will benefit from acceptable impacts rather than suffer from unacceptable
ones.

Acceptability ratios would typically be calculated across the whole range of scenarios, in
order to capture exposure (Turner et al. 2003). This involves summing the number of
acceptable (positive and neutral) and the number of unacceptable (negative) scenario
impacts on a social representation’s selection of ecosystem services under all four scenarios
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(de Chazal et al. 2008). Social representations with the lowest ratio of acceptable to
unacceptable impacts will be considered most vulnerable to changes in ecosystem service
provision (hereafter simply referred to as vulnerable). Here we also calculated acceptability
ratios across projection methods, detection thresholds or alternative combinations of eco-
system services and social representations thereby incorporating the various sources of
uncertainty explored in this study into the assessment.

Step 1: Scenarios

Land-use change scenarios were based on local projections of European-wide land-use
change scenarios described in Rounsevell et al. (2006) and formulated on the basis of global
storylines (Nakicenovic and Swart 2000). They opposed a global (type 1 scenario) and a
regional (type 2 scenario) future, on the one hand, and a materialist (type A scenario) and an
environmentally and socially conscious (type B scenarios) future, on the other. Rounsevell
et al. (2006) related the global storylines to relevant socio-economic drivers of land-use
change at the European scale. In collaboration with local and regional stakeholders of
farming, rural development and nature conservation interests, we built on their results to
formulate four contrasting land-use scenarios for the case study site of Villar d’Arène
(Daigney 2005; Que�tier 2006). As argued by Busch (2006) and Audsley et al. (2006), we
considered that the European-scale scenarios provided by Rounsevell et al. (2006) offered a
set of contrasting salient and credible (not implausible) futures on which to apply our
framework. Involving stakeholders in downscaling European-level scenarios guaranteed
that these were locally not implausible (i.e. they were credible) but also legitimate (e.g.
Hulse, Branscomb and Payne 2004). We do recognize however that involving local stake-
holders could lead to more conservative (less extreme or salient) storylines (e.g. Dockerty,
Lovett, Appleton, Bone and Sünnenber 2006).

In this study, A1 was a global and materialist scenario where agro-pastoral land-use is
abandoned as financial support to marginal agriculture disappears and European agricultural
markets open to international trade (Table 2). Grass for hay thus ceases to be an ecosystem
service under A1 as no one benefits from it. A2 was a regional and materialist scenario where
financial support dwindles but European agricultural markets go local, giving a premium to
local dairy and meat produce. This drives intensification of grass management on the most
productive and accessible parts of the study landscape (former arable fields that are currently
mown). B1 was a global environmentally and socially conscious scenario where subsidies
for mowing-for-biodiversity increase, allowing mowing to continue. The B2 scenario was a
regional environmentally and socially conscious future where agricultural subsidies promote
self-reliance in local communities as a solution to environmental issues. This favours

Table 2. Land-use change scenarios used to map coherent combinations of disturbance and soil
resources across the simulated landscape.

Future land-use

Past land-use Current land-use A1 A2 B1 B2

Cultivated Fertilized and mown None Fertilized and mown Mown Fertilized and mown
Mown None Fertilized and mown Mown Fertilized and mown

Extensively grazed None None None Fertilized and mown
Mown Mown None None Mown Mown

Extensively grazed None None None None
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sustainable stewardship of the grassland resource through fertilization and mowing. Table 2
illustrates the combined distribution of fertilization and mowing relative to past-ploughing
for future scenarios and the current land-use patterns (see also Que�tier et al. 2007a).

Step 2: Uncertainty related to ecological mechanisms

The formulated land-use scenarios provided us with consistent and not implausible combi-
nations of resources, disturbance and land-use legacies (Table 2) for modelling land-use
change effects on ecosystem services at the landscape scale (Tscharntke, Klein, Kruess,
Steffan-Denwenter and Carsten 2005). On the basis of these combinations, we generated
projections of changes in vegetation characteristics (species composition and plant func-
tional diversity) and ecosystem properties using three different methods. These methods
included increasingly complex ecological mechanisms, and we compared the vulnerability
outcomes each one generated to explore their importance in the context of a vulnerability
assessment. We also incorporated uncertainty related to ecological mechanisms by calculat-
ing acceptability ratios across projection methods.

The first projection method directly associated scenario changes in grassland manage-
ment with values of ecosystem properties measured in the field by Que�tier et al. (2007b).
These authors describe how grasslands in Villar d’Arène have responded to changes in
management (including former ploughing) using a state and transition (S&T) model. S&T
models offer a flexible conceptual tool for integrating data on community composition, plant
traits and ecosystem properties in the context of management-mediated successional
dynamics (Briske, Fuhlendorf and Smeins 2003).

Plant traits provide a mechanistic link between vegetation shifts in response to manage-
ment and ecosystem properties (Dı́az et al. 2007; Que�tier et al. 2007a,b). Methods 2 and 3
incorporated such links in the form of predictive statistical models based on field data
collected across a broad range of management practices by Que�tier et al. (2007a). These
authors used a trait-based plant classification in a landscape-modelling platform to model
community dynamics under the same scenarios as used in this study and then used the
predictive models to project ecosystem properties.

