
  

SSPE-CT-2004 501516 STREP  

MEA-Scope 

Micro-economic instruments for impact assessment of multifunctional agriculture to 
implement the Model of European Agriculture 

 

STREP 

"Developing further the multifunctionality concept and making it operational as a policy 
instrument" 

Deliverable D7.6 

Piorr, A1., F. Ungaro2, C. Sattler1, M. Damgaard4, A. Osuch4, K. Happe4,                     
A. Ciancaglini3, S. Uthes4 

Summary of results for the implementation of a 
targeted policy model towards multifunctionality 

Due date of deliverable: 10/2007 

Actual submission date: 12/2007 

 

Start date of project: 01/05/2004  Duration: 42 months 

Organisation name of lead contractor for this deliverable: ZALF 

Draft  

Project co-funded by the European Commission within the Sixth Framework 
Programme (2002-2006)  

Dissemination Level  

PU  Public  

 
1 Leibniz-Centre for Agricultural Landscape and Land Use Research (ZALF), Eberswalder 
Straße 84, 15374 Müncheberg, Germany 
2Research Institute for Hydrogeological Protection, National Research Council, Via Madonna 
del Piano 10, 50019, Sesto Fiorentino, Italy 
3 Dpt. of Agricultural and Land Economy, University of Florence, P.le delle Cascine 18, 50144 
Firenze 
4 Institute of Agricultural Development in Central and Eastern Europe (IAMO), Theodor-Lieser-
Str. 2, 06120 Halle (Saale), Germany 



Contents 

 
1 Summary........................................................................................................... 4 

 

2 Introduction ...................................................................................................... 5 

2.1 Targeting of the CAP.............................................................................................. 5 

2.2 Outline of the MEA-Scope modelling procedure................................................... 6 

2.3 Objective and Structure of the report ..................................................................... 6 

 

3 Scenario driven analysis of land use changes by selected farms: Results from 
the case study Ostprignitz-Ruppin (Germany) ................................................. 8 

3.1 The case study region OPR .................................................................................... 8 

3.2  Policy scenarios of the MEA-Scope modelling approach .................................... 9 

3.3   General Scenarios of Future Agricultural Developments................................... 10 

3.4 Selection of target farm groups according to scenarios........................................ 13 

3.5 Scenario competitiveness ..................................................................................... 14 

3.5.1 Results for arable farms..................................................................................... 14 

3.5.2 Results for intensive grassland farms ................................................................ 16 

3.6 Scenario environment........................................................................................... 18 

3.6.1 Results for arable farms with high share of UAA in Natura 2000 areas........... 18 

3.6.2 Results for extensive grassland farms in Natura 2000 areas ............................. 22 

3.7 Scenario rural viability ......................................................................................... 23 

3.7.1 Results for 2 neighboured municipalities with different rural viability settings24 

3.7.2 Analysis of the adaptive behaviour of the 4 dominating farms......................... 26 

 

4  Analysis of spatially explicit patterns of policy induced land use changes: 
Results from the case study Mugello (Italy)................................................... 29 

4.1 Introduction .......................................................................................................... 29 

4.2 The study area Mugello ........................................................................................ 29 

4.3 Field type definition and mapping: linking farm typology and site topology...... 30 

4.4 Results on MEA-scope policy scenarios .............................................................. 32 

4.4.1 Land use changes............................................................................................... 32 

4.4.2 Environmental services’ indicators ................................................................... 33 



4.4.3 Quantifying spatial patterns............................................................................... 37 

 

5 Conclusions ................................................................................................................. 39 

5.1 Conclusions from the OPR case study research ................................................... 39 

5.2 Conclusions from the Mugello case study research ............................................. 41 

5.3 Outlook ................................................................................................................. 42 

5.3.1 The MEA-Scope simulations as a tool for better targeting of policies ............. 42 

5.3.2 Lessons learnt from the MEA-Scope project .................................................... 43 

 

6 References ................................................................................................................... 45 



1 Summary  

The latest reform of the European agricultural policy aims at stimulating more 
competitiveness on global markets, more environmental soundness, supporting rural 
viability and better meeting consumer demands. From 2013 further far-reaching policy 
changes are expected leading to on-going adaptation processes of European farms that 
will change the rural landscapes and their socio-economic conditions drastically.  

The EU-project MEA-Scope has developed alternative future scenarios of the Common 
Agricultural Policy (CAP) targeting towards specific rural development potentials. In 
this research report, we present (1) the methodology to derive the scenarios, and 
selected results for MEA-Scope case study regions in (2) Germany, and (3) Italy.  

To identify main drivers of the future development of the CAP, MEA-Scope applied a 
participatory approach that involved regional stakeholders, EU officials, scientific 
experts and computer modellers, eventually resulting in four alternative EU policy 
scenarios (status quo, competitiveness, environment, rural viability) with varying 1st and 
2nd pillar policy settings of the CAP, 2002 as base year and a time horizon of 15 years to 
be covered. The scenarios were implemented in a complex modelling procedure, 
involving an agent-based model (AgriPoliS), a bio-economic farm model (MODAM) 
and a Nitrogen flow model (Farm-N) to simulate the dynamics of structural and 
management change and their impacts on multifunctionality indicators for all farms in 
our case study regions.  

For the case study in Germany, soil fertility, designation status and socio-economic 
variables were used as criteria to identify political priority areas (‘target areas’) that 
refer to the three axes of the Rural Development Programmes: competitiveness, 
environment and rural viability. It could be proven that farms located in target areas 
react differently with regard to the adaptation processes of the farms than the case study 
average. Despite of sometimes radical land use changes of single farms, a geo-
referenced multifunctionality impact assessment eventually showed less distinct impacts 
from average than expected. On the other hand the analysis identified several farm types 
that provide unexpected positive synergies.  

For the case study in Italy, characterised by a high degree of heterogeneity, an upscaling 
procedure was specifically developed, which allowed for a spatially explicit application 
of the modelling tool and for an integrated analysis and impact assessment through the 
application of a number of georeferred biotic and abiotic indicators. Results, presented 
in this report for an abiotic indicator, show that under the specific policy scenarios the 
indicators responses are highly variable within the region depending of the landscape 
component considered. The spatially explicit approach adopted proved to be necessary 
to properly evaluate the impacts of policy scenarios on the environmental services 
provided by agriculture. A variogram analysis provided a valuable tool to quantify and 
compare analytically the spatial structure of the land use intensity under the different 
policy scenarios. Based on these exemplary results, conclusions on better targeting of 
policies towards multifunctionality are drawn, and the contributions delivered the MEA-
Scope project in order to improve targeting are critically discussed. 



2 Introduction 

2.1 Targeting of the CAP 

Already with the Agenda 2000 “better targeting” of CAP policies has been one of the 
central objectives, mainly focussing on an improvement of funds distribution with an 
orientation “towards rural development spending intended to help rural society as a 
whole” (EC 2004).  

With the 2003 CAP reform, the national implementation of CAP offers the Member 
States further policy options towards better distributional implications. The programmes 
allow for individually link financial support to specific features of the agricultural sector 
or to specific geomorphologic or socio-economic potentials of NUTS1/ NUTS2 regions 
and to target CAP benefits towards selected beneficiaries.  

By principle the newly available options offer the Member States high flexibility and 
the scope for targeting support (Baldock et al. 2002).Though, the new generation of 
CAP reform instruments is also regarded less sector specific and of more horizontal 
character due to further links with environmental and rural development objectives, 
without having as clear a relationship between goals and implementation mechanisms as 
might be hoped for. The single farm payment is criticised being a non-targeted policy 
instrument, trying to achieve too many different objectives (‘income support’, 
‘compensation payment’, ‘land-management’ payment) at once (Grant 2007).  

According to a stakeholder and literature survey study carried out for the DG 
Agriculture (Baldock et al. 2002), the strategy for environmental integration in the CAP 
should seek for coherence and complementarity between policies intended to pursue 
different objectives. With regard to support environmental goals the study attests the 
improved potential for that purpose, but confirms that measures often do not appear to 
have been widely used to target specific environmental concerns. It is stated that 
empirical information on the environmental effects of specific CAP measures is very 
limited, particularly for the purpose if isolating these effects from other drivers, and that 
in addition different farming systems will respond in different ways to common 
instruments. Targeted policy measures and selected instruments hence have to focus on 
appropriate, e.g. environmentally beneficial,  management at farm level (Baldock et al. 
2002).   

Particularly the second pillar of the CAP offers such selective instruments. With the 
introduction of the of three funding axis “improving competitiveness for farming and 
forestry”, “environment and countryside”, and “improving quality of life and 
diversification of the rural economy” the Rural Development Policy 2007-2013 further 
proceeds in providing more targeted support in accordance to particular regional 
development objective settings. From the farmers perspective the principle of voluntary 
implementation allows for farm individual decision for participation in the Programmes 
and of selection of appropriate measures to further develop their entrepreneurial profile. 

Though, for ex-ante policy assessment the question arises in how far the implementation 
practice of first and second pillar policies proves to support a further exploitation of 
particular development regional potentials. With the expected further shift of financial 
support from the first to the second pillar, instruments will become less regulative. 
National rural development programmes even more will have to ensure that the 
portfolio of offered measures is designed in a multi objective way and proves to be cost 



efficient likewise. The effectiveness of goal achievement will increasingly depend on 
reaching a high acceptance of measure by farmers of the “target group”. 

 

2.2 Outline of the MEA-Scope modelling procedure 

The research approach chosen in the MEA-Scope project, allows for an in depth 
analysis of such as the above raised questions. By the means of economic and 
environmental modelling simulations on management decisions of typical farms in 
seven European regions have been carried out in order to assess farmers responses to 
different CAP policy options (Happe et al. 2007).  

