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Figure 8. Screen of the GUI displaying the selection of regions, environmental zones and
soil types.

Figure 8 shows the initialisation screen for the selection of a set of regions, environmental
zones and soil types. An agri-environmental zone is a location that is defined as a region with
a distinct environment and soil type. The user has the option to select a set of agri-
environmental zone based upon a combination of these characteristics. All lists are adaptive,
meaning that only viable combinations of regions, environmental zones and soil types are
offered to user to ensure proper initialisation of the different model components.

If the user selected the model components Production Enterprise Generator or Production
Technique Generator, then the following steps are to select the crops and rotation filters. The
nutrient and water management options can only be initialised when the user selected the
Production Technique Generator. Figure 9 shows the GUI screen to edit the nutrient
management by providing a relative yield range and the number of levels to be simulated in
this yield range.
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Figure 9. The screen in the GUI to define nutrient management.

If the user selected the Simple Current Activities model component, the steps in the left
navigation pane (Fig. 9.) are different. The user has to select the representative farms.
Representative farms have a typology that is characterised by farm size, specialisation and
intensity. The user is presented with a list of viable combinations of these characteristics,
which is based upon the previously selected agri-environmental zones. Not all representative
farms exist in a particular agri-environmental zone.
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Figure 10. Screen to edit producer prices for a region as input parameters to the FSSIM-
MP component

The FSSIM-MP component can also be initialised. The initialisation is identical to
SEAMLESS-IF, which means that the user is allowed to change the main properties on
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output price, subsidies, quotas and regulation. Figure 10 shows an example of an FSSIM-MP
parameter screen to edit producer prices for regions.

If the components are properly initialised, the user is presented with a summary of the
initialisation and the model components are ready to run. The actual model run is performed
on the application server. The outputs of the run are stored in the FSSIM database and
indexed for future reference. The user is automatically redirected to the ‘view results’ area of
the application. The ‘view results’ area allows the user to view and download the main results
for each model component. The downloadable data is presented in an XML format, which is
easy to import in a spreadsheet program like MS Excel. The MP output data is presented as a
GDX file, the native format of GAMS, which can be read in a GAMS editor.

4.6.3 Architecture of the FSSIM-GUI

The architecture of the FSSIM-GUI is a service-oriented architecture, which is a software
design that consists of two parts; a set of services and the service infrastructure. A service is a
declaration that clearly defines a specific functionality of the application. This functionality
can be used by other services within the application or any other client. A service
infrastructure is a framework that deals with the information flows between services and tiers.
The actual implementation of the service declaration registers the service at the infrastructure
and can use the infrastructure to perform its task in a simple and efficient manner.

The application has three tiers; a data tier, a service tier and a user interface tier. The first tier,
the data tier, is an object-oriented data model representing the variables for the different
model components and user management. In order to persist the data, the data model is
mapped to a relational database using an object relational mapping tool that is part of the
service infrastructure. The second tier is the service tier, which contains the service
declarations and its implementation. These service declarations are the gateway to the
functionality of the application and hides all technicalities, e.g. the implementation and
linkages between tiers, for a client (which can be a user interface, another service or another
application). It clearly specifies what the application can do. The third tier, the user interface,
is actually a client of the application. It only uses the registered service declarations and the
service infrastructure to manage the simulation runs. The user interface implements an event
model that handles the different actions from a user in order to successfully use FSSIM.

We chose Java Enterprise version 1.6 as the framework for our application. Java Enterprise is
a proven framework for complex applications that use different software technologies and for
applications that have to be scalable. There are two popular open source application servers,
JBoss and Glassfish, which implement the service infrastructure. We chose JBoss, as it is the
most widely used and has native support of Hibernate, a tool to facilitate the connections,
mapping and interaction between a database tier and a java tier. Hibernate is also used within
SEAMLESS-IF.