Methods 2 and 3 differed in that the latter includes a constraint on the dispersal of large
unpalatable late-successional grasses (such as Festuca paniculata) (Que�tier et al. 2007a).
These grasses are favoured under decreased land-use intensity and have a disproportional
influence on key ecosystem properties such as litter accumulation and palatability, which are
relevant to a number of ecosystem services (Table 1, see also Que�tier et al. 2007a,b). This
makes these grasses key ecosystem service providers (sensu Kremen 2005). Because these
grasses are limited to never-ploughed grasslands in the current landscape, scenario impacts
on these ecosystem properties and thus ecosystem services will be very affected by the
ability of these species to disperse across the landscape (Que�tier 2006). We assessed the
effect of ecological uncertainties concerning the dispersal ability of late-successional grasses
by comparing projections made with methods 2 (unconstrained dispersal across the whole
area) and 3 (local dispersal only) described above.

Step 3: Uncertainty related to perceptions of ecosystem properties

Detection thresholds were set at 1, 5 and 10% change in ecosystem property as compared
with present (thresholds were applied to each ecosystem property in step 3 of Figure 1). We
compared vulnerability outcomes obtained with different thresholds to explore the effects of
differences in how much change in ecosystem properties might be considered significant in
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the future. By calculating acceptability ratios across thresholds, we thus incorporated
uncertainty concerning the perception of these ecosystem properties.

Steps 4 and 5: Uncertainty related to social adaptations

Scenarios lead to important changes in the dominant production systems and associated
management of grasslands (Que�tier et al. 2007a). As farming systems change, the combina-
tion of ecosystem services (forage production, grazing) farmers value will evolve, shifting
for example between forage quality (e.g. nutritious and easily digestible early growth that is
only available in small quantities) and quantity (e.g. late harvests that allow for a larger
accumulation of biomass but of lesser quality). The trade-off between grass quantity and
quality is one of the key ecosystem service trade-offs in mountain grassland production
systems (Fleury 1994; Me�ot, Hubert and Lasseur 2003).

We explored this avenue for adaptation of the ‘grass’ representation to a new production
context by using different weights for different ecosystem services when calculating accept-
ability ratios for the ‘grass’ social representation (step 4 in Figure 1): In the A1 scenario,
‘grass for grazing’ was given double the importance of ‘forage quality’ (Table 3a).
Conversely, in the A2 scenario where milk production requires more quality fodder, the
opposite weighting was used (Table 3a). In B1, grasslands are cut for nature conservation
and ‘forage quality’ is not an important ecosystem service, but in B2, hay will feed resident
flocks through the winter and must therefore combine both large quantities of ‘grass for hay’
and high ‘forage quality’ whereas ‘grass for grazing’ is not limiting and is thus less valued in
the ‘grass’ social representation (Table 3a).

As presented and discussed in Rounsevell et al. (2006), the global and European-level
storylines used in this study are associated to different dominant conceptions of the environ-
ment: It is seen as either a resource to be used (A scenarios) or a heritage to be conserved (B
scenarios). Locally, under one or the other type of scenario, the relative weight of the three
social representations in the socio-political arena could shift to favour one or the other (for
example, based on the number of individual citizens who share a representation). To explore
the effect of such shifts, we assigned different weights to each social representation under
different scenarios (Table 3b) when calculating acceptability ratios across representations
(step 5 in Figure 1).

Table 3. Uncertainty from social adaptations: (a) Weighting of different ecosystem services (col-
umns) in calculating acceptability of scenarios (lines) for the ‘grass’ social representation under the
adaptation hypothesis. The reference assessment used equal weights (1) for all ecosystem services in
each scenario; (b) Weighting of social representations (columns) used to calculate acceptability of
scenarios (lines) across all stakeholders under the adaptation hypothesis. In the reference assessment all
social representations received equal weight (1) in each scenario.

(a)
Ecosystem
services

Relative importance of ecosystem services
for the ‘grass’ social representation

(b)
Social
rep.

Relative importance of social
representations in overall

scenario evaluation

Grass for
hay

Grass for
grazing

Forage
quality ‘Grass’

‘Post-
card’ ‘Heritage’

Scenarios A1 0 2 1 A1 2 1 0
A2 1 1 2 A2 2 0 1
B1 1 0 0 B1 0 2 1
B2 2 1 2 B2 0 1 2

10 F. Que�tier et al.



In scenarios A, the environment is an economic resource to be exploited through farming
or tourism. Thus the ‘heritage’ social representation could be expected to lose out to the
‘grass’ and ‘post-card’ representations in A1 and to a lesser extent in A2 given the scenario’s
focus on regional identities and small tourism industry. In the B scenarios, the environment is to
be conserved. In the global perspective of scenario B1, its natural heritage value (related to its
biological richness recognized in the ‘post-card’ social representation) dominates whereas in
B2, it also includes a substantial cultural component that relates to the ‘heritage’ representation.

Benchmark scenario evaluation by stakeholders themselves

Scenarios were discussed in detail with local and regional stakeholders while being for-
mulated and once agreed upon, they were presented to both residents and visitors in the case
study site during the summer of 2005. We used focus group discussions and individual
interviews, initiating them with a brief presentation of farming systems and their role in
managing the grassland landscape (using pictures of the landscape and the different types of
grasslands – Daigney 2005). After presenting the study objectives, European-level scenarios
were presented and debated (Which is best? andWhy?) before further debating their possible
local consequences. Our aim was not to represent a population of stakeholders. Rather, we
aimed to cover a broad range of perspectives, ranging from the occasional visitor to the
native resident, including farmers themselves (Daigney 2005).

