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SEAMLESS – Multi scale and interdisciplinary
assessment of agriculture
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Figure 2. Integration of knowledge captured in
models, data and indicators originating from different
disciplines and from many different research groups
requires careful definition of concepts. A shared project ontology has played a crucial role.

This brochure
The first articles focus on SEAMLESS-IF, its use
and the context of its use in impact assessment
of policies. The next series of articles highlight
some of the science and tools developed in
SEAMLESS, including the software architecture,
integrated database, standalone models and
conceptual approaches to scaling. Then two examples of applications of SEAMLESS-IF are presented, complemented with an article detailing
the approach to uncertainty analysis in model
chains. The final article presents the continuation of the SEAMLESS work in the SEAMLESS Association.
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Other outcomes and interdisciplinarity
The integrated framework is one of the deliverables of SEAMLESS. The project also delivered
knowledge, models and tools that have not been
integrated in the framework, but which do serve
integrated assessment of agricultural systems at
multiple scales. A common feature of the work in
SEAMLESS was its interdisciplinary nature. To integrate the knowledge captured in models, data
and indicators originating from different disciplines and from multiple research groups and user
organizations a consistent definition of concepts
was essential. To this end, the use of ontologies
has been instrumental (Figure 2).

d is c us s
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Figure 1. Analyses with SEAMLESS-IF can be done at
multiple scales while focusing on the most important
issues emerging at each scale. The linked models include a cropping system model, a bio-economic farm
model and an agricultural sector model for the EU.
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M o d e l(s )

Svensson

Figure 1 illustrates how SEAMLESS-IF encompasses components, which focus on processes at
different hierarchical systems levels and simulating processes in the biophysical, economic or
social domain. Scaling methods enable to transfer information from one hierarchical level to the
other and formed an important scientific focus
of the project.

S ta k e h o ld e r
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SEAMLESS-IF
The SEAMLESS project aimed at advancing the
science for integrated assessment of agricultural
systems and translating this into operational research tools and models. A key deliverable of the
project is an integrated framework (SEAMLESSIF) that integrates relationships and processes across disciplines and scales and combines
quantitative analysis with qualitative knowledge.
It builds on the concept of hierarchical systems
theory and attempts to enable flexible coupling
of models and tools.
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Using SEAMLESS-IF
The development of SEAMLESS-IF has followed current IT-trends and
is distributed via a web-based system. This solution brings advantages
for the users of the framework. There is no need to install any specific
software on the local computer, all services run on SEAMLESS servers
and also all data are stored in SEAMLESS database. SEAMLESS-IF can
be accessed and used on the Internet with any modern browser. Login
credentials are needed.
SEAMLESS-IF contains three different layers. Graphical user interface
(GUI) is the only layer from which the user can see and interact with
the system. The service layer with the processing environment and the
data layer with data are stored in the database. Both of these layers
are hidden.
In order to assist the user, the GUI is structured to follow the assumed
workflow when setting up a SEAMLESS-IF project; see the buttons in
Figure 3. A project is the work space where experiments, with defined
policy options outlooks and contexts are devised to tackle one specific
problem that the user wants to assess. The workflow is divided into
three phases:
- Pre- modelling phase: a narrative part where the
problem is stated, scenarios to be explored
are described and relevant indicators are chosen
- Modelling phase: the chain of models chosen for the
problem is presented and rules for scaling of
model outputs are chosen
- Post-modelling phase: visualization, presentation
and export of results
Flexibility exists within this procedure as not all steps, particularly in
the pre-modelling phase, need to be completed in order to perform an
assessment.
The problem to be assessed is described and specified in the premodelling phase. This includes the specification of the spatial scale (a
region in the EU or the entire EU) and temporal extent (generally 5-15
years) and resolution of the analysis. Different models (‘components’)
are used to calculate results at different geographical and spatial scales
and resolutions; the specific combination of the scale and resolution
determines the appropriate model chain that is used for a project.
When the model chain is set, the indicators that this model chain can
compute are identified. To support selection of indicators for a specific
project the Goal Oriented indicator Framework (GOF) can be used.
Indicators can also be selected directly from the Indicator Library.
In the modelling phase scenario narratives from the pre-modelling
phase are translated by specifying model parameters representing
policy options, outlooks and contexts by means of adjusting the
default values in the GUI. Examples of models and parameters which
are available in the tool for editing are given in Table 1.
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When the execution of the model chain has been complete, the
results are stored in the SEAMLESS database. Indicators that have
been selected in the pre-modelling stage can be visualised in SEAM:
pres. SeamPRES is a toolbox within SEAMLESS-IF where results from
a simulation can be presented in different ways such as tables, maps
and different kinds of diagrams.
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Figure 3. The assumed workflow of SEAMLESS-IF divided
into three phases: Pre-modelling, Modeling and Post-Modelling.

Figure 4. Example of presentation of results in SeamPRES – the visualisation toolbox in SEAMLESS-IF.

When the model chain run is complete, the results
are stored in SEAMLESS database. Indicators
that have been selected in the pre-modelling
stage can be visualised in SeamPRES.
SeamPRES is a toolbox within SEAMLESS-IF
where results from a simulation can be presented
in different ways such as tables, maps and
different kinds of diagrams (Figure 4.).

If the user is interested in viewing some of
the model variables that are not considered
as indicators, e. g. to understand the causal
relationships that have determined the outcomes
of the simulations, there is an additional option
to store all simulated data in compressed files in
the database.

