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1 ABSTRACT
In Switzerland and worldwide, demand for services provided by periurban areas increases as the world’s
population becomes urban and life style changes. Beside services provided by the built environment, such as
transportation and protection infrastructures, employment, and housing, periurban systems provide a wide
range of ecosystem services (ES). Even though knowledge on the importance of ES in sustainable decisionmaking is rapidly growing, it has not yet been included in spatial planning for selecting optimal land
development zones. This paper therefore aims at provideing an overview of the challenges involved in
integrating ES quantification and valuation in spatial planning for selecting optimal land development zones
and gives suggestions for a practicable framework.We present a spatially explicit multicriteria potential
analysis model for evaluating land in ecological, economic and social dimensions. This new approach will
provide a base for identifying the location of optimal building zones considering long-term social, economic
and ecological aspects, which might thus provide support for local and national spatial development
strategies.
2 INTRODUCTION
Demand for land is rapidly increasing, especially at locations suitable for agricultural production,
recreational activities, and for infrastructure development. In 1980, the Swiss law of spatial planning
prescribed a provident usage of land in Switzerland but, despite these political constraints, urban sprawl
continues at a rate of 1m2 per second (BFS, 2005). Land resources are used for a variety of purposes, which
interact and may compete with one another at the expense of the natural environment. This calls for new
approaches integrating the services provided by nature into spatial planning.
ES are resources produced by the natural environmental useful to people. The concept distinguishes four
different ES categories, namely provisioning, regulating, cultural and supporting services (MA, 2005). Even
though knowledge on the importance of services that ecosystems provide is rapidly growing in sustainable
decision-making, they have not yet been included in spatial planning for selecting optimal land development
zones. This is in part because flows of ES remain poorly characterized at local to regional scales, and their
protection has not generally been made a priority (Chan et al., 2006).
Economic, social and environmental values are measured in different units that make a weighting against
each other in land use decisions difficult. Economic concerns often remain the most important point for
planners. There is a growing consensus that land use management needs to be supported by accurate and
detailed information about the spatial distribution of services and the value land can provide to human
wellbeing (e.g. Balmford et al., 2002; MA, 2005; Nelson et al., 2009; De Groot, 2009). Human societies
must provide space for ecosystem services for a rapidly growing population but land resources are scarce.
The pressure of usage on undeveloped land in Switzerland is very high which aggravates this challenge. So it
is important at present to do an in-depth analysis about which spatial pattern of ecosystems we want to retain
for which functions in future land management. Ecosystems require space and soil of adequate quality to
ensure the ability to provide high quality ecosystem services (Brauman and Daily 2008).
In Switzerland and worldwide, the body of spatially explicit data about ES is growing (BFS, 2011; Fisher et
al. 2009). Spatially explicit valuation methods for optimal land-use and management decisions are still
lacking (Nelson et al., 2009; ICSU et al., 2008). Tools are needed for better communication in the frame of
stakeholder participation processes (ICSU et al., 2008).
The challenge is to develop tools to evaluate a bundle of ES and locational-based-criteria (LBC) in a
spatially explicit manner in order to compare and analyze their benefits under different land use development
goals.
In the next section we will show an overview of the most important challenges existing in integrating ES in
sustainable land management, section 3 will present a spatially explicit multicriteria potential analysis model
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to overcome these problems, section 4 will give a short discussion and outlook about a successful
implementation of ecological and social aspects in land management.
3 OVERVIEW OF CHALLENGES
After groundbreaking research about the value of ecosystems in general (e.g. Costanza et al., 1997; Daily,
1997, MA, 2003; MA, 2005), the way forward is now to include the concept of ecosystem services into daily
land management decisions. For Switzerland a clear process has to be defined and incorporated into spatial
development. However there are several challenges to overcome:
3.1 Define sustainable spatial development
Spatial development is the result of the interaction between multiple stakeholders with different awarenesses
and priorities (Neuenschwander et al., 2011). The definition of sustainability thus depends on the respective
views of residents, owners, politicians, economic developers or scientists. Furthermore, focusing on a
regional scale will lead to different results than focusing on local scale. Thus, since defining sustainable
spatial development is very subjective, expected results will strongly depend on who is carrying out this task.
One way to address the question of differing definitions of sustainability is to set goals for certain services in
order to reach the desired sustainable land management, and to define the stakeholders and their scale of
view.
3.2 Define a criteria set to measure the suitability of land to provide ecosystem services
After the definition of sustainable spatial development, one has to define criteria for the implementation of
the goals formulated by the stakeholders. The suitability of land to support the provision of certain services
or reaching certain goals has to be quantified. The challenge here is to define a representative criterion set
allowing to measure such suitability with criteria quantified based on todays existing geocoding databases,
newly created criteria and even collection of new data. For each study area, a new criteria set has to be
defined minimizing computation effort (Figure 1).
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Fig. 1: Criteria set

