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A GIS-based Framework To Model Farm And Landscape
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Abstract: Facilitation of sustainable rural development has a high priority on the European Union policy
agenda and extensive research on this subject has been started. This paper presents results from the strategic
EU research project MEA-scope (www.MEA-scope.org), and the development of a GIS-based framework to
model farm and landscape scale indicators for rural sustainability. Problems in scaling information between
the farm- and the landscape levels in particular are addressed. Both aggregation and disaggregation
techniques are needed to convey information between the two levels. This is demonstrated in a case study of
(1) landscape level aggregation of farm level information, from statistics and from farming simulation
models, and (2) disaggregation of landscape level features such as soil, climate and land use types, for farm
level modelling. This interaction between farm- and landscape level information sources gives the
opportunity for integrated modelling of farm level indicators (e.g. nutrient balances, energy use, farmers age,
employment etc.) and landscape level indicators (e.g. groundwater supply, corridors between habitats and
population density). The framework developed gives valuable inputs to the discussion of which indicators
are valid at farm and landscape level, respectively, and whether they have different interpretations at
different scales. Whether the demonstrated aggregation and disaggregation techniques are sufficient in terms
of the inclusion of linear, non-linear or other emergent effects of scale, is discussed.
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1. INTRODUCTION further to this complex task, these functions can be
analysed and evaluated at a wide range of
analytical scales, ranging from global level to the
level of individual farms or rural residents. The
development of an analytical framework to
investigate multifunctionality issues should thus
include the utilisation of techniques for addressing
issues at the appropriate level of inquiry i.e. a
scaling framework. This paper presents an
example of such a framework for handling the
multidimensional,  multilevel  character  of

multifunctionality.

The concept of multifunctionality has gained an
increasing use as a new paradigm for agricultural
and rural development in the European Union in
recent years [FAO, 2000, OECD, 2001, van
Huylenbroeck & Durand, 2003]. The use of the
concept stems from the recognition that rural space
is not just a productive space, but also a
consumptive space, where non-commodity as well
as commaodity outputs are produced and consumed
[Durand & van Huylenbroeck, 2003]. Some would
argue that agriculture has always been
multifunctional, but what is new in this context is
that an increasing public demand for non-
commodity outputs can be identified. This creates
a tension between the continued externalisation of
non-commodity outputs, which can be attributed to

2. ELEMENTS OF THE APPROACH

2.1 The MEA-scope framework

the ongoing modernisation of agriculture, and the
public demand [Belletti, et al., 2003]. The
particularly challenging aspect of the concept is
the wide range of economic, social and
environmental functions that should be considered
relevant for sustainable rural development. Adding

The five main objectives for the MEA-scope
project include to provide: (1) further conceptual
development of the multifunctionality concept, (2)
development of quantitative tool for assessment of
the multifunctionality impacts of Common
European Agricultural Policy (CAP) reform



scenarios, (3) answers to policy-relevant questions
for implementation of the multifunctionality
concept, (4) a demonstration of the operability of
an integrated assessment framework and (5)
scientific knowledge on specific questions
regarding  multifunctionality — of  agriculture,
particularly with respect to spatial scale and
regional differences [MEA-scope, 2004]. In this
paper, we will focus on the issue of spatial scale
and its significance on analysing
multifunctionality of agriculture. The development
of a quantitative tool which can assess impacts of
CAP reform scenarios forms the centrepiece of the
MEA-scope approach. The MEA-scope approach
uses two main analytical scales, landscape level
and farm level (Figure 1).
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Figure 1: The MEA-scope modelling framework

Effects of CAP reform options, and in particular
second-pillar  options  (support  for  rural
development initiatives), are being modelled on
farm level by a number of simulation models.
These models are driven by higher-level data such
as elevation data, farm economic statistics, soil
texture and climate data. The output of the models
is in turn being upscaled to landscape level and
used as indicators for possible future states of the
landscape following implementation of policy
scenarios. This forecasting scenario approach to
exploring pan-European policy options is common
to related scenario studies [van Latesteijn, 1999,
WRR, 1992], but differs in the sense that the
modelling is carried out on a much more detailed
scale, down to the level of individual farms. MEA-
scope should thus be able to deliver results which
are much more sensitive to contextual factors than
studies operating on a much coarser scale.

2.2 Case areas

In order to reflect regional differences, seven
different case areas within the European Union
were studied. The case areas exhibit significant
differences in terms of farming and landscape
structure.

.

FRANCE

Figure 2: Case areas of MEA-scope

Also in terms of institutional settings, the case
areas also exhibit great heterogenity. However, a
common feature in all case areas is the presence of
significant beef production which is a farming
style deemed particularly relevant as a target for
second-pillar policies and the delivery of non-
commodity outputs [Piorr, et al., 2005].

