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Abstract

We propose a framework for vulnerability assessrtigttlinks ecosystem services
identified and valued by stakeholders with an egiclal characterisation of
prospective land-use change in European agro-pé$amdscapes principally using
plant functional traits. The methodology uses fivatrices that quantify, link and
integrate social and biophysical information. Wesilrate the framework using some
preliminary findings from two study sites, Col dadtaret in the French Alps and
Mértola in the Portuguese Alentejo region. Thisrfeavork provides a quantitative,

contextual, place-based approach for assessingnalditity. The use of social
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surveys with selected stakeholders to identify\adde ecosystem services sets the
social context for translating the biophysical asseent of ecological change into an
evaluation. The framework accommodates a full rasfgggakeholders and ecosystem
services, where both can be classified and weigigegppropriate. Multiple, differing
values can be placed on the same ecosystem sbydifferent stakeholders. The
five matrices provide a transparent and flexiblengeof quantifying, linking, and
evaluating the biophysical and social informatidhese matrices also articulate two
important, often neglected links between ecosysteivices and the underlying
ecological attributes that contribute to those ises: The first of these is to link
ecosystem services with a range of physical elesr(gleiscriptors) in the landscape
that stakeholders consider as important to theeigliof the ecosystem services. The
second is to link these descriptors with underlyeaglogical attributes that ecologists
consider to contribute to the delivery of the estssn services. The framework
allows a wide range of vulnerability assessmentsetperformed in a variety of
regions, where these regions may be composed pivigerent stakeholders that

identify and value very different sets of ecosystamrvices.

Key words

Vulnerability assessment, ecosystem services timadi European agricultural
landscapes, social values, plant functional tré&tsg-use change, global change

scenarios.

I ntroduction

As well as providing a range of food and fibre proi, low intensity, extensive agro-

pastoral landscapes in mountain, Mediterranead, adl otherwise marginally
2
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productive regions of Western Europe provide arditye of other ecosystem services.
These include recreational, aesthetic, inspiratiand wild flora and fauna
conservation services. However, technological,a@md other economic changes
have resulted in, and continue to bring, signifidand-use change in these
landscapes (Baldock et al. 2002). An overall reédadn agricultural land through
‘abandonment’ and/or changes in intensity and tfpese have transformed the
former mosaics of a range of land-use intensibesarse-grained mosaics where
large abandoned areas are contrasted with fooiefisive use (MacDonald et al.
2000; Schmitzberger et al. 2005). Changing landpasirns and practices can
greatly affect the delivery of ecosystem servicgsnodifying both the structure and
functioning of ecosystems (Chapin et al. 2000, yeleal. 2005). The range of
services provided by these landscapes are beinggisiogly valued (Aitchinson
1995), with farmers being subsidised to maintaeayricultural practices that
contribute to the delivery of such services (Kleijm Sutherland 2003, Penker 2005).
Most marginal agricultural areas in Europe are alassified as Least Favoured
Areas and given specific financial support withie European Common Agricultural
Policy. Such policy intervention requires scientdissessments of the impact of land-
use change on the delivery of the range of seryio@aded by these landscapes

(Foley et al. 2005).

In this paper, we frame the identification and eatibn of changes in the provision of
ecosystem services by these landscapes in termararability. The concept of
vulnerability has recently received increasingrdttn within the global change area
as an innovative evaluation method of ecosystemgdnée.g. Kelly and Adger 2000,
McCarthy et al. 2001; Turner Il et al. 2003a; Domgeind Patwardhan 2003, Schroter

et al. 2006). There is a growing recognition thaphysical assessments of
3
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vulnerability need to be placed in a social contagtthese assessments involve value
judgements about the identification of importard®stem services and of the
acceptability or otherwise of ecosystem changedq@liend Klein, in press;

Millennium Ecosystem Assessment 2005). There s @lsecognised need to make
progress in the development of quantitative mettiodsulnerability assessment
(Luers et al. 2003; Metzger et al. 2005). As altesecent research has strived to
develop frameworks that are able to integrate tloeaband biophysical dimensions of
vulnerability, and provide better quantitative nugth to do so (Klein and Nicholls
1999; Schroter et al. 2005; Turner 1l et al. 2003bndill et al. 2005; Millennium

Ecosystem Assessment 2005).

Building from a biophysical research perspective,propose a conceptual
framework and associated methodology for vulneitslassessment that represents
progress in both of these areas. Our approachmpative, where we compare the
relative vulnerability of a selected set of stakdbos and associated ecosystem
services at a particular place, with the vulnerghdf other sets of stakeholders and
associated ecosystem services at the same offenethif places. The framework has
been developed as part of the VISTA project (‘Vulility of ecosystem services to
land-use change in traditional agricultural langies), which examines
vulnerability to projected changes in land use 89®at 11 study sites across
Europe’s mountain, Mediterranean, cold and othenmwiarginally productive regions.
Our definitions of vulnerability and associated keycepts are presented first, for

application to prospective future changes in edesyservices provided by agro-

! http://lotus5.vitamib.com/hnb/vista/vista.nsf/Web/Fedopenform



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Vulnerability assessment in Europe DO NOT CITE OR CIRCULATE

pastoral landscapes. We then present the concé@nswork, where stakeholder
assessments of ecosystem change are accommodategiclly through the
introduction of the concept of ‘acceptability’ intioe formulation of vulnerability, and
practically, using social surveys with stakeholderglentify and value ecosystem
services. We then illustrate the concepts and ndetbgy using some preliminary
findings from a subset of social and ecologicaadgthered at two of the VISTA
study sites, the Col du Lautaret in the French Alpd Mértola area in the Portuguese
Alentejo region. Rather than providing exhaustissessments of these sites, the
findings and comparisons are provided principaflyjaaneans of demonstrating some
of the features of a more generally applicable &éaork for vulnerability assessment.
The framework can be modified and adapted as apptefo suit the needs of
different studies of vulnerability concerned witianiges in ecosystem services. The
results presented here are therefore not interaegptesent formal vulnerability
assessments of these sites, and hence a widessimtwf the implication of these
findings for European vulnerability to projecteaighl changes is not included. Future

publications from the project will address theggeass.

Definitions

As shared by other definitions of vulnerabilityglobal change research, we
understand vulnerability as being the compoundlre$exposure, sensitivity and
adaptive capacity (e.g. McCarthy et al. 2001; Tuthet al. 2003b; Metzger et al.
2005; Fussel and Klein, in press). Our definitiohexposure, sensitivity and
adaptive capacity in relation to the delivery ob®gstem services are taken or
adapted from definitions proposed by McCarthy e{2001) and Metzger et al.

(2005). We include an additional concept of ‘acabpity’ to explicitly accommodate

5
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stakeholder judgements of ecosystem change. Oof definitions for vulnerability

are described below. Definitions of other key @pts are given in Appendix 1.

Exposure is the nature and degree to which ecosystems amsed to environmental
change. We represent exposure in terms of a rdmngmeparios, similar to a range of
other international assessments (McCarthy et &1 2Blillennium Ecosystem

Assessment 2005).

Sensitivity is ‘change in the selected ecosystem servicegi@ea site in response to

exposure’ (Metzger et al. 2005).

Adaptive capacity is the ability of a system to adjust to globalma (including
variability and extremes) to moderate potential dges, to take advantage of
opportunities, or to cope with the consequenceste Hve chose to approach adaptive
capacity in terms of acceptability, representing possible social measure of

adaptive capacity (adapted from McCarthy et al. 1200

Acceptability represents stakeholders’ judgements about chamggsntified
ecosystem services as a response to exposure.tAbitigyp can be variously assessed
in terms of a single ecosystem service, a subs#tedull set of, ecosystem services,

and by a single stakeholder, a subset of, or bstakeholders.

