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Abstract

Integrated numerical modelling, scenario analysis and participatory approaches have become common approaches to investigate possible future
regional development in sustainability research. But in accordance with disciplinary backgrounds, the literature on specific case studies shows still
great biases towards either qualitative social science or the numerical modelling perspective. By presenting a comprehensive case study on changes
in agriculture for the Alpine region of Davos, Switzerland, the role of the participatory involvement and to what degree it was found instrumental
in defining the scenarios for numerical simulation are discussed, and methodological benefits and limitations are outlined in this contribution.
In the presented case study, the participatory process was intended to fulfil two functions: First, it aimed to support the elaboration of regional
scenarios including their preparation for numerical simulation through an Input—Output Model, a Resource Flux Model, a Land Use Allocation
Model and Ecosystem Service Validation; second, raising the issue of long-term development and capacity-building within the region and amongst
key stakeholders was an important goal. In the course of the project, the participatory process proved very useful with regard to interest raised
amongst the local participants. However, it could not contribute to the elaboration of scenarios for numerical simulation as much as expected.
Reasons for that were (1) limitations in the numerical models so that the complexity of the system and the range of possible scenarios had to
be reduced for scenario simulation, (2) the “bottleneck” between qualitative and quantitative data which had to be overcome, and (3) a shift in
priorities for the participatory process towards capacity building in the course of the project which hindered the in-detail elaboration of scenarios
for numerical simulation to some extent. From the presented case study and the relevant literature, recommendations to improve the integration of
qualitative participatory and quantitative, model-based techniques are finally drawn.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Sustainability is increasingly being considered in regional
development and holistic landscape research. In order to improve
long-term regional development, it is helpful to understand how
a region might react in response to socio-economic, politi-
cal and environmental changes. This, however, is a complex
and challenging problem which is ideally addressed by inter-
and transdisciplinary approaches that goes beyond the bound-
aries of academic disciplines or single stakeholder groups (e.g.
Naveh, 2000; Nowotny et al., 2005; Tress et al., 2003). These
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issue-oriented approaches reflect the diversity, complexity and
dynamics of the processes involved and take the knowledge of
people involved and their interests at stake into account (Hirsch
Hadorn et al., 2006).

Some of the approaches regularly applied in sustainability
research are integrated numerical modelling, scenario analysis
and various forms of participatory involvement (Hirsch Hadorn
et al., 2006; Swart et al., 2004). Each of these methodologies
has proved useful in the assessment of regional development,
and they have been successfully used in various combinations
(e.g. Alcamo, 2001; Antunes et al., 2006; Greiner, 2004; Tress
and Tress, 2003).

Integrated numerical modelling allows the analysis and
simulation of complex relationships between socio-economic,
environmental and regulatory issues in regional development.
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Such models combine multiple disciplinary approaches (e.g.
Rotmans and van Asselt, 1996) and are considered powerful
tools for informing decision-making in policy and planning
processes, especially if the cognitive and institutional limita-
tions of the stakeholders and decision-makers involved are taken
into account (e.g. Greiner, 2004). These numerical models use
socioeconomic and ecological quantitative data on, for instance,
the number of permanent residents, the number of employees,
or the extent of certain land-uses. Although models of varying
degrees of complexity are available (e.g. Greiner, 2004), their
use for assessing future development and long-term sustainabil-
ity is limited by the availability of quantitative data projected
into the future (Kemp-Benedict, 2004).

Different techniques have been applied to derive quantita-
tive estimates of future situations, such as extrapolation (e.g.
Schonwiese, 1994) or forecasting based on process-based or sta-
tistical modelling using up-to-date measurements (e.g. Brabec
etal., 2001; Vested et al., 1992). Such methods, however, are not
considered appropriate for regional development issues because
of uncertainties that include a wide range of possibly inter-
acting aspects (e.g. consumer behaviour, regional marketing
strategies, or changes in the attractiveness of landscapes) and
several hierarchical levels (e.g. international markets, regional
planning, or household-level decision-making). The most fre-
quently used and valued technique to explicitly take into account
these uncertainties is scenario analysis, as it allows to describe
plausible future scenarios that contain these major uncertainties
(e.g. Rockafellar and Wets, 1991). Scenarios describe potential
future developments based on the present situation and logical
chains of plausible events and their interactions (Rotmans et al.,
2000; van den Berg and Veeneklaas, 1995) and have a strong tra-
dition in the quantitative as well as qualitative sciences (Swart
et al., 2004).

In regional development research, scenario analysis has often
been linked with participatory approaches as local actors usually
have considerable local knowledge and can thus provide infor-
mation on “how the region works” (e.g. Kok et al., 2004). Here
we define local system knowledge as the insights of individu-
als into the socio-economic, administrative, cultural, political
and environmental dynamics within a particular region. Local
system knowledge is mainly qualitative as it refers prelimi-
narily to cause—effect relations between boundary conditions,
decision-makers and activities (referred to as “factors, actors
and sectors” in Kok et al., 2006). In previous studies, local actors
have contributed either directly to the development of specific
regional scenarios (e.g. Kok et al., 2003) or they have elaborated
qualitative models of the local system, which provided a basis
for subsequent scenario development by the researchers (e.g.
Fliickiger et al., 1998).

Procedures of combining all three techniques, however, have
as yet been rarely described in detail in the literature. We find
that scientific publications derived from such research design are
mostly either biased towards aspects of qualitative social science
(e.g. Soliva, 2007) or towards those of numerical modelling (e.g.
Carmichael et al., 2004). One of the main reasons for these biases
is that the boundary between quantitative and qualitative data
has to be overcome in the process of such research design. This,

however, remains a major challenge in integrated, participatory
and interdisciplinary research (Kok and van Delden, 2004; Pahl-
Wostl, 2002).

In this study we explicitly address and discuss this aspect
based on an example for the Swiss Alpine region of Davos. In
this case study, a scenario analysis is conducted to investigate
the possible impacts of a radical decrease in support for the
local mountain agriculture. For that we combine a participatory
approach and integrated numerical modelling in a scenario anal-
ysis. The questions to be addressed in the scenario analysis are:
What are possible socioeconomic and ecological consequences
for the regions? And, to what degree do these effects differ with
regard to the identified uncertainties?

By presenting the comprehensive procedure, we outline the
principal methodological benefits and limitations of combining
participatory involvement and numerical modelling in such a
scenario analysis. Within this context, we further discuss the role
of the participatory involvement, and to what degree it was found
instrumental in defining the scenarios for numerical simulation.
Our main objective here is to assess the methodological impli-
cations of the combined approach and to identify its strengths
and weaknesses.

2. Study area and relevant problems within the region

Davos is a mountain resort town at 1560 m a.s.l. in the
canton of Grisons, Switzerland, with a population of around
11,000 permanent residents and up to 28,000 tourists during
the high season in winter (Fig. 1). The local economy has been
strongly dominated by tourism since 1865, when building of
health resorts commenced. Within a few decades an urban cen-
tre had emerged from two of the many scattered settlements
which formed the community of Davos, and already by 1910
the number of overnight stays exceeded 1 million. When winter
sports began in the 1950s, Davos developed into one of the most
popular mountain resorts in Switzerland, with about 2.5 million
overnight stays in 2000.

While the main settlement with the urban centre is quite
densely populated, the surrounding area has maintained its rural
character, with scattered villages and a typical alpine landscape
shaped by traditional mountain agriculture. In 1950 there were
120 farms in the area of which about 90 still remained in 2000,
most of them obtaining a secondary income from tourism. While
the farming activities in the region have constantly decreased as
of the end of the 19th century, the forest area has gradually
expanded. This is considered as one of the principal threats to
landscape attractiveness (Bitzing, 2004; Messerli, 1989), with
possible negative consequences on the tourist industry.