2.3 Farm level simulation models

Impacts on farm level are being modelled through
the utilisation of three simulation models, each of
them describing different aspects of the farm
operation. Structural development of the farms is
simulated using the agent-based model AgriPoliS,
which utilises a stochastic modelling approach
[Happe, et al., 2004]. The model simulates how
farmers, as individual agents, respond to
production opportunities in relation to their given
context (age, initial farm type and size) with
regards to the purchase, rental or sale of property.
Farmer decisions concerning land use and
management are simulated using the linear
optimisation model MODAM [Zander, 2003],
based on the structural context supplied by
AgriPoliS. The flow of nutrients within the
farming system and losses to the environment are
being simulated using the whole farm model
FASSET [Berntsen, et al., 2003], using the
management data simulated by MODAM.

2.4 Indicators



The simulation models yield abundant data on the
development of the individual farms. More than
100 indicators have been identified as relevant to
to the project [Waarts, 2005]. The indicators can
be divided into three thematic groups, respectively
economic, social and environmental indicators.

Table 1: Types of indicators in MEA-scope

Type of Subtypes

indicator

Economic | Costs, Income, rural entrepreneurial
activities

Social Cultural heritage, non-farming
activities, social infrastructure,
consumer interests

Environ- Biotic and abiotic environmental

mental quality, biodiversity and habitats,
landscape and land use

Most of the indicators are generated at farm level
by the model simulations, whereas landscape level
indicators must be modelled in GIS. Their
development is not modelled dynamically but can
be analysed in relation to the development of the
agricultural space within the case areas.

3. ANALYTICAL ISSUES

3.1 Issues of scale

In landscapes as in other complex ecological
systems, phenomena occur on very different scales
of space, time and organisation [Levin, 1992,
Levin & Pacala, 1997]. There is no single natural
scale at which inquiry should be performed; any
system shows patterns at a range of scales. The
description of a system thus depends on the
perspective chosen, and it is essential to
understand not only how patterns and dynamics
vary with scale, but also how patterns at one scale
are connected with processes operating at other
scales. In a modelling framework as the one
proposed for MEA-scope, conveyance between
scales is essential. This is also true in a policy
perspective, since many policy issues are
formulated at a coarser scale than research
operates [van Latesteijn, 1999]. The MEA-scope
modelling framework involves both upscaling and
downscaling of information between the farm and
the landscape level (Figure 1). It is therefore
important to question how this scaling might
influence the indicator results (Table 1). Here, we
will focus on analytical methods to analyse

downscaling and upscaling issues through
examples of the important factors to consider
when scaling in either direction (sections 4.2 and
4.3). In both of the cases, we will use examples
from the Danish case area.

3.2 The Modifiable Areal Unit Problem

One well-known problem when transferring spatial
data between different analytical levels, and in
particular when aggregating data, is known in the
geographical and statistical literature as the
Modifiable Areal Unit Problem (MAUP)
[Openshaw, 1984]. The MAUP consists of two
closely related aspects: (1) the scale problem and
(2) the zoning problem [Jelinski & Wu, 1996]. The
scale problem refers to the problem that arises
when data are averaged in an aggregation process,
causing important variability within data to be lost.
The other aspect refers to the zoning of spatial
units used for data collection, where the geometry
of sampling units can influence subsequent
modelling results. Different approaches have been
proposed to overcome these problems. Some
approaches, such as the basic entity approach
[Fotheringham & Wong, 1991] or the optimal
zoning approach [Openshaw, 1984] aim to
overcome the MAUP by optimising the data
sampling procedure. But these approaches can be
difficult to implement, since they hinge on the
possibility of defining basic ecological entities or
optimal sampling zones, which in practice are
highly contextual concepts depending on what the
objectives behind a given study is [Fotheringham
& Wong, 1991]. Instead of these basically context-
independent approaches, a sensitivity approach has
been proposed [Jelinski & Wu, 1996], which seeks
to address the questions of which variables are
sensitive to scale varitions and to what degree, and
thus make the conclusions from such studies both
scale- and zoning system specific. However, there
remains the practical issue that a complete
sensitivity analysis for a project like MEA-scope
would be very time-consuming, given the number
of scales and variables involved. We will try to
demonstrate the problem, using two different
versions of soil texture data as an example.

3.3 Ascaling framework

Based on the concepts of hierarchy and scale
[Allen & Hoekstra, 1992], we distinguish between
three basic types of scaling: 1) linear scaling, 2)
non-linear scaling, and 3) hierarchical scaling
[Dalgaard, et al., 2003]. The differences between
these types are illustrated in Figure 3, showing two
different pathways for the aggregation of farm



level data and the modelling of landscape level
indicator results. In the dotted pathway, models are
applied before aggregation and averaging of the
results; in the solid pathway data are aggregated
and averaged before modelling. In section 4.3 such
two pathways are exemplified via the modelling of
either all farms in a landscape separately, or the
modelling of one average farm representing the
whole landscape. If there is no significant
difference between the results of the two
pathways, the properties scale linearly. If the result
derived from the dotted pathway differs
significantly from that of the solid pathway, the
properties scale non-linearly because the model
includes a number of non-linear functions, so the
sum of disaggregated model results differs from
those based on aggregated, averaged data
[Marshall, et al., 1998]. In some cases, it is not
possible to model the landscape level indicator
results required via linear or non-linear scaling of
farm level data. This is because processes that
operate above the farm scale modify the outcomes
and in this situation a hierarchical scaling
procedure is needed that includes emerging factors
in addition to linear or non-linear scaling
functions. However, it should be added that a close
inspection is necessary to determine whether the
observed non-linearity or emergence is caused by
MAUP effects or emergent factors, since the
former applies in both cases.
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Figure 3: Two different pathways for data and
model result aggregation (based on [Bierkens, et
al., 2000, Dalgaard, 2001, Marshall, et al., 1998]

