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Figure 5.6: Output from the SLE for the French Bretagne region. The first image represents 
the current situation and the second a "climate change" scenario with a strong 
impact on agriculture and forest dynamics 
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5.8    PICA – Procedure for Institutional Compatibility Assessment 

Assessing institutional compatibility of new policies  
Insa Theesfeld, Christian Schleyer, Laurence Amblard, Olivier Aznar, Carsten Mann  

SEAMLESS investigates the likely economic, environmental, and social impacts of 
agricultural and environmental policy options. The effectiveness of a policy depends to a 
large extent on the degree of compatibility between this policy option and the respective 
institutional context. Appropriate institutions - the formal and informal rules of a society - 
increase the likelihood that policy objectives are reached.  
Because institutions usually relate to a great diversity of situations, the state of the art in 
institutional economics offers hardly any standardized procedure for institutional analysis that 
can easily be combined with environmental and agricultural models widely used for policy 
impact assessment. Within SEAMLESS we have developed the ‘Procedure for Institutional 
Compatibility Assessment (PICA)’ as a systematic procedure to use information from ex-post 
policy evaluation studies, theory-based reasoning, and indicator databanks for making ex-ante 
predictions of the institutional feasibility of policies.  

PICA comprises four distinct steps:  

 1) Policy options are clustered according to the type of intervention (regulatory, 
economic, and advisory), the area of intervention (hierarchy/bureaucracy, market, and 
self-organised network), possibly involved property rights changes, and the attributes of 
the natural resource addressed. This classification allows identifying the generic structure 
of a policy option.  

 2) Each policy cluster is linked to specific sets of crucial institutional aspects (CIA) that 
may constrain or foster policy implementation.  

 3) Institutional indicators are used to evaluate the potential of a respective CIA.  

 4) The information provided by the institutional indicators is used for a qualitative 
assessment of each identified CIA. Subsequently, the CIA and the related assessments are 
arranged in thematic categories of institutional compatibility leading to qualitative 
statements about the probable effectiveness of a policy option.  

Figure 5.7 illustrates the four steps of PICA by applying the procedure to the policy option 
‘Nitrate Directive’.  
PICA allows for a systematic institutional ex-ante assessment of (agri-environmental) 
policies. This enables policy makers and decision makers in charge of implementing policies 
to identify at early stage (potential) institutional incompatibilities between policy options and 
the various institutional contexts in different countries and regions. In addition, PICA 
provides hints for a better policy design in terms of effectiveness and cost-efficiency. This 
may include redesigning or adapting the policy options and the design of complementary 
policy measures.  
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Figure 5.7: PICA applied to the policy option ‘Nitrate Directive’  
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5.9    SEAMFRAME – Software infrastructure 

Patrik Wallman 

SEAMLESS-IF is based on project requirements and current IT-trends. In this case this 
means a web based distributed system. This solution brings many advantages for both the 
users and the developers of the framework. There is no need to install any specific software 
on the local computer, all services are run on SEAMLESS’ own servers. SEAMLESS-IF can 
be viewed and used on the Internet if the web browser used has Flash Player 9 installed, 
which almost all modern browsers have.  

SEAMLESS-IF contains three different layers, a graphical user interface (GUI), a service 
layer with a processing environment and a data layer where data is stored in databases. 

The GUI is developed in Flex, a framework that helps you develop and deploy cross platform 
dynamic and interactive rich Internet applications. The communication between the (GUI) 
and the processing environment in the SeamFrame server is handled by Java Servlets. A 
servlet is a small Java program that runs within a Web server, receiving and responding to 
requests from Web clients, in this case GUI of Seamless-IF, usually across HTTP (HyperText 
Transfer Protocol). The Java Servlet API (Application Programming Interface) allows 
developers to add dynamic content to a Web server. In Seamless-IF the content generated by 
the servlets is XML (Extensible Markup Language), which is a general-specification for 
creating custom markup languages. It is primarily used to facilitate the sharing of data, 
especially via the Internet. 

Seam:Pres is the visualization part of the Seamless-IF GUI. It is used to present the results in 
a meaningful way. Seam:Pres uses ILOG Elixir, a suite of user interface controls that 
provides a set of graphical data-display components for Flex applications such as the 
graphical user interface of Seamless-IF. ILOG Elixir turns raw data into clear, actionable 
information through highly graphical and interactive data displays for dashboards, data 
analysis, planning and human resources applications. 