Changes that could well affect the development of the Alpine
region of Davos include: (a) landscape and economic changes
resulting from decreasing subsidies for mountain agriculture and
the liberalisation of markets, (b) climate change, which is likely
to have impacts on tourist demand and the skiing industry, and
(c) changes in the region’s popularity as a tourist destination
through the organisation of a mega-event. For each of these
issues, scenarios were defined based on qualitative local knowl-
edge, and further investigated with the numerical modelling



116

30

25

20

15

Population and accommeodation capacity in 1°000

A. Walz et al. / Landscape and Urban Planning 81 (2007) 114-131

101

[ Population 73000
B Accommodation capacity

=e= Overnight stays 2500

(=3

(=3

e

2000 c

[

>

1’500 8

[

£

117000 -2

E

[

>

500 ©

1943

1950

1960 1970 1980 1990 2000

Fig. 1. Location and topographic overview over Davos and its tourism and population development since 1940s.

framework of ALPSCAPE (Bebi et al., 2005; von Ballmoos
and Bebi, 2003). In this contribution, we focus on the issue of
decreasing subsidies for mountain agriculture and liberalisation
of markets to demonstrate the complete methodological proce-
dure and to subsequently discuss the advantages and drawbacks
of the participatory approach to the scenario analysis.

3. Methodological approach

In this study we combined three approaches to regional devel-
opment with regard to a sustainable future: integrated numerical
modelling, scenario analysis and participatory involvement.
We developed an integrated numerical modelling framework
to depict complex interrelations between the regional econ-
omy, resource and land use, and ecosystem services within our
study area. Two scenarios were designed for numerical simula-

tion, depicting fundamental uncertainties with regard to regional
development. In order to improve these regional scenarios, and
to ensure their relevance to the region and their acceptance
amongst the local population, local stakeholders were invited
to participate in the project.

3.1. Overview of the integration process

We describe first the overall framework of the integration
approach, and then present the sequence of individual techniques
to develop and simulate the scenarios. The entire scenario anal-
ysis, consisting of the participatory scenario development and
numerical simulation, is displayed as a circular process in Fig. 2,
beginning with the involvement of local actors in participatory
workshops and ending in joint discussions on the results of the
scenario analysis with them.
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Fig. 2. Schematic representation of the integrated scenario analysis, including the participatory scenario development, the preparation of scenarios for numerical
modelling and the simulations. The diamonds show the different datasets and how they evolve from each other. The light grey diamonds represent quantitative system
knowledge and the dark grey diamonds represent model-based numerical knowledge.
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In the initial workshops, local system knowledge was elicited
and then further processed by the research team. The resulting
qualitative system models identified the principal actors, their
interests and the underlying regional boundary conditions, and
outlined how these were interrelated. For the development of
each scenario, a subset of relevant elements was selected. The
qualitative scenarios were drawn from a logical sequence of
plausible or likely events and the decisions for each of these ele-
ments. The process of scenario development included a feedback
loop with the workshop participants to validate the scenario’s
relevance and logic for the region.

A comprehensive list of modelling input parameters was
drawn from the modelling framework, to further elaborate the
qualitative scenarios for numerical simulation. The list provided
the basis for parameterising the scenarios, i.e. for “coding” the
scenarios for modelling. To determine the input values for the
simulations, the parameters were quantified with the help of an
in-depth literature review (Lardelli and Lundstrom, unpublished
data). In the next step, these values were used in the integrated
modelling framework to simulate the scenarios and feed the
results into the scenario table. The enhanced scenario table was
the basis for an “enhanced scenario story”, which allowed an
effective back-communication of results to local stakeholders.

3.2. The numerical modelling framework

A regional model is a representation of a complex system. It
behaves similarly to the real-world system and can be broadly
experimented with to eventually support decision-making. The
numerical modelling framework of ALPSCAPE is a good exam-
ple of a modelling tool for regional development. It depicts
inter-related processes of land use change, resource fluxes and
economic issues by combining three simulation models, i.e. a
Land Use Allocation Model, a regional Input—Output Model and
a Resource Flux Model (Fig. 3).

The economic and the resource models consist of flux models.
Both modelling approaches have been used in regional stud-
ies before (e.g. Aroca, 2001; Baccini and Bader, 1996; Fritz et
al., 2003; Hug and Baccini, 2002; Isard, 1998). These two flux
models provide the basis for selecting indicators of economic

Local Agricultural Model

and resource-related sustainability for the region, such as the
added value to the region through certain economic activities,
e.g. agriculture, tourism; or the degree of self-sufficiency (Hug
and Baccini, 2002).

The regional Input—Output Table reflects the economic inter-
relationships between different sectors by quantifying economic
fluxes between them. The resource flux model operates simi-
larly, but displays material and energy fluxes between producers,
processing industry, and end-users. Within the ALPSCAPE
modelling framework, food and energy are the target resources
in the resource flux analysis, as they are the most important gen-
erated within the study region. Import and export are crucial
aspects in both models and relate directly to the boundaries of
the study area.

The Land Use Allocation Model consists of an enhanced
cellular automaton based on statistical models (Walz et al.,
2004), which calculates the most likely land-use pattern accord-
ing to changing demands on land for particular land-use
classes. The simulation results are used to derive indicators of
landscape-related sustainability based on landscape metrics (e.g.
McGarigal and Marks, 1995). Such indicators include the length
of the boundary between forest and open land and Shannon’s
Diversity Index (e.g. Hietala-Koivu et al., 2004) which stand for
landscape attractiveness and biodiversity at the landscape scale,
respectively. Additionally, the Land Use Allocation Model pro-
vides the basis for evaluating changes in ecosystem services for
the simulated scenarios.

To indicate environmental changes and any resulting eco-
nomic loss for the region, modifications in ecosystem services
are derived for a set of services. The services investigated include
the protection against snow avalanches, habitat modification for
the capercaillie (Tetrao urogallus), and landscape attractiveness
(Grét-Regamey et al., in press-b). The monetarisation of these
ecosystem services are based on a risk analysis for the protection
function, on restoration costs for the habitat function, and on a
willingness-to-pay survey for the scenic beauty assessment.

An additional model with specific focus on the local agricul-
tural structures was applied for the agricultural scenario. This
Local Agriculture Model includes parameters of agricultural
production at the level of local farming structures. It differen-
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Fig. 3. Simplified representation of the ALPSCAPE modelling framework.
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tiates between intensities of production and allows estimates
on land requirements and production volumes on the basis of
structural change in farming. Shifts in the agricultural markets
and reduction in subsidies lead to such changes in farming
structures, and their consequences for land requirements and
production volume can be estimated by the Local Agricultural
Model (Bebi et al., 2005).

The input parameters for the numerical modelling frame-
work form the key to implementing the scenario and simulating
further effects. The simulation of complex scenarios involves
the simultaneous alteration of several input parameters in the
modelling framework. A complete list of possible input and
output parameters for all models was assembled in order to
gain a comprehensive overview of the input, regulative, and out-
put parameters, which can be altered for scenario simulation or
transferred to another simulation model.

3.3. Obtaining and processing local system knowledge

Because several topics needed to be addressed through sce-
nario analyses within the ALPSCAPE project, local system
knowledge was first investigated independently of any partic-
ular scenario. The focus of the participatory workshops was to
obtain an improved understanding of the structure, stability and
resilience of the study area. In a later stage of collaboration,
scenarios prepared by the researchers were discussed with the
participants and adapted to their feedback.

The workshop participants comprised key stakeholders, such
as policy-makers and official representatives of stakeholder
groups, as well as representatives of the general public. The
group covered a diverse spectrum of specific interests, of active
involvement in the regional development process, and in rele-
vance of their decision-making to the public. Because of their
differing backgrounds, we refer to the participants as “local
actors”.

3.3.1. Organisation of workshops and selection of
participants

A four-step-approach was applied to optimise the knowledge
gathering process in the workshops. In the first workshop, rep-
resentatives of the local government, of different stakeholder
groups (e.g. tourism, agriculture) and the general public (e.g.
teachers, pastors) were invited to form an advisory group. The
participants of the advisory group were selected in accordance to
their function in various stakeholder groups. Generally, official
or at least well-respected local representatives were personally
invited to join the advisory group. Their tasks were to estab-
lish a common understanding of the research question, and to
ensure the relevance of the study and the scenarios to the local
community.