Vulnerability represents the comparison of acceptability of ghan ecosystem
services, as a response to exposure for all sdlscanarios. Comparisons can be
within site, comparing between stakeholders or aessakeholders, as well as across
sites. However the comparison must include all @ges to take into account the full
range of measured exposure. We note that our agprsaecessarily comparative,

this approach is further developed in the discumssio

6
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A framework for assessment of vulnerability

The VISTA framework integrates biophysical and abmformation by explicitly
linking ecosystem services of traditional agrictatdandscapes identified and valued
by stakeholders, with a combined ecological and-lase characterization of
landscape change. We use a combination of ecoldgthstudies, landscape
modelling, land-use modelling, and social surveyadhieve this. Figure 1 illustrates
the overall structure and flow of information oétiramework. A brief overview of
the framework is presented below, with a detailescdption and illustration

following based on some preliminary findings frame two study sites.

Five matrices are used to quantify, link and evialtlae biophysical and social
information at each study site. These matriceeapdained in detail in the following
section. Exposure is represented in terms of patisgechanges in land-use under
plausible land-use change scenarios. Land-use ebarg quantified in terms of
changes in land-use attributes and associated ebamdunctional attributesdnsu
Gitay & Noble 1997) of the vegetation. This datayides the initial input data into
the framework. Sensitivity is estimated via two itidd pathways. The first pathway
(illustrated on the left of Figure 1) links change®cological structure and function
to changes in ecosystem services. To do thisithasts the contributions of changes
in PFT, ecosystem attributes and descriptors tagéin ecosystem services using
the corresponding matrices. The second pathwagsepts a more simplified
pathway and links changes in land-use and land gesment with changes in
ecosystem services. Do to so, it uses the landvtisieute matrix and the descriptor
matrix to estimate changes in ecosystem servidesiwo pathways are

complementary and additive, and account for thetfeat ecosystem attributes alone
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can not account for all descriptors used by stakieine. Adaptive capacity is then
measured in terms of acceptability. Acceptabiktgalculated by coupling projected
cumulated changes in the delivery of ecosystemthrough the two pathways
with the ecosystem services matrix. Vulnerabiliyhen assessed for selected groups

of stakeholders within a site or across sites.

For the purposes of this paper we have used th@esirating or measuring scales to
illustrate the framework. However, the framework eecommodate more

sophisticated scales, this is further addresséukeinliscussion section.

Study sites

Col du Lautaret

The Col du Lautaret (Lautaret herein) study sitthéssouth facing slope above the
village of Villar d’Aréne in the central French Ag45.04°N, 6.34°E). The slope
extends from approximately 1650 to ca 3000 m al&turhe climate is sub-alpine
with a strong continental influence due to neighib@umountain ranges intercepting
rain accompanying the western winds. Mean annirafiathis 956 mm and the mean
monthly temperatures at 1650 m (lowest point instuely site) range between -2.6°C
in January and 13°C in July. At the upper limifafmer arable land-use (2050m)
temperatures range from -4.6°C in January to 1h°July. The site is located within
the buffer zone of the Ecrins National Park andaguika 2000 conservation network
designated area. The main activities in the arglade animal husbandry, nature
conservation, and recreation. We focus our studg osaic of grasslands between
1650 and 2100 m, with varying past and presentlesad We term these existing
combinations of current management with past lased(and the land-use changes

8
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described below for Mértola) as ‘land-use trajaesrhereafter. These land-use
changes affect nutrient availability (mainly thrdugrganic fertilisation) and
disturbance regimes (mainly through mowing and@ealgyrazing) (Quétier et al.
submitted b). As in many marginal agro-pastoradsiia Europe, recent socio-
economic changes have lead to a decrease in maeagenensity. This includes a
reduction in the fertilisation of hay meadows, d@t$lom hay making to light grazing
by sheep or cattle, or abandonment of agro-pastctaidities. These changes in
grassland management are associated with sigrtifitemges in floristic composition
and representation of different plant function#iilatites (Clément et al. 2003;

Lavorel et al. 2004).

Mértola

The Mértola site is located in the south east efRbrtuguese Alentejo region. This
area is hilly, with poor, shallow soils and hagpit¢al Mediterranean climate, with
long dry summers and humid winters (Perez 1990% Ouhese biophysical
conditions in combination with its relatively reradbcation and historical factors, the
whole of the Mértola region is currently considetedbe one of the most marginal

agricultural areas in Europe.

Traditional agro-sylvo-pastoral systems, called kdos (Pinto-Correia 1993) are
managed open woodland-savanna ecosystems wheggemreoaks are managed for
cork and/or acorn production. These Montado systam®ne of the main land uses
in the area, accounting for 30% of the total afdee understorey of the Montado
woodland is managed using a range of differentiggaand cultivation regimes,
resulting in a shifting pattern of arable land,sgtand, unmanaged pasture and

shrubland.
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During the last few decades major land-use chahges taken place in the area due
to changes in the local socio-economic and dembggalpstructure and to the
implementation of the Common Agricultural Policyaiv Doorn 2004). Overall, land-
use in the Mértola study site has been following@ensification trend. Agro-
pastoral abandonment, reduced grazing pressurtharmgssation of arable rotations
has led to increased shrub encroachment. SincE9%(@s large areas of Montado
woodland (including both abandoned and non-abartiareas) have been also

converted to forestry plantatians

Social survey methods

Semi-guided interviews were conducted at both @itapring and summer of 2004.
These interviews aimed to identify the range ddtiehships (e.g. in terms of uses,
roles, activities and representations) selectdehtader groups currently have with
their respective landscapes. Methods differed ¢t e&the sites, and a brief
description of each is provided below taken fromd@er et al. submitted a) and
(Oliveira and Pinto-Correia, submitted) respectivéh both cases, interview
participants were not directly asked to identifwatue an ‘ecosystem service’ or a
‘descriptor’. Rather, ecosystem services and detscs were represented in terms that
were more familiar to the interview participantgisas in terms of uses, factors of

importance, roles or values.

At Lautaret, 45 interviews were conducted. An iview guide was used to lead the
interview from a description of the overall landsedhrough to a discussion of more
detailed descriptions of the local grasslands.fireepart of the interview aimed to

generate a minimally prompted description of therall landscape by asking

10
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participants to describe the local site and sceimewhatever terms they wished. If
needed, additional questions prompting views oridéastification of specific or
unique local landscape elements or to re-launcllideussion were asked. The
second part of the interview focused on the locasgjands: their vegetation (e.g.
presence of particular species, horizontal andoati$tructure, color), their variations
in space (across the landscape) and time (thrdwegbdasons), as well as their
identified uses and other values by intervieweesgelves or by other stakeholders.
To help elicit these descriptions and values, exampotographs illustrating different
types of grasslands at different seasons andfer€ift landscape configurations (e.g.
grazing and mowing) were presented to the intergesyWe used a series of pictures
taken in four different landscapes between April Anigust, 2004. Interviews were
recorded and the terms used by interviewees taideste grasslands as well as the
corresponding uses and representations were igehéind listed as either positive,
negative or neutral (or absent) for each intervidwubset of terms used to describe
grasslands and the corresponding uses and repagsestthat were shared across a
stakeholder group were chosen to illustrate thegsed framework. We chose 3
stakeholder groups (respectively hikers, farmedstha National Park Authority) to
illustrate the proposed framework. Descriptors aelyresent a subset of all the terms
used by interview participants to describe localsgfands at Col du Lautaret.
Ecosystem services also represent a subset oféseamd representations that were
valued by interview participants. By design, thiatienships between descriptors and
ecosystem services were common across all intesvigoaups producing a single

descriptor matrix for the site.