For each scenario, we classified stated arguments into one or more of the three social
representations described above. Those relating to the overall landscape or ‘the environment’
in general were related to the ‘post-card’ representation. Those relating directly to farming or
farmers were classified as ‘grass’ while those on the area’s cultural and natural (both biodi-
versity and landscape) value were classified as ‘heritage’. On the basis of the data gathered
through these focus group discussions, we were able to rank the scenarios and compare the
ranking to those obtained using our assessment framework. Evidently, many people did not
judge the scenarios on their impacts on grasslands. Rather, they would concern themselves for
the socio-economic development of the village community or the future of human relations.
Such arguments could not be classified into the social representations as they do not relate to
grasslands and the services they provide, but they were essential to put our conclusions into
perspective, by incorporating scenario components not directly related to ecosystem services,
such as concerns for social justice, economic development or local identities.

Results

Vulnerability assessment and uncertainty related to ecological mechanisms

Scenario A1 always had a negative impact on all ecosystem services except forage quality
using method 3 (Table 4). Scenarios A2 and B1 generally had a negative impact, but some
positive effects on grass for grazing and grass for hay, or on forage quality (Table 4). In
scenario A2, methods 1 and 3 projected opposite impacts: Method 1 projected an increase in
sward height (+7.5%), which was not compensated for by the decrease in palatability
(-0.78%), resulting in an increase in grass for grazing (Table 4a). On the contrary, in
projections with method 3, sward height increased less than palatability decreased (+5.7
and -5.8%, respectively), which led to decreased grass for grazing (Table 4c). Under
scenario B1, projections with method 1 also included less litter accumulation in the spring,
thus lowering snow-gliding risk and appealing to those who care for good stewardship of the
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grasslands (Table 4a). Overall, all three projection methods thus led to similar ecosystem
service projections (Table 4).

On the basis of scenario impacts on ecosystem services (Table 4), we calculated accept-
ability ratios for each social representation under each scenario (Table 5). Again, we found
that all three projections give broadly similar results: scenarios were consistently ranked in
the same order by the three methods: A1 = A2 , B1 , B2 (Table 6).

Table 4. Scenario impacts on ecosystem services as projected using methods 1–3.

Ecosystem services

(a) Method 1
(no threshold)

(b) Method 2
(no threshold)

(c) Method 3
(no threshold)

Scenarios

A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2

Grass for hay N/A - - + N/A + + + N/A + + +
Grass for grazing - + - + - - - + - - + +
Forage quality - - - - - - + + + + + +
Flowering diversity - - - + - - - + - - - -
Plant diversity - - - + - - - + - - - -
Stewardship - - + � - - - - - - - -
Snow-gliding risk + + - � + + + + + + + +

Note: Grass for hay is not applicable (N/A) to the A1 scenario as only transhumant flocks graze the landscape in this
scenario. ‘+’, ‘+/-’ and ‘-’ signs indicate positive, neutral and negative impacts respectively (in the case of snow-
gliding, increased risk is evidently undesirable). Cells with acceptable ratios (i.e. positive or equal to 1) are shaded.

Table 5. Acceptability ratios for each social representation (SR), and across representations, in each
scenario, and across scenarios, obtained using projection methods 1–3 (with no detection thresholds)
and across all methods, thereby incorporating uncertainty regarding ecological mechanisms.

Method 1 Method 2 Method 3

No detection threshold applied Across methods

Scenarios A1 Grass 1/2 1/2 2/1 4/5
Post-card 1/1 1/1 1/1 1/1
Heritage 0/2 0/2 0/2 0/2
Across SR 2/5 2/5 3/4 1/2

A2 Grass 1/2 1/2 2/1 4/5
Post-card 1/1 1/1 1/1 1/1
Heritage 0/2 0/2 0/2 0/2
Across SR 2/5 2/5 3/4 1/2

B1 Grass 0/3 2/1 3/0 5/4
Post-card 1/1 1/1 1/1 1/1
Heritage 1/1 0/2 0/2 1/5
Across SR 2/5 3/4 4/3 3/4

B2 Grass 2/1 3/0 3/0 8/1
Post-card 2/0 2/0 1/1 5/1
Heritage 2/0 1/1 0/2 1/1
Across SR 6/1 6/1 4/3 16/5

Across scenarios Grass 4/8 7/5 5/1 7/5
Post-card 5/3 5/3 1/1 7/5
Heritage 3/5 1/7 0/8 1/5
Across SR 3/4 13/15 1/1 39/45

Note: Cells with acceptable ratios (i.e. positive or equal to 1) are shaded.
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Calculating acceptability ratios across scenarios enabled us to assess the relative vulner-
ability of the three social representations. For example, using method 2, we found that the
‘grass’ representation was more likely to benefit from acceptable rather than suffer from
unacceptable impacts (seven positive and neutral impacts against five negative impacts,
Table 5), whereas the ‘heritage’ representation was more likely to be affected negatively (7)
than to see acceptable changes in ecosystem services (1), making it the most vulnerable
social representation in this case (Table 5). The ‘post-card’ representation had an intermedi-
ate acceptability ratio of 5:3 (Table 5).

Results show that under scenarios A1, A2 and B2, acceptability ratios of the different
social representations (as well as across all three of them) do not differ significantly between
methods (except for the ‘grass’ representation under A1 where method 3 gives a more
favourable outcome and the ‘heritage’ representation under B2 where methods 2 and 3 give
increasingly favourable outcomes – Table 5). Under scenario B1, however, the different
projection methods generate contrasting acceptability ratios for the ‘heritage’ and ‘grass’
social representations: increasing complexity of ecological mechanisms leads to more
favourable outcomes for the ‘grass’ social representation (increased grass for grazing) but
less favourable for the ‘heritage’ representation (increased litter). These differences between
projection methods are also reflected when calculating ratios across social representations.