To increase the number of people involved and to thus
improve the representativeness of the workshops’ outcome, each
representative was asked to find at least another five people and
to convene a satellite group. The participants of the advisory
group independently selected the members of the satellite group
according to a snowball system. In a second step, a series of six
workshops were organised in which the satellite groups met to

establish regional system models from their individual perspec-
tives. Due to the differing background of each group, the indi-
vidual outcomes of each satellite group could be used to focus
on specific issues. For example, the results of the satellite group
“agriculture” were directly re-examined in developing the sce-
nario on agricultural policies. In contrast, the results of the group
“tourism” and the group “construction” were of greater rele-
vance for scenarios of climate change and on a mega-event which
are not presented in this contribution, but in Bebi et al. (2005).

During an advisory group meeting in a subsequent workshop,
the results of the satellite groups’ work, qualitative scenar-
ios, and first modelling results were presented and discussed.
In the final workshop with the advisory group, we presented
the simulation results and the conclusions drawn from them,
and discussed their relevance for future decision-making, while
exploring means how to disseminate these results among the
local population.

3.3.2. Qualitative system models in satellite groups

In order to elaborate a graphical system model for each
satellite group, we used the methodology of sensitivity mod-
els described in Vester and von Hesler (1980), which has often
be applied since (e.g. Scholz and Tietje, 2002). The participants
in the satellite groups were asked to identify the elements within
the region they considered most relevant for the development of
the region. These elements could include “factors, actors and
sectors” (according to Kok et al., 2003; Rotmans et al., 2000),
such as environmental conditions, social values, stakeholders,
interests groups or economic sectors. After an initial brainstorm-
ing session, the satellite group condensed these elements down
to the 17 most critical elements by aggregation and elimination
of elements, while common definitions of these elements were
agreed upon. The condensation was performed mainly by aggre-
gation of elements and also by elimination of single elements as
agreed upon in the group discussion.

The condensed set of elements was entered into a symmet-
rical impact matrix, so that the impact of one element on any
other could be estimated within the matrix in a rating score.
The maximum number of 17 elements kept the extent of this
impact matrix at a manageable size. Following the suggestions
in Vester and von Hesler (1980) and Scholz and Tietje (2002),
the participants were asked to assess only direct impacts of
one element on another, and to take care not to include indi-
rect impacts an element might have through other elements.
Each member of the satellite group filled in the impact matrix
individually using a four-level rating scale: 0 =“no or very lit-
tle impact”, 1 = “medium impact”, 2 = “high impact”, 3 = “very
high impact”. The matrices of all participants were then com-
bined in a single matrix, which represented the average ranking
of the group.

The impact matrices indicate characteristic qualities for each
element, such as “Impact Strength” and “Involvement” (Scholz
and Tietje, 2002). Both measures are based on the sum of all
impacts that one element has on all others (sum of rows = “active
sum”), and that one element experiences from all others (sum of
column = “passive sum”). The “Impact Strength” is calculated
by dividing the active sum by the passive sum for each element;
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it identifies the elements that have strong impacts on other ele-
ments and are also prone to external impacting. If the ratio is
>1, the element has an active role in the system, if it is <1, the
element is strongly influenced by other elements. The “involve-
ment” is calculated by multiplying the active and passive sums
of an element and shows how strongly an element is interlinked
with the system.

To benefit from particular insights of each satellite group,
each group was asked to explicitly assess the regional system
from their own perspective by selecting the elements most rel-
evant to them and by their ratings. Consequently, the set of
elements considered most relevant and the rankings differed
substantially between satellite groups, and provided — with a
certain overlap between all groups — more detailed information
for particular fields.

3.4. Scenario development

Due to the ability to account for uncertainties, the sce-
nario technique is an adapted and well-established method
to illustrate potential future development of highly complex
systems (de Jouvenal, 1967; Kahn and Wiener, 1967). Scenar-
ios are described as “hypothetical sequences of future events”
(Kahn and Wiener, 1967). As such, they can describe the
dynamic development of complex systems, representing plau-
sible sequences of events over a period of time. Scenarios do
not predict, instead they acknowledge fundamental uncertain-
ties with regard to future development. By developing different
scenarios, possible system evolution is investigated by elabo-
rating logical sequences for future changes in the system with
respect to these uncertainties (Swart et al., 2004; van Notten et
al., 2003; Wiek et al., 2006).

3.4.1. Scenario setting and principal uncertainties

To develop scenarios for any issue, the settings have to be
explicitly defined and expressed. A clear question has to be
formulated, and the principal uncertainties of the investigated
scenario issue have to be identified. Also, the temporal and spa-
tial frame allowing the investigation of this question has to be
formed.

The analysis of the public discourse and group discussions
within satellite and advisory group managed to reveal issues
of great relevance to the local community and the associated
uncertainties. As mentioned earlier, we concentrate only on
the issue of changes in mountain agriculture in this contri-
bution, although altogether three issues have been addressed,
based on the participatory system analysis developed within the
ALPSCAPE project. Here, we assume substantial changes in
agricultural policies and liberalisation of markets and concen-
trate on the uncertainty of consumer behaviour in the scenario
analysis, while noting that the system analysis would allow us
to establish a more complex system of uncertainties and their
interaction. However, using scenario analysis in combination
with integrated modelling, the focus of the models, their sensi-
tivities and uncertainties of each modelling process as well as
the interfaces between models have to be accounted for, as they
limit scenario complexity.

Moreover, the spatial and temporal settings of the scenario
have to be established. The regional focus of our study as well
as the system boundaries of the models set the spatial scope
to the administrative boundaries of the Davos region. The time
horizon and the differentiation between scenario phases as a
sequence of events are constituted according to the scenario issue
of investigation.

3.4.2. Qualitative elaboration of scenarios

For scenario specification, the most relevant elements and
their development in accordance to the scenario issue are
re-selected, re-sampled and re-arranged. To identify these ele-
ments, impact matrices and system graphs of the satellite groups
are used. As mentioned earlier, special attention was given to the
outcomes of the satellite group “agriculture”, which convened
farmers and food processors, but also professional users of
local agricultural products, such as hotels, for the agricultural
scenarios.

To gain a coherent set of the most relevant elements for the
scenario, some of the elements had to be aggregated and re-
grouped. Based on these elements, a scenario-specific system
graph was developed which displays the interrelations within the
set (Fig. 7). Based on this graph, a scenario table was established
in which the evolution of each element identified as relevant
for the scenario issue and being of relevance in the simulation
modelling can be qualitatively described over all scenario phases
(Table 1).

At this point, the number of interactions between elements
and the number of possible scenarios can vary considerably
depending on the study design. But, as mentioned earlier, due
to the limitations in the numerical models, only two scenarios
on agricultural change were consistently developed to then be
simulated by the models.

3.4.3. Parameterisation and quantification of scenarios

The qualitative scenarios were further prepared for numer-
ical simulation through parameterisation and quantification of
the elements. Based on Table 1, the suitable input parameters
were selected from the list of all possible input parameters to
the numerical modelling framework (Fig. 2) to describe the
evolution of the elements.

Characteristic values for these input parameters were then
derived for the simulation of scenarios. In the case of the
agricultural scenario, parameter quantification and numerical
simulation were tightly connected processes. Fig. 4 shows the
workflow through the models involved and shows that the Local
Agriculture Model and the Land Use Allocation Model deliver
outputs that are further used for scenario simulation in other
models. Primary input for the numerical simulation are lim-
ited to the input parameters of the Local Agriculture Model
(Fig. 4).

3.5. Communication of the modelling results
The communication of the simulation results is considered to

be the second interface between numerical modelling and local
actors’ knowledge in the participatory process (Fig. 2). In this
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project phase, research feeds back to the local community, thus
requiring adequate means of communication. Members of the
advisory group and the satellite groups underlined this require-
ment by expressing their doubts about their ability to understand
the outcomes of the numerical modelling.

