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Abstract

The main objective of this PhD thesis was to dgvelod evaluate a generic bio-economic
farm model that can be used under different bioghysand socio-economic conditions
for integrated assessment of a variety of agricaltand environmental policies. The
functionality of the generic bio-economic farm mbdakeveloped in this thesis was

illustrated with an analysis of the impacts of #883 reform of the Common Agricultural

Policy in the European Union for arable and livektdarms in a context of market

liberalisation.

In bio-economic studies, estimation of model paranserelated to increasing costs
because of limited machinery and managerial capadécreasing yields because of land
heterogeneity and risk aversion is often not pdsdibcause of lack of data. Not including
or misspecifying such parameters can have negatiwvesequences on the forecasting
performance of the model. In this thesis, methogie® based on Positive Mathematical
Programming and Maximum Entropy estimation wereppsed and implemented to
recover unknown parameters underlying the actueisabgn making of farmers and to
improve the forecasting performance of the modke Proposed methods relax a number
of arbitrary assumptions of existing calibrationthoels and enhance representation of the
actual decision making. The forecasting capacitytred models calibrated with the
proposed methods was tested in ex-post experinmemtbich the models were calibrated
with historical data of a particular base year arsg¢d to forecast policies and price
changes of the following historical years. Resuoltdhese ex-post experiments showed
that the proposed calibration methods improve dheclasting capacity of the model.

For meaningful assessment of future policies uslig-economic models, a
comprehensive set of alternative activities musidemtified. Combinatorial procedures
and filtering rules have been used in the liteetorgenerate a set of activities that can be
evaluated in bio-economic models. One very impartimitation of combinatorial
procedures is that the number of generated aevitan easily explode. However, many
of these activities are inferior with respect teithnput-output relationships and they will
never be part of the solution of the bio-econonaion model. In this thesis, a method
based on Data Envelopment Analysis was proposedeiatify and select alternative
agricultural activities, representative for spexifiolicy questions that can be used in bio-
economic models. The Data Envelopment Analysis atetheduced the number of



alternative agricultural activities generated bysemg combinatorial procedures by 95%,
arriving at a number that can easily be appliedbio-economic farm models. The
proposed method was applied to a problem of altemanutrient management in
Flevoland (the Netherlands).

Keywords integrated assessment; environmental policy; catiural policy; market
liberalization; bio-economic model; farming systemsiathematical programming;
maximum entropy estimation; data envelopment arglggricultural activity; land use;

future studies.
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General Introduction

1.1. Bio-economic farm modelsfor integrated assessment

Agricultural systems in Europe are confronted withtical issues such as trade
liberalization, globalization and changes in thétmal, social and physical environment.
Adaptation to the new conditions through redesi@iaoming systems and adoption of
alternative production technigues are requiredadotrdoute to sustainable development.
Effective policy decisions are necessary at globational, regional and even farm level
to promote sustainable development and enable quiffusion of alternative
technologies. To ensure the efficiency and effectess of agricultural and environmental
policies, it is necessary to evaluate and analieentbefore their application (ex-ante
assessment). The European Commission has formdahiethrough a mandatory ex-ante
impact assessment of new agricultural and envirotah@olicies (EC, 2005). The System
for Environmental and Agricultural Modelling: Linkg European Science and Society
(SEAMLESS) (Van lIttersunet al, 2008) was one of the projects funded by the EU to
develop scientific methods to support ex-ante a&ssest of agricultural and
environmental policies.

Successful ex-ante evaluation of agricultural amirenmental policies can be
achieved by integrated assessment which was debgddotmanset al. (1996) as “an
interdisciplinary and participatory process comibji interpreting and communicating
knowledge from diverse scientific disciplines téoal a better understanding of complex
phenomena”. Integrated assessment can be fadlibgtéenterdisciplinary and quantitative
tools that are able to systematically analyze tbesequences of policies to the farm
household and reveal the effects of the aggregateadd and supply to the regional
market conditions (Van Ittersusgt al. 2008). Such tools for integrated assessment are bi
economic models, which are model formulations afmir’'s resource management
decisions linked to biophysical models that descrfiroduction processes and the
conditions of natural resources (Janssen and Marsuim, 2007; Bardier & Carpentier
2000; Barbier & Bergeron, 1999).

In existing bio-economic studies, the farm househslthe key decision making unit
(Rubenet al. 1998). The agro-ecological environment and thenfandowments define
feasible production activities, while the socio+4eamic environment influences the
decision making of the farm household by offerimgentives and disincentives for

selecting or declining the available production\aies. The socio-economic environment

12



General Introduction

is affected by policies regarding e.g. technolagirastructure and environment, while

aggregated demand and supply influence the regiasdtet conditions.