3.3 Quantification of the criteria
In order to include ES as well as LBC into spatial planning, it is very important to quantify and value them.
Depending on the availability of the data and the spatial and temporal scales of assessments different
methods are available for quantifying and mapping ES; see Hermann et al. (2011). The biggest challenge
here is to do so in a spatially explicit manner, especially on a for land use decisions requested scale of one
hectare or even smaller. Some ES can be quantifyied directly based on land cover information using general
assumptions from literature reviews. However, a proper quantification of ES requires additional data beyond
land cover. One of the solutions to this problem is process-based modelling, even though such models also
have their limitations. Process-based models are either detailed or simplified mathematical models, which
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represent the physical or biological processes based on information such as soil characteristics, geology,
topography, land cover etc. Scientific modellers developed simplified spatially explicit process-based models
to quantify ES: e.g. InVEST (Nelson et al., 2009); ARIES (Villa et al., 2007), FRAGSTAT (McGarigal et
al., 1994), Grêt-Regamey et al. (2008).
The challenge here is to reach an accurate quantification of ES on a hectare raster or smaller, clearly
differing between functions, services or benefits, as well as defining the time horizon of the assessment.
3.4 Normalization
Economic, social or environmental values are measured in different units. To compare and sum up services
of all categories the different values have to be brought to a common scale.
A solution is to calculate monetary values for the considered services. Most of the ES are however not
marketed and therefore do not command market price. Although different methods have been developed to
calculate monetary values for ES, for an overview see Christie et al. (2008), the economic valuation of ES in
a spatially explicit manner is still a big challenge.
Another solution is to quantify every service in his own unit and normalize them between 0 and 1.
3.5 Definition of constraints to reach goals
Stakholders have to set goals for certain services to implement and achieve sustainable spatial development.
One has to define constraints to reach goals.
3.6 Priorisation of criteria and goals through stakeholder weighting
The model needs to take into account locally different weightings through stakeholders preferences.
Therefore the priorisation of ES and LBC needs to be solved in a participatory process with experts and
stakeholders from different fields like specialists from environmental institutions on a national scale, and
public authorities on a regional scale as well as public authorities from the villages on local scale.
3.7 Measure trade-offs between the provision of ES and economic development
The principles of sustainable development confront land planners often with a paradox of two apparently
contradictory objectives: nature conservation and economic development (vanLier, 1998).
Rodriguez et al. (2006) classified trade-offs in ES along three axes: spatial scale, temporal scale, and
reversibility. Spatial scale refers to whether the effects of the trade-off are felt locally or at a distant location.
Temporal scale refers to whether the effects take place relatively rapidly or slowly. Reversibility expresses
the likelihood that the disturbed ES may return to its original state if the perturbation ceases.
Typical trade-offs are for example between:
•

food production and accessibility

•

noise and accessibility

•

conservation and closeness to existing infrastructure etc

The challenge for planners is to show the trade-offs for sustainable development between ecological impacts
and economic growth. The model helps to show trade-offs and support the results with facts.
4 A SPATIALLY EXPLICIT MULTICRITERIA POTENTIAL ANALYSIS MODEL
In many spatial development problems, the decision maker likes to pursue more than one target or consider
more than one factor in solving a problem. The multicriteria decision analysis (MCDA) allows to combine
these different and often conflicting factors and to come to a compromise in a transparent process
(Malczewski 1999).
We us a linear programming (LP) approach to identify the optimal distribution of undeveloped building
zones by:
•

Minimizing impacts on the provision of ES

•

Maximizing economic development
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We integrate all the information into a MCDA. Therefore we develop a GIS (Geographic Information
System)-based modelling platform to analyze the potential of land for settlement development. The
methodical framework (see Figure 2) showes the different steps taken in the process.

Methodical framework

Stakeholders define
sustainable spatial
development

attributes

criteria

C1

C2

C3

C4

C5

C6

C7

Cn

Identification of
relevant criteria
data analysis,
transformation
standardization
weighting
goals,
constraints

modeling process

Fig. 2: Methodical framework of the spatially explicit multicriteria potential analysis model.

The result of the LP process is compared with the current situation and optimal trade-offs presented.
5 CONCLUSION
With the Swiss population predicted to grow and the changing lifestyle, it is more crucial than ever that
Switzerland’s remaining resources are managed in a sustainable way.
Since the Millenium Assessment, efforts to include knowledge about the importance of the ecosystem in
sustainable spatial planning have increased. It is now widely recognized that nature conservation does not
necessarily pose a trade-off between the “environment” and “development” (De Groot, 2010). Investments in
sustainable land management are increasingly seen as a “win-win situation” which generates ecological,
social and economic capital as well as human well-being. Land management decisions usually relate to
spatially oriented issues. To receive support for adequate problems, information on the spatial distributions
of ES and LBS and resulting trade-offs through well planed spatial development are needed.
The multicriteria model presented in this paper allows the integration of economic, ecological and social
aspects in spatial planning and facilitates such a process, which is a central concern of sustainable spatial
development. The integration of GIS-data and a stakeholder weighting in the modelling approach allows
producing spatially explicit scenarios, which can be discussed in spatial and land use planning. The model
supports participation in planning processes. A new and challenging issue is to incorporate a mix of ES and
LBC in one methodical framework and reduce the values to a common denominator so that they can be
equally compared and be accounted for in land management planning and decision making in Switzerland.
Finally, our approach is another step into translating todays wide acceptance for environmental protection
into new management tools for sustainable spatial planning processes.
6
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