The processing environment in SEAMLESS-IF is called SOFA (Seamless OpenMI 
Framework Architecture). Seamless has chosen to adopt the Open Modeling Interface and 
Environment (OpenMI) framework, which originally is a product of the EU FP-5 project 
HarmonIT, to link models, data and tools. The OpenMI standard is a software component 
interface definition (predefined interfaces, compliancy rules) for the computational core (the 
engine) of the models. Models or model components that comply with this standard can, 
without any programming, be configured to exchange data at run-time. The standard supports 
two-way links where the models depend on calculation results from each other. Linked 
models may run asynchronously with respect to time steps, and data represented on different 
spatial levels can be exchanged seamlessly. Models ranging from very simple to very 
complex (even composites) including everything in between, can in most cases be added to 
the processing environment using the OpenMI interfaces as a wrapper around the model. In 
the processing environment components are linked together to form a ‘workflow’, which can 
be annotated and stored in a file or in a database. The workflow can include all kinds of 
components, as long as they are OpenMI compliant. Besides models, this also includes 
components that get data from databases, converters, visualization tools, and model-chain 
analysis tools. OpenMI uses a pull-based approach which means that one component in the 
workflow is somehow triggered to ask another component for input. 

The web based implementation of SEAMLESS-IF also means that the users do not have to go 
into any database, the available data and the results are presented through the GUI and there 
is no risk of destroying the database. All the data used and saved by SeamFrame is stored in a 
central SEAMLESS server in a PostgreSQL database. PostgreSQL is an object-relational 
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database management system which communicates with the processing environment via 
Hibernate, an object-relational mapping library for Java. Hibernate provides a framework for 
mapping an object-oriented domain model to a traditional relational database. Hibernate also 
provides data query and retrieval facilities which are used in SEAMLESS -IF. 
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5.10    Ontologies for integration in Integrated Assessment 

Sander Janssen, Ioannis N. Athanasiadis 

Definition of ontology 

The term ontology originates from philosophy, originally coined by classical philosophers 
Plato and Aristotle (Aristotle, 336-332 BC) in the study of types of being and their 
relationships (metaphysics). An ontology in computer science is considered as a specification 
of a conceptualization (Gruber, 1993), where a conceptualization is ‘an abstract, simplified 
view of the world e.g. systems under study that we wish to represent for some purpose’ 
(Gruber, 1993) Such a formalization could be expressed in a machine readable format, i.e. as 
the Web Ontology Language (McGuinness and van Harmelen, 2004). An ontology consists 
of a finite list of concepts and the relationships between these concepts (Antoniou and van 
Harmelen, 2004). Figure 5.8 gives a simple example of an ontology for a car by showing 
concepts (e.g. Car, Wheel, Cabrio and Jeep) and relationships (e.g. hasWheels and is-a). The 
car-ontology shows us that a car has wheels and that both cabrio and jeep are cars, that 
consequently also have wheels. 

Figure 5.8: An ontology for a car with kinds of a car (a jeep and a cabrio) and a relationship 
between concepts car and wheels through the hasWheels relationship. 

 

Ontology and integrated assessment research 

Integrated assessment research is characterised by, among others, its interdisciplinarity and its 
stakeholder interaction. Thus, integration between disciplines and between researchers and 
stakeholders is often an important objective of integrated assessments. In our experience, in 
this integration different types of misunderstandings around the meaning of concepts can 
occur:  

• as the same concepts might be used for different meanings, for example area in a 
model and area in the database, 

• as different concepts might be use, which have the same meaning, for example a 
internal user and an integrative modeller, 

• as concepts might be used with an ambiguous meaning, for example scenario 
(Schoemaker, 1993), 

• as relationships between concepts might be understood in a different way, for 
example between the different spatial scales and administrative regions. 

To avoid these misunderstandings and to achieve a common jargon between researchers 
common ontologies can be used. A common ontology, i.e. ontology which is shared by all 
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researchers participating in integration, serves as a knowledge-level specification of the joint 
conceptualization of the participating researchers. Each researcher must adhere to the 
semantics of the concepts in the common ontology, including restrictions on the concepts and 
relationships between the concepts. 