Chapter 1

1.2. Modd requirementsfor bio-economic farm models used in integrated

assessment

Integrated assessment of agricultural and enviromah@olicies requires analysis at field,

farm, regional, national, continental or even gldzale and it involves scientific methods

used in various disciplines. For that reason bmremic farm models which are created

for integrated assessment must meet a number arierg requirements (Janssenal,
2010):

The model must be integrated with other models aipey for different scales, sectors
of the industry and/or scientific disciplines in @mprehensive and integrated
framework, where outputs of one model can be edslyslated to inputs for other
models. The integration must be streamlined in seahmethodology (e.g. temporal
and spatial scales), concepts, scenarios and seftwa

The conceptual design of bio-economic farm modelsritegrated assessment must be
generic and easy to modify for assessing diffeneolicies under various socio-
economic and bio-physical conditions (e.g. diffeéfanm types and different regions) to
minimize development time and resources neede@-tese the integrated framework
for new questions and applications.

Production activities and available technology minstdescribed in an explicit and
transparent way to improve the explanatory powehefmodel.

The data needs should preferably be limited toehdesta available, minimizing the
resource demanding process of data collection.nibéels must be robust enough to
function with data like those from Farm AccountiDgta Network (FADN) collected at
European Union (EU) level. Moreover, the model minstcapable to exploit more
detailed data available at regional level or datalalevel that is not currently available

but might become available in the future.

1.3. Calibration and validation of bio-economic farm models
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General Introduction

Fully specified bio-economic farm models remain ambitious undertaking. This is
mainly due to complexity and lack of data which essitates simplifications and
assumptions with respect to the human decision mga{@erger, 2001), the specification
of currently used or alternative production aciegf the dynamic nature of many
processes and (dis)aggregation issues. Dependinthe@rpurpose of the analysis a
particular model specification might be more appiaip than others. Poorly specified bio-
economic models result in unrealistic model simaiet which do not (and should not)
convince policy makers and decision makers in teshtgiality of the analysis.

Given certain assumptions and simplifications teeislon making of the farmer can be
modelled in many different ways with different lévef detail. The results of the model
will generally differ substantially between diffeteapproaches and modelling techniques.
More detailed specified models are expected toymednore accurate results. However,
often, detail increases complexity. The desiredocuracy and detail must be balanced
against computational requirements and modellingpgees (Kinget al., 1993). A
researcher (model developer) is challenged to dpval model that is conceptually as
simple as possible, is not so data intensive, mpegable with existing technology and
produces acceptable results for a specific purpdse.required level of detail of different
bio-economic analyses must be determined in amtier process, where model
development is followed by model evaluation whigsults in new insights for model
improvement (and so on). Despite the importanceamfevaluation procedure, little
attention has been paid to this issue in existingebonomic modelling literature (Janssen
and Van Ittersum, 2007). This leads to either venyplicated models with enormous data
requirements (not always available or of poor qupbr to very simple models that do not
capture a satisfactory part of reality. In bothesator different reasons this causes lower
confidence in the quality of the results.

In many existing bio-economic studies, Linear Pangming (LP) models are used to
simulate the behaviour of farmers and forecastréutlecision making. The advantage of
LP models is the simplicity of the method and ih@ted data requirements. However, the
solution of LP models suffers from overspecialiaatiwhile the response of LP models to
policy changes is in many cases rough (i.e. “jumpghaviour), resulting in poor
simulations. A main reason for poor results of LBdeis is the neglect of non-linearities

! Linear Programming bio-economic models are knowauffer from overspecialization i.e. the number of
selected activities are much lower than the nuntdfeactivities observed in reality. In general agkar
number of region and farm specific constraintsremeded to ensure a more realistic solution.

14



General Introduction

(e.g. economy and diseconomy of scale, risk, lagtdrbgeneity, multiple objectives —
utility) involved in the farm production procesggnbring the existence of non-
linearities in the farmer’s decision making is antoon assumption which is made

mainly because of lack of data (Heckelei, 2002tk af data is a more severe problem

Chapter 1

in cases where analysis at higher levels or seateseeded such as whole countries or
the EU. In such cases, there is not enough infoomatvailable to enable estimation of a
non-linear model using traditional econometric aaghes such as ordinary least squares,
maximum likelihood, generalized method of momeN®&ribeek, 2004).