Besides the organisation of further workshops and other pub-
lic events, which allow face-to-face presentation of the results of
the scenario analysis, we used “enhanced” storylines (Fig. 2) to
communicate the results by combining qualitative and numer-
ical aspects of the scenario analysis. Similar to a conventional
scenario storyline (e.g. Arnell et al., 2004; Schoemaker, 1993),
the “enhanced” storyline uses the advantages of a narrative (e.g.
Guhathakurta, 2002). It employs narrative language that local
actors are familiar with and sets elements into context, such as
scenario assumptions, i.e. the qualitative estimates for elements
that are not subject to modelling or principles of the numeri-
cal modelling framework. The enhanced scenario storyline also
incorporates the indicators derived from the numerical simula-
tion and demonstrates clearly parallels and differences between
the scenarios (Box 1).

4. Results

The described procedure produces multiple phases of results,
i.e. the system analysis based on the participatory workshops,
the elaboration of the scenario specifications, and the simulation
results. Within the scope of this contribution, they are not treated
equally, but the system analysis and the scenario specifications
are considered intermediate results.

4.1. System analysis

Each satellite group developed a system graph from their
impact matrix, including the elements and impacts identified as
most relevant by the individual group. Altogether 60 elements
were identified by the satellite groups and aggregated differently,
depending on the satellite group’s background. The two original
impact matrices of the satellite groups “Schools” and “Agricul-
ture” are shown as examples in Fig. 5. To ensure the readability

of the system graphs, the number of impacts included in the
graphs was limited to impacts rated greater than 2.7.

Comparing the results of the two groups, the different per-
spectives become obvious. The impact matrix of the satellite
group “Schools”, for instance, shows high impact strengths for
the elements “landscape” and “tourism” and a strong impact of
agriculture on the landscape. From the viewpoint of the group
“Agriculture”, public subsidies have a strong effect on the agri-
cultural use of land, and strong linkages are drawn between
landscape attractiveness, tourism and demand on agricultural
products.

Attempts to formally integrate the results of all satellite
groups into one single system graph were not feasible because
of the large number of elements and different aggregation levels
used in each group. Consequently, a more intuitive, concept-
driven approach to scenario development was followed (Scholz
and Tietje, 2002; Wiek et al., 2006). All impact matrices and
system graphs, although not formally combined, were neverthe-
less valuable for checking scenarios for consistency and to avoid
contradictions.

4.2. Scenario specification

From the public discourse and the discussions within the advi-
sory and satellite groups, decrease in subsidies for mountain
agriculture and liberalisation of markets were considered major
threats to the region (Stremlow et al., 2003; Wiek et al., 2006).
The future of mountain agriculture is clearly not understood as
a mere existential problem of a minority, but rather expected
to affect the landscape, its attraction, possibly also (summer)
tourism, and the ecological and cultural assets of the region.

If subsidies for mountain agriculture decline considerably,
the price of agricultural products will better reflect production
and processing costs, and thus product prices will rise. Farmers
will strongly rely on consumer adaptations, which are thus con-
sidered a principal uncertainty forming the basis of the analysis
(Fig. 6).

Two different scenarios are placed along this uncertainty. Sce-
nario A assumes that demand for local products will increase
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Sections 1 and 2 of the scenario table display the subset of element considered most relevant for the scenario and the qualitative description about their behaviour

over three scenario phases

Relevant elements

Qualitative scenario specifications

Initial state in 2000

2011

Scenario A (no subsidies, but
market)

Scenario B (no Subsidies, no
market)

Agricultural policies
and market

Consumer behaviour

Farming structure

Landscape

Resource management
Food

Electricity

Regional economy

Ecological situation

Protection from
avalanche hazard

Scenic beauty

Area-related subsidies for
mountain agriculture and
protected national market
Consumers use local
agricultural products. Prices
are slightly higher than for
competitive products

Divers farming structure
mostly producing milk and
meat. Milk is then processed
and distributed by the local
dairy

Typical, historically grown
cultural landscape with
pastures and meadows

Local agricultural
productivity satisfied about
30% of the local consumption
of dairy and meat products

Several little power stations
generate about 10% of the
electricity consumed in the
area

Tourism is the dominating
economic sector. Agriculture
employs 117 persons and
processing industry another
30

High biodiversity of mountain
meadows and pastures

Forest at steep slopes reduces
the chance of avalanche
release. Forest above
infrastructure and housing
reduces the risk against
avalanche hazards

The traditional agricultural
landscape is assumed highly
attractive and a resource for
tourism

Decrease in subsidies and
liberalisation of market

Consumer prices rise rapidly
for local agricultural products

Many farms cannot meet the
harsh competition and stop
farming. Due to decreasing
amounts of milk, the dairy
closes down

No subsidies

Consumers are willing to pay
increased prices for local,
high-quality products

Few large farms remain
which can produce, process
and distribute meat and milk
cost-effectively. Additionally
a few part-time farmers will
produce, process and
distribute meat

Decrease in agricultural land
with forest expansion below
the timber line

The milk production volume
decreases due to reduction of
farming activity while
demand on local dairy
products raise

Agriculture requires less
electricity as before

With decreasing farming
activity, employment in
agriculture are reduced and
all jobs in the processing
industry are lost. Other
industries are not strongly
impacted

Decrease of habitat diversity,
but improvement of forest
boundary habitats

With forest developing at
steep slopes above settled
areas, the protection function
locally increases

Character of scenic
appearance becomes “wilder”
with increasingly expanding
forest

No subsidies

Consumers buy cheaper
products from the lowlands

Mountain agriculture has
stopped. No more farms

Loss of agricultural land with
forest expansion below the
timber line

As demand for costly local
dairy products is marginal,
production has almost
stopped

Hardly any consumption
through agriculture

With a stop of farming,
employment in agriculture
and processing industry
vanish. Other industries are
not strongly impacted

Loss of biodiversity on
mountain meadows, forest
boundary habitats improve

With even more forest
expanding at steep slopes
above the settlement, the
protection function might
increase even more

Scenic appearance is
dominated by forest below
the timber line

despite augmentation of consumer prices. Scenario B assumes
that demand will reduce strongly, so that costly and non-
supported products will not be sold in the future.

The time horizon of the scenario analysis is from 2000
to 2050. Within this period three phases are distinguished: a
pre-event phase before 2011, an event-phase in 2011, and a
post-event phase after 2011-2050. The new national agricultural
policy will be implemented in 2011. From then on a complete

reduction of subsidies is expected for the scenario caused by
decrease of public support for mountain agriculture and by lib-

eralisation of agricultural markets. The cost-effectiveness of

production and demand for regional products despite increases
in consumer prices is therefore crucial for the development of
mountain agriculture after 2011.

The system graph particularly adapted to the scenario of
agricultural change (Fig. 7), showing the evolution of all ele-
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Box 1. The enhanced scenario story combines
the scenario assumptions and simulation results
from numerical modelling

Assumptions

After 2011, mountain agriculture reacts to
decrease of subsidies and liberalisation of
markets. High production costs due to harsh
production conditions in the mountain environ-
ment have to be covered by consumer prices.
According to discussions with local farmers,
mountain agriculture would stop to sell milk, but
specialise in high-quality local products.
Depending on consumer behaviour, demand for
local, high-quality, costly agricultural products
can differ strongly. Scenario A assumes an
augmentation in that market despite consumer
prices, due to a general increase in environmental
and regional awareness, Scenario B assumes that
this market dies out due to high competition and
low awareness.

Scenario A: No subsidies, but market for local
products

With increasing demand on high-quality, costly
agricultural products, a small number of large,
fully-professional farms can meet the require-
ments of this market to work cost-efficiently.
Smaller farms are only to adapt if they are not
mainly reliable on income through their agricul-
tural activities. We assume that 5 large farms
with an increased number of cattle and 15 highly
diverse small lifestyle farms remain within the
area of Davos. The milk processing industry has to
close down as the total volume of milk decreases
and the farms process their milk to high-quality,
costly dairy products, which they also distribute.
According to a local agriculture model that pro-
vides us information on typical productivity and
land requirements in the region based on recent
practices, this development results in a strong
reduction in agricultural land and production vol-
ume.