A hundred and twenty three interviews were condliateMértola aimed at soliciting

the views of a wide range of residents, ownerstorsto the region, and decision-
11
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makers including resident and non-resident farmansl owners, hunters and visitors.
The interview guide consisted of a number of pavit) only a subset of the data
being used for this study, these parts only arerdesd here. The first part focused
on landscape ‘descriptors’, asking the intervieweatescribe the local landscape and
identify the range of relationships they had witiThe second part focused on
preferences for different types of landscapes whbotographs of different types of
landscapes within the study area were shown. Vieterparticipants were asked to
rank the landscape types from highest to loweseprce and explain their ranking
choice. The analysis of the interview data uset bescriptive (percentages and
frequencies) and factorial statistics (multiplerespondence analysis) to see if any
relationships existed between sets of stakeholtedghe set of identified uses and
other values. Stakeholders and ecosystem servigesgrouped similarly to the
method used in Lautaret, except stakeholders gneeps more restricted, based on
shared activities only. As with Lautaret, we seddca subset of shared values to
present for each of the stakeholder groups foetusystem service matrix and across

all stakeholders for the descriptor matrix.

For the purposes of this paper we only presentad smb-set of the findings from
these social studies, focusing on a restrictedfsetdely known services and groups
of stakeholders. The data presented here is lwasederviews with 7 farmers, 10
hikers and a representative from the National Ratkority for Lautaret, and 35

farmers, 14 hunters and a representative from titarlll Park Authority for Mértola.

12
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Thefive matrices

The VISTA framework uses five matrices to quantifiyk and evaluate the
biophysical and social information. Three typesnaftrices can be distinguished
based on the type of information they contain. fitst type, represented by two
matrices, thecosystem service matrix and thedescriptor matrix, contain information
obtained using social surveys. The second typeesepted by one matrix, tiReT
matrix, contains information obtained through ecologftl measurements. The
third type, represented by two matrices, @basystem attributes matrix and thdand-
use attributes matrix, links ecological data obtained through field meaments or
land-use data modeled from the scenarios to theriges's identified through social
surveys. The matrices are described in detail belodvare illustrated in Figs. 3-4
using some preliminary findings from the two stugitgs. All five matrices and other
information are presented for Lautaret, with albrmation except th€FT matrix,

ecosystem attribute and land use attribute matrix presented for Mértola.

Ecosystem service matrix

The ecosystem service matrix links stakeholderk salected ecosystem services
(Figs. 3a-b). This matrix represents the selectedneunity of interested parties and
defines the boundaries of the human system. Ingialig and collectively the views
synthesised in this matrix represent a social e@n of ecosystems, in relation to
their current state and projected changes. Vakg®sent how stakeholders currently
value each ecosystem service, and are in this deanaied on a three point Likert
(Likert, 1932) scale (- = negative, 0 = not impatta+ = positive). This information is
compiled from individual interviews and questiomesj as described above. A range

of different stakeholder classifications can beali@ped based on socio-demographic

13
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criteria (e.g. age, education, length of residestayus), shared uses or activities (e.qg.
food or fibre production, photography) or particudats of shared ecosystem services
(e.g. a ‘heritage’ discourse, see Quétier et &lrstied a). The classification
presented here was based on uses and consists shared groups across the sites:
farmers and a conservation agency, and two unigugpg; hunters and hikers at
Mértola and Lautaret respectively. Services preskhere include cultural services
(agro-pastoral scenic value and wild beauty), petida services (hay making and
honey production) and biodiversity services (abmedaof game, habitat for fauna).
We assigned how each stakeholder group valuedezadystem service in the
following manner. A positive value (+) meant thitkeholders valued the service
positively. This was for a range of reasons. Thieasons included directly carrying
out (and benefiting from) an activity, someone elseying out an activity that was
beneficial to the stakeholder, or holding a positigpresentation of the region, not
related to any specific activity. For example, attaret, local farmers cut grass for
hay and valued hay for winter fodder positivelyeTational Park Authority stated
that hay for winter fodder was essential in maiitay the authentic rural character of
the site and also valued it positively. Local farsne Mértola valued positively the
agro-pastoral scenic value of the Montado undezgttor similar reasons. At

Mértola, hunters valued positively the abundancgamhe. At Lautaret, the National
Park Authority valued all ecosystem services peslyi (wild beauty of the landscape,
hay for winter fodder and habitat for fauna) asadidlition to their primary
conservation objective, they were interested iroaconodating the range of activities

and landscape representations that are generddlyhthe region.

A null (0) value meant that the stakeholder dig@itry out the activity and the

activity was not perceived as having any effectrmnecosystem services they valued,
14
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or they didn’t think this service was important.Nfértola, hunters valued agro-
pastoral scenic value and honey production gameailgu Hikers at Lautaret valued
hay for winter fodder and habitat for fauna nelgralhese ecosystem services are
not considered important for their recreation atiés and although there were some
exceptions in survey participant responses inwweers, the maintenance of
landscape aesthetics such as the wild beauty ddtldscape were generally not
considered to be related to agricultural activiash as hay for winter fodder (where
in fact this activity is critical to maintain thegsent open landscape). This highlights
the fact that stakeholders won’'t necessary makeatdinks between values placed on
different ecosystem services. A neutral value dam lae assigned where there is a
mixed opinion within the group of stakeholders, venen average the stakeholders

value the ecosystem service neutrally.

A negative value (-) means that an activity or@esentation of the region was seen
as having a negative effect on other services i@dqubsitive by the same stakeholder.
For example, at Lautaret, local farmers valuedaie beauty of the landscape
negatively, one reason being that it attractedrkikéno walk across their fields
apparently unaware that the landscape is managé&tioyng and trample the grass
used for hay for winter fodder. At Mértola, the Mall Park Authority valued the
abundance of game (such as wild boar) negativiedget animals currently having a

negative impact on the flora (and other faunahefNatural Park

Descriptors matrix

The descriptors matrix links biophysical and larsg-descriptors to the ecosystem
services selected by stakeholders (Figs. 3Bdcriptors represent the cues that

stakeholders use to judge the delivery (or poteftaradelivery) of each ecosystem
15
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service. Values represent either a negative (gtrak(0) or positive (+) relationship
with service delivery, and are derived from theigogurveys. Depending on the
ecosystem service, a range of different physicatidetors may be selected, with the
contribution of each of them to this service beigghted as positive, neutral or
negative. The descriptors that stakeholders consig®ortant may or may not have
an ecological contribution to the actual delivefyhe ecosystem service. They also
may or may not represent an ecological attribultes matrix represents an important,
often neglected link between identified ecosystemises and identified physical
landscape elements (descriptors) that contributgr@rwise to the delivery of the

ecosystem service.

In our example sites descriptors included bioplatsstements (e.g. variety of flower
colours, the abundance of plant types such as ataiéé grasses, or shrub density)
and physical land-use elements (e.g. visual cuegrmdultural activities or the
presence of grazing livestock) that survey pargiotp focused on in their evaluation
for each of the selected ecosystem services. [pésigipresented here represent
descriptors that were common to all stakeholdExs. example, at Lautaret
stakeholders related hay for winter fodder to dessbproductivity and the
abundance of legumes (positive relationship witlrise delivery) and to the
abundance of unpalatable plants (negative reldtiphsVisual cues of agricultural
activities and the open nature of the landscape ai#so related positively to hay for
winter fodder. At Lautaret, the wild beauty of fhedscape was related to the variety
of flower colours and the open nature of the landsqpositive relationship) and

negatively related to visual cues of agricultuahaties.