A number of calibration procedures and economefpjaroaches have been proposed to
deal with recovering non-linearities involved inriagltural production with a limited
dataset. Positive Mathematical Programming (PMP) prasented by Howitt (1995) as an
elegant calibration procedure that could be usedetmver the unknown non-linear
parameters of the model's objective function. Aftee first introduction of PMP in
agricultural economic modelling a large number dMHAPvariants have been developed
(Helminget al, 2001; Heckelei, 2002; Rohm and Dabbert, 2003;sBegt al, 2007). The
Maximum Entropy (ME) criterion could be used to pavailable information more
efficiently than PMP and to recover the value @& timknown parameters using existing
prior information in cases of limited available asdts. Paris and Howitt (1998)
demonstrated the applicability of ME in bio-economiodelling of ill-posed problems
while Oude Lansink (1999) used ME to estimate fapwreific output-supply and input-
demand relationships to capture technological bgtreity between farms. Heckelei and
Wolff (2003) used ME to estimate bio-economic fanmodels based on the optimality
conditions of a sector gross margin maximizaticrbfgm.

Both existing PMP and ME based methods guarantgeod reproduction of historical
data and more realistic simulations compared tonidtels. The problem is that the
calibration procedures will dominate the simulatmocess and the calibrated model will
reproduce historical data adequately even in posplcified models. In such cases, the
capacity of the model to forecast future changdsnged and the quality of the analysis
doubtful. Evaluation of the forecasting performanéehe model seems to be absolutely
necessary for assessing the quality of the mod#lsabsequently of the whole analysis.
Unfortunately, evaluation of the forecasting capacf models is not a panacea in existing

bio-economic literature (Janssen and Van ltters2087).
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14. Alternativeagricultural activities and technological innovationsin bio-

economic farm models

Ex-ante assessment of agricultural and environrhenotecies using bio-economic models
is not complete without exploring alternative aiigs and technological innovations at
farm level. The production opportunities availatlea farmer today are not the same as
those available in the future because of changéseirsocial, economic, institutional and
bio-physical environment. For meaningful ex-anteseasment of future policies a set of
representative activities, which is adequate tosfyatll possible targets of different
objectives, is needed. Selecting a representatete of alternative activities and
opportunities given a specific policy frameworkaishallenging procedure because it can
involve multiple and conflicting objectives of tlig#ferent stakeholders but also because
the assessed policy regime and the available fasources can restrict the feasible
“window of opportunities” from which farmers canadse to make decisions for the
future.

Procedures for the identification and quantificatf alternative activities have been
proposed by Hengsdijk and Van Ittersum (2003). tthgsbio-economic studies have used
combinatorial approaches and filtering agronomlesuo identify alternative activities in
a uniform and reproducible way (Dogliodt al, 2003; Janssen, 2009). Crops, livestock,
rotation requirements and management options aréioed into agricultural activities
that have specific input requirements. Outputs extérnalities are quantified using bio-
physical models and/or expert rules. The filterndes used in this kind of tools are
mainly related to crop frequency, crop sequence randagement and they are used to
filter out those combinations which are not feasitbbm an agronomic point of view. The
quantified set of activities is then offered toaanfi level optimization model to simulate
the farmer’s behaviour. This approach assuresnibdeasible option from an agronomic
point of view, is excluded a priory and that thé alegenerated activities includes a wide
variety of options that will or may become availb farmers in the future. One
important limitation of this approach is that themmber of feasible activities can increase
exponentially with the number of crops, managemeas bio-physical conditions
(Wossinket al, 1992; Dogliottiet al, 2003; Janssen, 2009).

Many of the activities generated by combinator@gpr@aches are inferior with respect
to their input-output relationships or irrelevamnten a specific policy question. However,

the multi-dimensional nature of the input-outpuatienships of such activities does not
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allow for straight-forward selection. Offering tHell set of generated alternative
activities to bio-economic farm models increasesmatational costs and complicates

the analysis of the simulated results of the oation process.

Chapter 1

1.5. Research Objectives

The main objective of this PhD thesis is to devedma evaluate generic bio-economic
farm models that can be used for integrated asssgsoh agricultural and environmental
policies at multiple levels (i.e. farm, regionahtional, EU). The specific objectives of this
PhD thesis are:

1. To develop a generic bio-economic farm model tlzat be applied to assess ex-
ante a wide variety of policy questions under dédfé biophysical and
socioeconomic conditions.