Incorporating ecological uncertainty by calculating acceptability ratios across projection
methods led to very different outcomes for scenarios A1, A2 and B1, on the one hand
(unacceptable), and the B2 scenario, on the other (acceptable). It did not however modify the
fact that under B1, the ‘grass’ social representation is more likely to benefit from favourable
impacts than the ‘heritage’ representation is (Table 5).

Uncertainty related to perceptions of ecosystem properties

Increasing detection thresholds led to an increase in the number of ecosystem services
considered as not impacted reflecting a small magnitude in projected changes in ecosystem

Table 6. Scenario ranking for each social representation (SR) and across representations for methods
1–3 and across methods, without applying detection thresholds or obtained across detection thresholds.

Method 1 No thresholds Across thresholds
Grass A1 = A2 , B1 , B2 A1 , A2 = B1 , B2
Post-card A1 = A2 = B1 , B2 A1 = A2 , B1 , B2
Heritage A1 = A2 , B1 , B2 A1 = A2 , B1 , B2
Across SR A1 = A2 = B1 , B2 A1 , A2 , B1 , B2

Method 2 No thresholds Across thresholds
Grass A1 = A2 , B1 , B2 A1 , A2 , B1 , B2
Post-card A1 = A2 = B1 , B2 A1 , A2 = B1 , B2
Heritage A1 = A2 = B1 , B2 A1 , A2 = B1 , B2
Across SR A1 = A2 , B1 , B2 A1 , A2 , B1 , B2

Method 3 No thresholds Across thresholds
Grass A1 = A2 , B1 = B2 A1 = A2 , B1 = B2
Post-card A1 = A2 = B1 = B2 A1 = A2 = B1 , B2
Heritage A1 = A2 = B1 = B2 A2 , A1 = B1 , B2
Across SR A1 = A2 , B1 = B2 A2 , A1 = B1 , B2

Across methods No thresholds Across thresholds
Grass A1 = A2 , B1 , B2 A1 = A2 , B1 , B2
Post-card A1 = A2 = B1 , B2 A1 , A2 , B1 , B2
Heritage A1 = A2 , B1 , B2 A1 = A2 , B1 , B2
Across SR A1 = A2 , B1 , B2 A1 , A2 , B1 , B2
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services (see Appendix 1 for detailed results per method and threshold). As an example, with
a 1% detection threshold using method 1, the environmental B1 and B2 scenarios no longer
had any impact on ecosystem services other than those related to forage production. A 10%
threshold was required to obtain the same outcome with method 3. Due to large scenario
impacts on litter accumulation (up to +168% using method 2), the ‘heritage’ social repre-
sentation remained negatively affected even at the 10% threshold and thus remained the
most vulnerable social representation whichever projection method was used or detection
threshold was applied (see Appendix 1).

Overall, increasing detection thresholds thus translated into making scenarios more
acceptable as less and less ecosystem services were negatively impacted. This was more
the case for the ‘post-card’ and ‘heritage’ than for the ‘grass’ social representation, thus
decreasing the vulnerability of the former compared with the latter (i.e. across scenarios – see
Appendix 1).

By calculating acceptability ratios across detection thresholds we incorporated uncer-
tainty regarding how much change in ecosystem property is significant for a given ecosys-
tem service into the vulnerability assessment (Table 7, for detailed results per ecosystem
service, see Appendix 2). A comparison of Tables 5 and 7 shows how a larger share of
positive or neutral impacts on ecosystem services decreases vulnerability. However, incor-
porating uncertainty related to the perception of ecosystem properties did not change the
scenario rankings obtained without a detection threshold: A2 A1 , B1 , B2 (Table 6).

Table 7. Acceptability ratios for each social representation (SR), and across SR, in each scenario, and
across scenarios, obtained using projection methods 1–3 across detection thresholds (and thus inte-
grating uncertainty related to how ecosystem properties are perceived). Acceptability ratios in the right-
most column were calculated across projection methods as well as detection thresholds and thus also
integrate uncertainty related to ecological mechanisms.

Method 1 Method 2 Method 3

Across methodsAcross detection thresholds

Scenarios A1 Grass 6/6 4/8 9/3 9/8
Post-card 6/2 5/3 6/2 17/7
Heritage 2/6 1/7 3/5 1/3
Across SR 1/1 5/9 9/5 3/2

A2 Grass 5/7 5/7 9/3 9/8
Post-card 6/2 6/2 6/2 3/1
Heritage 2/6 2/6 2/6 1/3
Across SR 9/8 9/8 3/2 7/6

B1 Grass 5/7 8/4 12/0 16/7
Post-card 7/1 6/2 6/2 19/5
Heritage 7/1 2/6 3/5 1/1
Across SR 7/3 4/3 3/1 2/1

B2 Grass 10/2 12/0 12/0 17/2
Post-card 8/0 8/0 7/1 23/1
Heritage 8/0 6/2 5/3 19/5
Across SR 13/1 13/1 6/1 32/3

Across scenarios Grass 6/5 3/2 7/1 2/1
Post-card 27/5 25/7 25/7 4/1
Heritage 3/2 1/2 2/3 4/5
Across SR 9/4 11/8 5/2 11/6

Note: Cells with acceptable ratios (i.e. positive or equal to 1) are shaded.
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Uncertainty related to social adaptations

Changing the relative contribution of the different ecosystem services in the make-up of the
‘grass’ social representation (Table 3a) had little incidence on how scenarios were ranked for
that representation. Its acceptability was only modified under the B1 scenario whose impacts
on grass for grazing and forage quality projected with method 1 were considered irrelevant
for the conservation objectives the B1 scenario imposes on the grassland managers. Relative
to the other social representations, differential weighting of ecosystem services increased
acceptable impacts and led to a neutral acceptability ratio (results not shown).