Table 1. Examples of selected model parameters available in SEAMLESS-IF to design experiments with outlook,
policy option and context.
Parameter
Policy Option

SEAMCAP

Inflation
Annual yield trend, etc.

Tariff rates,
Coupling degrees

FSSIM

Inflation
Annual yield trend, etc.

Coupling degrees

APES

Context
Svensson

Outlook

Nutrient management,
Water management,
Nutrient management,
Water management,
Tillage management
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Sustainability in European decision making
and the role of SEAMLESS
Impact assessment
European agriculture and rural areas face rapid
changes in response to agreements to liberalize international trade, the introduction of novel
agro-technologies, changing societal demand
towards food and rural areas, and climate change.
Efficient agricultural and environmental policies
are needed to support a sustainable development of European agriculture. Assessing the
strengths and weaknesses of new policies and
innovations prior to their introduction is part of
the EC Impact assessment regulations. Since
2003 Impact Assessment is mandatory for all
regulatory proposals and negotiation guidelines for international agreements included in the
Commission’s Work Programme. The research
community aims at developing relevant tools
that can provide better information for performing Impact Assessments. Integrated assessment and modelling has been proposed as a key
approach to enhance management of complex
systems and provide objective information on
policy options for the decision makers.

Figure 5. Opening screen of SEAMLESS Integrated
Framework
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Combined quantitative and qualitative
analysis
Integrated assessment and modelling (IAM)
combines the assessment of biophysical, economic, social aspects of a system using computerized tools. By using models relatively cheap
experimentation and quantification of different
policy alternatives is possible. Results from IAM
complement other sources of information in the
participatory Impact assessment process, which
may take ca 2 years.
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The SEAMLESS Integrated Framework (SEAMLESS-IF) (Figure 5.) is developed to enable a
combined quantitative and qualitative analysis
and experimentation of the impacts of future
polices in the domain of agriculture and environment. At the same time SEAMLESS-IF is accounting for technical innovations and interactions of
the policies with other major trends such as population growth, economic growth and increased
demand for bio-fuel crops.
Analyses with SEAMLESS-IF can be performed
at multiple scales and with varying time horizons, while focusing on the most important issues emerging at each scale. The linked models
range from a bio-physical field model to a farm
model and to an agricultural sector model for
the EU. In addition, the effectiveness of a policy
in its institutional context is assessed by applying qualitative procedures. The interlinked panEuropean database provides the relevant data
needed at different scales.
Flexibility
The modular set-up of SEAMLESS-IF, using
stand-alone knowledge components, makes it
flexible such that a broad range of questions
can be addressed and makes it relatively easy
to extend the framework with new or alternative
components. The use of individual components
has also advantages in terms of maintenance,
transparency and documentation. The components are linked and integrated through an advanced software infrastructure. We anticipate
that the outcomes and components of the project have value for different types of users, such
as the European Commission, international and
national policy making agencies and the scientific community.

Software infrastructure

SeamFrame stands for the SEAMLESS-IF software infrastructure: its core runs on a server
and provides the services that can be used by
the several SEAMLESS client components and
applications. SeamFrame is composed of a set
of software tools and components such as the
modelling environment, project manager, processing environment and the domain manager
(Figure 6). The SeamFrame server interacts with
the SEAMLESS database and knowledge base.
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< <com ponent>>

P ro je c t m a n a g er

< <com ponent>>
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Figure 6. SEAMLESS-IF software infrastructure, with its SeamFrame
server and end-user (client) applications. Source: Van Ittersum et al.
(2008)

Ontology
The SEAMLESS ontology plays a central role in
SEAMLESS-IF to harmonize and relate various
concepts expressed in the different representations of knowledge: from models, to indicators,
to source data formats, etc. SeamFrame thus
uses an ontology to structure domain-specific
knowledge and to attach semantic meta-information to software components in order to facilitate organisation, retrieval and linkage of knowledge. To guarantee consistency between the
database and the ontology, the domain manager
automatically generates the relational database
schemas from the ontology. The ontologies and
their content are then stored in the knowledge
base. The use of ontologies to semantically annotate the component models allows, among
other things, for checking the match between
sources in terms of linking the proper output variables of a component to the input variables of
a second component. Ontologies have been very
instrumental in realizing interdisciplinary collaboration within the project.

Supporting users
The project manager assists the
user in the configuration of the
integrated assessment problems:
the user is guided in the definition of the problem description,
the selection of the indicators and
the model chains used to compute
them. The project manager also
allows to set the model parameters to define which data sets are
to be used as inputs and to choose
among alternative policy options
to be tested and evaluated.

The processing environment orchestrates the
execution of the experiments associated with
an integrated assessment problem: it launches
simulations and optimisations within the model
components. On the client side, there are the
graphical user interface of the Project Manager
(SEAMLESS-IF GUI) that assists the user in the
formulation of a project to perform the integrated assessment of alternative policy options, and
the graphical user interface of the result browser
(SeamPRES) which enables the user to easily
access, display, and compare the results of the
policy assessments. SEAMLESS-IF is based on a
layered, client-server architecture.

