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Abstract. The importance of goods and services provided by mountainous areas increases rapidly as 

the number of people depending on them grows. Yet, these ecosystems are fragile and vulnerable to 

rapid climate and socio-economic driven land-use changes. In order to identify adaptation strategies 

for sustainable development of mountainous landscapes, both supply and demand for ecosystem ser-

vices under future scenarios needs to be assessed. Such task needs highly inter- and transdisciplinary 

research approaches. In this contribution, we present the inter- and transdisciplinary research project 

MOUNTLAND in which ecosystem functioning and management in mountain regions under climate 

and socio-economic changes are analyzed. We focus on introducing the core of the project - an eco-

nomic land-use model linked to dynamic land-cover change models, which allows showing how land-

users make ecosystem services’ trade-offs under different normative scenarios. Opportunity costs for 

the provision of ecosystem services in a given landscape are presented in a spatially explicit manner. 

We discuss advantages and limitations of such an approach with respect to its value for suggesting 

adaptive landscape management practices. 
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1 Introduction 

Landscape scientists and practitioners underline the importance of a holistic perspective and 

integrative approaches in the debate about sustainable development (Musacchio, 2009). Thus, 

inter- and transdisciplinary research plays a key role in landscape science (Wu, 2006; Pauleit 

et al., 2010; Musacchio, 2009; Tress et al., 2001; Tress et Tress, 2001; Naveh, 2001). Even 

though, inter- and transdisciplinary research poses a challenge due to (among else) the lack of 

common terminology across disciplines and limited resources with respect to time and fund-

ing (Tress et al., 2005; Tress et al., 2007; Fry, 2001) more holistic research in the assessment 

of ecosystem services are needed (Müller et al., 2010). 

Modeling plays a key role in integrating knowledge across spatial scales, time and disciplines 

(Brouwer et van Ittersum, 2010; Nautiyal et al., 2010; Claessens et al., 2009; Agarwal et al., 

2002). Integrated models of the land system can take different specifications (Schaldach et 

Priess, 2008; Agarwal et al., 2002) and the technique of integration in inter- and transdiscipli-

nary research ranges from agent-based models (Gibon et al., 2010; Acevedo et al. 2008, Man-

son et Evans 2007) to coupling of different models (Waldhardt et al., 2010; Verburg et Over-

mars, 2009; Claessens et al., 2009), and Bayesian probabilistic approaches (Kragt et al., 

2011). This research has however shown that human and natural systems are complex with 

respect to spatial as well as time scales and organizational units (Liu et al., 2007). According 

to Liu et al. (2007), case studies on coupled human and natural systems should I) address 

complex interactions and feedback effects, II) bring together an interdisciplinary study team 

which III) integrates various tools and techniques from ecological and social sciences and IV) 

integrate dynamic effects in their research. The authors conclude that it is critical to move 

beyond existing approaches and more comprehensive research portfolios are necessary. In this 

context, the consideration of climate and land-use change interactions is crucial (Verburg et 

Overmars, 2009). In addition, integrated approaches in which models and scenarios are de-

veloped in close interaction with stakeholders still remain a challenge (Houet et al., 2010). 

In this article we present an inter- and transdisciplinary research project addressing the provi-

sion of ecosystem services in the context of climate and land-use changes in mountainous 

regions (MOUNTLAND). The research project focuses on three case study regions in the 

Swiss Alps. Based on an integrative approach, a broad portfolio of methods from economics, 

political, social and natural sciences are combined in order to develop adapted land-use prac-

tices and innovative policy solutions for mountain regions. The core element of the project is 

the economic land-use model ALUAM (Alpine Land-use Allocation Model). This spatially 

explicit land-use model integrates information from the different disciplines on a landscape 

scale. Based on normative future scenarios, trade-offs between different ecosystem goods and 

services are calculated. As a result, opportunity costs for the provision of a set of ecosystem 

services in a given landscape are presented. The project adds inter- and transdisciplinary 

knowledge to the existing research taking into account both land-use and climate change si-

multaneously and explicitly considering feedback effects from changing socio-economic and 

political conditions.  