Ecosystem attributes matrix

16
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The ecosystem attributes matrix links the biophslsilescriptors used by stakeholders
to assess an ecosystem’s capacity to provide a gisesystem service to underlying
ecosystem attributes as identified by ecologisig 48). This matrix represents
another important, often neglected link betweersgstem services and the ecological
attributes that contribute to the delivery of tlhtesgystem service. This matrix links

the social context of how and why the environmsmalued to the biological context
of underlying ecological processes and attribuias ¢ontribute to the delivery of the
ecosystem service. Values represent a proven emréudf causal link between
ecosystem attribute and descriptor, ranging frositpe (+) negative (-) or no causal

link (0).

Linking stakeholders’ knowledge (descriptors) t@stfic understanding of
ecosystem structure and ecosystem processes (drangder the common label of
ecosystem attributes) can be straightforward, ssdhe case when the biophysical
descriptor also represents an ecosystem attriBtiteautaret this applies for instance
to grassland productivity, which is directly meashle, or to the abundance of
unpalatable plants, which can directly be linkethimabundance éfestuca
paniculata, an large and unpalatable tussock grass. In ots&s, making these links
requires some interpretation. For example, to éiméilable ecological data to the
variety of flower colours, we constructed a ‘flowey diversity index’ using data
from the literature on flower size and colour acndlegical field data on the
abundance of flower species and their time of fiomge(Clément et al. 2003,

Thébault 2004).

17
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Land-use attributes matrix

The land-use attributes matrix links land-use laties to land-use descriptors that
stakeholders identify as being important to théveey of each of their selected
ecosystem service(s) (Fig. 4b). As discussed ifdirg ecosystem attributes and
stakeholder descriptors, some interpretation iessary to relate land-use attributes
and stakeholder descriptors. Some are straightfdrveag. organic fertilization and
flock size providing visual cues of agriculturatigities in Lautaret, while others are
less obvious and require some knowledge of thd BmrAo-ecological system, such
as flock size contributing to the openness of #melscape (MacDonald et al. 2000,
Baldock et al. 2002). The distinction between desars related to land-use attributes
and those related to ecosystem attributes is madeeobasis that only the latter

require ecological understanding of underlying psses.

PFT matrix

This matrix links plant functional traits (PFT) tlee ecosystem attributes that are
identified as relevant to the delivery of the sttatof services (Fig. 4c). We chose to
include PFTs in this framework because they camigeogeneral relationships
between environmental change, vegetation composiinal ecosystem properties
(Gitay & Noble 1997, Lavorel et al., 2005). They @asy to use both for modelling
ecosystem change (e.g. Cousins et al. 2003, Gsiguhl., 2005) and for developing
easily measurable indicators in the field (Ansceteal. 2004). As such they provide a
useful general tool for making projections of ches\h ecosystem attributes on the

basis of land-use change scenarios.
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The relationships presented in the matrices arditketion of correlations between
given ecosystem attributes and one or several plactional traits. The traits that are
used for the vulnerability assessment are prefgrabft’ traits, which can be
measured easily and at limited cost on large nusntiieplant populations, yet have
known relationships to plant function and assodigtieysiological or demographic
characteristics (Hodgson et al., 1999). In the @strase, some ecosystem attributes
that represent biophysical descriptors for speeificsystem services may simply
equate to plant functional traits. An example af ttould be sward height (an
indicator of fodder quantity), which can be equatedommunity-level plant height

(no such example is used in the matrices usetugiréite the framework).

Other relationships represented by the PFT materohtained from field surveys that
involve the measurement of PFT on plant populatpmesent in different land-use
trajectories using standardised methodologies (€issen et al. 2003), and
guantification of ecosystem attributes in eachettary. For instance, aboveground
primary productivity is estimated using sequeraivests of live and dead biomass
(Scurlock et al. 2002). The significance of relasibips between ecosystem attributes
and PFTs are then tested by statistical methodsasistepwise regression (Garnier et
al. 2004). At Lautaret, grassland primary produgtiwas related to leaf traits
including leaf phosphorus concentration (LPC) (pesiassociation), and leaf dry
matter content (LDMC) (negative association). Thesiés themselves respond to
phosphorus fertility and the abundancd-edtuca paniculata (Quétier et al. submitted
b). Similar relationships (positive for LDMC andgative for LPC) were found for

the abundance @istus ladanifer in Mértola Helena Castro, unpublished results).

Such relationships should preferably be obtaine@#ch site, because they may vary
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depending on a range of factors such as site ptiwdugAdler et al. 2004), climate

(de Bello et al., 2005) or local land-use histadil¢hunas et al. 1988).

Quantifying exposure

Scenarios of land-use change

Many marginal agricultural areas of Europe haveeugdne a process of
extensification in the second half of thé"a@ntury, accelerating the decline of
traditional labour intensive agro-pastoral pracic€&or the purposes of this paper, we
present two scenarios of prospective land-use @sageach of the study sites: a) a
renewal of the current declining agricultural prees by providing additional support
that favours intensification of management (‘stgyiame’ hereafter), and b) a
continuation of current trends of extensificatioagricultural land abandonment (
‘going wild’ hereafter). Being considered equallgysible (Rounsevell et al. 2005),
they are used jointly to project the range of dusseffects of changes in agricultural
policy options in Western Europe (McCarthy et &8l02, Baldock et al., 2002). Each
scenario is formulated in terms of a set of lane-wajectories projected to occur over
a specified proportion of area at each study kdaad-use change trajectories can be
shared across scenarios for a given site, howesgratcur over a different
proportion of area (e.g. the abandonment trajecdbbautaret). Land use trajectories
were modelled and represented in terms of lanctigbutes. Changes in PFT
composition of vegetation were projected usingsttaal models (e.g. Kleyer 1999;
2002), point simulation models of vegetation susies(e.g. Quétier et al. submitted
c) or landscape dynamic models (e.g. Cousins €0883). The latter can be used in

combination with a spatially explicit approach wiéne spatial distribution of land-
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use trajectories might be mapped using a varieyl8fbased modelling tools
(Verburg et al. 2002). In the examples presented, lvee focus on the relative
proportion of the total area at each site thataggoted to change for each land-use
trajectory. We used results from statistical modelelate land-use change
trajectories to changes in PFTs at both sites (ted\ai al. 2004; Quétier et al.
submitted b; Castro et al., unpublished data.)n&ce data are presented in Table 6

and Appendix 1d.

Scenarios for Lautaret

In European mountains, traditional mowing practicage been disappearing together
with farmers and their flocks. Sub-alpine grasstaoflareas such as the Lautaret are
increasingly abandoned or converted to extensiwesr grazing (MacDonald et al.
2000). Effects of extensified grassland managememFT and ecosystem attributes
at Lautaret were quantified from observation onang land-use change and results
are used here to translate the effect of scen@@uoétier et al. submitted b, Thébault,
2004). The staying tame scenario is principallyebasn an increase in current levels
of financial support provided to maintain the eamiviability of existing farms.
Through an increased provision of funding to regensrrent extensification trends,
intensification of the most accessible grasslasgsojected to occur (‘fertilisation’
trajectory, representing 2/3 of the total areajsThore intensive management would
require increased inputs such as organic fertibpaand use of machinery. This
would favour taller plants with faster growth ragessindicated by functional traits
such as increasing LPC and decreasing LDMC. Bye#a®ging evenness in species
abundances in the plant community where no sirgeiss is overly dominant,

organic fertilization would also favour an increasé¢he variance in flowering
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phenology. The remaining grasslands (‘abandonntegéctory, 1/3 of the total area)
that are harder to access would be abandonedwbhilsl lead to a process of
secondary succession favouring taller plants watver growth rates and
corresponding changes in PFTs (decreasing LPCramneasing LDMC ). As the
dominance of these species increases, the variaficevering phenology would
decrease. In the ‘going wild’ scenario, decreasimgncial support provided for
mountain agriculture is projected to acceleratectiveent extensification trend and
most of the grasslands are abandoned (‘abandontngjettory over 2/3 of the total
area) although some areas would be converted ém&ixe summer grazing by
transhumant flocks (‘grazing’ trajectory over 1f3tlze total area). Conversion of hay
meadows to grazing would favour unpalatable pl#rashave low nutrient content
(low LPC) and stronger mechanical defences agherstivory (high LDMC). As the
dominance by these species increases, the vaiaflogvering phenology would

decrease.