Example of ontology use from agricultural domain 

In the SEAMLESS integrated assessment project different models, data sources and 
indicators are integrated into one operational tool. This integration requires particularly 
achieving a common understanding of the terms used in this tool by researchers from 
different disciplines with a dissimilar experience and education. In Figure 5.9 a very small 
part of the SEAMLESS ontology is provided as an example. This example shows the 
relationships between concepts products and crops as used by some of the models in the 
SEAMLESS project. 

Figure 5.9: Concepts crop and product, their mutual relationships (e.g. OfCrop and 
Produces) and their properties (e.g. Name, Producttype and HarvestIndex) 
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6    Data 

Erling Andersen and Berien Elbersen 

Which data is needed in SEAMLESS? 

The diversity of models used in the integrated modelling of SEAMLESS, the inclusion of 
both quantitative and qualitative indicators and the hierarchical farm system typology result 
in a very complex demand for data. The data have to provide information on the biophysical, 
social, economic and institutional aspects of a system. Furthermore, the data need to be 
organised to support modelling and assessments at different spatial scales. 

Data integration 

To provide the necessary data the challenge is to bring together existing datasets that have 
been generated for very different purposes and with very different methods. For example, 
data on agriculture have been generated with the purpose of monitoring the agricultural sector 
mainly from an economic point of view. On the other hand, data have been gathered on 
environmental issues mainly to provide information on the state of the environment and 
linked to assessment of environmental issues. In addition to this, economic and socio-
economic data are usually linked to administrative regions, whereas environmental data often 
are linked to discrete spatial units. In the knowledge base of SEAMLESS the different data 
sets are adapted and linked to a common spatial framework enabling linkages between the 
different data sources. 

One example that can illustrate the challenge is the link between data on farming and data on 
the environment. Statistical data on farming is linked to regions, whereas environmental data 
is linked to grid cells. In order to link the two data sets it is therefore needed to disaggregate 
the data on farming, to aggregate the environmental data, and to link them at a common 
regional entity that is meaningful from the perspective of both data sets. This is a challenging 
task but crucial to enable farm type modelling in an environmental context. 

Main data collected in SEAMLESS 

The key data included in the database of SEAMLESS are: 

• the farm typology used to structure the statistical data on farm resources  
• the agri-environmental typology used as a spatial framework combining biophysical 

characteristics and administrative borders and enabling the linking of farm 
information to environmental regions 

• additional farm management information collected in a project and linked to farm 
types of the SEAMLESS farm typology  

• global data for the global market model component of SEAMLESS. 
• the regional typologies provided as context for assessments in SEAMLESS. 
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6.1    Typologies 

Erling Andersen and Berien Elbersen 

Introduction 

Typologies are needed for classification, simplification and for making integration with other 
datasets possible. A typology is the same as a classification of one of more variables into 
meaningful classes. This implies that the threshold values between two classes have been 
chosen from a certain perspective (environmental, social, economic, etc.). Typologies can be 
expressed in spatial and in tabular format. Typologies can be one and more dimensional. 
Examples of the main typologies included in the SEAMLESS database are discussed below.  

Farm typology 

In SEAMLESS the data on farming stemming from the EU dataset Farm Accountancy Data 
Network (FADN) have been aggregated to farm types. This is based on a farm typology 
elaborated in earlier projects and adapted to SEAMLESS. The typology is based on a 
combination of three different dimensions, size, combined specialisation and land use and 
intensity. An example of a SEAMLESS farm type is thus large scale-medium intensity-
arable/cereal farm – the most dominant type managing 15% of the utilised agricultural area in 
EU15 in 2004. One of the main reasons that the single farms included in FADN are 
aggregated to farm types is the disclosure rules that specify that FADN information can only 
be displayed if it is representing a minimal of 15 or more sample farms (Andersen et al., 
2006).  The different discriminating variables and the specific threshold values determining 
the classes in the 4 dimensions of the typology build on earlier work and include 
consultations with Member State experts as well as statistical analysis. In SEAMLESS further 
consultations with experts have been used to improve the typology. The typology is now used 
as the basis for linking environmental and economic models on both the input and the output 
side of the model chains to do the integrated impact assessments.  