Applying differential weighting of social representations in calculating acceptability
ratios across social representations enabled us to incorporate uncertainty related to social
change into the vulnerability assessment (Table 8). This led to important changes in scenario
ranking. For example, comparing Table 8a and b, we see that whichever projectionmethod is
used, the least acceptable scenario changes from being A1 to A2. In fact, using projection
method 3, incorporating social adaptations reversed scenario preferences to make A1 the
most likely scenario to produce favourable outcomes.

Scenario acceptability as evaluated by stakeholders themselves

Overall, local and regional stakeholders favoured the more regional scenarios. They argued
that marginal farming systems cannot compete with lowland farming and regional specifi-
city is important so they can market high-quality products with a strong regional label to
survive. Nevertheless, some stakeholders did mention the importance of remaining open to
exchanges with other regions. Although interest in environmental questions varied greatly

Table 8. Acceptability ratios projected across all social representations considered (a) equal; (b)
adapting their relative importance to the scenario (Table 3b) or (c) integrating uncertainty from social
adaptations by computing both into the calculation of acceptability ratios. Ratios were calculated for
each scenario and projection method as well as across scenarios and projection methods.

Method 1 Method 2 Method 3 Across methods

No detection threshold

(a) All social representations considered equal
Scenarios A1 2/5 2/5 3/4 1/2

A2 2/5 2/5 3/4 1/2
B1 2/5 3/4 4/3 3/4
B2 6/1 6/1 4/3 16/5

Across scenarios 12/16 13/15 14/14 39/45

(b) Importance of social representations weighted according to scenario
Scenarios A1 3/5 3/5 5/3 11/13

A2 2/6 2/6 4/4 1/2
B1 3/3 2/4 2/4 7/11
B2 6/0 4/2 1/5 11/7

Across scenarios 14/14 11/17 12/16 37/47

(c) Integrating both weighted and not-weighted outcomes
Scenarios A1 5/10 5/10 8/7 2/3

A2 4/11 4/11 7/8 1/2
B1 5/8 5/8 6/7 16/23
B2 12/1 10/3 5/8 9/4

Across scenarios 13/15 3/4 13/15 19/23

Note: Cells with acceptable ratios (i.e. positive or equal to 1) are shaded.
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between stakeholders, the issue was always raised. Stakeholders with strong ties to agricul-
ture (e.g. farmer unions, local administrations – Daigney 2005) favoured scenario A2 where
farmers could live from farming whereas others (e.g. CEMAGREF, CIPRA, extension
offices) favoured a mix of A2 and B2 where environmental issues would have greater
importance. Thus, our discussions with regional stakeholders showed that they favour
regional scenarios for maintaining marginal farming systems in the mountains.

Residents and visitors to the grasslands of Villar d’Arène followed these preferences
(Table 9, see also Que�tier 2006). On the basis of their arguments, we found that scenarios
A1 and A2 were both unacceptable to all three social representations. In these scenarios, the
‘post-card’ and ‘heritage’ social representations are expressions of concern for the possible
degradation of the landscape’s beauty and the loss of the cultural heritage represented by
former cultivated terraces in the landscape. Worries concerning shrub encroachment and
the diminishing number of farmers were related to the ‘grass’ representation. Opinions on
the environmental B1 and B2 scenarios were more nuanced. B1 and B2 were acceptable to the
‘post-card’ and ‘heritage’ social representations as they both preserve the overall landscape,
but scenario B1 was unacceptable for the ‘grass’ representation as grasslands lose their role as
a source of forage for livestock and farmers turn into care-takers of the landscape or disappear.
B2, on the other hand, was acceptable in that it maintains a productive use of the grasslands,
but unacceptable in the constraints it imposes on farmers (Table 9). Preserving terraces and
maintaining a local farming community made scenario B2 acceptable to the ‘heritage’
representation whereas B1 was only partially acceptable because it lacks authenticity.

In terms of vulnerability, the arguments used by interviewees suggest that the ‘post-card’
and ‘grass’ social representations were the most and least vulnerable, respectively (Table 9).
However, it is important to note that most interviewees did not base their preferences on
scenario impacts on grasslands and the ecosystem services they provide. Rather, they were
concerned with maintaining a dynamic and authentic village community in Villar d’Arène.
These considerations led them to strongly prefer scenario B2 and reject A1 (Table 9).

Discussion

Uncertainty from ecological mechanisms

Comparing projection methods allowed us to discuss the effects of taking specific ecological
mechanisms into account on projections of scenario impacts on ecosystem services. Our
results show that scenario impacts on ecosystem services differ between the three methods

Table 9. Interpretation through social representations of preferences expressed by interviewed
stakeholder for each scenario. Considerations not related to ecosystem properties were also taken
into account to make for an overall evaluation.