The results of an economic model, displaying
the regional economic network based on the
financial fluxes between different economic
sectors in 2002, show that the reduction of
agricultural activity is marginal for the local
economy with the Gross Domestic Product
decreasing by 1.5%. However, about 152 jobs in
food production and processing are lost. This is
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According to a resource model, that displays
resource availability and consumption within
the region, strong effects are expected for the
degree of self-sufficiency within the region. At
the moment, regional agricultural production can
supply 27% of dairy product and meat consump-
tion. But with the decreasing total volume of milk,
the region will rely on to about 92.5% on imports
for these products.

The greatest impact is expected on the landscape
due to abandonment. A landscape model shows
an increase of forested areas by about 60%. This
development reduces landscape diversity with
impact on the regional biodiversity, although in
the upper side valleys we can expect greater diver-
sity to forest establishment. The abandonment of
agricultural is also very likely to reduce the com-
petition for land and to result in further housing
development at the valley floors.

With changes in the landscape, also ecosystem
services will change, including an increase in
protection of avalanche hazard through forest
expansion, an increase in open forest habitats
(such as the forest grouse) and a reduction in
scenic beauty due to further housing develop-
ment.

Scenario B: No subsidies, no market for local
products

If demand on high-quality local agricultural prod-
ucts is not sufficiently high, the complete stop of
professional agriculture shows stronger impacts
on the region. The degree of regional self-
sufficiency for dairy products, which is still around
75% in Scenario A, is reduced to 0.1% and
the region is fully relying on food imports. The
number of jobs losses in agricultural production
and food processing is expected to be 160, and
thus comparable to Scenario A. The proportion
of added value generated by the agriculture is
reduced to 0%. According to the land use model,
effects on the landscape include the expansion of
forested areas even on the most favourable agri-
cultural sites at the valley floor of the main valley,
if no conservation measures are taken. Ecosystem
services develop also similar as in Scenario A, but
the impacts are stronger.

mainly because currently the tourism dominates ments as cause—effect chains of the elements “Agricultural
the local economy and agriculture plays a minor policies and markets” and “Consumer behaviour”. These two
role. elements play the key roles according to the scenario setting.
How they develop depends strongly on the constituted scenario
assumptions.
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Fig. 5. The original impact matrices of the satellite groups “Schools” and “Agriculture” and the derived system graphs for both groups. The elements of highest

“Impact Strength” are shaded in grey in the system graphs.

Following Fig. 7, the development of each element is quali-
tatively described in Table 1, which provides an overview of the
evolution of the elements in all three scenario phases. Although
not formally tested (e.g. according to Scholz and Tietje, 2002),

we were able to draw coherent qualitative scenarios from this
table on the basis of a concept-driven, intuitive procedure and
the impact matrices. These qualitative scenarios were thereafter
discussed and accepted in the second workshop of the advisory
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Consumers are willing to pay Consumers are not willing to pay
higher prices for local products. < > higher prices for local products.

Scenario A Scenario B

Fig. 6. Scenario space for the case study of decrease in subsidies for mountain
agriculture and liberalisation of markets.

group in terms of their plausibility and integrity within the scope
of the study.

The systematic, but qualitative elaboration of the scenarios
in Table 1 built the basis for the elaboration of input parameters
for the numerical simulation (Fig. 2).

Thus, the described evolution of elements in Table 1 was
replaced by parameters and quantified with respect to the lit-
erature review (Lardelli and Lundstrom, unpublished data).
According to the structure of the integrated modelling frame-
work (Fig. 3), the parameters to be quantified in order to trigger
the simulation include the input parameters for the Local Agri-
cultural Model (grey shading in Table 2). In summary, the most
important assumptions and scenario specifications were as fol-
lows.

Scenario assumptions and primary input values: We assume
that structural changes in agriculture will take place after 2011
due to substantial changes in agricultural policy and consumer
behaviour. Past experiences as well as discussions with experts
on mountain agriculture and local farmers revealed that many
farmers would have to stop their production. Farming struc-
ture would undergo a major shift with a decreasing number
of medium-size professional farms. It is likely that large, fully
professional farms with their own milk processing, and small
farms concentrating on labour-extensive meat production with
secondary, non-agricultural income will develop. For Scenario
A assuming a vivid market for local agricultural products, we
assume that five large, fully-professional farms and about 15
small part-time farms would remain within the region. For Sce-
nario B, six part-time farms without any commercial distribution
of their products are assumed.

4.3. Simulation results

The numerical modelling resulted in a number of quanti-
tative outcomes including the simulation results of the Local
Agricultural Model, the Input—Output Model, the Resource Flux
Models, the Land Use Allocation Model and the Ecosystem Ser-
vice Validation. These numerical results and their corresponding
source models are given in Table 2, while the “enhanced” sto-
ryline sets the multiple results into context and briefly explains
their meaning (Box 1).

4.3.1. Local Agricultural Model

The values derived from the scenarios specification and based
on the assumptions summarised above are used in the Local
Agricultural Model and represent the primary input to the model
framework (shaded in Table 2). According to estimates on the
agricultural structure, the Local Agricultural Model outputs the
production volumes for dairy products and meat, as well as the
agricultural land, which would be required for agricultural use.

In the case of a vivid market for high-quality, but costly local
agricultural products (Scenario A), it predicts decreased milk
and meat production to <20% and ~11.5% of the 2001/2002 vol-
umes, respectively. The agricultural land is estimated to decline
to ~32% of the intensively used agricultural land and to ~17% of
the extensively used land in 1997. In the case of a complete stop
of professional agriculture within the region (Scenario B), the
outputs go down to zero. The outputs of the Local Agricultural
Model were used further as input for the economic Input—Output
Model, the Resource Flux Model and the Land Use Allocation
Model.

4.3.2. Input—Output Model

The results of the regional Input—Output Model predict that
the proportion of added value to the region through agriculture
and processing industries declines from 0.2% to 0.04% for Sce-
nario A and down to 0% for Scenario B. The reduction of the
Gross Domestic Products amounts to 1.5% for Scenario A and
1.8% for Scenario B. Hence, the impact of a decrease, as well
as a complete stop in agriculture show limited direct impact on
the regional economy. This is mainly because agriculture plays
a minor role already within the regional economy. For Scenario
A, about 2.3% of full-time employment in 2001/2002 would be
lost, which still adds up to about 152 jobs. For Scenario B, 160
full time equivalents are estimated to be lost.

4.3.3. Resource Flux Model

The Resource Flux Models predicts considerable decrease
in self-sufficiency for food within the region due to reduced
productivity in both cases. While the degree of self-sufficiency
reached ~27.4% for dairy and meat products in 2001/2002, the
expected production volume in Scenario A would only supply
~8.1% of the regional demand. For Scenario B, only ~0.1%
of the region’s consumption could be satisfied and the region
would rely almost completely on imports for these products.
The self-sufficiency rate for electricity is hardly impacted by the
agricultural scenarios. As electricity consumption declines only
slightly with the reduction or stop of agriculture, the sufficiency
rates rise by 0.08% for Scenario A, and by 0.1% for Scenario B.