The simulations have been run with a linked modelling procedure based on the dynamic 
agent based model AgriPolis, the economic-environmental linear programming model 
MODAM and the dynamic Nitrogen flow model Farm-N working at single farm level 
farm. AgriPolis identifies a high number of typical farms in a region, based on FADN 
data and primary data gained from regional single farm surveys. It calculates structural 
change impacts of policy scenarios in a time series, mainly based on competitive 
behaviour of typical farm agents on the land rent market. The strength of AgriPolis is 
the ex-ante assessment of pillar one measures. On the basis of detailed single 
management practise descriptions of cropping and livestock management procedures for 
different intensities and site qualities (e.g. soil fertility classes) MODAM calculates 
changes in economic and in biotic and abiotic environmental indicators at single farm 
level. The link to AgriPolis is given by referring to all typical farm types in a region, 
area weighted to their share within the total region, depending on policy scenario 
induced changes. Farm-N analysis farm internal nitrogen dynamics, and calculates 
liquid and gaseous losses (nitrate, ammonia) that occur between grassland, stable and 
arable land at single farm level. Analyses are made for groups of typical farms and 
linked to AgriPolis in the outlined way. A detailed description of the modelling 
procedure is given by Damgaard et al. (2006). By developing a procedure for spatially 
explicit localisation of the typical farms in a real landscape, MEA-Scope managed to 
link the modelling results at both scales (farm and landscape) (Kjeldsen et al. 2006, 
Dalgaard et al. 2007, Damgaard et al. 2007). The upscaling procedure allows for 
identifying and evaluating policy impacts for specific target areas and/ or for specific 
farm types or groups of farm types. Whereas Osuch et al. (2007) present an in depth 
analysis of MEA-Scope modelling results with the focus on exemplary policy issues, 
and Waarts (2007) provides an analysis on the operability of the MEA-Scope Tool with 
reference to key Non Commodity Outputs, this report addresses the question of 
targeting of the CAP by selective analysis of modelling results. It refers to modelling 
results from two of the case study regions only, Ostprignitz-Ruppin (OPR) in Germany 
and Mugello in Italy.  

 

2.3 Objective and Structure of the report  

The objective of this report is to introduce two different methodological approaches for 
the analysis of targeting of policies and to present results gained on the basis of detailed 
data from simulations of typical farms behaviour under different policy options at 
spatially explicit level. Both, pillar one and pillar two measures provide means for a 
more regionally adapted targeted priority setting, addressing the specific landscape, 
biophysical or socio-economic related potentials and profiles of European regions.  



The first example, for the German case study OPR, makes use of a scenario approach 
for future agricultural development under different rural development priorities. This 
approach allows for the definition of priority areas (‘target areas’) that refer to the three 
axes of the Rural Development Programmes: competitiveness, environment and rural 
viability. Chapter 3.3 and 3.4 of the report introduce these scenarios and the 
methodology of selecting the target farm groups. In the chapters 3.5 – 3.7 a selective 
analysis of typical farms particularly representing “target groups” is presented. A 
concluding discussion is given in chapter 5. Chapter 3 is narrowly related to the a paper 
provided for the MEA-scope book by Piorr et al. (2008). 

The second example, the Italian case study region in Mugello (chapter 4) proves the 
correlation between spatial variability and land use changes driven by different policies. 
Chapter 4 is narrowly related to the a paper provided for the MEA-scope book by 
Ungaro et al. (2008). After the introduction of the study area (chapter 4.2) and of the 
methodology applied for linking the farm typology and site typology (chapter 4.3), 
results on land use changes, and the impacts on environmental services and on spatial 
patterns are presented (chapter 4.4). The results are concluded in Chapter 5.  

Chapter 5.1 and chapter 5.2 refer to the results of the previous two chapters, while 
chapter 5.3 sums up the relevance of research for EU policy purposes at less aggregated 
scales (NUTS3 and below) particularly with regard to causality analysis of policy 
implementation and in supporting regions to improve their specific performance in 
terms of sustainability.  



3 Scenario driven analysis of land use changes by selected farms 
standing for specific policy target groups: Results from the case study 
Ostprignitz-Ruppin (Germany) 

3.1 The case study region OPR 

The administrative district Ostprignitz-Ruppin (OPR) (NUTS3) is located in the North 
Eastern Part of Germany, in the federal state of Brandenburg, 100 km in the North-West 
of Berlin. Ostprignitz-Ruppin covers 2 511 km2 and is area-wise the third biggest 
district of Brandenburg.  

Brandenburg belongs to the North German Lowland which is a part of the Great 
European Plain that sweeps across Europe from the Pyrenees in France to the Ural 
Mountains in Russia. Hills in the lowlands only rarely reach 200 meters in height, and 
most of the Ostprignitz-Ruppin district is well under 100 meters above sea level. A 
varied nature and culture landscape with numerous avenues, forests, lakes, historical 
villages and settlement structures shapes the OPR district and provides an important 
potential for tourism. The land coverage with surface waters and forests (33%) is about 
average of the region, whereas agricultural land use (56% of the area) is highly above, 
and settlement and transport (6%) highly below it, characterized by a low density 
transport network (34km/ 100km2). Designated areas hold 2% of the total area, with 
another 2% in proceeding. 

The total Utilized Agricultural Area (UAA) in 2003 was of more than 126 000 ha, in 
which 561 farms were performing their activities. An average of 520 mm of 
precipitations per year over the past 20 years and quite sandy soils provides rather 
disadvantageous conditions for crop production. Although 60% of the farms are smaller 
than 50 ha the average farm size in the region is well above the German average: the 
average farm in OPR covers 225 ha. The arable land/ grassland ratio is 70/ 30. Field 
crops (49% of UAA) and grazing livestock farming (46% of UAA) are the predominant 
orientations of the farms in the region, with, for the two farming types, an average farm 
size slightly above the regional average. The cropping pattern on arable land is 
traditionally characterised by winter rye and winter wheat, but also by winter rape and 
maize, although the soil quality is comparably low. Grassland is mainly used 
extensively, as  offered in measures of the agri-environmental programs with a good 
participation share. Particularly the maintenance of wetland grassland belongs to the to 
main agri-environmental  objectives. Organic farming holds a share of round 9% of the 
UAA. The average livestock density is low (0.4 LU/ha). Animal husbandry is 
dominated by beef cattle, followed by dairy cows and suckler cows.  

With 43 inhabitants per km2 OPR belongs to the NUTS3 areas with lowest population 
densities within Germany. Nearly two thirds of the 109.000 inhabitants (2004) live in 
the four major towns. The commuting rate is relatively low. The population growth rate 
is negative (-5%) and forecasts prove a further migration to come. The average age  is 
43 years and will increase to 49 years until 2030. The employment by sector is divided 
on 67% by services, 29% by industry and trade, and 4% by agriculture and forestry. The 
unemployment rate is 23,6%, which is 3% higher than the regional average and double 



as much as the German average. The unemployment rate for women is 48% with high 
sectoral differences. 8% of the employees work in agriculture.  

OPR is a left wing region with (49% SPD, 17% PDS). The regional economic 
development strategy for the next years focuses on timber production and on tourisms. 
Historically farmers, due to the large scale farming and post socialist farm structure, are 
less involved in networking and participation than neighboured sectors as e.g. actors in 
tourism. Nevertheless, after the reunification there have been various examples of 
strong and successful developments, e.g. integration of organic farming, bio energy 
production, rural tourism, processing of local food, preservation and marketing of 
traditional landscape elements, and exploitation of new customer groups by event 
placing in Berlin, based on active local networks. Such participative processes have 
remained initiatives of local groups, often providing stabile income and labour situation 
for whole villages, but still not yet having been perceived as development perspectives 
in other parts of the region. Networks of proactive stakeholders in the main towns and 
farmers in the remote part of the regions are rarely build up until now.  

 

3.2  Policy scenarios of the MEA-Scope modelling approach applied for the 
analysis 

Based on FADN data typical farms (n=585) of the case study area OPR  have been 
identified and implemented for simulations by the three MEA-Scope models (Damgaard 
et al. 2006, Happe et al. 2006). For the localisation of the farms in the case study region, 
a spatial distribution approach was chosen that allows for spatially explicit analysis of 
structural changes and their impacts on multifunctionality (Kjeldsen et al. 2007, 
Damgaard et al. 2007). The database set up for the modelling procedure comprises 
simulations on 1246 production practises for 35 different crops in 2 intensities for 6 site 
qualities. 
 
Table 1. Payments connected to the 3 policy scenarios in OPR 
 

1st Pillar 2nd Pillar Policy 
scenario Cereals, 

set 
aside 

Arable 
crops, 
potatoes, 
sugar 
beet 

Protein 
plants 

Grass-
land 

Dairy Suckler Fattening 
bulls 

AEP 
grass-
land 
min 
care 

Natura 
2000 

Agenda 
2000 

285 0 328 0 31 316 207 130 200 

Decoupling Single farm payment  
in year 05: 284 € / ha, in year 09: 296 €/ha (average) 

200 

Liberali-
sation 

No payments 

 
The simulations were applied to three policy scenarios (tab.1):  
·  Baseline: Agenda 2000 
·  Decoupling: idealised decoupled single farm payment: historical payment based on 

3 years prior to policy change, conditional on running the farm, Cross-compliance: 
minimum care 



·  Liberalisation: removal of all direct payments while agri-environmental payments 
are kept. 

 
A dynamic modelling procedure has been applied. All policy scenario runs start from 
the Agenda 2000 situation. The modelling results in the paragraphs 3.5 to 3.7 refer to 
the time steps “short term= 5 years” and “medium term = 9 years” after the 
implementation of the new policy options. 
 
 

3.3   General Scenarios of Future Agricultural Developments  

For the development of future scenarios for the European Agriculture in general ,and for 
the case study regions in specific, MEA-Scope applied a participatory approach, 
involving end–users (EC officials), regional stakeholders, scientific experts and et al. 
modellers. 

·  Main drivers and probable future developments of the CAP policies were identified 
in a series of workshops with policy makers.  

·  On this basis national experts defined general trends of future agricultural 
developments, which were translated into a quadrant model description (Fig. 1) 

·  In the next step the framework of existing and expected policy measures were 
assigned to the development spaces of the quadrants (Fig. 2)  

·  The national experts agreed on three different scenarios for multifunctional 
agriculture that in addition to general trends are supposed to develop in different site 
specific and socio-economic settings. The scenarios storylines were placed 
accordingly into the quadrant model description and related to the policy settings 
(Fig. 3) 

·  The economic, environmental and social functions and indicators related to these 
scenario spaces are set as guiding headings for the result presentation on the MEA-
Scope internet tool (www.mea-scope.eu).  

The outcomes of two workshops with policy makers in Brussels an European expert 
workshop on future CAP developments and on trends of future agricultural 
developments were used to derive the axes of a four-quadrant model (Fig. 1) (Piorr 
2007b). The four-quadrant-model allows for a creation of four value-neutral spaces for 
possible scenarios, which can both contain positive as well as negative aspects. It allows 
for thinking in all possible directions without restricting the scenarios by normative 
guidelines (Artner et al. 2006). Therefore, the scenario space can be considered open 
and designable. Starting from the point of origin (= base year), which is in this case 
represents the old Agenda 2000, the developed scenarios can be placed within the four 
possible spaces which allows for a dynamic consideration how and under which 
circumstances a future CAP will develop.  

The horizontal axis of the four-quadrant model represents the economic orientation of 
the CAP instruments with respect to agricultural productivity. The vertical axis shows 
the implementation of the CAP instruments whereby “general” to be understood as 
overall EU coverage while “individual” instead related to spatially limited, spotted 
implementation, due to individual contracting, what at the same time means: measures 
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that are tailored for more targeted uses or objectives (e.g. environmental protection, 
incentives for management changes or diversification). As reference year, the starting 
point of the quadrant model or the beginning year of the scenario we chose the Agenda 
2000 Reform.  