Expressed scenario preferences (from stakeholder interviews)

Scenarios

Social representations A1 A2 B1 B2

‘grass’ - - - �
‘post-card’ - - + +
‘heritage’ - - � +
Considerations not related to ecosystem properties - + - +
Overall evaluation - � � +

Note: Cells with acceptable scenario outcomes (i.e. positive or neutral impacts) are shaded.
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compared (Table 4). These differences are related to the abundance of large long-lived and
unpalatable tussock grasses. Dynamic methods project that these grasses will spread across a
larger share of the study landscape than with method 1. For the same reason, imposing a
dispersal constraint on these grasses (method 3) also modified projections.

Overall, the likelihood of net negative impacts is higher when these grasses are allowed
to disperse freely across the whole landscape (ratio of 13:15) than when they are restricted to
their current range (higher ratio of 1:1) (Table 5). Because ecosystem properties such as
accumulated litter or palatability are essentially driven by the abundance of these grasses, the
‘heritage’ social representation is always the most vulnerable, whichever combinations of
projection methods and detection thresholds are applied. Our results thus show that uncer-
tainties concerning the dispersal of large perennial tussock grasses such as Festuca panicu-
lata could have considerable effect on ecosystem services, confirming their status as key
ecosystem service providers (Kremen 2005).

Extrapolating from the current state of the grasslands (method 1, see Que�tier et al.
2007b) gives the most similar results to those obtained through stakeholder interviews
(Tables 6 and 9). This could reflect stakeholders’ understanding of grassland dynamics in
the area, as grasslands in this model were classified following their past and present
management by farmers (Que�tier et al. 2007b). Together with the strong effects of tussock
grass dispersal on ecosystem service provision, this finding suggests that ecological mechan-
isms that operate on longer time scales and/or broader spatial scales must be taken into
account for projecting land-use change impacts on ecosystem properties and services (e.g.
Parkins and MacKendrick 2007; Thuiller et al. 2008).

All three projection methods used here ranked scenarios A1, A2, B1 and B2 from least to
most acceptable (Table 6) and this ranking is consistent with that obtained from stakeholder
interviews (Table 9). They unanimously rejected the A1 scenario, both for the consequences
they imagined in terms of scenery, farming and heritage, and for the local community. B2
was the preferred scenario because it preserves the area’s scenery and heritage and the local
community. As we found in our assessment, interviews showed that B2 did not necessarily
lead to positive changes, yet was the preferred scenario. Scenario A1, on the other hand,
clearly has negative impacts and was rejected.

Uncertainty related to perceptions of ecosystem properties

Despite the generalities discussed above, projection methods do vary in the magnitude of
projected impacts as demonstrated through our exploration of detection threshold effects.
Our analysis shows that above a 5% detection threshold, ‘environmental’ scenarios (B1 and
B2) have no effects on ecosystem services related to biodiversity. Small impacts on
biodiversity mean these are not necessarily detectable by those concerned (Que�tier et al.
2007a). When integrating across the different methods, these generalities were conserved
(Table 5). We can thus conclude that, for example, the negative impacts of ‘economic’ (A)
scenarios on social representations are robust to ecological uncertainty.

Acceptability ratios were very sensitive to detection thresholds (Tables 5 and 7). Using
method 2, the ’grass‘ social representation was the least vulnerable below a 1% threshold
(results not shown). The ‘post-card’ social representation was the least vulnerable at a 10%
threshold because its corresponding ecosystem services were unaffected (neutral impact) as
the detection threshold rose. In fact, biodiversity does not seem to be very sensitive to land-
use change in Villar d’Arène. However, public policies aiming at its conservation (e.g. type
B scenarios) would benefit the ‘heritage’ value of the grasslands and could thus be used to
maintain the provision of a broad range of other ecosystem services in this type of landscape.
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Across social representations, applying detection thresholds did not modify scenario
ranking but shifted acceptability of scenarios A1, A2 and B1 from negative to positive
(Tables 5 and 7). Scenario B2 remained acceptable across detection thresholds. This
suggests that B2 is more acceptable than A1 and A2 are unacceptable.

The large negative impacts of scenarios A1 and A2 on litter accumulation are large and
less sensitive to detection thresholds, which highlights again the key role of Festuca
paniculata dispersal.

Uncertainty related to social adaptations

We also show that on the basis of qualitative linkages between ecosystem properties and
ecosystem services, differential weighting of ecosystem services and social representations
had little effect on scenario ranking (the only exception being with method 3 and a 10%
detection threshold), acceptability or vulnerability. However, taking into account social adapta-
tions did decrease vulnerability of the ‘grass’ social representation (Table 10). Differential
weighing of quantitative, rather than qualitative, ecosystem service projections would certainly
have had stronger effects, but the latter require considerablymore data thanwere available, either
from social surveys (e.g. Hunziker and Kienast 1999) or from field measurements such as
monitoring the behaviour of grazing flocks (e.g. Meuret 1997).

Scenario acceptability as evaluated by stakeholders themselves

Our assessment framework focuses exclusively on ecosystem services yet the scenarios
used in this assessment include economic, social and cultural considerations that extend
well beyond the study sites’ scenic appeal or its grasslands (e.g. Pereira, Queiroz, Pereira

Table 10. Acceptability ratios projected for the ‘grass’ social representation with (a) and without (b)
adapting its ecosystem service make-up (see Table 3a). Ratios were calculated for each scenario and
projection method as well as across scenarios and projection methods.