4.3.4. Land Use Allocation Model

Based on the requirements for land calculated in the Local
Agricultural Model, the Land Use Allocation Model suggests
strong impacts on the landscape for both scenarios. Within the
50-year simulation period >1700 ha of abandoned land are esti-
mated to be overgrown or forested for both scenarios. Forest
expansion differs only by ~50 ha between the scenarios. It com-
prises a complete band of forest or at least overgrown land on
all hillslopes below the tree line with very few spots of open
grassland (Fig. 8). With this, the proportion of forest within
the study area increases from 25.1% to 31.7% for Scenario A,
and 32% for Scenario B. Both scenarios show almost identi-
cal forest expansion with rapid forest growth at valley floors.
However, the simulations also indicate the ecological limitation
despite generally favourable conditions at these sites. Remaining
spots of unproductive grassland at valley floors (Fig. 8: Sce-
nario B) can be ecologically explained through the distances of
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Fig. 7. Scenario-specific system graph in the case of decreasing subsidies for mountain agriculture and liberalisation of markets with high uncertainties in future

demand.

seed transportation (e.g. Lissig et al., 1995). The forest-open
land boundary which is considered an important indicator for
scenic beauty (Franco et al., 2003) increases considerably for
both scenarios. This is mainly due to the expansion of forest in
the upper side valleys where no forests were present in 1997.
For the remaining extensively used agricultural land in Scenario
A, the simulation predicts large contiguous areas above the tree
line. The formerly intensively used agricultural areas seem to
be more likely abandoned than to be extensively used. Aban-
doned areas on valley floors are subject to rapid forest growth
due to favourable ecological conditions, and a great proportion
is likely to be used for further development of the settlement.
This indicates that abandonment of agricultural land on valley
floors is likely to favour an expansion of the settlement in future
due to decreasing competition for land. Of course, spatial plan-
ning is restrictive at present, but we can assume that spatial
planning will adapt to future situations in the long term and, if
recent trends hold on, demand for secondary homes will remain
high. For both scenarios the extent of unproductive grassland
increases substantially. In 1997, ~9.5% of the study area was

ASCH92/97

- Forest

Agriculture (intensive and extensive) Bare Land

Scenario A: No subsidies, but market

covered with unproductive grassland; by 2050 a proportion of
30.2% would be reached according to Scenario A, and 39.0%
according to Scenario B. Although landscape diversity increases
at some locations, e.g. in upper tributary valleys, the Shannon’s
Diversity Index calculated for the region indicates a reduction in
landscape diversity. Although some species with specific habi-
tat requirements can take advantage of this change in landscape,
a decrease of biodiversity related to this predicted reduction of
landscape diversity is also likely (Hietala-Koivu et al., 2004).

4.3.5. Ecosystem Service Validation

The impacts of land use changes were further validated by
changes in ecosystem services (Grét-Regamey et al., in press-
a). The area’s flagship species capercaillie (Tetrao urogallus),
which is used as an indicator of changes to wildlife habitat, ben-
efits especially from an increase in open forested area, although
an overall reduction in biodiversity has to be expected due to the
reduction of landscape diversity (Hietala-Koivu et al., 2004).
Furthermore, avalanche protection potential will increase due to
increased forest area on steep slopes. The increase in forested

Scenario B: No subsidies, no market

Unproductive Grassland - Housing and Infrastructure N

B Water

Fig. 8. Simulation results of the Land Use Allocation Model for Scenario A and Scenario B, and the initial situation in 1997 (Land Use Statistics 1992/97, BFS

GEOSTAT).
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Table 2
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Parameterised and quantified scenarios with the according simulation results of the Local Agriculture Model (LAM), the Land Use Allocation Model (LUA), the
Resource Flux Model (RFM), the Input—Output Model (IOM) and the Ecosystem Service Validation (EcoServ)

Relevant Input parameters and values for numerical modelling ||Scenario outputs based on numerical modelling (Type of model) or based on

Elements (Origin of the input parameter value=> Type of model to be used) qualitative scenario specifications
Parameters 2000 Scenario A Scenario B Parameters 2000 Scenario A Scenario B

No subsidies, |No subsidies, No subsidies, No subsidies,
but market no market but market no market
Agricultural |/ / ! / / / / /
policies and
market
Consumer / / ! / / / / /
behaviour
Farming Number of large, fully Land requirements (LAM):
structure professional farms with milk and Intensive agricultural use 998 ha 318 ha 0 ha
meat production, processing Extensive agricultural use 8445 ha 1400 ha 0 ha
and distribution (=*LAM) 2 5 O[|Production volume (LAM):
Milk 5 Mio. kg 0.9 Mio. kg Okg
Meat 252 000 kg 29 000 kg Okg

Number of part-time farming

with meat production,

processing and distribution 0 15 6|

(>LAM)

Others of various sizes but

without food processing and 74 0 0

distribution (=>LAM)

Landscape [[Demand on land for intensive |Land use pattern (LUA) 1997 Scenario A Scenario B
agricultural use 998 ha 318 ha 0 ha (Figure 8) (Figure 8) (Figure 8)
Demand on land for extensive 8445 ha 1400 ha 0 ha| |'Landscape structure (LUA):
agricultural use Forest-Open Land boundary 6 064 km 6919 km 7022 km
(LAM=LUA) %-age of Unprod. Grassland 9.5% 30.2% 39.0%

%-age of Forest 25.1% 31.7% 32.0%
Area (LUA):

Close Forest 3545 ha 3386 ha 3801 ha
Open Forest 773 ha 3581 ha 3831 ha
Overgrown Area 2061 ha 1152 ha 554 ha
Intensive Agriculture 998 ha 290 ha 42 ha
Extensive Agriculture 8445 ha 2043 ha 329 ha
Unproductive Grassland 2416 ha 7659 ha 9544 ha
Housing and Infrastructure 566 ha 693 ha 703 ha
Bareland and Water 6639 ha 6639 ha 6639 ha

Resource Production volume for milk per Self-sufficiency for dairy 27.4% 7.3% 0.1%

Management [month (LAM=>RFM) 410 000 kg 100 000 kg 0 kg|{products (RFM)

Self-sufficiency for electricity 10.08% 10.16% 10.18%
(RFM)

Demand on local products per

month (Scenario

Assumption—>RFM) 130 000 kg 200 000 kg 0 kg

Regional Demand on other economic 100% 20% 0%|(Gross Domestic Product of the |  627.7 Mio 618.2 Mio CHF 616.2 Mio CHF

Economy sectors (Scenario region (IOM) CHF
Assumption=>10M) Proportion of added value by 0.2% 0.08% %

agriculture of total added value

in the region (IOM)

Total Employment (IOM) 6 474 6322 6314
%-age of food products of all 13% 14% 15%
|_imports

Ecological Land use change (LUA) 1997 Scenario A Scenario Bl|Landscape Diversity (LUA):

Situation (Figure 8)) (Figure 8) (Figure 8)[[Shannon’s Diversity Index 1.59 1.48 1.25
Land use change 1997 Scenario A Scenario B|[Habitat modification of the /| +5 300 CHF * year| +6 000 CHF * year
(LUA—>EcoServ) (Figure 8) (Figure 8) (Figure 8)|[forest grouse (capercaillie)

(EcoServ)

Protection Land use change 1997 Scenario A Scenario Bf[Change in risk against /| +58 000 CHF * year| +86 345 CHF * year

from (LUA->EcoServ) (Figure 8)) (Figure 8)) (Figure 8)|(avalanche hazard (EcoServ)

avalanche

hazard

Scenic Land use change 1997 Scenario A Scenario Bl[Change in scenic beauty !

Beauty (LUA-=>EcoServ) (Figure 8) (Figure 8)) (Figure 8))[[(EcoServ).

Due to forest expansion +/- 0 CHF +/- 0 CHF
Due to further construction -7 000 CHF * year| -6 200 CHF * year

The shaded zone indicates the prime input values.

area did not have a significant impact on people’s preference for a

4.3.6. Summary of the simulation results

The two scenarios elaborated on the issue focused on the con-
sequences of differing consumer behaviour. A strict decrease in
support of mountain agriculture without any re-modification of

view, but the likely expansion of the settlement on the previously
agriculturally used land is considered to have a negative effect on
scenic beauty within the region (Grét-Regamey et al., in press-b).
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this policy was assumed. In that regard, both scenarios were
extreme, but could demonstrate that the effect of consumer
behaviour is most likely minor compared to financial support.
Even a positive development in the market of high-quality
local agricultural products can most likely not compensate
radical decrease to subsidies. Hence, in both cases a drastic
decrease in subsidies for mountain agriculture would affect
the region strongly. The result of such policy change would
be immense changes in the landscape structure with conse-
quences for ecosystem services, as well as a strong decrease
in self-sufficiency. Compared to these indicators, the changes
in the local economy are minor, although an overall loss in job
opportunities of about 160 would have to be expected.