In Section 2, we provide a summary of the MOUNTLAND project. In Section 3, an economic 

land-use model and preliminary results are presented. Results are discussed with respect to 

inter- and transdisciplinary research as well as landscape economics in Section 4. Section 5 

concludes. 
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2 The inter- and transdisciplinary research project MOUNTLAND 

2.1 Goals of MOUNTLAND 

Mountainous ecosystems provide a variety of important goods and services to humanity such 

as food and fiber production, high biodiversity,, natural hazard protection, CO2 sequestration 

which guarantee the fulfillment of different information functions (Millennium Ecosystem 

Assessment, 2005). These ecosystems, however, are highly sensitive to both climatic and 

land-use changes (Bugmann et al., 2007). As a consequence of climate and land-use change, 

the provision of the above mentioned ecosystem goods and services might be altered (Gonza-

lez et al., 2010; Schröter et al., 2005). Agriculture, for instance, faces the challenge of intensi-

fied production on fertile soils, which leads to negative environmental consequences (Stöcklin 

et al., 2007) while at the same time marginal areas are abandoned (Gellrich et Zimmermann, 

2007). In addition, agricultural production in Switzerland is highly dependent on subsidies. 

Despite increased prices, forestry production also struggles with low profitability (Gotsch et 

al., 2004). Moreover, primary production of agriculture and forestry is confronted with an 

increased societal demand for public goods and services (FAO, 2007). These requirements of 

the different social actors with respect to mountainous landscapes should be increasingly tak-

en into account in private as well as public decision-making (Lehmann et Messerli, 2007). 

Considering this background, the goal of MOUNTLAND is to contribute to the development 

of adapted land-use practices and innovative policy solutions for mountain regions that (1) 

warrant the life-supporting services required for sustainable development, (2) are economical-

ly and ecologically efficient, and (3) socially and institutionally feasible. An integrative ap-

proach is applied combining methods of economics, political and natural sciences to analyze 

ecosystem functioning and management in mountain regions under climate and socio-

economic changes. Thus, the challenges of a sustainable landscape management are analyzed 

with a holistic perspective. In addition to the combined assessment of climate and land-use 

changes, MOUNTLAND applies an innovative approach by an integrative collaboration of 

different disciplines from the beginning of the project onward. Thus, our research is not only 

a cascade of different research findings but allows for explicit consideration of feedback ef-

fects from changing socio-economic and political conditions to land use and adaptation to 

climate, an important challenge in interdisciplinary research (Steffen, 2009). In addition, the 

choice of the methods, e.g. formative scenario analysis or network analysis results in a strong 

collaboration with residents and local decision makers. As expected from landscape sciences, 

the MOUNTLAND approach results in a truly inter- and transdisciplinary research project. 

The MOUNTLAND project applies this research approach to three different Swiss Alpine 

regions. These are situated in the Jura (pasture-woodland ecosystems), in the Central Wallis 

(drought-sensitive inner Alpine ecosystems), and in Davos (temperature sensitive high Alpine 

ecosystems). The three regions differ in terms of their expected sensitivity to climate change, 

in terms of the relevance of different ecosystem goods and services and in terms of the relev-

ance of different sectoral and cross-sectoral policies. 

2.2 Conceptual framework of MOUNTLAND 

Figure 1 represents the conceptual background and the methodological approaches of the 

MOUNTLAND project which is structured in three tasks.  

Task 1 consists of ecological research including field investigations, experiments and model-

ing (dark grey shapes in Figure 1). Two different research approaches can be distinguished in 

this task. Firstly, ecological field experiments add specific knowledge on the effects of cli-
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mate change on the functioning of the ecosystems in mountainous regions. For example, the 

transplantation of monolith soil turfs and herbaceous vegetation from Col du Marchairuz 

(VD) to lower altitudes investigates the effect of several levels of climate warming and re-

duced precipitation intensities interacting with different land-use practices typical for the 

Swiss Jura Mountains (Gavazov, 2010). In Davos, knowledge from the long term experiment 

at the tree line of Stillberg enters the MOUNTLAND project (Martin et al., 2010) and in the 

case study region Valais, different drought experiments investigate the germination, growth 

and mortality of different tree species (Dobbertin et al., 2010; Brunner et al., 2009; Eilmann et 

al., 2009). These experimental findings are used to improve existing mechanistic forest mod-

els in the corresponding area (Gillet, 2008; Schumacher et Bugmann, 2006; Lischke et al., 

2006). Thus, interdisciplinary knowledge from natural scientists is modeled and upscaled to 

the regional level in order to quantify changes in ecosystem services in a spatially explicit 

manner. 