Agri-environmental typology 

The Agri-Environmental Zonation (AEnZ) is a framework which is needed to assess the 
impacts of agricultural policies covering the wide biophysical variation in which agricultural 
activities take place in Europe (Hazeu et al., 2006). The main objective of building this AEnZ 
was therefore to stratify Europe on the main biophysical factors that determine the agronomic 
production capacity in Europe. The agri-environmental zones are based on a combination of 
biophysical characteristics and aiming to identify regions where the biophysical conditions 
for farming are relatively homogenous. At the same time the link to the marked level 
modelling was ensured by the inclusion of the administrative regions (NUTS regions). The 
combination of agri-environmental zones with the administrative NUTS boundaries resulted 
in spatial units called SeamZones. To these SeamZones the SEAMLESS farm-type 
information is linked enabling the combined information to be used for the model chain 
assessments. The SeamZones have been used as a framework for selection of sample regions. 
Sample regions are used to collect detailed information on farm management not available in 
the European level statistical sources. This again enables detailed modelling at crop and farm 
type level within these regions. 

Socio-economic typologies 

The SEAMLESS database includes regional typologies based on socio-economic indicators 
in the EU25 that can serve as contextual information for assessments in SEAMLESS. In the 
current version of the database, we only included typologies on the share of agriculture in 
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total employment, rurality derived from population density, leading and lagging regions 
derived from employment growth and livestock density.  Further typologies have been 
developed and are under consideration to be included in the final version of the database such 
as population density (i.e. rurality), population growth plus rurality, employment growth plus 
rurality, share agriculture in total employment plus rurality, unemployment rates plus rurality, 
GDP/capita plus rurality, share of LFAs plus rurality, size of farms in hectare plus rurality, 
European Size Units per hectare and per farm plus rurality, share of farm holders >65 years 
plus rurality, share of part time farm holders plus rurality, share of female farm holders plus 
rurality.  

References and further reading 
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6.2    SEAMLESS Database 

Erling Andersen, Berien Elbersen 

Introduction 

The final integrated database of SEAMLESS will contain all data used in the project 
including model input and output data, contextual data and spatial information for assessment 
and visualization of indicators. The database is implemented and managed in the open source 
object-relational database management system Postgres with an extension to handle 
geographical data using PostGIS and Geoserver§. It is expected that a Web Feature Service 
(WFS) will be used in the final version of the database to visualize model results.  

In SEAMLESS the database is only planned to be accessed through the Graphical User 
Interface (GUI) of the SEAMLESS-IF. However, there will also be a stand-alone version of 
the database, which can be used for applications with specific components outside of 
SEAMLESS-IF. It is not foreseen to develop new tools for the stand-alone version of the 
database. Manuals on how to access the database, explore data and export data to other file 
formats will be based on existing tools such as PGadmin (free) of SQLmanager** (available at 
low cost).  

Database structure and content 

The structure of the SEAMLESS database is based on different components: Schema, tables, 
fields, data types, primary keys, indexes, relations and constraints. The content of the 
SEAMLESS database is differentiated in parts of the database such as biophysical data, farm-
type data etc. and the linkages between these. These data are collected at different scales 
within the EU27. An illustration of such a partial database schema is given underneath 
(Figure 6.1) and shows what type of  information is available on subsidies, prices etc. at the 
regional and Member State level and what relations between the different data are included.  

Accessing the database and extracting data 

To access the stand-alone database and extract data, knowledge of basic sql language is 
required. The SEAMLESS database has been used for several applications, but can in 
principle be used for a wide variety of experiments in the EU27 with the modelling 
framework of SEAMLESS-IF. Data can be stored in external formats such as text or excel 
files.  

 

 

 

                                                      
§ http://postgis.refractions.net/    and  http://geoserver.org/  
** http://www.pgadmin.org/   and  http://www.sqlmanager.net/en/products/studio/postgresql  
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Figure 6.1: A partial database schema 
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7    Indicators 

C. Bockstaller, N. Turpin, L. Stapleton, M. van der Heijde, O. Therond, T. Pinto-Correia, V. 
Voltr, M. Raley, I. Bezlepkina, J.-P. Bousset, J. Alkan Olsson, F. Ewert, P. Reidsma 

Introduction 

Ex ante integrated impact assessment of new policies is a prerequisite for them to efficiently 
support sustainable development (SD). Recently, SEAMLESS Integrated Framework has 
been developed to assess ex ante impacts of agricultural and agri-environmental policies and 
technologies on agricultural systems across a range of scales, from field–farm to region and 
the European Union (Van Ittersum et al., 2008). This text briefly presents the set of 
sustainability indicators developed within the SEAMLESS project. 