5. Discussion
5.1. Results of the scenario simulation

The scenario analysis addressed the impact of a substantial
decrease in agricultural subsidies on the region of Davos. The
chosen indicators derived from the numerical models showed
the impact on the sustainability of regional development with a
strong decrease in regional self-sufficiency, drastic changes in
landscape structure with various impacts on ecosystem services,
and direct effects on the local economy.

The relatively low direct impact on the local economy reflects
the minor role of agriculture and the food processing industry
compared to tourism in the contemporary economic structure.
However, according to the outcomes of the satellite workshops
and the participatory system analysis, the local actors assume a
strong linkage between a decrease in mountain agriculture, sub-
sequent landscape changes and the local economy. They assume
that in particular through changes in landscape attractiveness the
summer tourism could decline considerably and have a major
impact on the local economy. Thus, also indirect economic
effects are expected through agricultural abandonment and sub-
sequent landscape changes which are not displayed in the recent
modelling framework.

The ecosystem service “scenic beauty” addresses this aspects
when the value of the landscape as a resource for tourism is esti-
mated through a willingness-to-pay survey (Grét-Regamey et
al., in press-b) and results are applied to the simulated land use
patterns (Grét-Regamey et al., in press-a). According to these
findings, the likely expansion of the settlement would reduce the
value of “scenic beauty”. The difference can be interpreted as the
amount that tourists are likely to spend less for their accommo-
dation during a visit owing to a less beautiful view (Bebi et al.,
2005; Grét-Regamey et al., in press-b). In order to approximate
additional indirect effects of a decrease in mountain agricul-
ture on the local economy, we suggest estimating furthermore
changes in tourist consumption patterns and number of tourists
from these values. These could then be used to adapt the con-
sumption volume of tourists in the Input—Output Model and
would allow approximating indirect economic effects.

This example also shows that the qualitative system models
are able to display a higher degree of complexity within the
region compared to the numerical modelling which is strictly

bound to its limitations, and requires a lot of additional input
data and effort to be modified.

5.2. Integrated modelling

The coupling of models proved to be highly instructive for
assessing regional development in the Davos region. Alterna-
tively, each of the numerical models could have been applied
individually to the study area in order to identify sensitivities
from the perspective of each particular model. However, combin-
ing the models through regional scenario analysis gave a more
holistic perspective of the region and helped to better under-
stand and evaluate different options of its long-term development
based on numerical indicators. The scenarios and the dataflow
between the models systematically adjusted their input parame-
ters to the same assumed situation, drew interrelations between
the individual models, and provided a common context for each
simulation.

Differences in temporal and spatial scales, data aggregation of
information and basic modelling assumptions have to be consid-
ered critically at the interfaces between individual models in any
integrated modelling approach. In our case studies this applies,
for instance, for the spatial resolution of the data available for
the Land Use Allocation Model versus the ideal resolution for
Ecosystem Service Validation, or the differentiation of land use
classes versus the differentiation of economic activities within
the Input—Output Analysis and the Resource Flux Model. In
our case study, these interfaces could have been better elabo-
rated and, thus, the explanatory power of the modelling been
enhanced, if the target of the modelling approach had been bet-
ter specified and narrowed down to a well-defined question at
an earlier stage of the project. This, however, was difficult as the
discussion with the local actors was intended to reveal the most
relevant issues for the region.

Still, these potential sources of error and misinterpretation
have to be taken serious in the interpretation of the simulation
results and have to be communicated. They are best coped with
by explicitly stating the fundamental assumptions and by docu-
menting data transfers from one model to the other in order to
make the interfaces between individual models as transparent as
possible (Table 2).

5.3. The role of participatory involvement in scenario
development

Participatory involvement can fulfil numerous functions
within research projects (Antunes et al., 2006; Siebenhiiner and
Barth, 2005) and can cover a great range of group compositions,
targets, organisational and institutional settings (e.g. Fischer,
2000; Rauschmayer and Wittmer, 2006; Santelmann et al., 2004;
van den Beld, 2004). In the ALPSCAPE project, the involvement
of local actors aimed for (1) ensuring the relevance and improv-
ing the regional scenarios through local system knowledge and
(2) promoting capacity building within the local community.

The first intention of participatory scenario development
resulted in a systematic collection of local system knowledge
in the satellite group workshops in order to enable and improve
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regional scenario development. From the viewpoint of knowl-
edge generation, however, the participatory involvement could
not contribute as much as expected to the development of the
scenarios. One reason was that the outcomes of the satellite
groups varied strongly in terms of elements included, and did
not match up with each other to form one comprehensive sys-
tem. The identified elements and system graphs produced during
the workshops, therefore, had to undergo several steps of fur-
ther re-selection and post-processing by the research team until
qualitative scenarios could be drawn from them. If a complete
set of, for instance, the researchers would have suggested 15
elements, this problem could have been possibly reduced, but
might have had also the drawback of attenuating the group dis-
cussions. Instead of suggesting a prepared set of 15 elements,
however, it might be valuable to suggest a pool of elements
from which the most relevant 15 elements can be identified
during group discussions. We see this as a possible and mutu-
ally beneficial compromise between leaving space for discussion
and deriving system models, which can more systematically be
combined.

Furthermore the participatory process could not contribute
to the critical process of scenario parameterisation and quantifi-
cation. The transformation of qualitative scenarios into sets of
coherent input parameter values remained with the researchers,
mainly because it would have required very specific and detailed
knowledge of the numerical modelling framework. Still, the
participatory involvement deepened and validated the exist-
ing system understanding of the researchers profoundly and
ensured relevance, logic, consistency and validity of the elab-
orated scenarios as the researchers checked the consistency of
the intuitively formulated scenarios with the outcomes of the
satellite workshops, i.e. the system graphs.

The second intention was to address the key stakeholders and
the local public through involvement into the project in order to
improve the understanding of the region and discuss its long-
term future options. Although the learning effect (e.g. van de
Kerkhof and Wieczorek, 2005) has not been formally tested in
the direct scope of the study, we strongly believe that the collab-
oration was profitable for both sides. First, the people involved
in the advisory group represented key stakeholders and impor-
tant decision-makers and therefore main addressees of the study.
Second, many of these participants appreciated the project as an
independent and in-depth study of the region and welcomed the
outputs as an important knowledge base for their arguments.
According to their feedback, they experienced the workshops as
a unique platform to discuss long-term issues in a diverse sur-
rounding. Finally, they showed great interest beyond the direct
scope of the project, for instance, by inviting the research team
to the local executive in order to present the research results and
discuss them with policy makers. Out of this engagement, the
research team was invited to actively participate in the elabo-
ration of an overall concept for the future of the Davos region.
The satellite group workshops served as a successful multiplier
as additional local actors, not necessarily holding representative
functions within the community, got involved.

In the course of the project it became obvious, that the target
of capacity building and the strong response of key decision-

makers hindered us to insist on a closer collaboration in the
scenario elaboration to a certain extent. To actually enhance the
local actors’ input to scenario elaboration, more sessions and
a more stringent structure of the workshops would have been
required. This, however, appeared unfavourable for the capacity
building process, as key decision-makers in particular have tight
schedules and are used to openly discuss.