 

Figure 1: Workflow and research methods of different tasks in MOUNTLAND (Source: adapted from 

Koellner, 2009). 

Task 2 (grey shapes in Figure 1) addresses socio-economic issues also from two different 

perspectives. On the one hand, the decision-making of local actors is analyzed using agent-

based modeling techniques. The basis for the latter is provided by local scenarios which are 

developed in strong collaboration with residents and policy makers in the case study region 

(Braendle et al., 2010). In addition, an economic optimization model is constructed which 

represents the competition between agricultural and forest land-use in the different scenarios 

and provides information on ecosystem services changes in all the three case study regions 

(Briner et al., 2010). The model results show the trade- offs between economic gains from 

primary production and the provision of ecosystem services under climate change in the dif-

ferent regions. In this article, we focus on the description of the first results from this model 

because it integrates the information from the task 1 via the forest models and from task 3 

which focuses on policy issues. 
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Task 3 (light grey shapes in Figure 1) focuses on the political aspects of the provision of 

mountain ecosystem services. In this task, current policies addressing climate and land-use 

changes are analyzed which generate knowledge about the future implementation of sustaina-

ble management practices. In a first step, the interactions of local, regional and national actors 

are identified using network analysis (Ingold et al., 2010). In parallel, a policy-oriented indi-

cator system for ecosystem services is developed. These indicators refer to current goals on 

different levels of the administration in Switzerland. Moreover, the policy task proposes nor-

mative policies with respect to sustainable ecosystem services management for the different 

landscapes. These policies will take into account the specific implementation paths across the 

different actors in the case study regions and asses the acceptance of ecosystem services poli-

cies. 

An iterative procedure allows for a comprehensively combination of the three different tasks. 

Starting point is the formulation of context scenarios for the three case study regions based on 

the formative scenario approach by Scholz und Tietje (2002). In these scenarios, conse-

quences of global change (climate, markets, policies) are down-scaled to our case study re-

gions and summarized by storylines (Walz et al., 2007). 

These storylines provide the basis for a model-based analysis of land-use decision-making in 

the socio-economic task of MOUNTLAND. Modeling results from the first task add impor-

tant information to the economic models . The combination of ecological and economic mod-

eling approaches shows changes in ecosystem services provision for the different landscapes. 

Based on the different scenarios, trade-offs between the provision of different ecosystem 

goods and services can be quantified. At the same time, the policy task provides information 

on how different policies are implemented and they elaborate normative indicators for the 

evaluation and valuation of the different ecosystem services. These policy indicators are then 

used to evaluate the different outcomes of the scenarios. If the modeling outcome shows an 

underscore of the corresponding indicator, a policy change is proposed which re-enters the 

system of models. This procedure permits the assessment of feedback effects between the 

policy, economic and climate changes.  

For the purpose of this article, however, the following constraint has to be explicit: societal 

demand is not considered using economic valuation techniques. Instead, policy indicators are 

used to assess the societal performance of the modeling results. The valuation of the ecosys-

tem results from the calculation of opportunity costs under given policy constraints in the 

economic model. The underlying assumption is that societal demand is represented by these 

normative policy indicators. This may be seen as limitation of this research approach. How-

ever, the idea of this article is to show how the opportunity cost approach in economics can 

integrate information from different disciplines. Knowing that the opportunity cost approach 

in programming approaches has many drawbacks (Price, 1978), this clearly results in a non-

exhaustive and indirect valuation of ecosystems.  

3 Economic land allocation model ALUAM 

3.1 Goals and characteristics of ALUAM 

The core of our conceptual framework is a normative mathematical programming model 

called ALUAM (Alpine Land-Use Allocation Model). The motivation behind normative ma-

thematical programming models is straightforward: these models are based on a sound theory 

(neoclassical economics). In this theory, economic agents are profit optimizers. Combined 

with limited resources, represented by model restrictions, these normative model approaches 
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incorporate the fundamental economic problem: making the best out of limited resources 

(Buysse et al., 2007). 

In order to assess changes in the provision of ecosystem goods and services, the goal of 

ALUAM is to simulate normative future land-use on a fine resolution in an economic frame-

work. Results of specialized ecological models, socio-economic agent-based models as well 

as datasets containing (local) market and policy parameters provided by different tasks of the 

project are integrated into ALUAM. Thus, ALUAM is an important integrative part of the 

inter- and transdisciplinary research project MOUNTLAND. 