Each service has three java interfaces, that depend on the service client (Fig. 11). There is a
ordinary java interface if you would like to use the application outside a framework, a java
interface with the postfix ‘local’ if you would like to run the application within the
framework on one java virtual machine (JVM) and a java interface with the postfix ‘remote’
if you would like to run the application to run in a distributed environment (multiple JVMs).
Each service is implemented by one ‘stateless bean’, an ordinary java class annotated as
‘stateless’. The annotation ‘stateless’ means that the framework will invoke only use an
instance of thebean for specific functions and the instance is not retained for use of other
functions. The instance, which is created by the framework, will not retain any state that may
be altered by the invoked function. The bean may depend on other (abstract) services to fulfil
its function.
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Figure 11. UML diagram of a typical service implementation.

The graphical user interface is built in Adobe Flex 3, a leading technology for building rich
internet applications; internet sites that have a look and feel of a desktop application. As Flex
is based on a different technology, called Actionscript, than Java, we choose Granite Data
Services as an infrastructure to connect the service tier to the GUI. Granite is an open source
tool that uses the same protocol and a similar implementation to connect Flex to Java as the
popular Adobe Flex Data Services or BlazeDS. Also, Granite is not limited to one CPU. The
Java data model is automatically mapped to an Actionscript data model by Granite. The
Actionscript data model allows the developer of the GUI to have access to the same data
types as defined in the data tier of the application.
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5 Applications

FSSIM has been applied in a number of cases over the last years by different research groups
for two purposes, i.e. micro-macro analysis (Section 5.1) and regional integrated assessment
(Section 5.2).

5.1 Application for micro-macro analysis

FSSIM was used to provide input to supply-response functions at NUTS2 level that were
upscaled to EU level. In this context, FSSIM was applied to 13 regions and 55 arable farm
types throughout the EU to obtain values for price elasticities of different crop products. A
price elasticity is the percentage change in supply as a results of one percent change in price.
Table 4 provides an example of FSSIM results in the form of price elasticities for soft wheat
in five regions. In Kanellopoulos, et al. (2009), a description of the application to two of these
13 regions can be found, i.e. Flevoland in the Netherlands and Midi-Pyrénées in France.
FSSIM is used according to a standardized and automated procedure in each region. First,
data are retrieved from FADN (EC, 2008) and from the simple survey on agricultural
management (Section 4.2) for each farm type in a region. Second, these data are processed in
an automated way through FSSIM-AM to prepare the technical coefficients, e.g.
specifications of relevant activities and farm and policy parameters. Subsequently FSSIM-MP
optimizes the objective using the region-specific and farm-specific sets of activities and
constraints with an automated calibration procedure (Kanellopoulos et al., 2009). By using a
standardized and automated procedure, the application is repeatable and consistent over
different farm types. Case-specific characteristics of farm types and regions beyond those
implied by the standard data sources, technology generation differentiated by biophysical
conditions and FADN based farm type resources could not be taken into account.

Table 4. Price elasticities for soft wheat for five different regions as derived from
simulations by FSSIM (Kanellopoulos et al., 2009; Pérez Dominguez et al., 2009).

Region (land) Price Elasticity for Soft wheat
Andalucia (Spain) 0.22
Midi-Pyrénées (France) 4.37
Poitou-Charentes (France) 2.36
Brandenburg (Germany) 0

Flevoland (Netherlands) 2.26

5.2 Applications for regional integrated assessment

Six detailed regional assessments have been done using FSSIM involving different farm
types (e.g. arable and livestock), different scales (e.g. individual farm types, catchments and
regions), different geographical locations (e.g. North, East, Western and Southern Europe,
Africa) and using different components to estimate yields and environmental effects of
activities (e.g. models and expert knowledge). In some of these applications, adjustments to
FSSIM-AM or alternative procedures to estimate technical coefficients have been made
dependent on the availability calibrated cropping systems models and detailed data for
regions or farm types.