Scenarios for Mértola

Effects of agro-pastoral abandonment on PFT anslystem attributes at Mértola
were quantified from observations of ongoing laisg-uhange and results are used
here to translate the effect of scenarios (Castah eunpublished data). In the staying
tame scenario, current management of the Montaderstorey is projected to be
maintained over the majority of the area (‘no cl&nigjectory representing 70% of
the total area), and the dense shrub cover existiqgreviously abandoned Montado
be cleared and used for extensive livestock graaugg the remaining area (‘shrub
clearing for grazing’ trajectory represent 30%!/d# total area). In the no change

trajectory there would be no significant changesiiher PFTs or LUAs. For the
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shrub clearing for grazing trajectory, there woodda decrease in LDMC and plant
stature as late successional plant species degreasandance. Both chemical
fertilization and flock size LUAs would increaseflxcks return and chemical
fertilizer is applied to accelerate vegetation ogh following shrub clearing and to
lengthen the grazing season. Correspondingly, LB@advincrease as plants with
higher relative growth rates are favored. In thegavild scenario, all agricultural
activities in the Montado ecosystems would decliigandonment would occur over
all of the site (‘fabandonment’ trajectory). A thiskrub understorey would replace
grazed or cultivated areas as indicated by anaseréen plant stature and LDMC.
Dominance by only a few shrub species suc@idasis ladanifer would decrease

variance in flowering phenology.

Sensitivity

Sensitivity information is derived by sequentiaigplying the matrices described
above to the changes in land use attributes andaBFpfojected by scenario
modelling (Fig. 5a). In a non-spatial scenario folation as presented here, this is
initially done per land-use change trajectory. Altdively, it could be done per patch
or pixel if changes in land-use attributes and P&Esmapped using a spatially
explicit approach to land-use change scenariosr@dting sensitivity outcomes are
then aggregated across trajectories (or acrosstthenap) to produce a site level

value. The two steps are detailed below for Latitanéy, and are illustrated in Fig. 1.

Using the framework to assess trajectory and site | evel sensitivity

Trajectory level sensitivity represents projecthdrgges in ecosystem services per
land-use trajectory (or in the case of a spatplicit approach, per patch or pixel).
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The series of matrix multiplications are illustihie Fig. 2. Projected changes in
plant functional traits are converted to projeatBenges in ecosystem attributes by
multiplying the relevant data in Fig. 5a and thd PRatrix (Fig. 4c). In the same way,
using the ecosystem attributes and land use agsbuatrices (Fig. 4a-b), projected
changes in ecosystem and land use attributes averted into projected changes in
both land use and biophysical descriptors. Theséhan compiled into a common
table of projected changes, which is multipliectivy descriptor matrix (Fig. 3c) to

give projected changes in ecosystem services $big.

To up scale to site-level sensitivity, a weightisgpplied to results obtained for each
land-use change trajectory. For the examples dieee, we apply an area-based
weighting, representing the proportion of areaespnted by each land use trajectory
at the site (Fig 5a). In the Lautaret example, gst@sn service ‘sensitivity’ to the
land-use trajectory ‘fertilization’ is multipliedyt2/3 while the ‘sensitivity’ to
‘conversion to grazing’ is multiplied by 1/3. Botii these are then added to provide
an aggregate site level sensitivity score for eaxdsystem service within each
scenario (Fig 5c). Other weighing schemes are plessor example based on
accessibility of the area to stakeholders or omtiraber of stakeholders that rely on
a given land-use trajectory (e.g. farmers on ggaland, hunters on abandoned
agricultural areas). In the examples presented kiahaes are rescaled to the Likert
scale for a qualitative assessment of the diredfarhange. They represent negative
(-), positive (+) change, or no change (0), relativ the present day levels of delivery

for the selected services.
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lllustrating trajectory and site level sensitivity outcomes

To illustrate the above methodology, projected glearnin ecosystem services for each
land-use trajectory in Lautaret were obtained plyapg the successive data
transformations presented above. The trajectomsl leensitivities for the two
scenarios at Lautaret result in a mixed set of geansome changes shared (for
example, no change in wild beauty for fertilizatenmd conversion to grazing), others
contrasting (increase and decrease for hay forewintlder for the fertilization and
conversion to grazing trajectory, respectivelyheTertilisation trajectory results in
the greatest number of increases in servicesK@).site level sensitivity, at Lautaret,
the staying tame scenario results in two increasssrvices (hay for winter fodder
and habitat for fauna), and a decrease in wild tyeathere in the going wild scenario

wild beauty of the landscape and hay for winteidiErddecrease (Fig 5c¢).

Acceptability

Acceptability is calculated by multiplying the egetem service matrix (Fig 3a) by
the site level sensitivity scores for each ecosyservice under each scenario (Fig.
5c¢). Acceptability is rated on a three point Likecale (- = not acceptable, 0 = neutral,
+ = acceptable). Scores represents the acceptatfilirojected changes for each
ecosystem services to each stakeholder for eadlasseThe calculation assumes
that stakeholder preferences as indicated in thgystem service matrix (Fig. 3a) do
not change under the scenarios (but see Acostalikahal. 2005). Acceptability and
vulnerability assessments are distinguished froch egher by the number of
scenarios included in the assessment, where arabliigy assessment necessarily

includes all scenarios. Results for Lautaret andtdig illustrate the type of outcome
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given by the framework (Figs. 6a-b respectivelygcéptability of projected changes
in ecosystem services to stakeholders can be ceshpathin a site or across sites.
For example, within a site, the acceptability cd®estem service change might be
compared between farmers and hikers for a selsctmhario. Across sites, the
acceptability of a given scenario to farmers dedént sites might be compared. The
acceptability of each scenario to all stakeholdarsalso be compared and used to
rank the acceptability of each scenario projecthimassessment of the acceptability
of change to farmers for all scenarios would cbote to a vulnerability assessment

(see below).

Calculating acceptability summary measures

In order to compare stakeholder or scenario acb#pyasummary measures can be
calculated in a range of ways. Any summary measws first apply a weighting
scheme to both stakeholders and ecosystem se(facesxample, the former by
group membership number at each site, and the atteounts of assigned positive
values), and the acceptability values multipliedtigse values accordingly. For
purposes of presentation here we have assignetiwegiggatings to all services and
stakeholders, and therefore directly calculatesoummary measures from the
acceptability scores (Figs. 6a-b). We present twthods of calculating summary
measures here. The first represents a qualitadividng of the acceptability of
changes in the selected services by selected staleeh (‘acceptability score’). It is
calculated by summing up the acceptability scovesélected stakeholders, across
ecosystem services for a given scenario (Fig.d@d,dutaret), and taking the sign of
this value. A positive or neutral value means aeral acceptable assessment of

changes, while a negative value means an overatlo@ptable assessment of
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changes. For the purposes of this paper, wecesiis measure to a qualitative
measure of the direction of acceptability only §3igather than including the
magnitude of the direction of acceptability (leaythe values as a sum). This is
formally required to maintain consistency of scalesss the framework since a three

point Likert scale was used for the input data,niarices and sensitivity data.