Åkerman
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< <device> >

S E A M LE S S clien t

OpenMI to link components
Modellers can develop their models using different modelling environments, such as MODCOM
for the biophysical models and GAMS for farm
economic and market models. The models must
then be “wrapped up” as software components
to be used in SeamFrame. This is achieved by
implementing an interface based on the standard Open Modelling Interface (OpenMI; www.
openmi.org). OpenMI provides a standardized
interface to define, describe and
transfer data between software
components that run simultaneously or subsequently. The moM o de l com pone n ts
del wrapper must also access the
can be ba sed on the
S E A M LE S S
SEAMLESS database using specim ode llin g e n vironm en t
(e .g. A P E S is bu ilt in
fic data access objects, which are
th e M O D C O M syste m ;
S E A M C A P is bu ilt in
also automatically generated from
GAMS)
the ontology.
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Integrated database and typologies for
agricultural systems in the EU
The database of SEAMLESS
Although the database in SEAMLESS is primarily developed to feed the core models and store
their results, it also has stand-alone value. This
stand-alone application is a rich source of European farm and environmental data. The data
contained in this database include:
1) Farm data from the EU wide dataset Farm
Accountancy Data Network (FADN) organized
in different farm types per region
(NUTS1/2). Per farm type and region more
than 1000 variables are available referring
to the economic, production, size, labour and
structural characteristics. The farm
information is specified at different spatial
levels ranging from Nitrate Vulnerable Zones,
HNV farmland to administrative boundaries.
2) Farm activity data for the main farming
types in a selection of regions providing a
detailed understanding of the farming
practices and main environmental
characteristics.
3) European wide environmental data on
climate, soil and topography at different
spatial levels from grid to region.
4) Socio-economic and demographic
information for all NUTS-2 regions in the EU.
5) Global data on farming and agricultural
markets.
6) SEAMLESS modelled output results
organized according to a long list indicators.
Typologies
Farm typology
A farm typology is needed to:
a. enable integrated economic, environmental
and social assessments;
b. link farming data to environmental data;
c. link market level modelling to farm/field level
modelling;
d. link statistical sources and expert know
ledge;
e. create “Open source” data bases and
f. communicate results.
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The farm typology developed in SEAMLESS is a
logical extension of the Farm Accountancy Data
Network typology using the economic criteria
‘Size’ and ‘Specialisation’ with two environ-mental criteria; Intensity and Land use. Hence the
new typology uses the following dimensions:
• Size: Measured as the economic size of
farms;
• Intensity: Measured as the total output in
Euro per ha;
• Specialisation: Measured as the standard
gross margins from different types of crops
and livestock;
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• Land use: Measured as the proportion of the
agricultural area covered by specific types of
crops.
To reduce the number of farm types the last two
dimensions are combined into one dimension. A
total of 189 farm types may occur, which is the
result of 3 size types, 3 intensity types and 21
combined specialisation/land use types. An example of a SEAMLESS farm type is: Small scale,
low intensity, arable/cereal.

Figure 7. The dominant intensity dimension of farm
types at a regional level. Source: Andersen et al.
(2007)

Agri-Environmental Zonation (AEnZ)
The Agri-Environmental Zonation (AEnZ) is a
biophysical typology based on a recently available detailed database on organic carbon content
of the topsoil of Europe, the Environmental Stratification (EnS) and an Agri-mask. The basis for
this typology is the Environmental Stratification
of Europe (EnS) building mainly on climate and
altitude characteristics. The 84 environmental
strata were aggregated into 13 environmental
zones (EnZs). These were then combined with
organic carbon topsoil data (OCTOP) to cover
the wide range of agri-environmental diversity
of Europe. The EnZs/OCTOP land units were
combined with an Agri-mask representing major obstacles for farming resulting in the final
AEnZ typology. The Agri-mask, which is based
on CORINE Land Cover, soil, altitude and slope
data, divides Europe into three zones with different agricultural potential (suited, unsuited and
marginally suited). The AEnZ consists of 238
land types of which 82 classes are referred to as
suitable for agriculture (75.8% of EU27+).

Models and indicator framework in SEAMLESS

Åkerman
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Agricultural Production and
Externalities Simulator
(APES)
APES (Agricultural Production
and Externalities Simulator) is a
modular, deterministic simulation model targeted at estimating the biophysical behaviour of
agricultural production systems
in response to weather, soils and
agro-management options (Figure 9). Using mostly modelling
approaches already made available by research and previously
tested in other simulation tools,
APES runs at a daily time-step in
the communication among components and simulates one dimensional fluxes at field scale.
The simulation approaches usually embody process knowledge
about biophysical relationships.
APES computes the yields, both
averages and variability across
years, as well as inputs such as
irrigation water and environmental externalities of crop rotations.
APES itself consists of several
components representing land
uses (crops, grassland, vineyards,
orchards and agro-forestry), soil
water, carbon and nitrogen, soil
erosion, pesticide fate, and management activities. More information about APES is available on
www.seamless-ip.org and www.
apesimulator.org

Figure 8. An overview of quantitative and qualitative models for integrated assessment developed or used in SEAMLESS.
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SEAMLESS-IF uses stand-alone
knowledge components (models,
data and indicators). The models
include existing and newly developed models simulating crop
growth (APES), farm behaviour
(FSSIM) and agricultural markets
(SEAMCAP). The project has also
developed or used other models
and tools, which have not been
integrated so far. Figure 8 provides an overview of the core models and other components and
how they are interrelated. The
models simulate different aspects
(indicators) of the system at different levels of organization and
scale. In this section the different
components and an indicator
framework are described in some
detail.