2. To propose and test methodology that overcomesdiions of existing calibration
and estimation procedures that use limited dats $et recover unknown
parameters underlying the actual decision makinfgrofers.

3. To propose and test methodology for identifying aselecting a set of
representative alternative agricultural activities policy assessment and future-

oriented land use studies.

1.6. TheSEAMLESSIntegrated Framework

The Integrated Framework, System for Environmeragat Agricultural Modelling;
Linking European Science and Society (SEAMLESS#Fa framework of models that
aims to ex-ante evaluate agricultural and enviramaiepolicies at multiple levels (Van
Ittersumet al, 2008).

To enable analysis and policy assessment at nailiglels, a number of different
models were integrated. On the field level, a symwas designed to identify and quantify
(in terms of inputs, outputs and externalities)rent agricultural activities across the EU
(Borkowski et al, 2007; Zandeet al, 2009). Combinatorial approaches and biophysical
models were used to generate and quantify altemnatitivities (i.e. activities that are not

currently used but might become interesting infthere) (Janssen, 2009).
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At the farm level, an optimization model was usedatlocate agricultural activities
optimally to the available agricultural area anttgkate a number of socio-economic and
environmental indicators for the farm types of anber of representative regions (Chapter
2).

Advanced econometric procedures were use to exéi@ptarm level results to other
not-simulated regions and calculate price-supplsti@nships for all currently existing
farm types in EU (Pérez Dominquet al, 2009). A partial equilibrium model (Britet
al., 2007) was used to calculate the equilibrium afgrand supply of the agricultural
sector and generate a set of future prices uskdnatlevel for scenario testing.

The most important challenge of SEAMLESS was irdégn of all these components
in one modelling framework because it involves ricb@nection of many disciplinary
models and communication of a large number of ssisnfrom different locations in
Europe of different disciplines and cultures (Jans2009).

The bio-economic farm model used in SEAMLESS-Iprigsented in this PhD thesis.
The farm model is used to reveal the limitationseristing calibration and estimation
methods, which are currently used to recover unknparameters in ill-posed problems.
The farm model is also used to assess the propakethative methodologies for
recovering the value of the unknown parameters nyidg the actual farm’s behaviour.
The survey of current agricultural activities (Bowkski et al, 2007; Zandeet al, 2009)
and the set of activities generated by combindtaa@proaches and filtering rules
(Janssen, 2009) of SEAMLESS-IF were used to agbesproposed methodology for
identifying and selecting a representative settefr@ative agricultural activities (objective
3).

1.7. Outlineof thethesis

In Chapter 2, a brief overview of the SEAMLESS greged Framework (SEAMLESS-
IF) is presented and the modelling requirementh@farm model are revealed. The main
components of the proposed bio-economic farm mdaolelintegrated assessment are
presented. The capacity of the model to simuldterdnt farming systems across Europe
is demonstrated in an application of arable andrydd&rms of Flevoland (The

Netherlands) and Midi-Pyrenees (France).
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In Chapter 3, some important limitations of thendard PMP approach (Howitt,
1995) are identified and an alternative PMP variarproposed for calibration of the
farm model. An ex-post experiment for the arablenfag systems of Flevoland (the
Netherlands) and Midi-Pyrenees (France) is desigimecompare the forecasting
performance of the model calibrated with the twoRPiMethods.

In Chapter 4, an estimation procedure based on milaxi Entropy is proposed to

Chapter 1

exploit information available in EU level databgsesover a risk aversion coefficient and
improve the forecasting performance of the bio-eocoic farm model. Ex-post
experiments are also used to evaluate the foregaptrformance of the proposed ME
method.

Finally, in Chapter 5, a method for selecting sigrealternative agricultural activities
based on Data Envelopment Analysis (DEA) is prexknAn experiment related to
fertilization options for arable farming in Flevalh (the Netherlands) has been set up to

demonstrate the method. Chapter 6 discusses thadsof this thesis and concludes.
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Abstract