One future scenario of the CAP suggests itself to be considered as it is already in 
implementation - payment decoupling introduced by the Pillar I of the CAP reform in 
2003. Being the central instrument of the 2003 CAP Reform the quadrant has been 
chosen accordingly:  Decoupling payments from production in the form of single farm 
payments or single area payments is mainly a step towards “extensification”. Also it is 
ubiquitarily implemented, by means that all EU farmers have access to the benefits of 
this instrument with respective influences on structural change.  

 

Figure 1. Basic quadrant model on for CAP policy driven future scenarios of agricultural development 

The framework of policy measures implemented until the 2013 reform was related to 
the quadrant model (Fig. 2) . The decoupling impacts of the CAP reform 2003 (Pillar I) 
are regarded as the overall layer, due to the general implementation, on which other 
policy measures act in addition at limited scope, signed as circles.  

Such are either spatially focussed (e.g Cross – Compliance) or structurally focused 
(ceilings), or they are offered as voluntary measures (PillarII) which are rather 
thematically focussed. They are implemented by individual contracting with farmers, 
who are interested in further developing the structure of their farm or of specific 
activities towards on of the decision spaces of the quadrants. 

Three scenarios for likely future developments agriculture were defined in the MEA-
Scope expert workshop for scenario development.  The scenarios are: 

·  Competitiveness (farms develop towards world market orientation) 
·  Rural Viability (farms develop networking activities and take up particular  

regional potentials or niches in production or integrate agriculture and 
neighboured sectors) 

·  Environment ( farms adapt management strategies towards better conformity 
with environmental demands)  



 

 

Figure 2.  CAP policy measures and future scenarios of agricultural development in addition to the pillar 
I impacts 

Figure 2 relates the three scenarios to the quadrant model. Linked to the framework of 
policy measures it becomes obvious that the policy settings provide different incentive 
patterns for the three scenarios. The individual farm structure, site and socio-economic 
conditions of a farm within its regional context determine whether farmers decide for 
introducing structural, behavioural or management practice related changes. Such 
individual changes sum up to land use changes with impacts on the economic, 
environmental and social development of regions (Piorr et al. 2006). Figure 3 briefly 
outlines the storylines for the three scenarios. 

Figure 3. Storylines for the future scenarios of agricultural development  
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3.4 Selection of target farm groups according to scenarios 

From the entire database (version 3 Bratislava) of simulation results of all farms in the 
region OPR a selection of typical farms that represent the target group of the three 
scenarios was carried out in a three steps procedure considering the selection criteria: 
1. spatial characteristics 

·  Protection status of the site (Natura 2000) 
·  Geomorphologic conditions (soil quality class) (cf. annex 1)  
·  Socio-economic conditions in a selected NUTS 5 region. 

2. setting of rules and thresholds 
3. group specific analysis of simulation results on policy induced changes of farm 
structure and management decisions on selected indicators. 
 
For the scenarios competitiveness and environment we selected farms with arable 
cropping and grassland use orientation separately, by setting specific criteria and 
thresholds (tab. 2) 
 
Table  2. Selection criteria for the analysis of target farm groups for the three scenarios on future 
agricultural development 

Scenario Competitiveness 
“Arable farms”   
·  100% of the farm UAA in soil quality class 38 
·  Only farms remaining in production in the 

liberalisation scenario on the medium term 
 

“Intensive grassland farms” 
·  >40% of the farm UAA on intensive grassland 
·  No extensive grassland 
·  Only farms remaining in production in the 

liberalisation scenario on the medium term  

Scenario Environment 
“Arable farms”   
·  >80% of the farm UAA in Natura 2000  
·  and >40% of the farm UAA in soil quality class 

25 
  
“Extensive grassland farms” 
·  >80% of the farm UAA in Natura 2000  
·  and >40% of the farm UAA on low productivity 

grassland 
 

Scenario Rural viability 
·  Localisation in a specific administrative unit 

(NUTS5 region) 
·  Selection of two neighboured municipalities with 

different “rural viability“ performance  
·  All farms with areas within the administrative 

borders 
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3.5 Scenario competitiveness  

The region OPR is characterised by a comparably low productivity in terms of soil 
fertility classes and yields both on arable land (dominance of sandy soils) and grassland 
(high share of wetlands). Accordingly the preconditions for a successful performance on 
world market competitiveness situations under liberalisation conditions are limited. 

The estimation of the yield potential of agricultural used areas is used for the 
determination of the value of an agricultural used area, as needed for the calculation of 
the market value, land rent etc. In Germany a 3-level method is used. Level 1 (soil 
fertility index) and 2 (soil rating index) describe the site conditions, whereas level 3 
(farm index) includes a farm economic assessment. For the MODAM soil quality 
classification system the soil fertility index is applied, and distinguishes 4 classes. In  
the case study region OPR, sites only belong to the  classes I (<25) and II (25->38), with 
low fertility. For the scenario “competitive” only farms have been selected that are 
located entirely in class II sites. 
 

3.5.1 Results for arable farms 
Farm standard indicators results 
·  Intensive arable farms hold an area of nearly 20000ha within the region in the initial 

situation. With 92 farms the average farm size of this group is 172 ha. This state is 
by far remained in the decoupling scenario, whereas the total area increases in the 
Agenda 2000 scenario stepwise to 22600 ha (+13%) (Tab. 3).  

·  In the liberalisation scenario the area in production is reduced markedly, already on 
the short term to round 8000 ha (-59% ) and further in the medium term to round 
6400ha (-68%). At the same the number of farms shows a drastically stepwise 
reduction. Only 25% of the farms remain in the medium term.  

·  The average farm size increases in all policy scenarios, only marginally in the 
decoupling  and highest in the liberalisation scenarios, whereas it is remarkable that 
the growth does not yet take place immediately after the policy change. Here the 
additive effects of the reduction of area and the decrease of the number of farms is 
reflected. 

 
Table 3. Modelling results on farm standard indicators for the selected arable farm group of the scenario 
competitiveness, OPR 

farms with 100% arable land, soil class 38, remaining in liberalisation scenario   
   total area (ha) number of farms average farm size (ha) 
scenario year 5 year 9 year 5 year 9 year 5 year 9 
initial  19.996 92 217 
Agenda 2000 21.415 22.601 91 89 235 254 
Decoupling 20.803 20.186 91 91 229 222 
Liberalisation 8.123 6.409 36 23 226 279 
  relative difference (%) to initial situation 
  total area  number of farms average farm size 
scenario year 5 year 9 year 5 year 9 year 5 year 9 
Agenda 2000 7 13 -1 -3 8 17 
Decoupling 4 1 -1 -1 5 2 
Liberalisation -59 -68 -61 -75 4 28 
 

 



·  As the selected farm group of intensive arable farms is located on rather fertile soils, 
the share of  the Natura 2000 sites is low (14% of the total area). Further analysis 
referring to the policy induced development of the Natura 2000 area showed, that it 
follows the general trend of development of total area within his farm group. Only 
in the liberalisation scenario the relative reduction of Natura 2000 areas is higher 
than in non protected areas. This development is in line with the assumed strategic 
goal of more intensification under liberalisation conditions, what is limited to realize 
in designated areas. 

 
Figure 4. Cropping pattern of the selected arable farm group of the scenario competitiveness related to 
different policy options 

 

Cropping pattern 

·  The cropping pattern of arable farms on good soils is characterized by low diversity 
and cash crop orientation. In the initial state, winter rye holds the highest share 
(given the fact that “high” soil quality in the case study area is a sandy soil and yield 
expectations accordingly less than Mid-European average) (fig.4). It is followed by 
winter wheat, set aside, and low share of winter rape.  

·  In contrast to the Agenda 2000 situation, where the crop shares remain constant with 
increasing area in production, in the decoupling and the liberalisation scenarios, set 
aside is given up and the respective share of area share is cropped with winter rape. 

·  In the liberalisation scenarios, with strong reduction of area, only the two cash crops 
with highest market prices remain: winter wheat and winter rape. Winter rye 
production is nearly completely abolished. The fact that not a higher share of area is 
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transferred to winter wheat production can be attributed to a limited availability of 
sites that provide feasible conditions in terms of soil productivity to allow for wheat 
production at all.   

 
 

3.5.2 Results for intensive grassland farms  
Farm standard indicators results 
·  Only 4 farms with a total land use area of 100 ha and an average farm size of 25 ha 

build the group of farms under consideration, as they fulfil the condition to have a 
grassland share > 40% of the land use area and remain in production in the 
liberalisation scenarios still in the midterm run.  

·  All farms remain active in all policy scenarios, and all increase in total area (Tab. 4). 
The lowest growth by 50% takes place in the decoupling scenario, already on the 
short term. In the Agenda 2000 scenario farms increase by 88 % and in the 
liberalisation by 112%.  

·  The average farms size grows to 53 ha in the liberalisation scenarios, what still is 
markedly below the average farm size of all OPR farms.  

·  In the initial situation 14% of the area of the considered farm group is located in 
Natura 2000 sites. This share decreases in all policy scenario, due to the fact that the 
farms keep more or less the land in Natura 2000 areas, but rent additional land 
outside of designated areas.  

 
Table 4. Modelling results on farm standard indicators for the selected grassland farm group of the 
scenario competitiveness, OPR 

 
farms >40% grassland, only intensively managed, remaining in liberalisation scenario   
   total area (ha) number of farms average farm size (ha) 
scenario year 5 year 9 year 5 year 9 year 5 year 9 
initial  100 4 25 
Agenda 2000 170 188 4 4 43 47 
Decoupling 149 146 4 4 37 37 
Liberalisation 212 211 4 4 53 53 
  relative difference (%) to initial situation 
  total area  number of farms average farm size 
scenario year 5 year 9 year 5 year 9 year 5 year 9 
Agenda 2000 70 88 0 0 70 88 
Decoupling 49 46 0 0 49 46 
Liberalisation 112 111 0 0 112 112 
 

Grassland Use 
·  In the initial situation these farms have an arable land/grassland ratio of 40:60. The 

increase of grassland area takes places exclusively on intensive grassland sites, and 
follows a similar pattern as the policy scenario driven increase of the overall area. 
The arable land /grassland ratio accordingly slightly shifts towards more arable land, 
located in higher soil fertility class too.  