Indicators are quantitative tools that synthesize or simplify relevant data relative to the state 
or evolution of certain phenomena. They are tools for communication, evaluation and 
decision making that can take a quantitative as well as a qualitative form depending on the 
purpose of the indicators (Gallopin, 1997). The available indicators can therefore always 
from a users perspective be seen as essential in any model based Impact Assessment.  

The SEAMLESS indicators 

An indicator list was developed within the SEAMLESS project which is structured and 
presented through a new indicator framework, i.e. a goal-oriented indicator framework 
(GOF). This framework covers a broad range of themes linked to the three main dimensions 
(environmental, economic, social) of sustainability, and generic themes across the three 
dimensions (Alkan Olsson et al., in review), for two domains; the sustainability of agriculture 
itself and the impact of agriculture on the rest of the world, i.e. on SD. Three objectives 
underpinned the development of the SEAMLESS-IF indicator list across scales: i) to provide 
policy-makers and stakeholders with indicators which they usually use and/or which they 
would like to use; ii) to ensure scientific soundness of SEAMLESS-IF indicators, i.e. their 
relevance to represent impacts at stake; iii) to cover the various themes in each dimension of 
the GOF (see Table 7.1).  

Different methods can be used for quantitative assessment (measurement, data census, model 
output, transformation of model outputs) and qualitative assessment (expert advice, decision 
makers, participation of populations). Within SEAMLESS-IF indicators are primarily 
assessed by models (and model chains) and thus their development has been constrained by 
the nature of the available model outputs. Outputs from three main models integrated in 
SEAMLESS-IF are used for the indicator calculation: the agricultural sector model 
SEAMCAP; the farming system model FSSIM; and the cropping system model APES. 
However, despite the range of scales covered by the SEAMLESS-IF model chains some key 
indicators can currently not be assessed directly from model outputs. However, despite the 
high range of scales covered by the SEAMLESS model chains some of key indicators cannot 
currently be assessed at certain scales using model outputs. To address this problem generic 
upscaling procedures have been developed and associated to each indicator that needs to be 
upscaled.  

Examples of indicators are shown in Table 7.1. Across scales a total of 80 environmental, 140 
economic and only 11 social indicators are or are about to be integrated into SEAMLESS-IF. 
This new structured set of indicators offered by SEAMLESS-IF enables a multi-scale 
integrated assessment of SD from the farming systems to the agri-environmental zones and 
the EU level.  
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Table 7.1: Example of environmental indicators within the goal-oriented indicator framework 
(GOF) at different scales (farm, normal font; Nuts 2 region, italic; member state 
or EU level, bold) 