In one application, FSSIM and CropSyst (Stockle et al., 2003) were jointly applied to assess
the impacts of the Nitrates Directive (EC, 1991) on three arable farm types in the French
Midi-Pyrénées region (Louhichi et al., 2008). Table 5 provides values for the indicators farm
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income and nitrate leaching for the baseline and counterfactual “Nitrates Directive”
experiment as an example of results of a regional integrated assessment. Louhichi et al.
(2008) also applied FSSIM-MP in four farm types in the Sikasso region (Mali) evaluating the
impacts of improved cropping practices and introduction of organic cotton. Majewski et al.
(2009) applied FSSIM to several arable farm types in the Zachodniopomorskie region in
Poland to investigate the impacts on economic indicators and cropping pattern due to changes
in farm quotas and the introduction of biofuels. In a catchment in Scotland, Mouratiadou, et
al. (2009) used outputs of the process-based nitrogen simulation model NDICEA (Van der
Burgt et al., 2006) in FSSIM-MP to assess impacts of EU’s 2003 reform of the Common
Agricultural Policy (EC, 2003) on economic and water quality indicators of two farm types.
The application to livestock farming is an assessment of the consequences of an increase in
milk quota and concentrate prices on dairy farms in Auvergne, France and in Flevoland,
Netherlands (Louhichi et al., 2009b).

The impacts of alternative irrigation and nutrient management on crop allocation, farm
income and environmental indicators is investigated using FSSIM-MP, FSSIM-AM and
APES for Flevoland in the Netherlands (Janssen et al.,, 2009). In this application, a
standardized and automated procedure processes data of arable activities from the simple
survey and FADN to create inputs for the cropping systems model APES of which the results
are subsequently provided to FSSIM-MP. This procedure can be used for other regions and
thus allowing to combine applications on regional integrated assessments and micro-macro
analysis.

Table 5. Farm income and nitrate leaching of three farm types in the Midi-Pyrénées
region in France®.

Farm type Farm Nitrate
income leaching (kg N-
(k€/year) NO3-/ha)
Baseline Nitrates Baseline Nitrates
directive” directive”
Large scale-medium 72 71 41 25
______ intensity-arable cereal .
Large scale-medium 77 76 36 36
______ intensity-arable fallow .. .
Large scale-medium 74 73 34 26

intensity-arable (others)

* A regional integrated assessment of the nitrate directive (adapted from Loubhichi, et al.
(2008))

" Experiment based on Nitrates directive (EC, 1991)
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6 Discussion

6.1 Is FSSIM generic?

The applications of FSSIM (Section 5) are evaluated using the criteria defined for generic
BEFM introduced in Section 2 (Table 6). For criterion 1, FSSIM has been applied for
different climate zones, e.g. Atlantic, Continental, Mediterranean, Lusitanian and Alpine and
soil types e.g. sandy and clay soils. FSSIM has been applied to a range of different farm types
(criterion 2) with different specializations (e.g. specialised crops based arable, cereal-based
arable, livestock and mixed farms), different intensities (e.g. extensive and intensive farms)
and sizes (e.g. small sized farms in Mali and Zachodniopomorskie to large sized farms in
Midi-Pyrénées). FSSIM needs to be extended to be able to simulate farm types with
perennial, intensive horticulture and intensive livestock systems. Intensive livestock (e.g.
pigs, poultry) and horticulture (e.g. greenhouse production) systems are characterized by
capital intensive, often soil-less and high external input use activities and these systems are
often not bound to land and labour resource constraints. FSSIM needs to be extended with
constraints related to capital availability and an adapted definition of capital intensive
activities for these farming systems. Extending FSSIM for perennial farming systems requires
incorporating the temporal changes in perennial crops from a growing and establish crop to a
productive crop.

With respect to criterion 3, in most applications FSSIM has been used to assess the effects of
policy changes and in two applications to assess the impact of technological innovations
(Louhichi et al., 2008; Janssen et al., 2009). FSSIM may be applied in the future to assess the
impacts of societal or physical trends, for example the effects of climate change and increases
in energy prices on farm performance.