The second method represents a more detailed tptatimeasure. The
‘acceptability fraction’ focuses only on the sersmf concern, i.e. whether selected
stakeholders have attributed a positive or negatiee to them in the ecosystem
service matrix (Fig. 3a). Itis calculated by sumgrthe counts of the number of
selected positive or neutral acceptability scofesdervices of concern) and
representing this as a fraction of the count adcteld negative scores (Figs. 6e-f).
Neutral (0) acceptability scores (Fig. 5¢c&f) thasult from a neutral evaluation of an

ecosystem service (Figs.3a-b) are not includetighdalculation.

This approach and the associated range of methvadalale to calculate acceptability
summary measures enables a wide range of compatisdre made. These
comparisons can be made either within a site, letvgeenarios, or between sites for
a given scenario, in terms of a single ecosystewcss a subset, or the full set of,
ecosystem services, by a single stakeholder, &sohor by all stakeholders. It is
important to note that these two methods calculéterent things and can result in
different assessments of comparative acceptabitgch score and associated
assessment therefore must be interpreted in tefrthe context of the assessment
objectives. As an example, we present and brieflguss a comparison between local
farmers at Lautaret and local farmers and farm osvaeMértola for the staying tame

scenario.
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lllustrating acceptability outcomes

At both sites, the acceptability score for farnfersthe staying tame scenario is the
same (+, Figs. 6¢-d). This means that farmers tht §ites would evaluate the
acceptability of the staying tame scenario in refato its impacts on all services

considered together similarly.

Farmers at both sites also share a similar acaéptdiaction (2/0), meaning that
they would evaluate the relative acceptability usrson-acceptability to the changes
in the ecosystem services of the staying tame scesianilarly (Figs. 6e-f). At both
sites, farmers would find the changes in ecosystvices twice as acceptable than
unacceptable. A closer examination of the matrficethe two sites reveals that these
similar acceptability scores arise from differeatues being assigned to different
services (Figs. 3a-b) and differences in the aasettisensitivity values at each site
(Figs. 5c&f). For example, contrasting values dee@d on the cultural services,
where farmers at Lautaret assigned a negative valwgld beauty of the landscape’
in contrast to farmers at Mértola who placed atpasivalue on ‘agro-pastoral scenic
value’. Farmers at Lautaret assigned a negativeeval ‘wild beauty’ as they
perceived this representation as an antithestssio dwn ‘domestication’
representation of the landscape where farmerdarstewards (Quétier et al.,
submitted a). The sensitivity tables for the twiesi(Figs. 5c&f) show that all the
projected changes in services for the staying tseeeario differ across sites.
However, when these scores are multiplied withréspective ecosystem service
matrix, a similar acceptability score results. Eample a negative value assigned to
wild beauty combined with a decrease in the ecesyseervice delivery results in a

positive acceptability for farmers at Lautaret, wéhat Mértola a positive value
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assigned to agro-pastoral scenic value, combin#dami increase in the ecosystem

service delivery also results in a positive acdeiptga.

Vulnerability assessment

Vulnerability is calculated in the same way as camapive acceptability but always
involves the full set of scenarios to take intoaot the full range of measured
exposure. Comparisons can be made within site, admpstakeholders or sets of
stakeholders, as well as across sites. Where therability of a selected set of
stakeholders in relation to another set is compa®ds the case for our approach, it
is important to note that vulnerability assessmiéte,comparative acceptability is
always relative, never absolute. The framework ksad wide range of vulnerability
assessments to be made, as discussed above faareding acceptability. We present

and briefly discuss two examples of vulnerabilisgg@ssment.

lllustrating vulnerability assessment outcomes: com paring farmers and

the National Park Authority at Lautaret

The acceptability score for farmers is +, and Otfier National Park Authority (Fig.
6c¢). This calculation suggests that when consideaimoverall ranking of
acceptability to changes in all services, the Netid®ark Authority is more
vulnerable to projected changes in ecosystem ssvian farmers. For the
acceptability fraction, farmers have a value of ®/tile National Parks Authority
have a value of 3/3. This calculation suggestsilai to the acceptability score, that
in terms of comparing acceptability over non-acabibity, the National Park
Authority is more vulnerable than farmers. Farnwarsrall, would evaluate three
times more acceptable than unacceptable changles ecosystem services.
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By exploring the successive tables obtained froplyapg the proposed framework,
several reasons for these differences can be fantisubsequently tested if
necessary — see discussion). The National Parkofititrassigned a positive value to
the wild beauty of the landscape whereas farmdtguahis ecosystem service
negatively. As it decreased in both scenariosNiR& was negatively affected whilst
farmers were positively affected (Figure 6a). Tdxplains why the NPA is most
vulnerable. However, further exploration of accepity results also shows that the
difference between the two stakeholders would leeen even greater if farmers had
valued habitat for fauna positively, as the NPA @Hayure 3a). This ecosystem
service increased under both scenarios and wiglelBhA benefited from this effect,

farmers remained neutral (Figure 6a).

lllustrating vulnerability assessment outcomes: com paring Lautaret and

Mértola for all stakeholders

Collectively, the acceptability score for stakelerklat Lautaret and at Mértola is the
same (0, Figures. 6c-d). This suggests that ingefman overall ranking of
acceptability relative to all services, stakehoddatrLautaret and Mértola are similarly
vulnerable. Comparing scenarios across sitegdbeptability scores are also shared
(staying tame =+ and for going wild = -), and bakeach other out. Acceptability
scores however differ for stakeholders. For Lautimethe going wild scenario,
farmers have a relatively higher acceptability eq@) than farmer at Mértola (-), and
hikers have relatively lower acceptability scorartihunters at Mértola (- and +
respectively). Tracing these scores back to thigreesd ecosystem service preferences
(Figures. 3a-b) and the changes in these serviwbs this scenario (Figures. 5c&f),

reveals that, for example, farmers assigned a ivegalue to wild beauty and hikers
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assigned a positive value, with this service destngaunder this scenario (see above

for comparing stakeholders within a site).

An assessment based on acceptability fractionshande ecosystem services of
concern to each stakeholder, indicates that btgh are similarly placed in terms of
comparing relative acceptability over non-accepitgtiFigs. 6e-f). For the
acceptability fraction, Lautaret has a value of\6f6le Mértola has a value of 5/5. At
Mértola, all three stakeholders have the sameivelaimbers of acceptable versus
not acceptable scores. At Lautaret, all stakehsldéfer in their fractions, with
hikers having the lowest acceptability to non-atalefiity fraction (0/2) and farmers

having the highest (3/1).

Discussion

The framework, illustrated with some simple exarmsmiécomparative acceptability
and vulnerability assessment, represents progresgds an integrated approach and
methodology for vulnerability assessment in a nunabevays. We discuss three key
contributions below, demonstrating how the framéwaontributes towards better
involving social values in the assessment pro@sswhat aspects of the framework

contribute to a quantitative and a transparent si&ado Sso.

Integrating the social dimension of vulnerability

The use of social surveys to both identify and @aoosystem services and associated
descriptors provides the practical means to accaatecsocial values in the
framework. Our approach, like several others (eegvan and Stéderqvist 2002;
Kaplowitz 2001; Shanley and Luz 2003; Rodriqueale2005) puts these steps of

identification and valuation of ecosystem servierglicitly into the social realm. Our
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approach to vulnerability is also comparative, vehgiven different groups of
stakeholders, possibly holding different views dfaivare considered important
ecosystem services and how they might value tlzesa)ge of evaluations of
vulnerability may occur. We see this comparatippraach as an important feature of
our framework, emphasising the importance of howl{jple and differing) social

values determine evaluations of ecosystem change.