Domain 1 Domain 2 
  

Impacts on the agricultural sector Impacts on the rest of the world 

  Dimension of sustainable development Dimension of sustainable development 

Themes Environmental Economic Social Environmental Economic Social 

Pesticide use Net farm income Equity Nitrate leaching  Equity 

 
Percent of 

subsidies in farm 
income 

Equity Pesticide leaching  Equity 

 
Percent of 

subsidies in farm 
income 

Monetary 
poverty rate Crop diversity   

 Agricultural 
income  Percent of area 

with high leaching   

Ultimate 
goals 

   Nitrate surplus   

Soil Org.Mat. 
change Direct payments Labour use Volatization First pillar CAP 

expenditure Fairness 

P balance Direct 
payments 

Total labour 
use NH3 emissions Export subsidy 

outlays  

N2O emissions Productivity of 
farm inputs 

Potential 
employment P balance 

Profit of the agr. 
processing 

industry 
 

Processes 
for 

achievement 

 Value of farm 
production  N2O emissions Terms of trade  

  Soil erosion Share of animal 
production Labour use Soil erosion Land shadow 

prices Labour use 

  Water use 
 by irrigation 

Share of animal 
production Labour use Water use  

by irrigation Land value Labour use 

Means Energy use by 
min. fertilizer 

Share of animal 
production Labour use Energy use by 

min. fertilizer  Labour use 

  Use of mineral P Total costs  Use of mineral P   

In comparison with many former initiatives the broad spectrum covered and the type of the 
proposed indicators allows for a deeper analysis of environmental pressures and impacts, 
economic costs and benefits and socio-demographic dynamics. For example, through the 
integration of the APES model, indicators assessing emissions like nitrate leaching can be 
calculated considering key processes, which is not the case for simple indicators describing 
farmers’ practices like nitrogen use (Bockstaller et al., 2008). However, this requires a 
detailed description of fertilization and pesticides management for a given area. Another 
example is the assessment of economic indicators at NUTS2 level with two related model 
chains, which enables capturing complementary impacts of policy options, Social indicators 
in this list were derived from economic data, on labour and income distribution since no 
social model is, until now, integrated in SEAMLESS-IF.  

Conclusion 

The SEAMLESS-IF multi-scale approach with its explicit upscaling procedures, as well as 
the integration of the indicators into a generic flexible software system linked to a large 
database mark an important progress with respect to the creation of an efficient set of 
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indicators to assess the sustainability of future agri-environmental policies. However, some 
methodological issues remain unclear, such as the determination of reference values and the 
aggregation of indicators into composite indices. For the latter, methods have been explored 
(Bockstaller et al., in review). Furthermore, there are still themes not covered by the GOF, 
e.g. impacts on biodiversity, and only few indicators are available representing the social 
dimension. However, as SEAMLESS-IF is a flexible system further extension of the indicator 
list is possible through the integration of new models.  
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7.1    Indicator Framework 

Christian Bockstaller 

Indicators in SEAMLESS-IF, what is specific? 

There is a consensus among stakeholders and scientists in the world on the need of indicators 
to assess the impact on sustainability of human activities and among them agriculture. This is 
due to the impossibility of measuring or predicting directly sustainability. The aim of the 
SEAMLESS-IF is to assess the impacts of future policies that means that that the assessment 
tool will be used in an ex ante way which differs from a majority among the huge number of 
initiative which were aimed for ex post assessment (of an existing situation). The modelling 
effort is another specificity. It was needed to predict to the evolution of agricultural systems, 
in term of activities, but is also invested to assess impacts, especially for the environmental 
impacts. Thus SEAMLESS-IF will not only offer simple indicators based on farmers’ 
management data but also on calculation of emissions, effect on the state of soil, etc.   

The Goal oriented Framework (GOF) developed for SEAMLESS-IF 

To avoid the trend to develop a simple new indicators list, the group working on indicators in 
the project has developed an indicator framework in SEAMLESS-IF. The aim of using an 
indicator framework in selecting indicators for an Impact Assessment is to assist the user in 
selecting a balanced set of indicators that can help to get a clear picture of how and in what 
way the assessed future policy may contribute or not to a more sustainable agriculture and 
society as a whole.  

The GOF is structured in 

• Two domains : 1) impacts of the agricultural sector on itself, 2) impacts of 
agriculture on the rest of the world  

Within each domain: 

• Three dimensions: 1) environmental,  2) economic 3), social 

Across the 3 dimensions: 

• Three generic themes: 1)  ultimate goals, 2) processes for achievement, 3) means 

The idea behind this categorisation is that the development of a policy is motivated by several 
ultimate goals (see Table 7.2). The wording “ultimate goal” does not imply that this generic 
theme is more important than the other two but it refers to its position in a causal chain of 
action. To achieve these ultimate goals one needs both means as well as processes for 
achievement. 

To make it easier for lay persons to understand the meaning of the generic theme each 
generic theme is specified and named according to the common language within that 
dimension. For these explanations of the generic theme, see Table 7.2. 
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Table 7.2: Generic Themes of the Goal Oriented indicator Framework (GOF) and their 
explanation in terms specific to each dimension of sustainable development 

Dimensions/Themes Environmental Economic Social 

Ultimate goal 
Protection of human health 
and welfare, living beings 

and habitats 
Viability 

Quality of life 

individual, in society 

Process for 
achievement 

Maintenance of 
environmental balances or 

functions 
Performance Social and human 

capital 

Means 
Environmental 

compartments and non-
renewable resources 

Financial and productive 
capital Population 

A flexible list of sub-themes and indicators 

For each dimension, the three generic themes are thereafter specified and divided into sub-
themes. The definition of sub-themes is a way to ensure that the representation of issues or 
problems linked to each specific dimension of sustainable development are taken into 
consideration such as, water quality, eutrophication, climate change, farm income 
employment rate, gender and behavioural changes of farmers. The number of relevant sub-
themes is something that could vary from assessment to assessment but in SEAMLESS we 
have aimed to develop a generic list of sub-themes covering a vast array of policy problems 
relevant to the agri-environmental policy area. 