In the various applications, different data sources, level of detail (e.g. criterion 4) and model
configurations have been used. In the application for micro-macro analysis the level of detail
in data was lowest, as only regional data sources could be used that were standard available
(Kanellopoulos et al., 2009). In the regional integrated assessment studies, more detailed data
and specifications could be used, often by incorporating ad-hoc procedures (Louhichi et al.,
2008; Louhichi et al., 2009b; Majewski et al., 2009; Mouratiadou et al., 2009).

Criterion 5 required that a generic BEFM can be linked to different types of models. FSSIM
has been linked to economic models (EXPAMOD/CAPRI) (Pérez Dominguez et al., 2009)
for up-scaling of its supply responses, but also to an environmental externality simulation
model (NDICEA) and different cropping systems models (CropSyst and APES). A useful
extension of the model linking is to link FSSIM to a landscape model, that allows to visualize
or analyse the results of FSSIM at the landscape level.

Not all components of FSSIM have been used in each application (Table 6). In some
applications, both FSSIM-AM and MP were used. In other applications only FSSIM-MP was
used in combination with other models and methods than FSSIM-AM to quantify farm
activities. Individual components of FSSIM may also be used as stand alone tool, for
example, the integrative component, crop component and risk component of FSSIM MP (Fig.
4) to assess the response to changing risk on an arable farm or the livestock component of
FSSIM-AM to calculate yearly feed requirements in terms of energy, protein and intake
capacity of different farm animals. FSSIM needs to be configured depending on the data
availability, research question and location. For example, to identify improved nitrogen
fertilization techniques, FSSIM-AM components for both current and alternative activities
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need to be configured in order to allow for a realistic farm response by including all
potentially relevant production activities. FSSIM-MP can be configured without the PMP-
based calibration procedures and instead risk calibration procedures can be used, because the
aim is to identify more optimal nitrogen fertilization techniques as the current practices and
not to simulate in a realistic and validated farm responses. Alternatively, if the research
question is to assess the short term effects of the abolishment of the EU set-aside policy, then
the PMP calibration procedure of FSSIM-MP is required, but components for alternative
activities in FSSIM-AM may not be needed as in the short term agricultural management is
less likely to change significantly.

FSSIM is available for use and extension, for new purposes, locations and scales, either
through its GUI or by working directly with the source code of the model. FSSIM will be
maintained and extended during the next four years as part of the SEAMLESS association
(www.seamlessassociation.org). FSSIM would benefit from extensions to model biodiversity,
landscape and conservation indicators, from procedures for sensitivity and uncertainty
analysis, from a more detailed modeling of the relationships between livestock density,
grassland and manure production and from further calibration and validation of the model to
new locations and research questions.
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Table 6. Applications of FSSIM used to evaluate the generic nature of FSSIM according the criteria defined in Section 2.

Reference for . Components a . . Type of Level of Link to other
application Region used Purpose Climate Soil type Farm types assessment” detail models
+=low,
Classified carbon =
tent medium,
con o+ =
high
(Kanellopoulos et . FSSIM-AM and 13 across in Very low to very EXPAMODC
al,2009)  SmEPurope MP o Europe _ __ high Aeble 2 *r APRL ___
(Louhichi et al., Midi-Pyréné Mediterranean Verv low to v
2008) YTEnees, FSSIM-MP 2 Lusitanian ery low to very Arable 1 and 2 ++ CropSyst
. . France . high
Midi-Pyrénées . Alppe =
(Louhichi et al., . . . "
2009) Mali_ Ssso-Malt - FSSIMAMP 2o Toeed  Vewlwd Amble temd2 T e
Flevoland,
(Louhichi et al., Netherlands / FSSIM-AM and . . .
2009b) Auvergne, MP 2 Atlantic Low to very high Livestock 2 + -
,,,,,,, France L
(Majewski et al.,  Zachodniopomor . Very low to very Arable/
2009) __skie<Poland ___"SSMMP S Continental __ high __Livestock % M. B
(Mouratiadou et Catchment in E . Moderate to very —
al,2009) ___Scotland, UK ___TOSIMMP - ] Atante high Aadle ] NDICEA
(Janssen et al., Flevoland, FSSIM-AM and . . .
2009) Netherlands MP 2 Atlantic High to very high Arable 1 +++ APES

a: 1 = up-scaling of supply responses, 2 = regional integrated assessment

b: 1= technological innovation; 2 = policy changes
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6.2 Can FSSIM be extended?