Many recent studies involving valuation and assesssnof ecosystem services do
not take this social aspect to the identificatiod &aluation of ecosystem services
into account. Typically, studies undertake thespsexclusively as part of the
biophysical assessment (e.g. Balvanera et al. 2D(a&; et al. 2005; Hooper et al.
2005, Townsend et al. 2003, and many others). Hew@vsmall (and increasing)
number of studies do include a social valuatiop,st@en though ecosystem service
identification remaing priori, usually undertaken by biophysical scientists (Bdl
and Hunhammar 1999; Holmlund and Hammer 1999; Gita). 2001; Daily 1997,

de Groot et al. 2002). By including ecosystem sexvidentified by stakeholders, and
having stakeholder values determine the valuationgss, the proposed framework

sets itself apart from the majority of these exs=si

The use of descriptors identified by stakeholdelgk ecosystem services to

relevant underlying ecological attributes (Tablebdalso represents progress towards
better incorporation of social values into the assent process. Many existing
ecosystem service classifications (e.g. de Groak @002, Millennium Ecosystem
Assessment 2005) include abstract or intangiblsystem services such as
inspirational or existence value, or sense of pl&bese types of services are proving

less easy to practically quantify and measureheset classifications provide little
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guidance for how to link such services to relevanusystem attributes (Roderiquez et
al. 2005; de Groot and Ramakrishnan 2005). Heeeinitlusion of stakeholder
descriptors, for example variety of flower colourisual cues of present agricultural
activities, and open landscape to link to the Wwiduty of the landscape at Lautaret
makes the incorporation of these types of ecosystmices more tractable. In some
circumstances developing links from services tadptrs may be difficult, as when
stakeholders assign a global positive value taacgewith little explicit links to finer
resolution features. This can for instance be #s& evhen urban dwellers value
biodiversity generically, but do not relate thipegriation to particular groups of
organisms, taxa, or even less specific ecosystemegits (Johansson and Lindstrom

2003; Plateryd 2003).

For those ecosystem services that have a morewbiink to physical elements of
ecosystems, such as many of the ‘provisioning’. f@ad and fibre production,
genetic resources) or ‘regulating’ services (ergsien control, pollination)
(Millennium Ecosystem Assessment 2003; 2005), secosystem attributes or plant
functional traits can be used as both descriptodsusmderlying ecological processes.
This makes the inclusion of descriptors not onlglgatively but also quantitatively
more efficient (Lavorel and Garnier 2002). Rangdlaranagement for example,
relies increasingly on PFTs to describe the agronoemlity of resources available

for grazing (Diaz et al. 2002; Ansquer et al. 2004)

As presently formulated in the framework, all stakdelers share a common descriptor
matrix (Table 4). However this assumed shared petsg@ on what constitutes a
descriptor and how it is valued might not alwaysappropriate. For example, at

Lautaret although farmers and hikers appearedamesihcommon perspective on
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what is considered ‘wild beauty’ of the landscdpemers tended to have a greater
technical knowledge of grasslands. In the individoterviews, farmers provided
more quantified and technically based descriptontrast to hikers. For situations
such as this, a set of stakeholder specific descnipatrices could be substituted for
the shared descriptor matrix. Descriptors thauaique to a stakeholder type for a
given ecosystem service (such as descriptionsrohagnic value as provided by
farmers at Lautaret) and/or how a descriptor migghtiniquely valued can then be

accommodated.

Calculating acceptability using the ecosystem sermatrix has several limitations.
The first limitation is that the calculated accdyiity is based on stakeholders’
valuations of ecosystem services for the presgntTas valuation is likely to change
as the economic, social and cultural context afia@bn changes in the future. A
second limitation is that acceptability does natomemodate other adaptation
strategies included in the definition of adaptiapa&city given in the introduction.
These other strategies might include mitigationeseha change in stakeholder
management strategies feed back to change exp@sgrenodifying land use change
projections set by the scenarios), and/or a chantiee stakeholder population itself

such as emigration or immigration (Acosta-Milchtka¢ 2005).

However, with the inclusion of additional sociahgey techniques, the framework
can serve as a basis for more direct means ofsisgexcceptability. For example, a
second round of stakeholder interviews to illugtistenario outcomes using
narratives has been undertaken at Lautaret. A rahgmls such as digitally modified
photographs, artists’ impressions, maps repregeotianges in ecosystem services,

short stories are available for this (e.g. Hunzik®95). This has allowed for a range
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of decision-making strategies to be accommodatedlation to how stakeholders
assign acceptability to scenarios. Public discustohniques (Farber, Costanza and
Wilson 2002) could also be included to provide auffio for stakeholders to exchange
their views on scenario acceptability. Several athges of these methods are that
participating individuals can seek wider input frothers to form a personal
judgement, or participate in forming a shared comigyudgement, if this is

appropriate.

Flexibility in methods for classifying and linking ecological and social

data

The matrices provide the platform for quantificatend integration of social and
ecological information. They provide a transpaiemd flexible means for both
classifying information (changing and/or weightimgvs and columns) and describing
their links. Here, we used a three point Likeriiesdar a simplified presentation, but
more sophisticated (qualitative as well as quantégameasures could be substituted.
For example, an extended Likert rating scale cbeldised to incorporate magnitude
as well as direction of change in selected var@ll®ntinuous variables could be
used such as the marginal economic value of ecasyservices, or quantitative
changes in projected ecosystem attributes. Provitgdorresponding methods can
be developed for table multiplication, complex tielaships incorporating thresholds

could also be used.

The ecosystem service matrix (Figure 3a-b) canraowadate a full range of
ecosystem services and stakeholders. As discubsed,ahe matrix format allows
stakeholders to share or have unique sets of demsyservices and descriptors

(Figure 3a-d), and to assign shared or differehtesto these. Assessments can be
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made using multiple values for a given ecosystawis® incorporating the

necessarily plural nature of ecosystem valuation.

We assigned equal weights to all ecosystem seraiogdo stakeholders for the
examples presented here. However, given a parntisatting for vulnerability
assessment, it may be appropriate that local netsidepinions are considered to be
more important than non-residents’, or that staldgraypes with a large membership
be considered more important. The proposed mabpxaach can accommodate
differential weighting of stakeholders and/or esiseyn services, though decision
making approaches for assigning these weightinga &rea of research outside the
scope of this paper. This possibility is an importeature of the framework as it is
commonly assumed in valuation studies that indizigueferences are equivalent.
Instead, it may be more appropriate to weight @pisiaccording to some criteria
such as education, expert knowledge, or residaatesyGoulder and Kennedy

1997).

Given relevant data and established relationshepsden matrix variables, the
framework could be used to test whether any additar simplifications to the
matrices might improve the links between social eoalogical data. For example,
one limitation of the three point rating scale uketk is that it may mask the
consequences of the diversity of individual viewmsegosystem services within a
stakeholder type, or of the context-dependent gthein relationships between plant
functional traits and ecosystem attributes. Givemenguantitative relationships, the
impact of the loss of information resulting fronethse of a minimal rating scale

could be evaluated.
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In addition, the matrix format provides many posgies for adding, substituting or
removing relationships between data types. Wetilitisd the framework using an
initial PFT matrix (Figure 4c) as a general toal fiaodeling land-use change effects
on ecosystems. However, other avenues are possilbtaining relevant changes in
ecosystem properties underlying ecosystem servmagion. Substituting the PFT
matrix or the EA matrix with an appropriate alteivais made easy by the matrix

format on which the framework is based.

Analysing underlying causes of vulnerability across stakeholders and

ecosystem services in contrasting settings

The transparent and deterministic nature of theicestenable a range of
vulnerability comparisons to be made, in a varatgifferent situations and regions.
Different assessments can be compared and discinsgarhllel. As illustrated by our
example of vulnerability assessment between MégenthLautaret, the framework
can make assessments in regions with differenbgmal and social-economic
contexts, comprising different stakeholders whagalifferent ecosystem services

differently.