·  Husbandry is exclusively made up by dairy cows. In the initial situation the average 
livestock density is with 1,45 LU/ha comparably high. In all policy scenarios an 
identical development of the dairy cow stock is to be observed: on the short term 
there is an increase of the number by 14%, which then on the medium term is 
completely drawn back to the initial situation.  
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Figure 5. Grassland use of the selected grassland farm group of the scenario competitiveness related to 
different policy options 

 

·  Grassland production is initially dominated by green fodder production with two 
cuts per year. A lower share is run extensively according to minimum care premium 
obligations (1 cut per year) and a minor share is highly intensively used (3 cuts per 
year).  

·  In all scenarios the share of highly intensively used grassland increases. As long as 
payments for extensive grassland care are offered (in the Agenda 2000 and the 
decoupling scenario), farms make comparably more use of the premium option for 
minimum care.  

·  In the liberalisation scenario farms shift to higher intensity in use. According to the 
lack of premiums, all grassland is used intensively, whereas the relative high share 
of 3x cut pasture is markedly over average.  

·  Under decoupling conditions, fodder production on arable fields is increased, 
namely silage maize and alfalfa, on the medium term also winter rye. This 
development can be explained by the more or less stabile grassland fodder 
production, as the additional grassland area is mainly shifted into minimum care. 
Given the intermediate stocking up of dairy cows, the farm internal fodder 
production has to shift to arable land.  

·  In the liberalisation scenario, where a minimum care is not implemented, winter 
rape develops to the most important cash crop in the medium term. But also fodder 
crops are likely to be produced for the market as the stocking density is not higher 
than in the other scenarios. Accordingly farms probably sell alfalfa and silage maize.  

·  Winter rye as traditional crop in OPR disappears completely.  
 
 
 
 



3.6 Scenario environment  

The maintenance of permanent grassland belongs to the preferential environmental 
objectives of agriculture in the region OPR and in the federal state of Brandenburg in 
total. Herewith, especially grassland in wetland areas, which often is characterised by a 
comparably low productivity, should be preserved due to biodiversity, habitat and 
landscape amenity reasons.  

Amongst farms that are supposed to have a high contribution value to environmental 
objectives, those which are located in Natura 2000 areas are of particular interest. The 
research question for the CAP policy assessment is to analyse the environmental impact 
structural change and management shifts in designated areas.  
The assumption was made, that specifically for farms that are located exclusively on 
low fertility soils (class 25) or on extensive grassland, Natura 2000 payments or the 
payments related to the agri-environmental measure “extensive grassland management” 
provide an incentive to run the farming practice in a manner that is environmentally 
sound and at the same in line with the regional priorities for environmental protection. 
 
3.6.1 Results for arable farms with high share of UAA in Natura 2000 areas 
Farm standard indicators results 
·  The number of farms decreases in the short term from 31 to 12 in the decoupling 

scenario, what is slightly less than in the Agenda 2000 situation (10). On the 
medium term there is a further decrease in the Agenda 2000 scenario, and a stabile 
situation in the decoupling. In the liberalisation scenarios only 3 farms remain in the 
short term, which quit in the medium term.  

·  The total area in use (initially a total UAA of 2358 ha) undergoes a reduction as 
well, which in the Agenda 2000 and decoupling scenarios s is less extreme (-23% to 
-30%) than the reduction in number of farms (-60 to -80%).  
In the liberalisation scenario there is a dramatic increase of abandoned land. Less 
than 15% of the UAA of the region remains in agricultural use. 

·  The average farm size increases. The lowest increase appears in the liberalisation 
scenarios (+41%). In the decoupling scenario, on the short term the average farm 
size doubles and remains constant. The Agenda 2000 scenario shows not only the 
higher increase  in the short term, but also a further continuous growth of the farms 
what leads to a farms size of 274 ha compared to 76 ha in the initial situation. 

·  In the Agenda 2000 scenario only round 20% of the farms survive, but the average 
farm size increases up to +270%. The total UAA in use is reduced by 30%. 

·  In the decoupling scenario 35-40% of the farms survive. The average farm size 
increases by +40%. The UAA in use is identical to the Agenda 2000 scenario. 

·  In the liberalisation scenarios arable farms on poor soils have quit fast and 
completely. Arable farming in Natura 2000 areas on poor soils will vanish in favour 
of land abandonment. The process will be an immediate one, already on the short 
term only 15% of the UAA will be kept in use (Tab.5). 

·  Further analysis referring to the policy induced land abandonment focussed on the 
specification on which kind and quality of land this development takes place.  

·  The georeferred simulation results show, that the observed land abandonment takes 
place slightly more in the non-Natura 2000 area of the farms in the Agenda 2000 



and the decoupling scenario. Hence, the average share of Natura 2000 area of the 
farms increases from 91% to 99%.  

·  In the liberalisation scenarios it remains by far unchanged. 
·  The relative decrease of area is less distinctive on poor arable soils (that take 63% of 

the total UAA of the selected group) than in farm average (-12% to -19%) in 
comparison to the total farm area (-60% to -81%) in the Agenda 2000 and the 
decoupling scenario. Accordingly the average share of poor soils per farm even 
increases.  

·  In the liberalisation scenarios, in contrast, farms reduce the relative share of arable 
land on poor soils by 51%.  

 
Table 5. Modelling results on farm standard indicators for selected arable farm group of the scenario 
environment, OPR 

farms >40% arable land in site class 25, >80% Natura 2000  
   total area (ha) number of farms average farm size (ha) 
scenario year 5 year 9 year 5 year 9 year 5 year 9 
initial  2.358 31 76 
Agenda 2000 1.822 1.641 10 6 182 274 
Decoupling 1.818 1.680 12 11 152 153 
Liberalisation 321 0 3 0 107 0 
  relative difference (%) to initial situation 
  total area  number of farms average farm size 
scenario year 5 year 9 year 5 year 9 year 5 year 9 
Agenda 2000 -23 -30 -68 -81 140 260 
Decoupling -23 -29 -61 -65 99 101 
Liberalisation -86 -100 -94 -100 41 -100 
 

 

Cropping pattern 

·  In the initial situation agricultural land use is dominated by green fodder production 
on grassland and winter rye and set aside on arable land ( fig 2). In the Agenda 2000 
scenario,  the productive grassland production is given up, arable land use remains 
more or less unchanged.  

·  In the decoupling scenario, minimum grassland care exchanges green fodder 
production. The arable production in Natura 2000 areas is reduced to a minimum as 
long as set aside payments are offered.  

·  winter cereal production, according to the poor soil condition of the selected farm 
group traditionally dominated by winter rye, is extremely reduced in all scenarios in 
contrast to the Agenda 2000 simulation. Only 10-20% of the initial cereals cropping 
area is kept in production. 

·  Vice versa, farmers make use of the set aside option to a high degree. The set aside 
area triplicates on the medium term. If the set aside payment is abolished 
(liberalisation scenarios), on low quality soils in Natura 2000 areas land is nearly 
completely taken out of arable production.  

·  If payments are phased out, as in the liberalisation scenario, only a very marginal 
share of land is cropped at all, with winter rape and winter wheat.  
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Figure 6. Cropping pattern of the selected arable farm group of the scenario environment related to 
different policy options 

 

Grassland Use 

·  In the initial situation 33% of the total area of the selected farm group is low quality 
grassland. The observed reduction of  area in use is also valid for grassland and 
follows the same pattern as described above.   

·  Husbandry, initially dominated by beef production (1614 animals) underlies a 
dramatic structural change. In all scenarios beef production is given up completely. 
The number of dairy cows (153) remains unchanged in the Agenda 2000 and the 
decoupling scenario over all iterations. In the liberalisation scenarios farms give up 
dairy completely. 

·  Grassland use, initially was characterised by a two cuts green fodder production, 
and nearly completely localised in NATURA 2000 area. Additional 6% of the UAA 
were used as intensive pasture with 3 cuts. With the abandonment of raw fodder 
based ruminant production the green fodder production is given up completely in all 
scenarios.  

·  In parallel, minimum care on grassland undergoes a significant increase in the REF 
and S03 scenario. From a marginal share in the initial situation, minimum grassland 
care holds round 25% of the UAA in the short term already 

 

Environmental impacts 

·  The environmental performance of the selected group is compared to the average of 
all farm in the case study region OPR in the initial situation as follows: 

o The arable farms on poor soils show slightly higher IGA than the average for 
amphibians, flora, groundwater recharge potential, field hare, and hoverfly 

o The OPR farm average provides slightly higher IGAs for NO3, N/P saldo, 
skylark, and markedly higher for pesticide input and protection against water 
erosion. 



 

relative change of IGA to BAS00 (in %), 
medium term after policy change, all OPR farms

0

50

100

150

200
Amph

Flora

GWR

Hare

Hover

NO3

NP

Pest

Sky

WaEro

 BAS00

BAS09

REF09

S0109

S0209

S0309

 

Figure 7. Impact of different policy options 5 years and 9 years after their introduction on the index of environmental goal achievement (IGA) in the average of all farms of 
the case study region OPR  
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Figure  8. Impact of different policy options 5 years and 9 years after their introduction on the index of environmental goal achievement (IGA) in the selected arable farm 
group of the scenario environment   
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o Hence the farm group under consideration is advantageous with regard to 
biotic indicators (except of skylark) but provides more negative impacts on  
abiotic indicators.  

·  Figure 8 shows the relative change of IGA in the selected farm group for the short 
term situation, in relation to the initial situation, charted by the blue line as 100 
percent. The Agenda 2000 and decoupling scenario lead in average to a slight  
improvement of the IGA, particularly of the abiotic indicators. The reasoning for 
this fact is the extensification of arable farming (exchange of cereal production by 
set aside). The liberalisation scenarios lead to a relative detoriation of all indicators 
except of flora (the latter due to the high share of land abandonment).  

·  On the medium term die situation does not change significantly. 
·  In comparison to the average of all farms in OPR (fig. 7) (cf. Uthes et al. 2007a) the 

positive impact of the Agenda 2000 and decoupling is more distinctive on the short 
term , as the shift in the cropping pattern, accompanied by a low cropping diversity 
for the selected farm group is introduced more rapidly. The positive environmental 
impact of the policy scenarios develop accordingly slower in the average (fig. 7, fig. 
8).  

 
 
3.6.2 Results for extensive grassland farms in Natura 2000 areas 
Farm standard indicators results 
The number of farms with extensive grassland use, what is the low quality class for 
grassland out of two classes, decreases in the short term from 82 to 30 (Agenda 2000) 
respectively 40 (decoupling). On the medium term there is a further decrease in Agenda 
2000, but a stabile situation in the decoupling. In the liberalisation scenarios only 3 
farms remain in the short term, which quit in the medium term. 

·  The total area in use (initially 10408 ha) undergoes a reduction as well, which in the 
Agenda 2000 and decoupling scenarios is less extreme (-27% to -76%) than the 
reduction in number of farms (-51 to -85%), especially for the decoupling scenario.  