In our case study, the chosen procedure was intended to sup-
port scenario development, but adaptations to better promote
the capacity building process resulted in tradeoffs that weak-
ened the input for scenario elaboration. In order to identify
the most appropriate methodological approach for the par-
ticular project, we see the clear need to define the role of
the participatory involvement and set the primary target for
the process before starting the process (in agreement with,
for instance, Rauschmayer and Wittmer, 2006; van den Beld,
2004; Wiek et al., 2006). Mainly qualitative approaches, includ-
ing, for instance, not only future workshops (e.g. Jungk,
1994), mediation (e.g. Rajagopal, 1980), cooperative discourse
(e.g. Renn, 2006), but also conceptual system modelling (e.g.
Magnuszewski et al., 2005), might be most appropriate to raise
issues, promote capacity building and develop solution strate-
gies. Out of these qualitative procedures, the need might arise
to focus on particular aspects numerically (e.g. Magnuszewski
et al., 2005; Sendzimir et al., in press). In such cases, mediated
or participatory modelling techniques are promising approaches
(Bousquet et al., 2002; Castella et al., 2005; van den Beld, 2004).
They might either enhance the process by adding model-based
information on selective aspects (van den Beld, 2004), or build
on participatory observations in order to establish agent-based
models (Bousquet et al., 2002; Castella et al., 2005). In both
cases, the participants have to be willing to work relatively
intensely with the modelling team for instance because an urgent
problem is addressed within the process. In our case study, we
assume, the issues raised would have not been urgent enough to
actually motivate also key stakeholders to collaborate on a more
detailed, and more time-consuming level. If we had realised this
in a very early stage of the process, more appropriate methods
might have even increase the achievements in capacity building.

5.4. Strengths and weaknesses of the case study

Our case study bears typical strength and weaknesses of inte-
grated sustainability research (e.g. Antrop and Rogge, 2006;
Tress et al., 2005; Tress et al., 2003). First we want to point out
on the strengths:

e Potential of the scenario analysis in combination with the
modelling approaches: The scenario approach facilitated a
meaningful application of all models within the same con-
text. The logic of the scenario analysis greatly enhanced the
systematic derivation of input parameters, and the communi-
cation of the simulation results to the local community, e.g.
through a narrative.

e The integration of qualitative participatory approach and the
derivation of the quantitative set of scenarios for simulation:
Combining qualitative and numeric approaches is one of the
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great strengths in integrated research. Referring to Kemp-
Benedict’s (2004; Tress et al., 2005) terminology, it allows
to bring to together the complexity of qualitative approaches
with the “complicatedness” of systems which is best handled
by numeric modelling. However, on the interface between
the two methodological traditions, our study suffered from
a great loss of information, mainly as the limitations of the
numerical models did not allow integrating additional aspects
of future scenarios, which could have been elaborated from
the outcomes of the satellite group workshops.

e High acceptance of the study within the region: The partici-
pant’s reaction and the invitation to take part in the elaboration
of an overall future concept for the Davos region indicate a
high level of acceptance beyond the scope of the research
project. We see reasons for that (1) in the early involvement
of stakeholders of which some had already been engaged in
the process of project design, (2) in the involvement of key
stakeholders, such as local political authorities or key play-
ers in tourism, or other economic sectors, and (3) in the fact
that the project leader was a well integrated member of the
local community facilitating the communication between the
research group and the local participants.

However, our case study bears also weaknesses that are quite
common in the field of integrated sustainability research (e.g.
Antrop and Rogge, 2006; Tress et al., 2005; Tress et al., 2003):

e Needto clarify of awell-defined problem for the establishment
of the integrated modelling framework: Within the scope of
the entire study, not only the issue of decrease in agricultural
subsidies and liberalisation of markets were addressed, but
also altogether three completely different issues. Although
all issues were of relevance for the region, it would have
been profitable from the perspective of knowledge generation
to better narrow down the problem to be addressed through
the modelling framework in order to improve the integrated
model and enhance its explanatory power.

e Too high expectations of the integration of models: The
research team expected to reach a higher degree of integration
of the numeric models within the scope of the study. Despite
frequent exchange between the researchers, the models were
developed relatively separately. In the end, the systematic
exchange of data between the models could be realised and
the models could be applied for the same scenarios, but the
explanatory power of their integration was not as high as
initially expected. One reason for that can be found in the
unclear definition of the end-users of the models and the ini-
tially un-realistically high expectations in the integration and
operationalisation of the numeric modelling.

e Too high expectations of the research team in terms of
input and elaboration of the regional scenarios for simula-
tion modelling: The researchers hoped for a greater input in
the parameterisation and quantification procedure. However,
within the time schedule of the participatory process, this
could not be realised. Due to the diversity and complexity
of the models and the fact that the models were developed
parallel to the participatory process, it was not possible to

communicate the possible input parameters in enough detail
to involve the local actors in these processes as intensively as
initially intended.

e Time schedule of the participatory process and issues to be
addressed: It is often argued that participatory processes are
time (and resource) intensive (e.g. Antrop and Rogge, 2006).
This is certainly true, and to achieve a higher degree of collab-
oration, the participatory process would have required more
time and resources also in our case study. However, apart from
that project planning and resource aspect, the level of collabo-
ration depends also strongly on the willingness and feasibility
of participants addressed. In our case, the participants of the
advisory group were mostly key stakeholders. They spent four
evenings with us in workshops and discussions. Although not
tested, it is doubtful that these key stakeholders, representing
also the main addressees of the study, would have been will-
ing to spend much more time on the project. The time-budget,
they are willing to spend for such a process, might also depend
on the issues to be addressed. The issue raised in our project
was long-term regional development over a period of 50 years,
and it triggered a profound discussion about the threads and
potentials of the future development within the region. But the
literature shows that more intense and time-consuming partic-
ipatory approaches are more successful when urgent problems
are addressed (e.g. Rauschmayer and Wittmer, 2006). Promis-
ing concepts to integrate modelling approaches, scenario
analysis and participatory involvement, include participa-
tory/mediated modelling (e.g. Castellaet al., 2005; Hare et al.,
2003; van den Beld, 2004) and the elaboration of quantitative
or spatial input for numerical simulation in the participatory
process as it was also our intention (e.g. Baker et al., 2004;
Santelmann et al., 2004). Where such methods were success-
fully applied, the studies mostly focused on urgent problems
of the community, so that common problem-solving and
strategy-building were the primary goal of the collaboration
(as suggested as a prime goal for transdisciplinary research in
general by Klein et al., 2001), and the local participants were
willing to spend a greater amount of time for the project.

6. Conclusions

From the methodological perspective, our case study
could show typical problems in combining integrated multi-
disciplinary modelling, scenario analysis, and participatory
involvement. In the case study, the participatory process was
intended to fulfil two functions. While the target of involving
local actors to establish an understanding of the fragility of the
region and trigger a discussion of its long-term future was indeed
very well achieved, a number methodological problems had to
be overcome to move from the outcomes of the satellite group
workshops towards qualitative scenarios and finally to sets of
input parameter values which could be used for the numeric
simulation.

First, the participatory established knowledge base would
have suggested integrating more aspects into the scenario anal-
ysis. But, mainly due to modelling limitations, the complexity
had to be reduced in order to produce consistent sets of input
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parameter values for scenario simulation. Second, we had to
overcome the “bottleneck” between the qualitative and quanti-
tative information. Although we cannot suggest any technique
to “translate” qualitative data into quantitative modelling input,
we consider the detailed documentation of this process a cru-
cial step towards bringing together the realms of qualitative and
quantitative data in integrated research. Third, we experienced a
shift in priorities for the participatory process in the course of the
project. While raising awareness on long-term future develop-
ment was very successful and ended in the formal integration of
the project team in a committee for the elaboration of an overall
future concept for the region, we did not persist on the partic-
ipatory, in-detail elaboration of scenarios as much as intended.
Reasons for that were the concomitance of the model develop-
ment and the participatory process, and the complexity of the
models and the interfaces between them.

To improve the integration of qualitative participatory and
quantitative, model based techniques, we recommend alterna-
tively to

(1) specify a well-defined problem and narrow down the issue
to be addressed by the models which can then be approached
in greater detail within the given timeframe;

(2) use either well operating models when starting the partic-
ipatory process, so that their potentials and limitations are
clear, or develop the model directly during the participa-
tory discourse in the tradition of participatory or mediated
modeling;

(3) consider the sole application of appropriate qualitative tech-
niques with respect to the primary focus of the participatory
process in an initial phase and eventually identify the need
for additional information through numerical modelling
within the process.
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