6.2.1 Integration procedure

The conceptual and technical integration of the different FSSIM components has proved to be
a challenging and time-consuming task due to the complex data-types (or data-structures)
being exchanged between components, the large data amounts and diverse data sources
required to run FSSIM. The required investment in conceptual and technical integration
might be a barrier to the initial development and maintenance of a generic BEFM. As a result
of the experiences with integrating components in to FSSIM, a procedure for integration has
been formulated, which can consequently be used to integrate the other components into the
SeamFrame and keep track of their ‘integration-status.’

This integration procedure follows the following steps:

1. Conceptual development and implementation of stand-alone component;

Stand-alone component tested with ‘test data’ in local storage, subsequently tested
with ‘real data’ in local storage;

3. Enter component interfaces (e.g. inputs and outputs of the model) in an ontology and
link to other ontologies and generate database (DB) schema and java-beans;

4. Carefully check DB-schema and java beans: do these fit the requirements?

a. Ifthe schema does not fit the requirements, then go back to step 3;

5. Prepare data for component, precisely following structure of the DB and submit to
WP4, who can enter it in the integrated SEAMLESS database:

a. Are any adaptations of the DB schema necessary based on the data
preparation? If so, then make them, starting again from Step 3, so adapting
the model interface in the ontology. When no more adaptations are required,
freeze/finalize DB-schema and the Java-beans;

6. Deliver a version of the component that is running with a test-dataset that should be
precisely reproduced by the wrapper;

7. Develop the wrapper: once the db-schema/java-beans have been frozen, the wrapper
for the model can be developed as an untested prototype;

8. Testing the wrapper with the data for one region or location or experiment in terms of
providing the correct inputs to the model and reading the correct outputs from the
component:

a. Iferrors in schema, go back to step 3 to make adaptations to the schema;

9. Testing the component with the data generated by the wrapper of the model for one
region or location or experiment;

10. Making the tested and approved component available in the SEAMLESS-IF, by
entering the correct dataset on the production copy of the DB that is linked to the
SEAMLESS-IF. Test in SEAMLESS-IF for one region or location or experiment and
test whether the new model-chain and the old model chain works in the SEAMLESS-
IF;

11. Test for more regions, locations, experiments with the data from the DB.

Going through the integration procedure might require three to four months for one
component. The data-schema as captured by the ontology might work when reaching step 11,
but could probably be simplified, so another step is then to optimalize the data-schema. Then
the procedure could be followed again, only this time much faster.

This integration procedure can now be used to extend FSSIM with new components, e.g. for
perennial activities, multi-functionality or intensive livestock or horticultural systems. A
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technical barrier to the use of the FSSIM is the different programming paradigms used in
components. Researchers are usually specialised in one programming paradigm. Training,
easy user interfaces and documentation may help to overcome this barrier and generalists,
who technically overlook FSSIM and its components, are required to maintain an overview.

6.2.2 Components and tiers

The choice for semantically aware software components for FSSIM proved to be a good
choice as components could be integrated into the SeamFrame one by one independently
from one another and because modellers could change the inner working of their components
provided this did not affect the interface of the component to other components. Thus
modellers could work relatively independently from each other on their components. In
programming languages, the implementation of the components differs. For example, in the
Java™ programming language, components can easily be created and managed due to the
proximity in paradigms of object-oriented programming and component. In GAMS, a
mathematical programming language, it is more challenging to set up completely independent
components in the vision of Szyperski et al. (2002), as there is a requirement for a common
part that all the components can refer to and thus there exists dependency between them. We
solved this tension by not having completely separate components, but creating a hybrid form
(Fig. 4; Section 4.1). These hybrid components are as independent as they can be from other
components of FSSIM-MP, but they still refer to a common component that steers them
through their execution.