Figure 9. Main types of models and outputs of APES.
Source: Donatelli et al. (in press)
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Farm System Simulator (FSSIM)
FSSIM (Farm System Simulator) is a bio-economic farm model developed to quantify the integrated agricultural, environmental, economic
and policy aspects of farming systems (Figure
10). FSSIM is developed to assess the response
of the major farm types across the EU in response to policies and agro-technological development. FSSIM includes a data module for agricultural management, FSSIM-AM, which computes
the technical coefficients and costs for ranges
of current and alternative agricultural activities,
and FSSIM-MP, the mathematical programming
part which aims to capture resource, socio-economic and policy constraints and the farmer’s
major objectives. FSSIM-MP is a comparative,
static mathematical programming model with a
non-linear objective function representing expected income and risk aversion towards price
and yield variations. It assumes that prices are
exogenous to the farmer.

Figure 10. The modules of FSSIM-MP. Source: Louhichi et al. (in press).
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Common Agricultural Policy Regionalised
Impact (SEAMCAP)
SEAMCAP is a version of CAPRI (Common Agricultural Policy Regionalised Impact) integrated
in SEAMLESS-IF, i.e. an agricultural sector model
of the EU developed by the University of Bonn. It
is a comparative static equilibrium model, solved
by iterating supply and market modules. The
supply side of SEAMCAP consists of non-linear
programming models at NUTS-2 level, allowing
direct implementation of most policy measures
with highly differentiated sets of agricultural activities. Allocation is based on profit maximising
behaviour and calibrated multi-product cost functions. Prices are exogenous in the supply module and are provided by the market module of
SEAMCAP.
The regional supply modules (more than 300
regions in the EU-27) represent activities of all
farmers at farm type level captured by the Economic Accounts for Agriculture (EAA).
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The programming models are a kind of hybrid
approach, as they combine a Leontief-technology for variable costs covering a low and high
yield variant for the different production activities with a non linear cost function. The SEAMCAP
market module endogenously adjusts EU- and
international prices to achieve market equilibrium. It also allows the assessment of the impact
of a large set of bi- and multilateral trade policy
instruments.
Micro-macro upscaling (EXPAMOD)
EXPAMOD (Extrapolation Model) is used for upscaling the outcomes from FSSIM to the European scale, in the form of price-supply relationships. EXPAMOD estimates a meta supply
response function, by means of an econometric
approach, depending on price variations, farm
characteristics, and corresponding soil and climate conditions. The marginal effects of prices
are extrapolated to those farm
types and regions not covered
by FSSIM models. Finally, price-supply elasticities (relative
marginal effects) are calculated
and aggregated to match the
product categories distinguished in SEAMCAP.
GTAP-SEAMCAP linkage
GTAP (Global Trade Analysis
Project) is a comparative static,
multi-sector, and multi-region
general equilibrium model developed by the GTAP consortium (www.gtap.org). In SEAMLESS the agricultural sector model (SEAMCAP)
and GTAP have been conceptually linked in a
flexible and generic manner (in the sense of not
being focussed on a one-off application). The linking aims at combining the strength of CAPRI in
detailed modelling of the EU agricultural sector
with the economy-wide modelling of GTAP. The
combination of the two models allows assessing
in detail the impacts of changes in the overall
economy on the agricultural sector in the EU as
well as the impact of changes in this sector on
the overall economy.
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The SEAMLESS Landscape Explorer
Three-dimensional (3D) visualisation of the
landscape is often used for communicating with
various stakeholders. The challenge in integrated assessment is to visualize future changes
in agricultural land use, according to different
scenarios. In SEAMLESS the pressures causing
changes in landscape will come from the bioeconomic farm model (FSSIM) which will then
be translated into changes in the spatial configuration of the landscape. The mapped results
(environmental data such as land cover and land
use) will be used here to compute and visualise
a 3D scene (Figure 11).
In an integrated assessment, the landscape visualisation component (the SEAMLESS Landscape Explorer, SLE) can be launched at the end
of a scenario simulation to allow for exploration
of landscape changes. Visualisation could have a
significant implication for the choice of effective
land-use policy, and could be used as a basis
for discussion and negotiation within the community.

Figure 11. An example of output from the SEAMLESS
Landscape Explorer.

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) a combination of the identified CIA and
assessment of their relative explanatory
power leads to statements about the
probable effectiveness of a policy option.
The mainly qualitative PICA outputs are
arrranged in thematic categories of institutional compatibility.
The indicator framework
The ambition of the Goal Oriented Framework
(GOF) has been to create an indicator framework in which the environmental, economic and
social dimensions of sustainable development
(SD) can be related to each other in a consistent
way. Integrated assessment tools rely on such
frameworks to capture and visualise tradeoffs
among indicators between and within the three
SD dimensions. The major rewards of the GOF
are its relative simplicity and the possibility to
link indicators to policy goals of each dimension
of sustainability. Another important feature of
the GOF is its multi-scale perspective, which will
enable the comparison of effects of a new policy
between scales. Yet, as typical for all indicator
frameworks, also the GOF is not free from biases either determined by the models used or the
stakeholders’ selection of indicators. However,
due to the way the GOF and its indicators are
technically implemented in the SEAMLESS-IF, it
can easily be extended and include new indicators to increase and update its policy relevance.
SEAMLESS-IF contains a comprehensive indicator library to assess the impacts on multiple scales covering the three dimensions of SD. Across
scales a total of 80 environmental, 140 economic and 11 social indicators have been or will be
integrated into SEAMLESS-IF.
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PICA comprises four steps:
1) policy options are clustered according to the
type of intervention, the area of intervention
and the nature of the problem addressed;

Svensson

The Procedure for Institutional
Compatibility Assessment
The effectiveness of a policy depends to a large
extent on the degree of compatibility between
this policy option and the respective institutional
context. Within SEAMLESS we have developed
the ‘Procedure for Institutional Compatibility Assessment (PICA)’ as a systematic procedure to
use information from ex-post case studies and
indicator databanks for making ex-ante predictions of the institutional feasibility of policies.