Indicators 

Each sub-theme contains one or several indicators. Each individual indicator is implemented 
at a specific scale and with a specific unit. 

References and further reading 

Alkan Olsson J., et al., 2006. D2.1.1 - A restricted package of definitions of indicators and 
operational methodologies to assess them - to be implemented in Prototype no. 1 and 
suggestions for the future developments of indicators in SEAMLESS, SEAMLESS 
project, pp. 183. 

Bockstaller C.,Bellon S.,Brouwer F.,Geniaux G.,Girardin P.,Pinto Correira T.,Stapleton L. 
M., Alkan-Olsson J., 2007. Developing an indicator framework to assess sustainability 
of farming systems. In M. Donatelli, J. Hatfield, and A. Rizzoli, (Eds.), Int. 
symposium on methodologies for integrated analysis of farm production systems. 
Catania, 10-12 September 2007, p. 141-142. 

Bockstaller C.,Guichard L.,Makowski D.,Aveline A.,Girardin P., Plantureux S., 2008. Agri-
environmental indicators to assess cropping and farming systems. A review. 
Agronomy for Sustainable Development, 28, 139-149. 

Geniaux G.,Bellon S.,Deverre C., Powell B., 2005. PD 2.2.1 - Sustainable Development 
Indicator Frameworks and Initiatives, SEAMLESS integrated project, SEAMLESS 
project , pp. 148. 
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7.2    Up-scaling 

Irina Bezlepkina, Nadine Turpin, Olivier Therond and Christian Bockstaller  

In SEAMLESS there is a number of up-scaling issues addressed. Next to the up-scaling 
procedure which is explained under the Modelling part (EXPAMOD, section 5.2), the up-
scaling of model outputs is an important application in the area of indicator calculation. In 
spite of its complex and important model chain covering a large range of spatial scales, 
SEAMLESS-IF does not allow to provide all the model outputs needed to calculate all 
indicators at the full range of spatial scales (for example nitrate leaching is provided by 
models at field type level but not at a higher level). Consequently, in SEAMLESS-IF the 
calculation of an indicator at a spatial scale higher than the scale of the model (which 
provides outputs used to calculate it) requires an up-scaling procedure (e.g., an indicator at 
regional scale calculated with FSSIM outputs). This type of up-scaling for indicator 
calculation corresponds to the spatial aggregation of models outputs and is mainly based on 
the use of: 

- Typologies of fields (AEnZ), activities, farms and/or regions. These typologies simplify 
the diversity to allow handling it with the complex model structure developed in 
SEAMLESS-IF. These typologies create groups of items that should have homogenous 
characteristics and behaviour according to investigated policy and/or technological 
changes. 

- Sets of weights for the typology groups (for weighting calculation) which translate the 
representativeness of the group within the whole population (e.g. number of farms in each 
farm type, area of an AEnZ in a region, total area of the farms for each farm type). In 
many case weights used to up-scale model outputs to the higher level may be inferred 
from the indicators characteristics. Indeed the combination of the assessment criteria unit, 
the indicators spatial scale and the model that provide outputs allow generally 
determining the weight to use in the up-scaling procedure. Table 7.3 presents some 
examples of relationships between the indicator characteristics and the weight used in the 
up-scaling procedure. The conceptual relation and the final list of the possible and 
relevant relations between indicator characteristics and weight used to upscale model 
outputs in SEAMLESS-IF have to be defined jointly by the researchers developing the 
integrated framework, the indicators and the applications (while testing SEAMLESS-IF). 

- An algorithm of aggregation.  

A series of algorithms has been developed and further implementation of the algorithms is 
foreseen in the final version of SEAMLESS-IF. Two indicators (total farm income in a region 
and nitrate leaching in a region) have been already coded in SEAMLESS-IF and appear on 
the list of indicators available for the selection in the User Interface. In future advances of this 
work within SEAMLESS Association an interface can be developed to allow for a so-called 
Indicator Editor when a user can select the level of aggregation and define which weights 
(s)he is willing to use. Examples of indicator up-scaling algorithms are found in Table 7.3. 