The integration process is challenging in two ways (Verburg, 2006; Agarwal et al., 2002). 

Firstly, ALUAM has to address different scales. Whereas data for ecological modeling is 

needed on a very fine spatial scale and processes are bottom up driven (Verburg et al., 2009), 

economic driving forces influence land-use on a coarser resolution, e.g. on the farm- or re-

gional level (Umstätter, 1999).Thus, they affect land-use change from a top down perspective 

(Verburg et al., 2010). Secondly, ALUAM faces different time scales. This problem is caused 

by the need to integrate agricultural- and forest land-use into one model. While decisions in 

forestry are made with a time horizon of at least decades, in agriculture they are made yearly. 

In forestry the effect of management changes may be seen only in the long run (60-80 years). 

In contrast, a change in agricultural management may influence ecosystem services provision 

in the short run.  

To overcome these challenges, ALUAM is characterized by a 

 Normative, linear programming approach since these models offer the possibility to 

link economic with ecological and biophysical elements (Buysse et al., 2007);  

 Modular design which offers a straightforward structure suitable for the integration of 

different sets of data; 

 Spatially explicit modeling design including a GIS interface in order to combine data 

from different sources and scales; and  

 One-dimensional goal function (profit maximization) which offers the possibility to 

bridge time scales based on a sound theoretical background.  

A normative perspective implies that the scenarios have the goal of generating desirable fu-

tures that are plausibly but not necessarily assuredly achievable (Nassauer et Corry, 2004). 

The purpose of these scenarios is close to what Nassauer et Opdam (2008) define as design in 

landscape change which can be a shared basis for scientific and societal assessment of land-

scape change. The clear structure of the model combined with a rational economic frame-

work, should facilitate the communication of the model results within the MOUNTLAND 

research network as well as with stakeholders outside the scientific community.  

We are aware that modeling with LP has two specific drawbacks. 1)The validity of the results 

is dependent on the model design and the reliability of the input-data. Simulations can be 

wrong if the model is based on an unsuitable design or false data (Wiborg et al., 2005; Hobbs, 

1990). Thus, to receive proper results it is necessary to calibrate and validate the model exact-

ly (Zander et al., 2008). ALUAM was validated simulating land-use ex-post and comparing 

the results with statistical data. The results of this validation process are satisfactory and can 

be found in the Appendix. 2) The simple form of the model may be an advantage in the elabo-

ration and the communication of the model. However, simulation of future land-use changes 

can be incorrect as the model does neither consider uncertainty nor does it consider all factors 

influencing the decision-making process of land-users. Decision-making of human beings is, 
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other than the goal function of an LP, multidimensional considering different types of utili-

ties.  

These drawbacks are addressed in two ways: ALUAM explicitly considers non-economic 

driving forces in the local decision-making by integrating results of an agent-based model 

(Braendle et al., 2010). The findings of this model which are based on scenarios expressed by 

local stakeholders provide restrictions for the normative programming model. With respect to 

uncertainty, we apply sensitivity analyses. 

3.2 Interdisciplinary Model Components 

For the design of ALUAM data from different tasks of the MOUNTLAND-project as well as 

from different external data sources was integrated in the model. The land-use activities are 

designed on field level using spatial explicit data sets. Thus main input data are results de-

rived from two ecological models: a forest-simulation and a crop-yield model. 

Forest-simulation model LandClim 

Timber harvest, and forest derived ecosystem good and services were simulated using the 

forest simulation model LandClim (Schumacher et al., 2004).  LandClim is a spatially explicit 

process-based model that incorporates competition-driven forest dynamics and landscape-

level disturbances to simulate forest dynamics for the different landscapes. LandClim simu-

lates forest growth in 25 by 25 m cells using simplified versions of tree recruitment, growth 

and competition processes that are commonly included in forest gap models (Bugmann, 

2001).  

Crop-yield model 

For the calculation of the crop-yields FAO – Food and Agriculture Organization of the UN - 

data on optimal and absolute crop growing conditions were used. A relative crop yield curve 

is fit for both temperature and precipitation values using an incomplete beta distribution. The 

relative yield curves ranged from values of zero where the crop can‘t grow, to a value of 1 

when temperature and precipitation values produce the highest yield.  These species specific 

crop yield curves were then used to calculate the relative yield for regionally relevant crops. 