All the models have thus been configured as components and are part of the domain tier (or
model tier) in the tiered SeamFrame application. Through the use of a tiered application, the
technologies used in each tier are the most appropriate for that tier. The data are stored in a
relational database that ensures the integrity and consistency of the data, while the modelers
can focus on algorithms that manipulate this data in a modeling language, for example
GAMS. Software engineers could focus their attention on designing powerful presentation
tiers (e.g. SEAMLESS-IF and FSSIM-GUI described in Section 4.6) and application tiers,
that, for example, load the appropriate data from the database and process requests for
concurrent model runs. The use of a tiered application was instrumental in allowing
researchers to contribute according to their knowledge. An important disadvantage is that, for
each tier specialist, knowledge is only required to understand the tier and its functioning. To
have an overview of the whole tiered application thus requires a range of specialist
knowledge on each of the different tiers, which places a quite heavy demand on researchers
that have a specialization in one of the tiers.
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7 Conclusion and future developments

This deliverable describes the current version of FSSIM and each of its
components and presents the approach to conceptually and technically integrate
FSSIM.

FSSIM has been developed as a generic BEFM that targets wide applicability
and models “generic” processes instead of specific processes to one research
question, location or data source. Although a truly generic model might not be
possible, FSSIM represents a first step in the development of a BEFM as a library
of components and functionality that can be adapted to the purpose, scale,
location and linked to other models.

FSSIM is a product from a joint development of agronomists and economists.
This lead to a balanced definition between different types activities, policy
instruments and technological innovations, without emphasizing any in
particular, to enable use of FSSIM for different study objectives.

FSSIM can be easily maintained and extended, as it comprises individual
components that can be extended and maintained independent from other
components.

The FSSIM GUI is the graphical user interface (GUI) to interact with FSSIM
as a standalone application. The FSSIM-GUI allows modellers and integrative
modellers to make model runs with one or more components of FSSIM. The
FSSIM-GUI should thus help modellers and integrative modellers to evaluate
components one by one and work with FSSIM across data-sets.
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Glossary

Activity

A coherent set of operations with corresponding inputs and outputs,
resulting in e.g. the delivery of a marketable product, the restoration
of soil fertility, or the production of feedstuffs for on-farm use

Bio Economic Farm Model a model that links formulations describing farmers’ resource

Components

FSSIM

FSSIM-AM

FSSIM-MP

Generic

Integration

Ontology

management decisions to formulations that describe current and
alternative production possibilities in terms of required inputs to
achieve certain outputs and associated externalities.

A component has to have a clearly defined interface, be able to
communicate with other components, encapsulate its inner
workings, be non-context specific and be able to be independently
re-used in other situations

Farming Systems SIMulator (FSSIM) as a generic and easily
transferable model that can easily be extended with new features
and re-used across data-sets, farm types and locations.

FSSIM Agricultural Management is to describe, generate and
quantify production techniques of current and alternative
production enterprises which can be evaluated by APES (or other
cropping/livestock system models) in terms of production and
environmental effects.

The Mathematical Programming Model (FSSIM-MP) constitutes
the core of the bio-economic farm model (FSSIM). Based on
mathematical programming approach, FSSIM-MP seeks to capture
resource, socio-economic and policy constraints and the farmer’s
major objectives.

being able to deal with /model/allow different scales, locations,
functionalities, and levels of detail.

Integration is the process of conceptually and technically linking
parts of knowledge into a whole by a group of researchers.

considered as a specification of a conceptualization, where a
conceptualization is ‘an abstract, simplified view of the world e.g.
systems under study that we wish to represent for some purpose’
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