·  In the liberalisation scenario there is a dramatic increase of abandoned land. The 
selected group of farms with high grassland share on relatively low quality gives up 
production on 97% of the total UAA hold. 

·  The average farm size of 127 ha increases to 190-200 ha in all scenarios, except 
from the three average size farms that remain in the liberalisation scenario. The 
growth of farms takes place on the short term and then remains constant. 

·  The situation in within the Natura 2000 areas is of specific interest in this analysis. 
The simulation results for structural chance within these areas show that initially 
72% of the total UAA of the selected farm group is localised in Natura 2000 sites.  

·  The observed decrease of total area in use takes place in Natura 2000 areas equally. 
The few farms that remain in the liberalisation scenarios are located in Natura 2000 
areas only.   

·  Land abandonment takes place slightly more in non-Natura 2000 areas in the 
decoupling scenario, what turns out due to the increase of the Natura 2000 share of 
UAA in the farm group by 8%. This effect is even more pronounced in the Agenda 
2000 scenario, with a relative increase of Natura 2000 land  by 14% on the short 
term, and 23% on the medium term.   



Grassland use 

·  in the initial situation typical “grassland users” on less productive sites have an 
arable land to grassland ratio of 30:70. In the Agenda 2000 scenario the arable land 
is reduced by 40% on the medium term, in favour of an increase of grassland by 
round 20% . In the decoupling scenario the grassland share increases to 75%.  

·  The few remaining farms in the liberalisation show a completely different 
distribution: the arable land share is nearly double as high as the average initial 
share in the region (0,58 to 0,3), the grassland share analogously lower (0,42 to 0,7). 

·  Grassland use remains extensively in all scenarios. Minimum grassland care is 
practised on 8064 ha out of the 10408 ha initially.  In the Agenda 2000 scenario the 
minimum grassland care area is reduced by 40% on the short term respectively 80% 
on the long term. In the decoupling scenario the reduction is less (27% on the short 
term and 41% on the medium term). This proves that minimum care is decoupled 
from animal production, which is completely abandoned in those scenarios, and 
fodder production accordingly unnecessary. Grassland use is to be understood as a 
pure NCO production in this sense. In the liberalisation scenario minimum grassland 
care isn´t practiced due to the lack of incentives for this measure.  

 
 
 

3.7 Scenario rural viability 

For the scenario rural viability a comparative analysis of policy induced land use 
changes in two neighboured municipalities was made. Stuedenitz-Schoenermark and 
Zernitz-Lohm are located at the western border of the OPR region (NUTS3), in the part 
of the case study area which most remote from the commuter belt of Berlin. Agriculture 
is traditionally an important sector in both municipalities, especially in Zernitz-Lohm 
where a large manor had been located in the past. Both municipalities have to struggle 
with a negative population development (regression by 10-20% from 1990-2004) which 
is the typical problem of remote rural areas in eastern Germany. The unemployment rate 
of 20-25% of inhabitants between 20 and 60 years in 2004  is higher in Stuedenitz-
Schoenermark than in Zernitz-Lohm ( 15-20%). On the other hand, new settlement 
areas are under development in Stuedenitz ( 50-100sqm of accepted new settlement 
areas per inhabitant in January 2005), while there are no new plans for settlements in 
Zernitz-Lohm. Accordingly the “rural viability settings” in both municipalities differ in 
a way that Zernitz-Lohm can be addressed as rather remaining in the traditional 
agricultural sector (“traditional village”),  while Stuedenitz-Schoenermark is undergoing 
a transition towards more diversification (“transition village”).  
 
In this context, we were interested to see  whether the application of the MEA-Scope 
modelling procedure shows any differences in the structural change simulations, related 
to the three policy scenarios described before. Only farms have been selected whose 
total UAA is located exclusively within the borders of the two municipalities (NUTS5 
areas). 



3.7.1 Results for 2 neighboured municipalities with different rural viability settings  
Farm standard indicators results 
·  In the initial situation, there are 29 farms with a UAA of round 9.000 ha working in 

the “traditional village”, and 17 farms with round 5.500 ha UAA in the “transition 
village”.  

·  Figure 9 shows that the development of the total used agricultural area is positive in 
the Agenda 2000 and in the decoupling scenario in both villages. This trend is 
slightly higher in the decoupling, and the relative increase of area is even higher in 
the transition village than in the traditional village. While the number of farms 
nearly decreases by 50% in the traditional village, the initially active farms in the 
transition village more or less all remain active (fig. 9).  
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Figure 9. Policy induced development of the land use area in two neighboured municipalities of the 
scenario rural viability, differing by rather “traditional” (Zernitz-Lohm) respectively “transition” 
(Stuedenitz-Schoenermark) orientation  
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Figure 10.  Policy induced development of the number of farms in two neighboured municipalities of the 
scenario rural viability, differing by rather “traditional” (Zernitz-Lohm) respectively “transition” 
(Stuedenitz-Schoenermark) orientation  



·  In contrast in the liberalisation scenario agriculture is nearly completely abandoned.  
There remains only one single farm active, with land in both municipalities. 

·  For the rural viability scenario the impacts of the structural change on the  labour 
situation are of particular interest. Figures 11 and 12 refer to the total labour input 
respectively the family labour input.  
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Figure 11. Policy induced development of the total labour input of farms in two neighboured 
municipalities of the scenario rural viability, differing by rather “traditional” (Zernitz-Lohm) respectively 
“transition” (Stuedenitz-Schoenermark) orientation  
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Figure 12.  Policy induced development of the family labour input of farms in two neighboured 
municipalities of the scenario rural viability, differing by rather “traditional” (Zernitz-Lohm) respectively 
“transition” (Stuedenitz-Schoenermark) orientation  

·  For the traditional village Zernitz-Lohm, total labour input decreases only slightly 
on the medium term in the decoupling scenario, compared to the initial situation, 
while under Agenda 2000 condition on the same term, a reduction to nearly 60% 
would have taken place. In the transition village, the positive effect of the 
decoupling on working places is confirmed: in the medium term, there is even an 



additional demand of 30% on labour input, while the reduction of labour demand in 
the Agenda 2000 scenario is less distinct.  

·  Initially about 40% of the total labour input is assigned to family labour in the 
traditional village. The rate of family labour is lower in the transition village (round 
one third). Figure 12 shows the interesting effect, that family labour input decreases 
in all policy scenarios in both villages. This means that the local labour market will 
profit from the positive development in the total labour demand of the growing 
farms, and that family labour is rather transferred to other sectors. This effect is 
stronger in the transition village than in the traditional village.   

·  In the liberalisation scenario, agriculture is by far given up, 2 out of 110 working 
places in agriculture provided by the farms of the two municipalities remain 

 
 
3.7.2 Analysis of the adaptive behaviour of the 4 dominating farms 
Crop rotation  
·  The agricultural land use in the 2 villages is dominated by 4 single farms that hold 

round 25% of the total UAA. A specific analysis allows for a better understanding 
of the structural adaptations taken by these dominating farms.  

·  Nevertheless, there is the limitation that the approach does not allow for an analysis 
specified to each municipality at this level.  The fields assigned to the single farms 
are not limited to one municipality only, what is due to the spatial localisation 
approach within the modelling procedure, and similarly expected to be the situation 
in reality. Therefore it is not possible to distinguish between the farm specific 
developments in the traditional and the transition village.  

·  Figure 13 shows that the area in use underlies much less variation than the total area 
of the two NUTS 5 regions. Even in the liberalisation scenario, agricultural activity 
is kept on a reduced area.  

·  The surviving strategy of the farms is intensification. The round 10% of area set 
aside, practiced in the Agenda 2000 scenario, is taken into the crop rotation again in 
the decoupling and the liberalisation scenario. This result is particularly interesting 
because of the fact that set aside premiums are still offered in the decoupling, but 
from profit maximizing reasons a shift of the crop rotation obviously is more 
advantageous.  

·  Winter rye production is reduced in favour of winter rape. Green fodder production 
is exchanged by silage maize. Nevertheless, in contrast to the crop rotation reduction 
to two crops, introduced by arable farms on higher quality soils (see scenario 
competitiveness, 3.6.2), the “winners” of the adaptation process in the two 
municipalities under consideration in the scenario rural viability, prove to be still 
diverse with 4 main crops.  

·  Also animal husbandry undergoes less changes in those farms: dairy, pigs and sows 
are kept, only suckler cows are abandoned immediately after the policy change.  

 
 



 
Figure 13. Cropping pattern of the 4 dominating farms in two neighboured municipalities of the scenario 
rural viability,  related to different policy options 

Environmental impacts  

·  The environmental performance related to this “limited” intensification is worsened 
for most indicators (Fig.14).   

·  Compared to the initial state (blue line) the IGA for all biotic indicators is reduced 
by 10-20% in the decoupling and liberalisation scenario, the habitat quality for sky 
larks even up to 40%.  

·  For the abiotic indicators, the degradation is less pronounced. The groundwater 
recharge potential even improves in the liberalisation and the decoupling scenario 
due to the higher share of spring crops instead of winter crops.  
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Figure  14. Change of the index of environmental goal achievement (IGA) of the 4 dominating farms in 
two neighboured municipalities of the scenario rural viability, related to different policy options after 9 
year of their introduction 
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·  The results support the assumption that a certain degree of diversity contributes to 
stability in economic situation, and enables to keep the land in agricultural use, even 
with the desired positive impacts on the potential for social sustainability (labour 
demand), but these achievements lead to reduced fulfilment of environmental goals.  

 

 



4 Analysis of spatially explicit patterns of policy induced land use 
changes: Results from the case study Mugello (Italy) 

4.1 Introduction  

The modelling tool set up within the MEA-Scope project (Piorr et al., 2007a) allows 
identifying the supply of NCOs with focusing on environmental services. In order to do 
so two spatial scales of reference are considered within the tool: the farm scale and the 
landscape scale (Dalgaard et al., 2007). The link between farm typology and site 
topology must be then consistent with the physical and the ecological characteristics of 
the landscape and with the potential values of its components on one side, and with the 
economic activities that take place on these components on the other.  

Data collection and inputs structuring for the application of the MEA-Scope tool to the 
Italian study area have paid particular attention to the spatial aspects of landscape 
functions so to explicitly account for their spatial heterogeneity. Within this approach it 
is possible to analyze models outputs following the same spatial hierarchical structure 
adopted to structure the input data required by the MEA-Scope modelling tool.   

 

4.2 The study area Mugello 

The Mugello area (1126.71 km2, elevation 160-1241 a.s.l.) in Northern-Central Tuscany 
(figure 16) is dominated by the large valley bottom of River Sieve, formed on a paleo-
lacustrine environment, and surrounded by two main ranges, which are part of the 
principal North Apennine chain. 