The disciplinary nature of most existing farm madels well as the issue specific
orientation of most of the studies in agricultusgétems research are main reasons for the
limited use and re-use of bio-economic modellingtfe ex-ante integrated assessment of
policy decisions. The objective of this articldaspresent a bio-economic farm model that
is generic and re-usable for different biophysaadl socio-economic contexts, facilitating
the linking of micro and macro analysis or to pow/detailed analysis of farming systems
in a specific region. Model use is illustrated lmstpaper with an analysis of the impacts
of the CAP reform of 2003 for arable and livestdekms in a context of market
liberalization. Results from the application of theodel to representative farms in
Flevoland (the Netherlands) and Midi-Pyrenees (Eearshows that CAP reform 2003
under market liberalization will cause substansabstitution of root crops and durum
wheat by vegetables and oilseed crops. Much ofstiteaside area will be put into
production intensifying the existing farming sysgenfAbolishment of the milk quota
system will cause an increase of the average heed Bhe average total gross margin of
farm types in Flevoland decreases while the avetetgé gross margin of farms in Midi-
Pyrenees increases. The results show that the ntadekimulate arable and livestock
farm types of two regions different from a bio-pitgs and socio-economic point of view
and it can deal with a variety of policy instrumenthe examples show that the model can
be (re)-used as a basis for future research amdcasnprehensive tool for future policy

analysis.

Keywords bio-economic model; integrated assessment; emwiemtal policy; market

liberalization.
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2.1. Introduction

Governments and policy agencies attempt to assesequences of new policies before
their introduction. The European Commission hasnfdized this through a mandatory
ex-ante impact assessment of its new agriculturdleamvironmental policies (EC, 2005).
Science can contribute to these governmental desndod impact assessment by
developing tools that can, in a transparent, rigsrand repeatable fashion, make impact

assessments of agricultural and environmental ipslibetter informed. Bio-economic

Chapter 2

farm models have been proposed for such ex-antssmsents (Flichman and Jacquet,
2003; Janssen and van lIttersum, 2007) and manwytrapplications (Donaldsoet al,
1995; Flichman, 1996; Judez al, 2001;Berentsen, 2003; Veyssttal, 2005; Onatest

al., 2006; Riesgo and Gomez-Limon, 2006; Semeiaal, 2007) assess the impacts of
policy changes on economic, environmental and kouiécators of agricultural systems.
If a bio-economic farm model is to be used as asbfas such ex-ante assessments of
agricultural and environmental policies at Europdéavel, some requirements must be
fulfilled, i.e. it must be possible to upscale tm@del’'s results (e.g. product supply) to
higher system levels (e.g. country or market); daith respect to farm types, their
locations and production activities must be read\ilable throughout various regions;
the model must be applicable to different farm gypecluding mixed farm types; the
application and calibration of the model should meguire many ad hoc steps or
unjustified strict calibration constraints, anddfiy it must be possible to assess many
different policy instruments. In short, it must pessible to use and apply the same bio-
economic farm model in a consistent way acros&tivepean Union (EU).

A literature review showed that a generic model tmgethe above requirements does
not exist (Janssen and Van lIttersum, 2007). Somgelmdocus on simulating specific
farm types without providing much opportunitiesebgpand their application beyond the
original target domain (e.g. Donaldsenh al, 1995; Veyssett al, 2005), while other
models require extensive data collection limitingapid operationalization (e.g. Riesgo
and Gomez-Limon, 2006). Various model applicatiadsiress very specific EU policy
issues and do not allow the assessment of a rdngeeoelated policy questions that EU
decision-makers face (Topp and Mitchell, 2003; @eatl.,2006).

Each of these models (Donaldsetnal., 1995; Topp and Mitchell, 2003; Veyssdtal,
2005; Riesgo and Gomez-Limon, 2006) has strengtsmhade them suitable to be used

for specific data-sets and applications. In tryiegextend their use to other policies
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questions and locations, this specificity causeblpms. With the limitations of existing
approaches in mind, this article has the followiwg objectives. The first objective is to
present the Farm System SlIMulator (FSSIM) whichsatm be a generic bio-economic
farm model that can be applied in combination \kitfher level models to assess, ex-ante,
a variety of policy questions under different biwypical and socio-economic conditions.
The second objective is to demonstrate the appligabf the model as a stand alone tool
to assess farm level impact of future policy scexsaior different farm types in different
regions. FSSIM has been developed as part of tegrasted modelling framework of the
System for Environmental and Agricultural Modellingnking European Science and
Society (SEAMLESS) (Van Ittersumt al, 2008) which targets to integrated assessment
of agricultural systems in the EU of 27 memberestdEU27). This implies that FSSIM
can be and has been linked to other models fori+seale analyses (Pérez Domingetz
al., 2009).