Based on spatially explicit data such as climatic parameters (monthly temperature and precipi-

tation), these models provide data about the potential yield of the different land-use activities.  

This ability to consider climate data makes these models especially important for the 

MOUNTLAND project because they enable the simulation of potential yields for different 

climate scenarios. Together with other spatially explicit data, potential yield is used to charac-

terize every single parcel. The other spatially explicit data contains for example information 

about the topographic or soil conditions of each parcel. The dataset assigned to each parcel is 

shown in Table 1. Inside ALUAM all data is combined to design different land-use activities. 

To link land-use and livestock activities with economic parameters as well as for policy and 

legal restrictions data from different policy and market scenarios have to be integrated into the 

ALUAM model. 
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Parameter Source Comment 

Potential forest yield Forest-simulation model Calculations based on climate, soil suitability and topo-

graphy 

Potential crop yield Crop-yield model Calculations based on spatial explicit climate data. 

Elevation/Slope Swisstopo, 2005 Digital elevation model.  

Soil suitability Federal office for agri-

culture (BLW), 2000 

Digital soil suitability map 

Remoteness Federal office for statis-

tics (BFS), 2000 

Raster map with a resolution of 1:25‘000, Calculations 

in ArcGis. 

Administrative zones BLW, 1997 Digital map of the administrative zones for agriculture. 

Base for calculation of direct payments 

Table 1: Spatial explicit data used for the design of the land-use activities 

 

Scenarios 

The climate scenarios used in this framework were derived from the Third Assessment Report 

of the the Intergovernmental Panel on Climate Change. These scenarios were combined with 

the global climate model HadCM3 (Mitchell et al., 2004) to receive climate data with a reso-

lution of 10‘. Using an anomaly method (Mitchell et al., 2005) climate data was downscaled 

on a local level to a resolution of 25m. 

Our policy and market scenarios are based on IPCC scenarios, as one of the most recognized 

set of climate related future scenarios, and because these IPCC scenarios also build the basis 

of the input of climate data (Walz et al., 2010). However, the storylines of the IPCC scenarios 

needed to be downscaled to our study regions and expanded by further assumptions with re-

spect to the management of ecosystem services in focus (Walz et al., 2010). For this process a 

formative scenario analysis has been applied.  

The assessment presented in this article is based on the IPCC scenario A1FI. This scenario is 

characterized by a rapid economic growth as well as fast accumulation of greenhouse gases in 

atmosphere leading to high increase in temperature. The socio-economic indicators for this 

scenario predict a decline in prices for agricultural products. Input factors mainly become 

cheaper as well but because of the growth of economy labor costs will rise dramatically (Ab-

ildtrup et al., 2006).  

Agent-based model 

To anticipate subtle management decisions of actors on different levels of society a spatially 

explicit Bayesian Network approach is applied (Braendle et al., 2010). The Bayesian Net-

works representing the actors‘ influence spheres explore the likelihood for actors to adopt 

specific land-use or policy options with a major impact on ecosystem goods and services 

supply. The influence spheres are linked to parcels in GIS. Ecosystem goods and services 

considered include land abandonment or change of livestock systems.  Influencing factors and 
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their relative strength for different actor types were identified in a previous study on ecosys-

tem goods and services through workshops, semi-structured interviews based on cognitive 

mapping and a survey on land use decision-making. Results of this model are implemented 

into ALUAM over additional constraints. 

The output of ALUAM - detailed land-use maps as well as aggregated data about future land-

use and ecosystem goods and services provision –will be inputs for the design of policy 

measures that deal with possible future problems. These measures will afterwards be tested on 

their economic efficiency by ALUAM again. 

3.3 General structure of ALUAM 

Figure 2 illustrates the specific construction of ALUAM. The combination of the land-use and 

livestock activities (I) is optimized in a way that the goal-function (II) is maximized. Different 

constraints (III) assure that restrictions (IV) on different levels are met. In ALUAM decision-

making processes are modeled on the field, farm and regional level. On the field level deci-

sions are made about the land-use activities. In making these decisions the quality of the field, 

e.g. soil quality or slope as well as the spatial location, i.e. the distance to the next farm re-

strict the availability of different activities on certain fields.  