Method 1 Method 2 Method 3

Across methodsNo detection threshold

(a) Ecosystem services with same weights under all scenarios
Scenarios A1 1/2 1/2 2/1 4/5

A2 1/2 1/2 2/1 4/5
B1 0/3 2/1 3/0 5/4
B2 2/1 3/0 3/0 8/1

Across scenarios 4/8 7/5 5/1 8/7

(b) Ecosystem services weighted according to scenario
Scenarios A1 1/2 1/2 2/1 4/5

A2 1/2 1/2 2/1 4/5
B1 2/1 3/0 3/0 8/1
B2 2/1 3/0 3/0 8/1

Across scenarios 6/6 8/4 10/2 2/1

(c) Integrating both weighted and not-weighted outcomes
Scenarios A1 1/2 1/2 2/1 4/5

A2 1/2 1/2 2/1 4/5
B1 1/2 5/1 6/0 13/5
B2 2/1 6/0 6/0 8/1

Across scenarios 5/12 5/3 5/1 5/3

Note: Cells with acceptable ratios (i.e. positive or equal to 1) are shaded.
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and Vicente 2005). In the face of these considerations, preserving an authentic local
community in Villar d’Arène was unanimously desired. It is associated with the creation
of local jobs, autonomy in decision-making and ownership of the land and the flocks.
Although one farmer and a few visitors feared isolation, this did not change their opinion
against the more global scenarios and regional scenarios were preferred. Opposition to A1-
type scenarios was previously found in other scenario-based studies of rural change such
asMedAction (Kok, Patel, Rothman and Quaranta 2006; Kok, Biggs and Zurek 2007) and
Bioscene (Marty, Guignier, Caplat, Lepart and Lhuillier 2005; Soliva et al. 2008). This
opposition seems to reflect common fears of the consequences of free-market globaliza-
tion. Buchecker, Hunziker and Kienast (2003) find similar results in the Swiss Alps and
comment that the appeal of the ‘traditional village community’ is still the main reference
for ideal landscape planning. In such a community, all (or nearly all) contribute to land-use
and landscape planning through the land they own. Global scenarios, where strong links to
the land are lost, go against this idealized reference.

Opinions were more varied concerning scenarios A2 and B1. Scenario B1 preserves
scenery, terraces and varied grasslands but ignores the local community; individual farmer’s
freedoms and authenticity is sacrificed to environmental efficiency. In contrast, scenario
A2 does not preserve scenery or heritage but allows farmers to live off their land and favours
economic self-sufficiency of the area. It is interesting to note that fewer social and
environmental fears emerge concerning the A2 than for the A1 scenario. Interviewees believe
local entrepreneurs would do less harm than outsiders, making A2 more acceptable than A1.
We also found that most interviewees often preferred a mix of the scenarios we offered them
and that they designated A1 and B1 as more likely, underlining the difference between desired
and anticipated futures. The method we used in our assessment is similar to that of a standard
impact assessment study, where external drivers affect a relatively powerless local community.
An alternative normative approach, focusing on desired futures, could have led to very
different outcomes and perhaps given more details on each social representation’s preferences
rather than emphasizing the ‘nightmare’ A1 scenario (Kok et al. 2006, 2007).

We found the ‘heritage’ social representation to be the most vulnerable, whichever
projection method or detection threshold were used to project scenario impacts on ecosystem
properties (Tables 5 and 7). With a low detection threshold, acceptability ratios showed that
the ‘grass’ representation was the least vulnerable. It encompasses a wider range of ecosys-
tem properties and ecosystem services than the other two social representations and was thus
more likely to benefit from compensations between ecosystem services, for example,
between grass for hay and grass for grazing in scenario A2 (Table 4). These results are
very different from the relative vulnerability assessed through our interviews (Table 9).
Residents and visitors of Villar d’Arène viewed the ‘grass’ representation as more often
affected negatively (three of four scenarios, the fourth being neutral) while the ‘post-card’
representation was the least vulnerable. This could be due to the ‘grass’ representation being
more strongly associated with the ‘traditional village community’ as described above. The
difference could also result from the broad interpretation we gave to the social representa-
tions when analysing interviews where scenario impacts were not limited to changes in
ecosystem properties as they were in our assessment framework (e.g. anything to do with
‘nature’ or ‘scenery’ would go to the ‘post-card’ representation).

Taking into account scenario, impacts beyond ecosystem services would require an in-
depth analysis not only of the local human – environment system but also of the system’s
insertion in a wider, social, economic and political context and the possibilities it offers for
stakeholders to adapt. Stakeholders are knowledgeable about such possibilities in the short
term but they are rarely made explicit (e.g. Pereira et al. 2005). This can make inter-site
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comparisons difficult as contexts are not shared. Considerations other than land-use impacts
on ecosystem services might be better revealed using a normative approach, where stake-
holders formulate desirable or undesirable futures.

Conclusions

Appropriate analytical frameworks must be developed to assess and manage the trade-offs
betweenmaintaining the long-term capacity of ecosystems to provide ecosystem services and
human needs in the short term (Ramankutty et al. 2006; Bennet and Balvanera 2007). The
frameworkused in this studyprovides such a tool. Itwasdesigned to assess thevulnerability of
ecosystem services using a combination of quantitative ecological models and qualitative
social survey data and is built around an indicator sequence, linking drivers of change, system
properties and impacts on stakeholder categories. The indicator sequence is both transparent
and flexible, which allows the framework to integrate multiple variants of the indicator
sequence and thereby incorporate additional sources of uncertainty to those offered by
scenario formulation. We were able to compare and integrate outcomes from three different
methods for projecting scenario impact on ecosystem properties and highlighted the key role
of dispersal in driving ecosystem service provision in the case study landscape.We were also
able to incorporate social uncertainties in scenario evaluation, concerning either the signifi-
cance of ecological impacts or the possible social adaptations through changes in social
representations of the grassland ecosystems.