In Section 2, the SEAMLESS context and the requengis for a model like FSSIM are
presented to justify the modelling choices. In #8&cB, FSSIM is described. In Section 4,
the model is used to simulate arable and dairy $asfrFlevoland (The Netherlands) and
Midi-Pyrenees (France). In Section 5, the resultsthe application of FSSIM are
described. Section 6 discusses the results anductasc

2.2.  Modd requirementsfollowing from the SEAMLESS Integrated Framework

The main objective of the SEAMLESS Integrated Franm (SEAMLESS-IF) is to
enable ex-ante evaluation of a broad range of altwial and environmental policies at
multiple decision making levels. This framework smis of models which operate in an
iterative way (Figure 1). First, the Common Agricwél Policy Regionalized Impact
modelling system (CAPRI) which is an EU agricultusactor model (Britzt al, 2007) is
used to estimate a set of initial prices for thecadfural products of all EU27 regions.
Second, FSSIM uses the estimated prices and cedsidapply responses of farms to price
shocks in a selection of EU 27 regions. Third, EXR2D (Pérez Domingueet al, 2009)

is used to extrapolate results of the sample regtonall EU27 regions by means of
econometric approaches. Next, CAPRI is recalibratétt the new supply responses
coming from EXPAMOD to generate a set of marketGteg prices that are used by
FSSIM for the final run.
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FSSIM @ | gxpaMoOD | © CAPRI

Initial set of prices (1)

Market clearing prices for the final run (4)

Figure 1: SEAMLESS model chain (Pérez Domingeteal, 2009). See text for explanation.

Modelling all individual farms within EU27 is nobpsible because of the large number of
farms and the existing variation and diversificateimong farming systems. Therefore, a
farm typology was developed associating economét environmental characteristics of
EU farms. This farm typology is based on the emgtcEU farm typology (EEC, 1985)
which classifies farms according to their incomel apecialization. This farm typology
has been enriched with environmental criteria eelaio the land use and intensity of
farming (Anderseret al, 2007).

A spatial allocation procedure was developed torgéerence farm types allowing the
aggregation of model results at farm type level both natural (territorial) and
administrative regional level (Elbersenal, 2006; Hazewt al, 2010). FSSIM is used to
simulate an “average farm” which is a virtual (rdtserved in reality) farm derived by
averaging data from the Farm Accountancy Data Ne&WBADN) of farms that are
grouped in the same farm type. It is assumed tieatdverage farm” represents all farms
that belong to the same farm type. Structural chanm the sector are related to
interactions between farms (land market) and atéere income sources and can only be
taken into account by using another model (Zimmeme al, 2009) of SEAMLESS-IF.
However, policy makers can compare the gross marfgan average farm calculated by
FSSIM with the estimated income from non-farming\aites to draw conclusions on the
viability of the particular average farm.

The general context of SEAMLESS and the varietypolicy questions that FSSIM
should be able to address leads to a number of Imegigrements. First, FSSIM must be
integrated with the other models of SEAMLESS-IFeTihtegration with components at
field and market level must be streamlined in teohsnethodology (e.g. temporal and
spatial scales), concepts and scenarios being arsg¢¢doftware. Second, the conceptual
design of FSSIM should be “generic” so that the etan be easily modified and used
for assessing different policies under various a@conomic and bio-physical conditions

(e.g. different farm types and different regior®)ird, production activities and available
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technology must be described in an explicit anchgparent way to improve the
explanatory power of the model. Fourth, the datadseof FSSIM should be preferably
limited to those data available at EU27 level mizing the resource demanding process
of data collection. The model must be robust endoghnction with data like those from
FADN. Moreover, the model should be capable to @kxphore detailed data that is not
currently available but might become available he future. Finally, FSSIM should be
easily adaptable and reusable (modularity). Thisallow model users to easily change it

to account for different regions, farming systearg] policies.

2.3. Mode description

2.3.1. Model specification

FSSIM is an optimization model which maximizes anfg total gross margin subject to a

set of resource and policy constraints. Total gnossgin is defined as total revenues
including sales from agricultural products and cemgatory payments (subsidies) minus
total variable costs from crop and animal productibotal variable costs include costs of
fertilizers, costs of irrigation water, costs ofoprprotection, costs of seeds and plant
material, costs of animal feed and costs of hiedmblir. A quadratic objective function is

used to account for increasing variable costs péraf production because of inadequate
machinery and management capacity and decreaseidsydue to land heterogeneity

(Howitt, 1995). The general mathematical formulated FSSIM is presented below:

maximiseZ=w’ x — X’ Q xsubject toA x<b, x>0 (2)

whereZ is the total gross margin, & thenx1 vector of the parameters of the linear part
of the activities’ gross margiiQ is thenxn matrix of the parameters of the quadratic part
of the activities’ gross margin,is anx1 vector of the simulated levels of the agricultural
activities, A is amxn matrix of technical coefficients, armlis amx1 vector of available
resources and upper bounds to the policy cons$raint