The valley has a NW-SE orientation, roughly parallel to the Apennines chain. The area 
has a temperate climate with dry summer (annual average  temperature 13.5°C, average 
annual precipitation 950-1200 mmy-1). Land cover is mainly broad-leaf woodland forest 
(65%), followed by permanent non irrigated arable land (4%) and permanent pastures 
(3%). In terms of UAA (32111 ha), this represents only 28.5% of the total area (ISTAT, 
2002), with a reduction of 6.9% with respect to the previous general census (1991).  

The Mugello counts about 57600 inhabitants (ISTAT, 2002) with the lowest population 
density of the province (51 km-2) but with a 6% increase with respect to previous 
general census; 5% of the working population is employed in agriculture (average age 
65 years)  with 1774 farms (2540 in 1991) of an average size of 18.1 ha (ISTAT, 2002). 
Notwithstanding the decrease in the number of farms and in both total and utilized 
agricultural areas, agriculture still represents a strategic sector of local development, 
with a relevant share of organic farming with 132 organic farms (7.4% of total farms 
and 19.9% of UAA). The distribution of livestock resources contributes, especially 
through cattle and ovine farms, to the definition and maintenance of typical landscape 
features in certain areas (marginal lands of high hills and mountains). Concerning cattle, 
Mugello counts 9822 heads (ISTAT, 2002), more than 70% of the entire province of 
Florence, with 835 specialized farms (beef and dairy). Such relevance is confirmed in 
terms of density, with 13 heads of cattle every 100 ha of agricultural land. The value 
exceeds the Florence province average of 7 heads of cattle per 100 ha. More than 20% 



of cattle farms in Mugello (256, 55% of the province) are organic farms, with 40% of 
heads. Permanent grasslands and pastures represent more than 40% of UAA. Natura 
2000 areas cover about 499 km2 (23%). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Study area and field type map (1: Arable high hills; 2: Arable low hills; 3: Arable low 
mountain; 4: Arable valley plain; 5: Arable valley terraces; 6: Grassland high hills; 7: Grassland low hills; 
8: Grassland low mountains; 9: Grassland valley terraces; 10: Grassland high mountain; 11: Grassland 
valley plain).   

 

4.3 Field type definition and mapping: linking farm typology and site topology 

In order to use the MEA-Scope modelling tool in a spatially explicit context, farm 
production techniques must be allocated in the landscape, coherently with climate, soil 
and terrain constraints.  In the absence of digital IACS/LPIS (Integrated Administration 
and Control System/Land Parcel Identification System) for the study area, an automatic 
allocation is not possible, which means that the assignment of farm typology to different 
site topology must relay on different and combined data sources. A map-classification 
model (figure 16), based on a number of specific “field types”, was developed for 
identifying the suitability of the territory on the basis of empirical and theoretical 
evidence, based on a multi-criterion approach in a GIS-environment. The following 
layers were used to derive the field types map: Digital Elevation Model (DEM 10 m 
resolution), soil map (1:50.000), map of Land Capability Classes ( LCC, 1: 50.000) 
derived from the soil map, revised CORINE Land Cover (CLC 1: 50.000). Each field 
type (table 6) results then from a combination of soil type, terrain morphology, 
elevation class and climatic conditions characterized by different intensity of land use. 
In each field type, given a specific set of environmental constraints (soil depth, available 
water capacity, slope, rockiness, stoniness, elevation, drainage, chemical fertility etc.), 
the typical crop rotations and associated production techniques were allocated. Crop 

 

Florence 

MUGELLO  

�  



allocation (table 7) resulted from direct surveys and interviews, statistical data from the 
agricultural census (ISTAT, 2002) and revised CLC.  

Table 6. Field types classification  

Plant production system Site Soil LCC 

Use Altitude Intensity Field type 
(share %) 

Morphology 1st 2nd 3rd 

VL  

(7.7%) 

Plain  

(slope <5%) 

3 3/4  Valley 

< 300 m 

High 

VH  

(54.4%) 

Terraces 

(slope>5%) 

2 3  

HL 

 (28.9%) 

Low (< 500m) 3/4 4 4/6 Hills 

300-700 m 

Medium 

HH  

(8.4%) 

High (>500 m) 4 6  

Arable 

Mountain 

>700 m 

Low ML  

(0.6%) 

Low (< 900m) 6 4  

VL-G 
(0.14%) 

Plain  

(slope <5%) 

3 3/4  Valley 

< 300 m 

Low 

VH-G 
(50.7%) 

Terraces 

(slope>5%) 

2 3  

HL-G 
(21.2%) 

Low (< 500m) 3/4 4  Hills 

300-700 m 

Low 

HH-G 
(50.7%) 

High (>500 m) 4 6 4/6 

ML-G 
(21.2%) 

Low (< 900m) 6 4  

Grassland 

Mountain 

>700 m 

Low 

MH-G 
(8.7%) 

High (< 900 m) 6 4/6  

Table 7. Crop allocation in the different field types. Typical crop rotations in the Mugello (year): VH, 
VL: Maize (1-2) Barley (3) Maize (4-5) Alfalfa (6-10); Barley/Wheat (1) Maize/Sorghum/Sunflower (2) 
Alfalfa (3-6). HL, HH: Maize (1-2) Barley/Wheat (3) Fava bean (4) Barley/Wheat (5) Alfalfa (6-10); 
Barley/Wheat (1) Silage maize (2) Alfalfa (3-6). HH: oat (1) potato (2) spelt (3) grassland (4-8). 

Field 
Type 

CROP 1 CROP 2 CROP 3 CROP 4 CROP 5 CROP 6 

VL Triticum 
durum 

Hordeum 
vulgare 

Zea mays Medicago 
sativa 

Vicia faba 
var. minor 

Others 

VH Hordeum 
vulgare 

Zea mays Triticum 
durum 

Vicia faba 
var. minor 

Medicago 
sativa 

Others 

HL Vicia faba 
var. minor 

Hordeum 
vulgare 

Triticum 
durum 

Triticum 
spelta 

Medicago 
sativa 

Helianthus 
annus 

HH Vicia faba 
var. minor 

Triticum 
spelta 

Hordeum 
vulgare 

Medicago 
sativa 

Helianthus 
annus 

Others 

VH-G Leafy permanent fallow (3-10 years, minum care) 

HL-G 

HH-G 

 

Leafy permanent fallow (3-10 years, minum care) 

ML-G 

MH-G 

 

Leafy permanent fallow (3-10 years, minum care) 



4.4 Results on MEA-scope policy scenarios  
4.4.1 Land use changes  
Since land use is one of the primary determinants of ecosystem vulnerability, the 
assessment of changes in land use pattern for the different scenarios (table 8) is crucial 
to understand how environmental services provided by agriculture are affected by the 
different policy scenarios. The general cropping pattern at the initial reference state 
(BAS00) is highly differentiated in terms of occurrence of the different crops in the 
different field types (table 9).  

 

Table 8. The MEA-Scope policy scenarios. Results are always considered at year 0 (BAS00 = initial 
state) and at year 5 (short term) and 9 (medium term). 

Scenario 1st Pillar 2nd Pillar 

BAS Agenda 2000 AEP, Natura 2000 

REF Decoupled single farm  

payment 

AEP, Natura 2000 

S01 No subsidies AEP, Natura 2000 

S02 No subsidies No AEP, no Natura 2000 

S03 Decoupled single farm  

payment + ceiling 

AEP, Natura 2000 

 

Grassland in Mugello is exclusively run under extensive grassland use, which are 
grassland areas (3 to 10 years) that receive a minimum grassland care of one cut per 
year. Under all scenarios there is an increase in arable land and a decrease in grassland 
that disappears completely under the S02 scenario in all field types. Under all scenarios 
there is a dramatic abandonment of the mountain grassland field types (MH-G and ML-
G): -62% at BAS09, -51% at REF09 and -91% at S0109. 

The change in the share of set-aside land provides a clear picture of the structural 
changes under decoupled subsidies (REF and S03), that result in a relevant increase of 
uncultivated land, and under absence of subsidies (S01/ and S02) where, on the 
contrary, there is a (nearly) complete disappearance of set-aside land and an increase of 
cultivated areas. The structural changes under decoupled subsidies (REF e S03) lead to 
an increase of arable lands in hilly field types and at the same time result in a relevant 
decrease of cultivated areas and in an increase of typical crops such as alfalfa and spelt 
that replace cereals. The structural changes under no subsidies (S01 e S02) result in an 
increase of arable lands in the valley field types (VH and VL) and at the same time lead 
to the abandonment of set aside practices with a relevant increase of cultivated areas 
under cereals (mostly maize and barley). 

 



Table 9. Crop share in the arable field types for the main crops of the area: relative differences (%) with 
respect to initial state; in italics crops whose share drops down to 0%. 

Scenario Field 
type 

Fava bean Alfalfa Set 

aside 

Barley Durum Spelt Maize 

Initial  HH 26.3 14.9 9.0 26.3 0.4 0.0 16.5 

BAS09 HH -15.6 12.5 2.1 2.5 -0.3 0.0 2.6 

REF09 HH -26.3 5.3 -0.1 27.5 -0.3 0.0 -0.5 

S0109 HH -26.3 14.0 13.4 -18.9 -0.4 0.0 24.8 

S0209 HH -26.3 10.5 12.0 -26.3 -0.4 0.0 37.2 

Initial  HL 17.4 15.9 8.2 26.8 0.1 14.0 13.3 

BAS09 HL -7.3 9.9 2.4 -2.6 -0.1 -5.1 4.3 

REF09 HL -17.4 2.9 0.7 29.5 -0.1 -14.0 1.9 

S0109 HL -17.4 10.1 13.6 -18.5 -0.1 -14.0 30.7 

S0209 HL -17.4 11.9 14.2 -26.8 -0.1 -14.0 36.5 

Initial  VH 10.7 27.6 9.0 10.9 0.2 17.0 0.0 

BAS09 VH -0.7 3.0 0.6 -3.9 0.1 -0.1 0.0 

REF09 VH -10.7 0.7 -0.3 23.2 0.0 -17.0 0.0 

S0109 VH -10.7 0.3 0.8 -10.9 0.7 -17.0 0.0 

S0209 VH -10.7 -3.2 0.5 -10.9 1.1 -17.0 0.0 

Initial  VL 9.2 25.9 10.2 2.8 1.1 27.0 0.0 

BAS09 VL -1.9 -0.9 0.8 2.6 -0.7 -1.5 0.0 

REF09 VL -9.2 1.2 -1.5 32.2 -0.5 -27.0 0.0 

S0109 VL -9.2 9.7 -0.4 -2.8 0.1 -27.0 0.0 

S0209 VL -9.2 6.7 -0.4 -2.8 0.0 -27.0 0.0 

4.4.2 Environmental services’ indicators  

The environmental responses expressed in terms of a dimensionless Index of Goal 
Attainment (IGA) ranging from zero to one (Sattler et al., 2006) for a number of 
selected indicators are shown in figure 17, which illustrates the relative % change in 
IGA at year 9 with respect to the initial state for the whole area. 
 