In addition to incorporating uncertainty, the indicator sequence used here also allowed
for multiple perspectives on the value of ecosystem services. This addresses the fact that too
few vulnerability assessments identify what and whose values characterize the study system
(Eakin and Leurs 2006). Here, we explicitly considered stakeholder differences (through
their social representations) and we could identify winners and losers: the ‘heritage’ social
representation was the most vulnerable. We also found that with only a few exceptions,
scenarios can be ranked as follows: A1 , A2 , B1 , B2 and that this ranking is shared
across social representations, as well as by direct assessment by stakeholders.

The framework used in this study improved our assessment of vulnerability through the
greater transparency and flexibility of the indicator sequence used to project scenario
impacts on ecosystems and the multiple values assigned to ecosystem properties and
services. Such improvements should be applied more widely in investigating land-use
change impacts on ecosystem services and human well-being.
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and Visualisations to Illustrate Potential Policy and Climatic Influences on Future Agricultural
Landscapes,’’ Agriculture, Ecosystems and Environment, 114, 103–120.

Dorrough, J., Vesk, P.A., and Moll, J. (2008), ‘‘Integrating Ecological Uncertainty and Farm-Scale
Economics When Planning Restoration,’’ Journal of Applied Ecology, 45, 288–295.

Eakin, H., and Leurs, A.M. (2006), ‘‘Assessing the Vulnerability of Social–Environmental Systems,’’
Annual Review of Environment and Resources, 31, 365–394.

Eickhout, B., van Meijl, H., Tabeau, A., and van Rheenen, T. (2007), Economic and Ecological
Consequences of Four European Land Use Scenarios,’’ Land Use Policy, 24, 562–575.

Journal of Land Use Science 21



Fleury, P. (1994), ‘‘Le diagnostic agronomique des ve�ge�tations prairiales et son utilisation dans la
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Vulnerability of Ecosystem Services to Land Use Change,’’ Agriculture, Ecosystems and
Environment, 114, 69–85.

Meuret, M. (1997), ‘‘Pre�hensibilite� des aliments chez les petits ruminants sur parcours en landes et
sous-bois,’’ Productions Animales, 10, 391–401.

Nakicenovic, N., and Swart, R., (eds). Emission Scenarios. A special report ofWorking Group III of the
Intergovernmental panel on Climate Change, Cambridge University Press, Cambridge (2000),
1–612.

Newesely, C., Tasser, E., Spadinger, P., and Cernusca, A. (2000), ‘‘Effects of Land-Use Changes on
Snow Gliding Processes in Alpine Ecosystems,’’ Basic and Applied Ecology, 1, 61–67.

O’Brien, K.L., and Leichenko, R.M. (2000), ‘‘Double Exposure: Assessing the Impacts of Climate Change
Within the Context of Economic Globalization,’’ Global Environmental Change, 10, 221–232.

——— (2003), ‘‘Winners and Losers in the Context of Global Change,’’ Annals of the Association of
American Geographers, 93(1), 89–103.

Parc National des Ecrins (2004), ‘‘Projet de programme d’ame�nagement 2005–2010 du Parc national
des Ecrins,’’ Internal Report, Parc National des Ecrins, Gap, France.

Parkins, J.R., and MacKendrick, N.A. (2007), Assessing Community Vulnerability: A Study of the
Mountain Pine Beetle Outbreak in British Columbia, Canada,’’Global Environmental Change, 17,
460–471.

Pereira, E., Queiroz, C., Pereira, H.M., and Vicente, L. (2005), ‘‘Ecosystem Services and HumanWell-
Being: A Participatory Study in a Mountain Community in Portugal,’’ Ecology and Society, 10,
Paper no 14 [online]. http://www.ecologyandsociety.org/vol10/iss2/art14/.

Peterson, G.D., Carpenter, S.R., and Brock, W.A. (2003a), ‘‘Uncertainty and the Management of
Multistate Ecosystems: An Apparently Rational Route to Collapse,’’ Ecology, 84(6),
1403–1411.

Peterson, G.D., Cumming, G.S., and Carpenter, S.R. (2003b), ‘‘Scenario Planning: A Tool for
Conservation in an Uncertain World,’’ Conservation Biology, 17(2), 358–366.
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Appendix 1
Qualitative projections of ecosystem service change under scenarios A1, A2, B1 and B2 obtained using
methods 1–3 for projecting scenario impacts on ecosystem properties, in combination with 4 four
detection thresholds (none, 1%, 5%, 10%) below which changes in ecosystem properties are
considered non significant and ignored.
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(b) Method 1
(1% threshold)
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(no threshold)
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(Continued )
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Appendix 2
Postive (1), neutral (0) and negative (-1) changes in ecosystem service provision across scenarios,
projection method and detection thresholds. These changes are used as a basis for calculating scenario
acceptability ratios for each social representation.
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(no threshold)

(j) Method 3
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(k) Method 3
(5% threshold)

(l) Method 3
(10% threshold)
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