A different model formulation has already been iempénted and can be used if
detailed agro-management information is availablé o is important to account for the

risk averse attitude of the farmer explicitly. lmst model formulation the farmer’s utility
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is maximized. Utility is defined as gross margimuos risk. For this specification a linear

gross margin function is assumed.
maximiseU= W’ X - ¢-c subject toA x<b, x>0 (2)
wheregp is the risk aversion parameter that assumes adradvgolute risk aversion (Hazell

and Norton, 1986), andis the standard deviation of the total gross nmargi

FSSIM consists of four major components, i.e. a&gdsbduction, livestock production,

Chapter 2

policies and regulations and the calibration andedasting component which are

described below.

Arable production

In FSSIM, arable agricultural activities are defirees crop rotations grown under specific
soil and climate conditions and under well-defimadnagement describing major field

operations in detail. It is assumed that in eadr,yall crops of a rotation are grown on

equal shares of the land. A model solution caruihelseveral crop rotations. The concept
of crop rotations allows to account for temporateractions between crops. The

agricultural management of arable activities déswi operations associated with
fertilization, soil preparation, sowing, harvestimgigation and pest management of crops
and results in different inputs and outputs.

FSSIM uses information available in FADN. This dat@urce lacks detail in agro-
management information which is needed to assess etlvironmental aspects of
production. Therefore, a simple survey was perfarmghin SEAMLESS to identify and
qguantify current production activities (Borkowsdd al, 2007; Zandeet al, 2010). For
operational purposes and due to resource limitatitie survey was conducted for a
sample of 16 NUTS2 regions from the EU27 (NUTS: Maglature of Territorial Units
for Statistics). Experts from the sampled regiomsenasked to specify the most important
rotations and related management which are cuyreasdd by arable farms in their region.
In total 87 rotations of 21 different crops werentified in the sampled regions.

The agricultural management component of FSSIM (MS&M) and the Agricultural
Production Externalities Simulator (APES) (Jansseal, 2009b) can be used to quantify
externalities of current activities (e.g. N-leadjirand complete sets of discrete input and
outputs coefficients (e.g. costs, labour requirelsiemput of agrochemicals, yields,

externalities) for alternative activities which leaimproved performance in one or more
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criteria. Alternative arable activities may includew crops and rotations, changes in crop
management or their combination resulting in atési with different technical
coefficients. Alternative activities are used taca@mt for technological innovations in
agriculture (e.g. new varieties, modern agricultpractices) and effects of future changes
to bio-physical and climatic conditions (e.g. etfeof climate change or soil degradation
to production).

Arable farmers face a number of resource scarditias affect their decision making.
These resource scarcities have been taken intawacotoFSSIM by means of constraints.
The available arable land constraint is specified goil type and ensures that the sum of
the area of the activities on a certain soil dogisexceed the available farm land for this
soil type. The available land is derived from FARNKd hence imposed exogenously.
Selling or buying of land is not considered in F8SHowever, pre-determined scenarios
with more (in case of buying) or less (in caseallirsg) available land can be tested. The
available irrigated land constraint ensures thatdrea with irrigated activities does not
exceed the available irrigable land. The availabi®unt of irrigation water constraint
ensures that the total volume of water requiredHterirrigated activities does not exceed
the available water volume. Finally, the labour stoaint is used to calculate the number
of hours of hired labour, given the labour requieets of different activities and the
availability of family labour. Hired labour is cadered as an additional cost, the price of
which is equal to the average region-specific wage. Allocation of family labour to off-
farm activities is not considered in FSSIM. Scemscan be used to assess consequences
of allocating family labour to off farm activitiesy changing the availability of family

labour for agricultural activities.

Livestock production

Three different animal activities are modelled i8S, i.e. dairy, beef, and small

ruminants (sheep and goats). The core elementdairg activity is a productive cow, a

bull and their off-springs. A replacement rate &séd on the actual milk production per
cow and sets the share of young animals in a daitlyity i.e. calves and heifers. For
example, a typical dairy activity in Flevoland megnsist of 60.5% cows, 17.5% heifers,
20.8% calves and 1.2% bulls. Increasing the agtleiel by 1 unit will cause an increase
in the number of all animals so that the sharenirhals in the activity remains constant.
Feed requirements of different animal types andsdets on the length of the grazing