The following four criteria can be used in order to
evaluate proper handling of scaling issues in
relation to the modelling of indicators: (1) Identify
the indicators needed and the scale where it is
relevant to present the indicator results. (2)

Determine at which scales data in relation to this
indicator is available and collect relevant data. (3)
Create a hypothesis of how this data can be
transformed to indicator results at the relevant
scale, either using linear, non-linear or hierarchical
scaling procedures. (4) Test the hypothesis of
criteria 3, with independently data sampled on the
scale where indicator results are required
according to criteria 1. lteratively improve the
criteria 3 hypothesis until you find a satisfactory
scaling function to address the problem identified
[Dalgaard, et al., 2003].

4. RESULTS AND EXAMPLES

4.1 Downscaling from landscape level

In MEA-scope, two levels of resolution in soil
texture data are used as input data to the farm level
simulation models. The first map is based the soil
database of the European Commission Joint
Research Centre [ECIRC, 2004] (figure 4).

Figure 4: Soil texture in ECJRC soil map

The areas in black are cities, forests and other
areas where soil texture could not be determined.
The other map (figure 5) is on a much finer scale
and is based on the Danish soil classification [DJF,
2005]. These two maps can be viewed as two
separate sampling scales on landscape level and as
such are well-suited for illustrating the MAUP.
The difference between the two maps can be
expressed as the combined effect of both the scale
and the zoning problem, since both the level of
resolution and the geometry of the spatial units
differ (table 2). These pre-modelling comparisons
(without comparing effects on model output) give
sufficient indication that there is indeed a MAUP
to account for in the MEA-scope context, and that
strategies for coping with it must be implemented
within the framework of the project.



Figure 5: Danish soil map 1:50000

Table 2: Distribution of soil classes, % of area

Map Organic | Sandy Sandy-
soils, % | soils, % loamy soils,
%
ECJRC 0 69 31
DK 8 77 15

4.2 Upscaling from farm level

The nitrogen (N) surplus is an important indicator
for agricultural nitrates pollution of water
resources [Dalgaard, et al., 2002] and will be used
in the following case study of upscaling from farm
to landscape level. In the MEA-scope project, N-
surplus is a relevant indicator for the effect of
agriculture on the landscape level environmental
quality (criteria 1 of the scaling evaluation
presented in section 3.3). However, N-surplus is
calculated on the farm level (criteria 2), and
procedures to upscale from farm to landscape level
are needed. A first hypothesis (criteria 3) of how
to scale N-surpluses from farm to landscape level
would be a linear scaling procedure, where
landscape level N-surplus is modelled from
averaged farm data. However, such scaling
procedure might be too simple, and the
implementation of a non-linear scaling procedure
is necessary. This is illustrated in Figure 6,
presenting N-surplus as a function of livestock
density. If we assume the average landscape level
livestock unit (LSU) density for the landscape is
1.5 LSU/ha (the solid arrow in figure 6,
corresponding to the solid pathway in Figure 3),
the corresponding N-surplus is around 180 kg/ha.
However, in reality there is a great variability in
the livestock densities of farms. Therefore,
following the dotted pathway of figure 3, where
the N-surplus of each farm is estimated separately
before aggregation and averaging, would lead to a
different result. For example, two equally sized

farms with 0.5 LSU/ha and 2.5 LSU/ha would lead
to an estimated N-surplus of around 100 kg/ha and
300 kg/ha, respectively (the dotted arrows in
Figure 5), and a resulting average N-surplus of
150 kg/ha.
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Figure 6: N-surplus from 41 farms within the

Danish case area [Dalgaard, et al., 2002]

In conclusion, implementation of non-linear
scaling procedures is important for the estimation
of  indicators for N-losses, and should be
implemented within the MEA-scope modelling
framework. In addition, hierarchical scaling
factors like emerging effects of shelter belts and
other landscape structures outside the agricultural
fields might be important, but is not included in
the present case study.

5. OUTLOOK

The overall conclusion to the present study is that
scale definitely matters in relation to the MEA-
scope framework. Approaches for dealing with the
MAUP as well as performing linear, non-linear
and hierarchical scaling processes must be an
integrated part of the research framework. The
further development of such a framework will be
of invaluable importance to guiding inquiry into
what indicators are valid at which scale when
analysing the complex interactions between
farming, landscape and rural development.
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