In mountainous regions a proper design of farm-level decisions is especially important as 

large parts of the land only can be used as grassland. For generating value grass has to be uti-

lized by livestock and decisions about animal husbandry are made on the farm level. There 

are different flows between livestock and land-use. Therefore decisions on the field level are 

linked with livestock-activities over different balances, e.g. fodder or nutrient balances. If 

different spatial units are part of one farm these have to be summed up for calculating these 

balances. Some resources on a regional level are only available in a restricted amount and 

therefore balanced over the whole region. By calculating the different balances activities on a 

lower spatial level have to be summed for the calculation as well. On every level there are 

different political and legal restrictions that have to be considered. These restrictions represent 

for example laws preventing water pollution. 

In the goal function of the model (II) the aggregated land rent is calculated. This indicator was 

chosen for optimization because it is an appropriate and useful approach to measure the po-

tential economic performance of land use systems (van Kooten, 1993) 
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Figure 2: General structure of ALUAM: Expanded structure of a Linear Programming model; activities (I) are optimized in a way that goal function (II) is 

maximized. The consideration of different equations (III) guarantees that the restrictions (IV) are fulfilled. If restrictions are balanced over more than one 

decision-level activities of lower levels have to be summed up. 
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3.4 Preliminary results 

3.4.1 Land-use changes 

Preliminary results for one landscape show 

climate as well as socioeconomic impacts on 

land-use in our case study region Visp. 

Figure 3 illustrates simulated land-use 

changes between the years 2000 and 2080. In 

this scenario, about 16% of the agricultural 

land is abandoned. Most of this land is lo-

cated in remote areas on higher altitudes. 

Even with the impact of climate change on 

these high altitudes, yields are still relatively 

low in 2080. Thus, cultivation is not profita-

ble anymore as the relation between input 

and output prices are influenced negatively in 

the corresponding economic scenario. 

In addition to land abandonment, about 12% 

of the intensively used meadows are used 

less intensively. Simulations considering 

climate and socio-economic changes inde-

pendently showed that socio-economic driv-

ers are mainly responsible for this change in 

land use: Decreasing prices for agricultural 

products in combination with rising costs for 

production factors lead to an extensification 

of land-use. Most of the extensified fields are 

located on the slopes of the valleys where 

cultivation is rather labor intensive and there-

fore becomes expensive when opportunity 

costs rise. 

Beside this process of extensification other 

parts of the region are used more intensively. 

These are mainly fields on the valley bottom 

that were used extensive in the year 2000 but 

where potential yields increased because of 

climate change. This increase made an inten-

sive use of this parcels profitable. 

These results are in line with other land-use 

change studies which show that intensifica-

tion and extensification occur spatially expli-

cit but in the same region and at the same 

time. 

 

Abandoned 

Intensified 

Extensified 

 

Figure 3: Land-use changes between 2000 and 

2080 in the IPCC scenario A1FI 
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3.4.2 Provision of agricultural ecosystem goods and services 

Land-use and climate changes also have an impact on the provision of different agricultural 

ecosystem goods and services. Table 2 shows selected ecosystem goods and services (first 

column), the indicator which is used to represent the corresponding goods and services in the 

model (second column), the percentage change with respect to the actual unit e.g. hectare or 

kilograms (third column), the policy goal of Swiss Federal Administration associated with the 

corresponding goods and services (fourth column) and the opportunity costs to reach the poli-

cy goals given climate and socio-economic changes until 2080 (last column). 

We used the following indicators for the assessment of agricultural ecosystem goods and ser-

vices: a) The share of extensively used meadows and mountain dry meadows for indicators of 

biodiversity conservation. These land-use type are especially rich in species diversity 

(Baumgärtner et Hartmann, 2007; Dullinger et al., 2006). Thus, they contribute substantially 

to species diversity in Switzerland. b) The proportion of land cultivated by agriculture is used 

as an indicator for open landscape. Landscape maintenance contributes to aesthetic beauty 

and intellectual stimulation thus cultural services in the ecosystem goods and services con-

cept. c) Meat and milk production represent the provisioning functions. 

Result show that for the year 2080 the contribution to biodiversity conservation is increased 

compared to the year 2000 without additional management restrictions (Table 2). Hence there 

are no opportunity costs associated with the goal of biodiversity conservation. 