At year 9 under the BAS scenarios, all the selected indicators show a slight gradual 
decrease over time (from -2 to -5%), with the exception of the indicator for wild flora 
(fall germinating) which exhibits a positive trend with a final increase of 10% with 
respect to the IGA value at initial state. A marked decrease in IGA values is observed 
for all indicators under the two liberalization scenarios, with a relative decrease between 
5 and 40% under S01 and between 7 and 44% under S02. In both cases, the less marked 
increase is observed for the indicator wild flora and the more relevant one for the 
indicator field hare. An opposite trend is observed under the decoupling scenario: in this 
case all indicators exhibit a positive trend, with a final relative increase with respect to 
the initial situation ranging from a +5.6% for the pesticide indicator to the +42.6% for 
the wild flora indicator.  
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Figure 17. Relative % change in index of goal attainment (IGA) at year 9 with respect to BAS00 for the 
selected indicators. Amph: impact on the habitat potential for amphibians (Bombina variegata); Flora: 
impact on the habitat potential for wild flora (fall germinating); Hare: impact on the habitat potential for 
field hares (Lepus europaeus); NO3: risk of nitrate leaching to groundwater; Pest: risk of pesticide entries 
into groundwater and surface waters; WaEro: risk of water erosion. 
 
 

Figures 18.a-d show the relative % change in IGA at year 9 with respect to the initial 
state for the different field types under arable lands. In the case of high hills field type 
(figure 18.a) the trend is always positive under all the policy scenarios and for all the 
selected indicators, with the most marked increase in IGA under the decoupling 
scenario for the wild flora (+48%) and the water erosion risk (+31%) indicators. In the 
low hills field type (figure 18.b), the changes in land use result in a positive trend of all 
the IGAs under the REF and the BAS scenarios, while in the case of the liberalization 
scenarios the trends are negative for field hare under both scenarios (-6 and -10% 
respectively for S01 and S02 at year 9) and for nitrate leaching risk under SO2 (-3% at 
year 5 and -1% at year 9). This is due to the marked increase in spelt share (37%) under 
the liberalization scenarios coupled with an increase in barley share (12%). The share of 
cereal crops in the low hills field type increases also under the BAS scenario, but in this 
case the increase is lower, resulting in higher IGAs. In the valley field types the effects 
of land use changes on agriculture’s environmental services are generally negative but 
the response is again site dependent. In the valley terraces (figure 18.c) the only 
scenario that results in an overall positive trend for all indicators is REF, while for all 
the other scenarios the trend is always negative for all indicators, with stronger 
decreases under the liberalization scenarios. The same holds for the lower valley field 
type (figure 18.d), but in this case the decrease in IGAs is less pronounced for the 
liberalization scenarios and under BAS there is a positive trend, with increases between 
3 (pesticide risk) and 10% (wild flora). In these cases too, explanations are to be sought 
in the changes in crops shares under the different scenarios: under S01 and S02 grain 
maize increases its share by 25-30% in the valley terraces and by 17-20% in the lower 
valley, while decreases by 11% in both field types under the decoupling scenarios and 



remains substantially unchanged under Agenda 2000. An average increase by 8% is 
observed for winter barley under the liberalization scenarios only in the lower valley 
field type, while set aside increases by 23 and 32% respectively in the valley terraces 
and in the lower valley field type only under the decoupling scenario, while decreases 
under the liberalization scenarios but less markedly than in the hilly field types. 

 

 

Figure 18. Relative % change in index of goal attainment (IGA) at year 9 with respect to BAS0 for the 
selected indicators in the different arable field types.  

 

The effects of the changes in land use intensity on the environmental indicators can be 
better appreciated considering an indicator directly related to crop management 
practices such as nitrate leaching. This indicator depends upon four factors: 1) the total 
N-fertilization, 2) the frequency of fertilization, 3) the amount of N provided in autumn, 
and 4) the N balance at harvest. The average N input at the initial state for the whole 
area is 46 kg/ha/yr; this figure increases under all scenarios: 66.6 kg ha-1 yr-1 at BAS09, 
49.9 kg ha-1 yr-1at REF09, 114.1 kg ha-1 yr-1at S0109 and 123.6 kg ha-1 yr-1at S0209. The 
box and whiskers plots in figure 19 illustrate the different trends of the indicator in the 
different field types as resulting from increasing or decreasing land use intensity under 
the different scenarios. The trends observed are consistent with the level of N-input in 
the different field types at the different time steps as shown in figure 20. 
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Figure 19. Index of goal attainment for risk of nitrate leaching to groundwater (IGA NO3): temporal 
trends in the different arable field types and four policy scenarios 
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Figure 20. IGA-NO3 vs. average N input in the different field types.  
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4.4.3 Quantifying spatial patterns  

The raster maps in figure 21 (pixel size 1 ha) show the spatial distribution of the IGA 
for risk of nitrate leaching to groundwater at the initial state and at year  9 under the 
different policy scenarios. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. IGA NO3: spatial distribution at initial state and at year 9 under the different policy 
scenarios 

Prior to analyze the differences in the spatial patterns of the indicator as clearly shown 
in figure 21, it is relevant to point out here that the modelling system MODAM (Zander 
and Kächele, 1999) does not simulate single crops, rather crop rotations within a given 
production system, allocating more than one crop to a 1 ha plot. For this reason it is not 
possible to localize a single crop in each plot at the different time steps, but rather its 
share in any specific plot.  Each production system is on the other side characterized by 
a certain level of inputs (for example NO3) which determine land use intensity at a 
given site, providing the basis for the  environmental impact assessment (EIA) within 
MODAM (Sattler et al, 2006). Hence EIA results for a given area reflect the underlying 
production system(s) and the specific crop rotations associated with it. Then the spatial 
pattern of the indicator (for example IGA for NO3) reflects the patterns of the different 
crops combinations in terms of input intensity, and its variations over time under the 
different scenarios are due to correspondent variations in cropping patterns. The 
differences in the spatial patterns of the indicator shown in figure 6 result from: 1) 
reduction or disappearance of grasslands in parts of the area; 2) change in set aside land 
under the different scenario; and 3) change in land use intensities related to different 
crop patterns.  

In order to quantify and compare analytically the spatial structure of the land use 
intensity resulting from the different cropping patterns at landscape level under the 
MEA-Scope policy scenarios, the experimental standardized semivariograms (figure 22) 
of the IGA for NO3 have been calculated and interpolated with authorized models 
(Goovaerts 1997). 
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Figure 22. Semivariogram models for IGA NO3 at initial state and at year 9 under the different policy 
scenarios. Black dots: experimental semivariogram; continuous line: semivariogram model. 

 

Variograms are increasingly being used to investigate spatial pattern of raster data 
providing information about the spatial variability structure of the variable of interest, 
including land use (Dendoncker et al., 2007). In this case the structural changes of the 
variograms for IGA NO3 under the different policy scenarios result from substantial 
changes in land use pattern, with clear modifications with respect to the initial state. 
These difference are less relevant although significant under Agenda2000, more evident 
under the decoupling scenario, but quite dramatic for the liberalization scenarios. In 
terms of variogram model parameters, it is possible to identify a clear trend from the 
initial state to BAS09 and REF09, characterized by an increase of the nugget effect 
(spatially uncorrelated variance) and a decrease of the range of the variograms (i.e. the 
distance at which the observations are no longer spatially correlated), which are 
described by a spherical model with a nugget component in the three cases. The first 
evidence suggests an increase of the spatial randomness, i.e. a decrease of the spatially 
structured variability, and a higher degree of fragmentation; the second indicates a 
decrease in the size of patches with similar land use intensity, which under REF09 are 
more likely to be surrounded by smaller patches of contrasting land use intensity with 
respect to BS09 and to the initial state. 

In the case of the liberalization scenarios, the spatial structure of the indicator is 
described with non-transition models (unbounded models without sill), for which the 
corresponding random function is only intrinsic and have neither covariance nor finite a 
priori variance (non-stationarity). In this two cases a power semivariogram model 
indicates the prevalence of large continuous and contiguous areas of different land use 
intensity, with a spatial pattern characterized by large patches of the same level of 
intensity and polarization of contrasting land use intensity in two main field type groups 

Initial state BAS09 REF09 
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the HH-HL and the VH-VL field types, both characterized by a great degree of 
homogeneity within themselves. 

 

5 Conclusions 
In the next two subchapters the results of the previous two chapters are concludingly 
discussed. The final outlook sums up the relevance of the MEA-Scope research for EU 
policy purposes at less aggregated scales (NUTS3 and below) particularly with regard 
to causality analysis of policy implementation and in supporting regions to improve 
their specific performance in terms of sustainability.  

5.1 Conclusions from the OPR case study research  

For the farms selected as the target group for the development scenario 
competitiveness, the structural change takes place more radically than in average, either 
in terms of reduction or growth (fig. 15). 

As mentioned before, the  site class under consideration, although constituting the 
“high” quality soils of the region OPR, in general terms only posses an average 
potential yield capacity.  Accordingly the low share of arable land kept in production 
and able to compete in the liberalisation scenario has to be qualified as am result for 
medium soil fertility conditions. The highly above (OPR-) average results for the 
intensive grassland farms that markedly increase area, have to be interpreted from this 
background too, as they are a result of the comparably low competitive capacity of the 
arable farms with regard to cash crop production. The plots become interesting for 
fodder cropping according to the comparably lower value on the land market, resulting  
finally in a shift in the farm type composition towards bigger farms with husbandry.  

This development is proven by the cropping pattern results. The cropping pattern of 
arable farms on medium/good soils is characterized by low diversity and cash crop 
orientation. The more the policy presses towards marked orientation, less crops are 
cultivated, under liberalisation conditions only winter wheat and rape remain. If soil 
conditions do not allow for extension of cash crop area, land is rather abandoned than 
used for less attractive crops (e.g. rye).  Amongst other animal husbandry sectors, only 
diary cows are kept in production.  Grassland use remains medium intensive.  

A further interesting result is that farms with medium high yield expectations deal 
differently with Natura 2000 obligations in terms of their behaviour on the land rent 
market, depending on the policy framework. The share of Natura 2000 areas is 
increased in Agenda 2000 and transferred into set aside, while maintained in decoupling 
and reduced in the liberalisation scenario. 