Åkerman
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Using SEAMLESS-IF to assess effects of WTO
trade liberalization on European agriculture
Introduction
This application has focused on the evaluation
of a possible impact of the ongoing World Trade
Organization (WTO) negotiations (Doha Development Round) that aim at reducing international barriers to trade on European agriculture,
consumers of agricultural goods and the income
from agricultural tariffs. The analysis is based
on the “G20 proposal on market access” which
provides a certain formula for the reduction in
border protection depending on the initial level
of protection and the developing status of a nation.

Results
The SEAMCAP analyses indicate that in all scenarios agricultural income declines, whereas
consumers’ welfare increases with a decrease in
tariffs.
In all cases, the loss in agricultural income and
tariff revenues is compensated by increasing
consumer’s welfare, so that the total welfare in
the agricultural sector increases.
The regional distribution of the change in agricultural income varies around an average income reduction of 6%, with a spread of -16% to 2.5%. These regional differences are determined
by the mix of production activities. Meat prices
decline most strongly in all scenarios, leading to
a stronger decline in agricultural income in meat
producing regions.

The analysis centres on the effects that price
changes exert on production of agricultural commodities at different levels (from farm type to
global markets) and the changes in welfare suffered by consumers and producers as well as
environmental effects. We keep the biophysical
context fixed, i.e. we assume that only the currently used technologies are available. In terms
of driving forces, we use the SEAMLESS baseline, which accounts for developments that occur irrespective of the changes in tariffs between
the base year (2003) and the simulation year
(2013) that occur. Although the G20 application
focuses on market level, we also analyse changes occurring at the regional level.

In the regional analysis for Midi-Pyrénées, we
also find a decline in agricultural income. The
FSSIM model also allows us to assess the biophysical impacts at regional level, showing that
alongside the income decline nitrate leaching
and soil erosion increase, whereas pesticide use
declines. Zooming further in at the farm type level, we find that the aggregated regional level
results obscure the variation in effects at farm
type level for cereals and oils seeds (Table 2).
The increase in protein crops is due to the relative large price increase (4%) as a result of the
G20-proposal.

The G20 proposal for a reduction in trade barriers is translated into parameters with which
the model chain can be run. We focus on two
major elements in the proposal: reduction of tariffs and export subsidies. We assess three scenarios (each consisting of a single experiment
or model run): G20, G20 minus 10%, G20 plus
10%. In each experiment we fully eliminate export subsidies. The results have been achieved
by running a top-down model chain, first assessing the impact of the G20 proposal at market
and EU NUTS-2 level using SEAMCAP. Next, we
assessed in more detail the economic and biophysical impacts of the changes in market prices
following from the SEAMCAP G20 analysis in the
Midi-Pyrénées, using the FSSIM model.

Variation between farm types in impact across
different economic and environmental indicators can be seen through radar charts. Figure 12
shows that the G20 proposal as a whole (subsidy removal plus tariff reduction) increases total
share of costs more than the subsidy component
alone, while nitrate leaching and labour use are
decreasing.

Average farm

Cereal
farm type

Cereal/fallow farm type

Mixed
farm type

Svensson

Cereals

-2

-3

0

0

Oil seeds

0

2

-3

-2
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Table 2. Changes in crop type pattern by farm type in the G20 proposal (2013, % change to baseline scenario).

Protein crops

16

16

19

16

0

0

0

0

Fallow
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Conclusions
The analysed G20 proposal was the most recent
version at the time of producing this SEAMLESSIF application. The current negotiations converge
on different tariff reduction percentages than in
the G20 proposal but with the same thresholds
and within the range tested here.

This can be considered as a kind of sensitivity
analysis to assess whether the conclusions of
the analysis are robust when the agro-management context changes.

The application illustrates the potential of SEAMLESS-IF to assess policies across scales and
domains. Focusing on a market level economic
policy of trade liberalization, we can assess the
impacts at EU25 market level, regional level and
at the level of different farm types. Furthermore,
we can assess the impacts on economic indicators like agricultural income, but also on environmental indicators like nitrate leaching and
pesticide use.
In this application we kept the biophysical context fixed. We could however exploit the possibilities offered by SEAMLESS-IF and explore
whether a change in agro-management context
(i.e. availability of new technologies) will change
the assessment.
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Figure 12. An illustration of farm-level impact in SeamPRES. The diagram shows effects of the G20 proposal on
economic and environmental indicators for one farm type (in percentage change from the baseline and scaled
between a 0 to 100 range).
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Using SEAMLESS-IF to assess agrienvironmental policies:
Nitrate directive in the Midi-Pyrenees region
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What do we mean by application?
An application in the SEAMLESS project is
defined as a set of realistic scenarios, based on
policy and technological changes. In SEAMLESS
an application is defined by:
- The scale at which the economic and
environmental impacts (indicators) are
assessed, i.e. farm, region.
- The external driving forces or outlook
parameters expressed in the current
application as a regional inflation rate, which
is fixed at 1.19% per year and the trends of
product prices and crop yields due to
technological progress, which are estimated
from the market model SEAMCAP.
- The biophysical context is mainly defined
by representative farm types and the
activities (current or alternative) adapted
to the region. For this application only two
farm types characterized by size, intensity,
land use and specialization are presented.
The main structural difference between the
two farm types is the irrigable land which is
37% and 13% of total land respectively for
farm types 1 (FT1) and 2 (FT2). Information
on current activities in the Midi-Pyrenees
region was collected by expert interviews and
includes data on nature, method and timing
of management events. Additionally, for each
crop a set of economic data was specified
including product prices, variable costs and
premiums. To simulate the impact of the
Nitrate Directive a set of alternative activities,
based on the nitrogen balance, was
generated.