 

Ecosystem func-

tion 

Indicator for ecosystem 

goods and services 

Change Policy goal Costs to reach 

policy goals 

Habitat Share of agricultural land 

cultivated as extensive 

meadows 

+2.7% 30% of agricultural land in the 

mountain areas ecologically 

valuable (Aeschbacher et al. 

2008) 

0 CHF 

Share of dry-meadows 

that is cultivated 

+41% 0 CHF 

Information Landscape maintenance: 

Proportion of land culti-

vated by agriculture 

-16.2% 100% of agricultural land are 

cultivated (BLW 2009) 

7,06 Mio.CHF 

(-74%) 

Provision Meat production +65% No decrease in food production 

measured as energy production 

(BLW 2009) 

0 CHF 

Milk production -100% 391‗849 CHF 

(-4%) 

Table 2: Change in the provision of agricultural ecosystem goods and services between 2000 and 

2080 assuming IPCC-scenario A1FI. To keep provision on the level of the policy goal opportunity 

costs have to be accepted. 

In contrast, landscape maintenance is influenced negatively in this scenario. The area ma-

naged by agriculture decreases by 16%. This large amount of abandoned land could influence 

scenic beauty negatively as people prefer a balanced mixture of agriculture and forest ecosys-

tems (Hunziker et Kienast, 1999). Hence it is a goal of Swiss agricultural policy that any agri-

cultural land is abandoned (BLW, 2009). To keep land-cultivation on the level of the year 

2000 opportunity costs of 7 Millions CHF would have to be accepted. As only the achieve-
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ment of the single goal was enforced by the model other goals as described in Table 2 can be 

affected in positive or negative way by this measure. 

The different scenarios also have an impact on the provision of food. Our results show that 

farmers should focus on suckler cow breeding in order to optimize their profits. Milk produc-

tion and sheep farming is ceased in this scenario. As a consequence, meat production increas-

es by 65% and milk production decreases by 100%. If the Swiss public decides to keep milk 

production on the level of the year 2000 this will cause a decline in the aggregated land rent 

by 400 kCHF or 4% of the total agricultural income. 

4 Discussion 

The presented model ALUAM is designed for the projection of land-use change in agriculture 

and forestry under global change in mountainous regions. The integration of data from differ-

ent sources (forestry simulation model, agent-based land-use decision-making, local scena-

rios) allows for a quantification of ecosystem services change for different landscapes. Based 

on these results, opportunity costs in the provision of specific ecosystem goods and services 

can be calculated. 

Preliminary results for one landscape illustrate that our economic modeling approach provides 

a comprehensive tool in assigning monetary units to the provision of ecosystem services. The 

calculations show that, for instance, biodiversity conservation in agricultural areas must not 

be costly (in terms of opportunity costs) and that agricultural production and biodiversity can 

be provided in the same landscape despite climate and land-use change impacts. This can be 

interpreted as a win-win situation for the provision of different ecosystem goods and services 

such as biodiversity and food provision which is an important aspect in identifying sustaina-

ble management strategies (Naidoo et al., 2007, Naidoo et Iwamura, 2007). In contrast, the 

preservation of open space in Alpine landscapes exhibit high opportunity costs which ask for 

a more specific analysis of the societal demand in this specific region. In addition, spatial dif-

ferences in the allocation of land-uses must be considered if policy measures are addressed. 

The abandonment of land, for instance, occurs in remote areas on higher altitudes. Thus, a 

unified policy measure for the whole region may be inefficient (Fraser et al., 2006; Antle et 

Stoorvogel, 2006). 

However, opportunity costs represent but one (monetary) approach in valuing ecosystem 

goods and services. In addition to monetary terms, Müller et al. (2010) refer to the fact that 

ecosystem and landscape services can also be quantified in the unit of the actual service pro-

vision (e.g. m
2
 of ecological compensation areas). They conclude that the choice of units de-

pends on the research goals and should be selected with care (Müller et al., 2010). In this re-

spect, ALUAM represents a model framework in which both levels can be addressed. Using 

an opportunity costs approach, actual and monetary units can be combined. In the current 

state, the demand for non-use values such as existence or option values is not considered in 

our results which can be seen as a drawback of our approach. However, the framework of the 

model easily allows for the integration of quantities of societal demand provided by other 

economic valuation methods. Non-use values of ecosystem services, for instance, can be inte-

grated using contingent valuation methods in the study area and introduce corresponding re-

striction into the model (e.g. Waldhardt et al., 2010).  