The policy settings for farms that turn out to work competitively and successfully are 
targeted in so far as the decoupling can be assessed clearly advantageous compared to 
the Agenda 2000 scenario. The more favourable site conditions are, the more the 
agricultural land use benefits on the decoupling in terms of keeping area in use. 
Nevertheless, environmental targets are also to be fulfilled on farms that successfully 
remain active in competitive settings. The simulation results prove that the acceptance 
of extensification measures, e.g. set aside or minimum care on grassland, is low. In 
order to set incentives for a voluntary  implementation of such measures particularly on 
a certain share of more intensively cropped sites, it would be necessary to design scaled 
payment schemes, better adapted to site quality related yield compensation needs.  
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Figure 15. Policy induced relative change of land use area in selected farm groups characterising specific 
development scenarios, compared to the average of the case study region 

 

The highest shares of land abandonment have been simulated for extensive sites, which  
likewise are expected to offer feasible site potentials for environmental functions, and 
accordingly have been related to the development scenario environment. The 
maintenance of permanent grassland on less productive sites, which in OPR are formed 
by wetlands, belongs to the main environmental objectives of the region. Figure 15 
proves that especially grassland farms on those sites will quit farming to a significantly 
higher share than the average farm in OPR. While under Agenda 2000  conditions 
especially those low productive grassland sites are abandoned drastically, and 
completely given up under liberalisation conditions, the decoupling allows for a certain 
buffering of the reduction. For mixed farms with arable cropping decoupling and 
Agenda 2000 policies leads to similarly less dramatic structural change. Nevertheless, 
the results show that in both cases, and especially in Natura 2000 sites farms make use 
of the set aside option on arable land and the minimum care measure on grassland. For 
the latter it could be shown, that this measure is applied even if husbandry is given up. 
Grassland use is decoupled completely from fodder production, and thus has the 
character of a pure NCO production.  As soon as payments are phased out, farms will 
abandon the land completely.  

The simulation results prove that less fertile soils are more affected from land 
abandonment than fertile soils.  More than 90% of the total area of the selected farms is 
Natura 2000. Land abandonment takes place slightly even more out of Natura 2000 
sites. To a certain degree this means payments related to NATURA 2000 obligations in 
the decoupling scenario  save land from abandonment, especially low quality grassland.  

These results serve as proof for the a targeted measure, as far as the maintenance of low 
productive grassland in use is the objective. With regard to the environmental impacts, 



the outcomes of the simulations are less distinct from the average than expected. No 
clear improvement of environmental impacts compared to average low intensity farming 
could be evaluated.  

Particularly for arable farming the value of the set aside measure implemented at such a 
high share is more than questionable in terms of cultural landscape preservation and 
identity. Traditional winter rye production and grassland use are turned into minimum 
care or set aside. If payments are phased out, arable production is given up. Interesting 
in this context is the result that those mixed farms with arable cropping as well as pure 
grassland farms that own dairy cattle keep the husbandry at the initial level, while all 
other husbandry is given up immediately. Obviously farmers apply a profit 
maximisation strategy with full exploitation of agri-environmental payments on poor 
soils as far as possible. In order to reach a higher added value of arable sites with Natura 
2000 designation, clearer restrictions should be set, in terms of crop rotation, as they 
e.g. inherently exist within the system of organic farming.  

 

The results for the development scenario rural viability are in so far remarkable, as 
they show that labour market effects have to be assessed separately from farm growth 
and structural change. Even if farm numbers decrease and the area in use remains 
unchanged, decoupling can lead to positive developments on the labour market. The 
example showed an increase of total labour, due to more “productive” cropping 
(reduction of set aside).  This negative labour market impact is not a new finding, but 
indeed a rather rarely mentioned one in the discussion of windfall effects of 
extensification measures, as we found them to an extreme implementation share in the 
development scenario “environment”. Here, the positive impact on labour demand is 
striking, because it is likewise connected with a certain maintenance of the cropping 
diversity, compared to the competitiveness scenario. Although the environmental goal 
achievement cannot be kept on the initial level, the exemplary results of ( admittedly a 
low number of selected farms) exemplify that mixed dairy farms with a certain crop 
diversity show a mixture of positive economic, environmental and social outputs that 
prove as sustainable. 

 

5.2 Conclusions from the Mugello case study research 

The outcomes of scenario driven simulations can be of three kind (Ausdley et al. 2006): 
1) similar for all scenarios: this implies that the outputs investigated are not as uncertain 
as the difference in the scenarios would suggest  and, more important, policy makers 
cannot control it; 2) similar for group of scenarios: this implies that a certain aspect of 
these scenarios has a large influence; this is then an indicator for policy makers 
concerned with outcomes; 3) different for all scenarios: this is the least informative 
although it may be possible to identify an observable trend in some of the output of the 
scenarios. This aspect is then an indicator for policy maker concerned with outcomes. 

In terms of land use controlled environmental services, scenarios’ outcomes for 
Mugello can be clearly distinguished in three groups: REF and S03 result in an 
extensification of the region farming system (increase of arable lands in hilly field 
types, relevant  decrease of cultivated areas, increase of typical crops, such as alfalfa 
and spelt, replacing cereals); S01 and S02 result in an intensification of the region 



farming system (increase of arable lands in valley field types, abandonment of set aside 
practices, increase of  cultivated cereal areas, mostly with maize and barley); BAS 
results in a moderate extensification in the hilly field sites and in a weak extensification 
in the valley field type. All scenarios showed an evolutionary trend characterized by the 
disappearance, complete under the liberalization scenarios, of open areas, coherent with 
the historical data for the mountain areas of the central Apennine (-18.6% between 1990 
and 2000).     

Responses in terms of environmental services at landscape scale appeared to be clearly 
and significantly site-specific with the different “field types” characterized by different 
degrees of vulnerability to policy induced changes on NCOs production. 

Multifunctionality assessment in varied and complex landscapes such as Mugello 
cannot then ignore site specific conditions and constraints as ecosystem functions 
stemming for land use are strongly if not completely determined by changes in cropping 
patterns at farm scale driven by the different policy scenarios. 

A spatially explicit approach is then required in order to properly evaluate the impacts 
of the different scenarios on the environmental services provided by agriculture and 
provide sound indications to policy makers and stakeholders. 

The changes in land use intensity highlighted by the different spatial autocorrelation 
functions observed for the different scenarios indicate that the scenarios induced land 
use changes at medium term are likely to results in radical changes of landscape patterns 
(i.e. homogenization with trend under the liberalization scenarios; a more complex and 
fragmented mosaic under decoupling and a strongly spatially structured pattern under 
Agenda 2000) and its ecological functions. 

5.3 Outlook 

Given the need of a more effective utilization of decreasing public funds in future,  
better targeting means  better spatial equivalence of measures (area based) with payment 
scheme that ensure high implementation shares in the target areas. 

Is the MEA-Scope tool capable to support more site specific informed decision making 
and to help in designing better targeted policy measures? 

5.3.1 The MEA-Scope simulations as a tool for better targeting of policies 

With respect to the capabilities of the MEA-Scope tool in supporting targeted policy 
assessments it can be concluded as follows: 

·  Depending on the scale of analysis (region, farm groups, single farms) policy impact 
assessment can lead to very different results 

·  Also the question of targeting itself is scale dependent (different objectives at 
different scales of analysis)  

·  Furthermore the policy analysis with regard to multifunctionality can refer to 
different issues: focus on policies, on functions, and development potentials. Policy 
decision makers at different administrative levels demand  different spatial 
information, as the objectives are scale dependent 



·  A strength of MEA-Scope is that the linked modelling approach allows for 
simulations and explanations at different scales 

·  The MEA-Scope results prove that policy induced changes in land use intensity lead 
to radical changes of landscape patterns and the related ecological functions. 

·  Targeting, understood as appropriate objective setting and instrument provision, has 
been so far mainly concerned in terms of geophysical conditions, and limitation of 
environmental threats to sensitive areas 

·  A spatially explicit approach is then required in order to properly evaluate the 
impacts of the different scenarios on the environmental services provided by 
agriculture and provide sound indications to policy makers and stakeholders 

·  MEA-Scope simulation results can provide the exemplary basis to discuss what kind 
of farms provide best multifunctionality impact indicator patterns, depending on 
objective patterns, and how to support them 

·  In this sense the linkage with the DG Agri baseline indicators, that are in use for 
pillar II objective setting (ex-ante assessment) and the health check is a promising 
option. 

 

5.3.2 Lessons learnt from the MEA-Scope project 

In the overall assessment of the MEA-Scope and the results achieved during the 42 
months of project duration, of course several weaknesses have to be mentioned:  

·  The approach of linking pre-existing models was by far more time consuming and 
less capable of being fully automated than expected 

·  The highly detailed input data requirements afforded much labour input of rather 
low scientific attraction 

·  Given the high specify of the models, the tool is neither appropriate for EU-28 scale 
application nor for easy transfer to other case study regions. A more detailed 
discussion of this issue is given by Uthes et al. (2007b)  

!  The results are „only“ simulations and they the less reflect the real situation the 
lower the spatial scale is chosen. Still they characterise appropriately prototypical 
decision making cases and agents. Users have to be aware on how to make best use 
of this kind of information 

!  The setting of basic assumptions is the central trigger for the modeling outputs. The 
decision whether to set them hypothetically or close to  reality has to be taken 
according to the purpose (explanation, forecast, validation...). The project could 
have been more systematically structured in that respect. 

Furthermore there remained open questions like:  

·  What is the added value of the modelling results in comparison to existing expert 
forecasts based on plausibility /tacit knowledge? 

·  What are the general advantages and limitations in carrying out the attempt to link 
existing micro-economic models, and what are the specific strengths and 
weaknesses in the linking procedure we carried out? 



·  Do the results justify the inputs in terms of work and funds? 

·  Based on the given farm typology databases a further linkage to site classification 
approaches, in form of typology raster or layers, could deliver that kind of 
aggregated but targeted information that is demanded on EU-28 scale. Is this kind of 
research also of future interest, and if yes, with what kind of policy settings? 

From our point of view several of those questions deserve a positive answer. In the 
overall assessment finally the strengths of the project outweigh the critical points and 
experiences and have to be underlined as follows:  

·  MEA-Scope delivered a excellent tool to investigate how policies affect different 
objectives in spatial or socio-economic target areas, for different target farm groups 
and in different conditional settings  

·  The decision for developing an upscaling approach which is integrated into the 
models was an important enhancement of all the models capabilities, as it allows for 
spatially explicit analysis 

·  Based on the existing database a lot of in depths analyses are still to come 

·  The tool easily allows for adaptation to more dynamic policy assessments, e.g. by 
integration of stepwise payments for AEPs 

·  In case of available IACS/LPIS data it offers the possibility for use as an instrument 
for highly specific policy analysis (objective setting, environmental effectiveness 
and efficiency analysis for measures in specific target area) and for validation on 
real case situations. 
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