- The policy parameters. For this example,
the 2003 CAP reform (Baseline scenario) and
the Nitrate Directive (the Policy Scenario)
with a time horizon of 2013 have been used
(Table 13). For each alternative activity an
additional cost of 5% of the total current
activity cost was added as transaction cost to
represent the additional knowledge and
workload needed by farmers to acquire
information about the activities and apply it
at field level. In addition, the total EU
premiums are reduced by 3% (crosscompliance condition) if farms do not respect
the nitrate directive through not adopting the
alternative activities.

% of area variation

In this application SEAMLESS–IF has been used
to assess impacts of the 2003 CAP reform and
the nitrate directive in the Midi-Pyrenees region
in France, by analyzing, at farm and regional
level, the farm income and three environmental
indicators: nitrate leaching, erosion and water
consumption. The modelling chain CropSystFSSIM-Indicators was used (i.e. crop-soil model
– farm model – indicators). CropSyst was used
as the cropping system model, as a substitute
for APES which was still in the testing phase
when completing this example.

-30
-40

Figure 13. Percentage change in area of the policy

scenario relative to the baseline scenario (Farm
Type 1).

Results and discussions
Farm scale
Figure 13 shows the difference of crop pattern for
policy and reference scenarios. More cereals and
irrigated grain maize are cultivated in FT1 when
the Nitrate Directive is implemented. However,
the area of spring crops is reduced by almost
50%. In FT2, characterized by a low irrigable
area, the irrigated maize area remains marginal,
with no change of spring crops and a slight
increase of cereal area (data not shown). To
understand those modifications key parameters
of the result are discussed below.

Table 3. Definition of baseline and policy scenarios

Åkerman

Baseline scenario (2013)
2003 CAP reform
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Measures
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Nitrate directive (2013)

- Decoupling payment as it is applied in France
- Modulation
Cross-compliance restriction (a 3% cut of EU premiums if the Nitrate directive is not applied)

Socio-economic indicators

Soil
erosion

Nitrogen
leaching

Water use

Total
labour use

Premiums

Farm
income

Regional scale
The trends obtained at farm type level are
reflected at the aggregated regional level. This
implies (1) a partial substitution of current
activities by alternative activities inducing a small
decrease of nitrogen leaching, (2) a marginal
decrease of farm income and premium due
to the penalty and the adoption of alternative
activities, (3) a decline of soil erosion attributed
to the reduction of spring crops area, and (4) the
increase of total labour use and water use due
the substitution of spring crops by durum wheat
and irrigated maize (Figure 14).

Environmental indicators

Figure 14. Percentage change of socio-economic
(farm income, premium and total labour use) and
environmental indictors of the policy scenario relative
to the baseline scenario.

Åkerman

Conclusion
Results of this assessment that was based on
a combination of economic and environmental
drivers with technological changes, indicate that
the modification of environmental regulations
may lead to several changes in cropping pattern
and crop management. Even if the farm income
was not affected, several modifications occurred
at field scale. This work highlights some key
methodological aspects for future work with
SEAMLESS-IF focusing on the field to regional
level :
i) organization of interaction with local
experts in the pre and post-modelling
phases, and
ii) further development of methodologies for
model calibration and validation.
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- Activity share: The model results show that
few alternative activities (reduced and more
efficient use of N fertilizer) have been
adopted when the policy scenario was
implemented. This implies that the penalty of
3% is not enough to stimulate farmers to
respect the cross-compliance condition. In
fact, in both farm types only 5 ha (less than
10% of total cereal area) of cereals were
cultivated with alternative nitrogen
fertilization.
- Farm income: no significant changes are
observed for farm income when the policy
scenario is compared to the baseline one.
For FT1 the reduction of total premium
induced by the decrease of spring crops
(- 4700 Euros) is compensated by the
increase of the total premium allocated
mainly for maize (+ 5000 Euros). The same
tendency can be observed for FT2.
- Nitrate leaching: The impact of the policy
scenario on the total nitrogen leaching for
both farm types is low (increasing 4% for
FT1 and decreasing – 8% for FT2). The
partial adoption of alternative activities
seems to be the origin of this low variation.
The reduction of the total nitrogen leaching
caused by the decrease of spring crops,
barley and oats is compensated by the
increase of wheat and maize for which N
leaching is higher (data not shown).
- Soil erosion: The major changes occurred
on soil erosion which was reduced by 16%
and 29%, respectively for FT1 and FT2,
mainly because of the reduction of spring
crops (sunflower, soybean, and peas) to the
benefit of maize and winter wheat, thereby
reducing the bare soil area during winter.
- Water use: The total water use increased
in FT1 (+19 mm) and hardly changed in
FT2 (- 3 mm) when the policy scenario was
implemented. The area allocated to irrigated
maize, which partially depends on the
irrigable area, in both farm types is the cause
of the water use variation.
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Integrated Assessment models and
uncertainty
Types of uncertainty
Integrated Assessment (IA) models provide information to their users on policy questions with
the aim to allow for better informed decisions.
As IA models and model chains such as SEAMLESS-IF deal with many complex processes and
interactions they contain many uncertainties.
The uncertainties can refer to statistical variation involved in natural or social processes, to
incomplete knowledge of processes and the way
to model them or to ignorance of processes or
factors in the analysis. In the models the uncertainties may be reflected in processes and
factors endogenous or exogenous to the model,
the model equations, parameters and input variables.
Multiplication of uncertainties
It is not hard to see that each of the model components used in SEAMLESS have many sources
of uncertainties. In a model chain such uncertainties may multiply; x uncertainties in Model A
and y uncertainties in Model B may result theoretically in x*y combinations of uncertainties to
be tested in Model B if it uses results from Model
A. In practice it is impossible to investigate all
sources of uncertainty in a traditional way, for
instance through Monte Carlo techniques. Moreover, natural sciences have a richer tradition in
investigating uncertainty in models than economic disciplines have.