For all the economic indicators that can be assessed at NUTS2 level either from an 
aggregation of FSSIM outputs or directly from SEAMCAP, a systematic comparison will be 
held, to improve the complementarities between the two sets of indicators. 
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Table 7.3: Examples of relations between indicator characteristics and weight used for the 
up-scaling procedure required to calculate indicators 
Indicators characteristics 

Unit of 
assessment 

criteria 

Scales of 
assessment 

problem 

Model providing 
the output that 
are up-scaled 

Weight for up-scaling procedure 

Ha region FSSIM Number of represented farms x farm 
type area 

Ha NVZ FSSIM Number of represented farms x area 
inside the NVZ by farm type 

Ha AEnZ/Water 
basin APES Area inside the water basin by AEnZ by 

activity 

Animal region FSSIM Number of represented farms x number 
of animal by farm type 

AWU region FSSIM Number of represented farms x number 
of AWU by farm type 

Farm region FSSIM Number of represented farms 

Two examples of aggregation procedures applied to farm income and nitrate leaching are 
presented below.  

a) Characteristics of the indicator: 

• name of the indicator: mean farm income  
• unit: €/farm/year 
• spatial resolution: modelled farm type 
• spatial extent: NUTS2 
• FSSIM output: farm income (Z) 
• sets of aggregating parameters (name in SEAMLESS database): number of 

represented farms in FADN data (data_representativefarm.representedfarms) or 
number of represented farms as an output of the structural model. 

Notations for the aggregation: 
INCr : mean farm income in a region r 

repk,r : number of represented farms for farm-type k in region r 

Zk,r : farm income of farm-type k in region r 

Aggregation formula: 
( )

∑
∑

=

k
rk

k
rkrk

r rep

Zrep
INC

,

,, .
 

Possible use of the aggregation formula: can be used for any indicator assessed at farm level, 
expressed per farm (not per worker or per ha), and for which the set of aggregating 
parameters is the number of representative farms. Such indicators are:  

- percent of subsidies in net farm income 
- profit (accounting) of the agricultural processing industry 
- labour use 
- mean percent of debts in net farm income 
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- direct payments 
- first pillar CAP expenditure 
- Second pillar CAP expenditure 
- other subsidies 
- net value of capital stocks (including son indicators as capital in buildings, in 

animals, etc.) 

b) Characteristics of the indicator: 
• name of the indicator: nitrate leaching  
• unit: % 
• spatial resolution: AEnZ 
• spatial extents: NUTS2  
• APES outputs: nitrogen leaching by activity by AEnZ [POLL(rotation, S, T, P, SYS)] 

, water drainage per activity. 
• FSSIM outputs: area per activity per farm type[Xr,s,t,sys] 
• sets of aggregating parameters:  Nk, r : number of farm by region r for a farm type k. 

Notations for the aggregation : 

Nk, rg : number of farm by region rg for a farm type k 
DW : water drainage per activity (m3/ha/year) provided per APES (or CROPSYST) 
NN : threshold of nitrate concentration in water: 50 mg NO3/L  
NS : threshold of nitrate leaching for a given NN (Kg NO3-N/year) 

- NS = 14/62*NN * DW  

Xr,s,t,sys: area per activity per farm type, so-called activity level (ha) 
AHLk : total area by farm type with leaching over threshold (ha) 

- AHLk = ∑ >
k

with NS POLL  X syst,s,r,syst,s,r,  

UAAk: utilized agricultural area per farm type (ha) 

Aggregation formula: 

∑
∑

=

k
krgk

k
krgk

.UAA N

AHL.N
*100AHNO3 %

,

,

rg  

Possible use of the aggregation formula: can be used for any indicator expressed as a 
percentage of the regional agricultural area, for example percentage of the regional UAA 
worked by farms with farm income > given threshold. This kind of up-scaling is relevant for 
indicator addressing impacts at local scale (e.g. watershed), for which the calculation of 
weighted mean by size of unit is not relevant (see DPD2.1.3, D2.1.2). This is the case for the 
nitrate leaching, soil erosion, soil organic matter trend. 
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