Moreover, the model will be able to elicit more trade-offs (or win-win situations) between 

different ecosystem services such as natural hazard protection, biodiversity conservation, CO2 

sequestration and food and wood production in order to get a more holistic perspective. 
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The quantification and valuation of such a diversity of different ecosystem goods and services 

is only possible because the programming approach offers the opportunity to interlink data 

and knowledge from different scientific disciplines and across time and scales, two important 

components of landscape economics . Such integrative approaches add important knowledge 

with respect to feedback effects and cross-scale interactions. Especially, the integration of 

biophysical components (experiments in Task 1) via the forest model into the economic pro-

gramming model provides a basis for an in-depth analysis of ecosystem goods and services 

provision in a spatially explicit manner. Without this knowledge of the ecological process 

behind the service supply, it is difficult to quantify and map ecosystem goods and services 

(e.g. Kragt et al., 2011; Müller et al., 2010; Claessens et al., 2009). 

The key in the integrative assessment of decisions influencing the provision of ecosystem 

goods and services is an effective use and integration of data sources (Müller et al., 2010). 

Linear programming models such as ALUAM can provide such information. The modular 

and straightforward structure of the model in combination with a rational economic back-

ground provides a solid basis for an optimal choice between different management options 

which is one of the main goals of the MOUNTLAND project. Thereby, the focus is less on a 

detailed representation of human decision-making but on a sound and comprehensive integra-

tion of data for different landscapes. As a consequence, the results of our optimization model 

must be interpreted as prescriptive but not descriptive statements. That is, our results state: ‗in 

order to maximize profits, people should make the following decisions‘ (prescriptive) but not 

‗people will succeed in maximizing profits, because they will make the following decisions‘ 

(descriptive) (Sterman, 1991). Thus, our results refer to normative landscape scenarios which 

have particular potential for constructing more explicit, relevant relationships between the 

science of landscape ecology and policy (Nassauer et Corry, 2004). 

The normative perspective differentiates ALUAM from agent-based models. These models 

have become the state-of-the-art in environmental modeling because of their ability to 

represent human decision-making in more detail (for a review: Heckbert et al., 2010; Le et al., 

2008) and address also land-use change dynamics (Gibon et al., 2010; Acevedo et al., 2008; 

Manson et Evans, 2007; Parker et al., 2003). However, empirical calibration and validation is 

also a great challenge in these model types (Heckbert et al., 2010). The integration of different 

ecological and socio-economic environments with specific agents may result in a very specif-

ic model that cannot be easily transferred between regions. However, this is a major require-

ment in the MOUNTLAND context, since different study regions are analyzed. In addition, 

model results may be difficult to communicate since the rules for the different agents must be 

outlined and justified in each case. In contrast, optimization models can consider social and 

ecological aspects by using constraints. 

As Tress et al. (2005) as well as Tress et al. (2007) show, two major barriers in inter- and 

transdisciplinary research are different academic traditions and the lack of common terminol-

ogy. Rational economic behavior as the key-rule in the modeling framework of ALUAM 

makes the communication of the model results easier because the different tradition and ter-

minology is made explicit. This does not mean that we do not consider non-economic driving 

forces in the decision-making. However, the corresponding factors are made explicit in the 

form of constraints and are not hidden in a complex decision rule within the agents. In addi-

tion, understanding the complexity of agent-based models is a very time consuming issue, 

which represents a third major barrier to successful interdisciplinary research projects (Tress 

et al., 2005; Tress et al., 2007). Moreover, ALUAM can also be used as a basis for visualizing 

tools (e.g. Wissen et al., 2007) and can contribute to the communication not only with stake-
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holders but also within the research project. This is important to overcome well known bar-

riers to inter- and transdisciplinary research. 

5 Conclusion 

The MOUNTLAND project represents a good example of an inter- and transdisciplinary re-

search project that integrates collaborative efforts across disciplines and between stakehold-

ers. The economic land-use model ALUAM allows for taking into account the structures and 

processes of the ecosystems in the valuation of ecosystem goods and services for different 

landscapes. Moreover, the model provides a platform for the integration of different inter- and 

transdisciplinary data and knowledge on a common scale. This provides a basis for the com-

munication of research results within the MOUNTLAND network and stakeholders outside 

the scientific community.  
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