The prime interest for (policy) users of SEAMLESS-IF lies in the assessment of new policies
or agro-technological developments, i.e. how effective and (cost-)efficient are new policies and
technologies in realising specified policy aims.
For our IA model chain a prime question to be
answered is whether it is likely that the indicator
values of the policy scenario are better than those in the baseline scenario and if so, how much.
We hypothesize that the relative difference between the baseline and the policy scenario will
be more important than a perfect assessment
of the absolute outcomes of a baseline or policy scenario. We therefore propose to focus the
uncertainty analysis on the ranking of scenario
outcomes.
Credibility
Besides analysis of uncertainties per se, it is the
philosophy of SEAMLESS that it should use models and components which: a. have been published in peer reviewed journals; b. are well
documented; c. have been tested standalone;
d. are publicly available under open source conditions. Further the graphical user interface of
SEAMLESS-IF aims at making the assessment
procedure explicit, particularly through an extensive pre-modelling phase. Finally, we believe
that interaction with and engagement of users
in the development phase has contributed and
will contribute to an extended peer review of IA
models and enhanced confidence in results and
awareness of limitations.
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Audiovisual Service

User-oriented approach
We consider that effective application of policyrelevant IA models can only be achieved, if uncertainty analysis responds to information needs
of model users and stakeholders of the problem.
We therefore propose to take a user-oriented
stance in making uncertainties explicit and in investigating specific uncertainties. As part of this
philosophy we have designed and distributed a

questionnaire to potential users of SEAMLESSIF, i.e. representatives from DGs in the European Commission and from regional institutions in
France to identify their uncertainty information
needs. Although this did not lead to unanimous
interests and answers it helps in prioritizing.
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SEAMLESS Association

From project to Association
The SEAMLESS project brought together key
European research institutions and scientists
in the domain of integrated assessment of
agricultural systems. The delivered version
of SEAMLESS Integrated Framework, its
components and components to be integrated in
future are a starting point for continued and new
research, testing and applications. New research
projects have already been established and will
be stimulated, both with SEAMLESS partners and
new partners. To coordinate this continuation a
SEAMLESS Association has been established.
SEAMLESS Association (established in March
2009) is responsible for the maintenance
and development of SEAMLESS Integrated
Framework and several of its components
after the lifetime of the SEAMLESS project.
SEAMLESS Association (www.seamless-ip.org;
www.seamlessassociation.org) has the role to
maintain, license and disseminate SEAMLESSIF and several of its components (models,
database, tools). The Association brings together
the method and expertise for model linkages,
SEAMLESS-IF and improved and extended
versions of several components.
Membership
All organizations that wish to use SEAMLESS-IF
and its components for not-for-profit purposes
or that want to contribute to their development,
can become member of the Association if they
subscribe well defined conditions. Two types of
membership exist: Developers and Users. For
details see the website.