The framework also allows for an examination oféleelogical and social factors
that contribute to the overall assessment of valniéty. For example, plant traits,
which are a key element of the proposed assessnethbdology, are a widely

applicable approach for describing processes ftinat dcosystem change (Westoby et
al. 2002; Diaz et al. 2004; Wright et al., 2004yl et al., 2005). Using them to
link projected changes in vegetation to ecosystmugsses using the PFT matrix
(Figure 4b) contributes to the wide applicabilifytiee proposed framework, while

also making the underlying mechanisms explicitt#esunderstanding of these
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relationships and mechanisms gets refined, so @uaddtification of changes in
ecosystem services, hence improving vulnerabiBgeasments. The matrix format
also makes it possible to highlight ecological &axdfs — represented by PFT-PFT
and PFT-EA relationships - that may impose harchdaties on the delivery of

multiple services by a given ecosystem.

The matrix format is also particularly appropritdeanalyse conflicts between
stakeholders or resulting trade-offs among ecosystvices. Farmers at Metola and
Lautaret had equal acceptability for the stayimgeacenario, however they disagreed
on how they value ecosystem services (Figure 3@H®8.matrix approach makes each
step of the analysis tractable, revealing the phii@nature of acceptability. For
example, it allows an examination of which scersagach group of stakeholders is

likely to find more acceptable or otherwise (Figéoef) and why (Figure 6a-b).

The capacity of stakeholders to discuss and res@lee conflicts is an important
component of adaptive capacity. Our use of accépyass a measure of adaptive
capacity does not provide information on this tgpeapacity for conflict resolution.
Other proposed measures of adaptive capacity peagiag Socio-economic
indicators such as GDP, education level or lite@sproxies for such capacity (e.g.
Schroter et al. 2003). However they do not incladeeans of making conflicts
between stakeholder types explicit. The matrix farprovided by our framework
provides the means for identifying these conflans thereby possibly act as a first

step in overcoming them.

These types of comparisons and examinations abeutdture of vulnerability have
been identified as an important input into the smrvinental decision making and

policy arena (Rodriquez et al. 2005). The propdeztiework provides a flexible
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means of making this possible in a generally apple and transparent way, by
linking the ecological characteristics of the eadiment and the social, cultural or

economic information on why and how it is valued.
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Appendix 1

Plant functional traits (PFT hereafter) are the morphological, ecophygiokd,
biochemical or regeneration characters that deteriie response of plant
populations to changes in the environment andkir #ffects on ecosystem functions
such as biogeochemical cycling, propensity to tmurbe grazed, or stability in the

face of disturbance (Gitay and Noble 1997, Lavarel Garnier 2002).

Ecosystem attributes are structural or functional characteristics ofssbems. They
include plant functional traits such as plant hemhspecific leaf area, other structural
properties such as species richness or vegetdtigrigal diversity, and processes

such as aboveground net primary production or ldezomposition.

Land-use attributes are descriptions of management practices (inclushtemsity of
management) that characterise the land-use(s)divea ecosystem. Examples
include organic fertiliser input, presence of feasuof agricultural activity (fences,
irrigation equipment), grazing intensity or haytog. They represent the interplay
between the biophysical constraints of the locgiae and the various land-use
drivers (social, economic, technological) thatuefice the region. They play an
important role in determining ecosystem attribukesugh the modification of

resources and disturbance regimes.

Sakeholders are individuals, a set of individuals, and/or ancaunity or an agency

with identified preferences for a single, or seeobsystem services.

Ecosystem services are defined as ‘the benefits people obtain froosgstems’
(Millennium Ecosystem Assessment 2003, p 3). Thelude ‘provisioning services

such as food and water; regulating services suchgasation of floods, drought, land

53



10

11

12

13

14

15

16

17

18

19

20

Vulnerability assessment in Europe DO NOT CITE OR CIRCULATE

degradation, and disease; supporting servicesasishil formation and nutrient
cycling; and cultural services such as recreatjsptitual, religious and other
nonmaterial benefits such as spiritual or aesthieefits’(Millennium Ecosystem

Assessment 2003, p 3).

Descriptors are stakeholder derived descriptions of observetideacteristics of
ecosystems. Descriptors include ‘natural’ or lassiain modified elements such as
trees, wildflowers, and wild animals through to mbuman modified elements such
as fences, farm machinery, and livestock. Desasoe linked to either ecological
attributes or land-use attributes. Descriptorsdohko the ecosystem attributes are
termed biophysical descriptors. Descriptors lintethnd-use attributes are termed
land-use descriptors. We note that there is sorestowerlap between the two groups
of descriptors where a descriptor may be linkeldit an ecosystem attribute and a
land-use descriptor. A descriptor may also be #imesas an ecological or a land-use

attribute.

Scenarios are plausible and often simplified descriptionfiofv a future may
develop, based on a coherent and internally camiset of assumptions about
driving forces and key relationships. Scenarios beagerived from simulation model
projections, but are often based on or supplemedntetiditional information,
sometimes combined with a ‘narrative storyline’ Gcthy et al. 2001; Millennium

Ecosystem Assessment 2005).
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Figure Legends

Figure 1. Diagram illustrating the overall struetand flow of information in the
framework. A comparison between two sites is illaigtd here to show vulnerability,
however a range of other comparisons (for exanmgyeen stakeholder types within
a site) are also possible. Table labels referftorimation presented for Col du
Lautaret. Diamonds represent modelling input da&ctangles represent the 5
matrices. Ovals represent projected changes atajeetory level. Rounded
rectangles represent projected changes at thiewite Octagons represent

acceptability and vulnerability calculations.

Figure 2. Schematic illustration of matrix manigidas in the proposed conceptual
framework. Input data (input variables per trajegtor pixel — table S) are converted
into output data (output variables per trajectarpiael — table P) using a translation
matrix linking input and output variables (matri¥y MLines and columns of both the
input table and the translation matrix can be weighy introducing weight vector
matrices into the matrix multiplication. As an exale, 'N’ input variables might
represent change in ecosystem attributes (EAs)rungarticular trajectory, Matrix
‘M’ might represent the Ecosystem Attribute Matrand Table ‘P’ represent change

in descriptors under the same trajectory.

Figure 3a-d. a Ecosystem Service Matrix for LautdreEcosystem Service Matrix

for Mértola. c. Descriptors matrix for Lautaret.Rescriptors matrix for Mértola.

Figure 4a-c a Ecosystem attributes matrix for Liaaitd. Land use attribute for

Lautaret. c. Plant Functional Trait Matrix for Lacgt.
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Figure 5a-f. a Land-use attribute and plant fumatidrait data obtained from scenario
based modelling of land-use and land-cover chaogedutaret. The proportion of
total area changed at each site for each trajeaiyven at the top of the table. b.
Trajectory level sensitivity for each scenario f@autaret. c. Site level sensitivity for
the selected scenarios for Lautaret. d. Land-usbe and plant functional trait data
obtained from scenario based modelling of landarskland-cover change for
Mértola. e. Trajectory level sensitivity for eaaenrario for Mértola. f. Site level

sensitivity for the selected scenarios for Mértola.

Figure 6a-f. a. Acceptability of changes in ectesysservices for stakeholders for
both scenarios for Lautaret. b. Acceptability odiehes in ecosystem services for
stakeholders for both scenarios for Mértola. c.eftability scores for stakeholders
for Lautaret. d. Acceptability scores for stakeleotdat Mértola. e. Acceptability
fractions for stakeholders for Lautaret. f. Accéyility fractions for stakeholders at

Mértola
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