Open Source
It has always been an important principle of the
SEAMLESS project that software and models
developed in the project must be available
under Open Source conditions. This indeed
applies to almost all models and components
developed, including SEAMLESS-IF; they are
freely downloadable from websites. However,
a pre-installed version of SEAMLESS-IF and
the database on dedicated servers can only be
used with login credentials obtained through
membership.
The Association continues adhering Open Source
principles wherever possible, which implies that
source code of components and the framework
will be made available. However, to make
sure that ‘master’ versions of the components
and integrated framework contain the latest
improvements or extensions, any changes
or extensions to the models, database and
SEAMLESS-IF are controlled and certified by
the Association. Improvements or extensions
must be returned to the Association to maintain
one mother version with the latest versions of
components and database.
New research and application
Several applications of SEAMLESS-IF are
anticipated in 2009-2010 including integrated
assessments of high prices of agricultural
commodities and adaptation strategies to
climate change. New and continued research
is also anticipated on specific components to
improve landscape and regional assessments
and modelling of structural change.
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The Association offers several services to its
members, including continuous releases of new
versions, restricted support to users and initiating
or co-organizing courses. Extensive support to
users or developers can only be supplied through
specific collaboration or agreements with the
developers of a component or the Association.
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References for further reading
For more information about SEAMLESS-IF and its components, see http://www.seamless-ip.org/
and choose (to the left) Publications. There you can find:
- the full list of publications with links to the articles
- SEAMLESS reports to download.
Selected publications:
Overview article
Van Ittersum, M.K., Ewert, F., Heckelei, T., Wery, J., Alkan Olsson, J., Andersen, E., Bezlepkina, I., Brouwer, F., Donatelli, M.,
Flichman, G., Olsson, L., Rizzoli, A., Van der Wal, T., Wien, J.E., Wolf, J., 2008. Integrated assessment of agricultural systems
– A component-based framework for the European Union (SEAMLESS). Agricultural Systems 96, 150-165.
Special issue (in press) of Environmental Science & Policy with the following articles (guest editors: Martin K. van
Ittersum, and Floor M. Brouwer):
Ewert, F., Van Ittersum, M.K., Bezlepkina, I., Therond, O., Andersen, E., Belhouchette, H., Bockstaller, C., Brouwer, F., Heckelei,
T., Janssen, S., Knapen, R., Kuiper, M., Louhichi, K., Alkan Olsson, J., Turpin, N., Wery, J., Wien, J.E., Wolf, J., 2009. A methodology for enhanced flexibility of integrated assessment in agriculture.
Alkan Olsson, J., Bockstaller, C., Stapleton, L.M., Ewert, F., Knapen, R., Therond, O., Geniaux, G., Bellon, S., Pinto Correira, T.,
Turpin, N., Bezlepkina, I., 2009. A goal oriented indicator framework to support impact assessment of new policies for agrienvironmental systems
Janssen, S., Andersen, E., Athanasiadis, I., Van Ittersum, M.K., 2009. A database for integrated assessment of European agricultural systems.
Pérez Domínguez, I., Bezlepkina, I., Heckelei, T., Romstad, E., Oude Lansink, A., Kanellopoulos, A., 2009. Capturing market
impacts of farm level policies: a statistical extrapolation approach using biophysical characteristics and farm resources.
Zimmermann, A., Heckelei, T., Pérez Domínguez, I., 2009. Modelling farm structural change for integrated ex-ante assessment:
Review of methods and determinants
Therond, O., Belhouchette, H., Janssen, S., Louhichi, K., Ewert, F., Bergez, J-E, Wery, J., Heckelei, T., Alkan Olsson, J., Leenhardt, D., Van Ittersum, M., 2009. Methodology to translate policy assessment problems into scenarios: the example of the
SEAMLESS Integrated Framework.
A Springer book volume (in press): Floor M. Brouwer, Martin K. van Ittersum (Eds.), Environmental and agricultural modelling: integrated approaches for policy impact assessment. Springer, Dordrecht, The Netherlands, with
the following book chapters:
Brouwer and Van Ittersum - Introduction
Turpin et al. - Towards indicators of multifunctionality: assessing jointness between commodity and
non-commodity outputs
Van der Heide et al. - Usage of valuation studies in policy analysis, an international literature review with a focus on agriculture
and agroforestry
Theesfeld et al. - New Frontiers in institutional policy assessment
Wien et al. - A web-based software system for model integration in agro-environmental integrated assessments
Donatelli et al. - APES: The Agricultural Production and Externalities Simulator
Louhichi et al. - A generic Farming System Simulator (FSSIM) for modelling European arable farming sectors
Britz et al. – A comparison of CAPRI and SEAMLESS-IF as Integrated Modelling Systems
Griffon et al. - Visualising changes in agricultural landscapes
Hazeu et al. - The SEAMLESS biophysical typology: A spatial Agri-Environmental modeling framework
Terluin et al. - Intensity of farming in EU regions
Bergez et al. – Evaluating integrated assessment tools for policy support
Bäcklund et al. - Science - policy interfaces in impact assessment procedures
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Other relevant publications:
Andersen, E., Elbersen, B., Godeschalk, F., Verhoog, D., 2007. Farm management indicators and farm typologies as a basis for
assessments in a changing policy environment. Journal of Environmental Management 82, 353-362.
Janssen, S., Van Ittersum, M.K., 2007. Assessing farm innovations and responses to policies: A review of bio-economic farm
models. Agricultural Systems 94, 622-636.
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Rizzoli, A.E, Donatelli, M., Athanasiadis, I., Villa, F., Huber, D., 2008. Semantic links in integrated modelling frameworks. Mathematics and Computers in Simulation 78, 412-423.
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SEAMLESS
Assessing the strengths and weaknesses of new policies and innovations on all aspects of sustainability prior to their introduction, i.e., ex-ante impact assessment,
is vital in policy development for sustainable development.
The SEAMLESS project (financed by EU FP6) has initiated the development of a
computerised and integrated framework (SEAMLESS-IF), to compare alternative
agricultural and environmental policy options.
SEAMLESS-IF uses linkage of quantitative models, an integrated European database and qualitative procedures to simulate the impact on society of biophysical,
economic and behavioural changes. SEAMLESS-IF facilitates the process of assessing key indicators that characterize interactions between agricultural systems,
natural and human resources, and society. The different model components enable assessment from European to field scale.
The framework tool uses innovative software architecture and an integrated database for European agricultural systems. The continuous development of the
framework after the lifetime of the project is ensured by the SEAMLESS Association.

Why SEAMLESS?
•

State of the art model-based tools for integrated assessment of
agricultural and environmental policies

•

Results across biophysical, economic and social domains

•

Well recognized key indicators for assessment of sustainable
development

•

Analysis at full range of scales and with different time horizons

•

Flexible set-up that allows re-use and linkage of models for
new assessment problems

Email: seamless.office@wur.nl

www.seamless-ip.org