period are also taken into account in a dairy &gtiihe feed requirements of the herd in
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terms of fibre, energy and protein are covereddmghage produced on farm (fresh, hay
or silage), purchased roughage (hay or silage),cartnates produced on-farm or
purchased concentrates. Feed crops like grass aautbrf maize are grown either in a
rotation with other crops or as mono-crop actigiti€he quantities of on-farm produced
and purchased feed depend mainly on prices of groguct (including feed) and input

prices. Beef activities are modelled in a similamywTwo distinct methods of raising

animals for beef production are available i.e. ekkr system comprising a cow and its

off-springs, and a fattening system, which meralyeihs purchased young animals till the
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moment of selling. The small ruminant activities imeat and milk production are
modelled in a way similar to dairy and beef aci@at The milk and meat production is
used to determine an appropriate replacement ratdhee feed requirements of different
animals (Thornet al, 2009).

FADN data are used to identify the predominantdigek activities across the regions
of EU, and to derive related animal shares, pradndevels and replacement rates. The
SEAMLESS survey (Borkowslket. al, 2007) and a feed evaluation and animal nutrition
system proposed by Jarrige (1989) were used totifdhe technical coefficients of
animal activities like yields, total production t®scosts of feed, feed nutrient values and
feed requirements (Thorm al, 2009).

A number of constraints were used to model theasmfavailability of resources, the
feed production and the animal’'s diet. Constrairgkting feed availability to feed
requirements are used to secure that the totalrezgents of energy, protein and fibre are
met by the produced (on-farm) and purchased quesof feed and concentrates. Another
constraint (maximum amount of concentrates) is tsest an upper bound to the share of
concentrates in the animal’s diet to prevent anidiséases related to high amounts of
concentrate. The available amount of roughage wnstestricts the grazing period to a
region specific maximum. Finally, the milk quotanstraint restricts the produced
guantity of milk to the available milk quota. Anyilknproduction exceeding the milk
guota is penalized. This constraint is the maintiig factor for a dairy farm and for that

reason it is mentioned here as a resource coristrain

Policies and regulations
FSSIM is able to simulate a broad range of agucalt and environmental policy
instruments, some of which have been already imgieed in practice while others might

be of interest to policy makers in the future. The®licies are modelled as additional
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constraints and variables in a generic way to aaceasily for various products or region-
specific policy implementation. The policy instrumte which are currently modelled in
FSSIM can be classified in a number of groups.

The first group of policies modelled in FSSIM ind&s the EU compensation payments
which are taken into account as part of revenudahkanobjective function of the model.
Existing compensation payments related to rainafiedl irrigated land, historical yield but
also the degree of the payments that is linkedramlyction (coupling) are taken into
account in order to calculate the total amount exfeived payments according to the
existing regime. Two farm support policies are adhe programmed in FSSIM, the farm
support policy under the Agenda 2000 (CEC, 1999atig) the reform of the common
agricultural policy of 2003 (CAP reform of 2003)EC, 2003; OECD, 2004). The first
CAP reform of 1992 (CEC, 1991) and the market hbeation led to a reduction of
product prices. Therefore, a regime of direct paysi@vas developed to compensate farm
income within the general context of the Agenda@0hese direct payments were given
to the highly affected arable and livestock sectdrihe EU and they were linked either to
production or to the area of different crops. Tiveal payments are financed by the EU
and administered by the ministry or department gricalture of each member state.
Modelling the regional specific implementation bétAgenda 2000 requires two pieces of
information: the way the payment was given (i.ex petivity level, per unit of main
output) and the amount of the payment (basic prethper hectare, slaughtered animal or
tonne of product. The CAP reform of 2003 replatesAgenda 2000 regime and involves
mainly the partial (or total for some crops) dedmgof subsidies from production. To
calculate subsidies under the CAP reform of 200BS%1M, the subsidies received under
the Agenda 2000 were (partially or totally) detatfr®m production. To achieve this, the
new coupling degree of each product was used. Boeupled part of the payment is
based on the historical reference land and thé¢ aotaunt of subsidies received over the
years 2000-2002. The coupled and the decoupled gratyaf each activity were used to
calculate the total received subsidies per hedBaetivity under the CAP reform of 2003.

The second group of policy instruments that hashnbwedelled in FSSIM relates to
guota based policies which are currently used inynt&lJ countries to regulate the price
and supply of certain products like milk and sulgeet. This kind of regulation was also
used under Agenda 2000. In FSSIM quota based psliare taken into account with
additional constraints. The part of production teateeds the pre-determined quotas gets

a lower price according to the specificities of tiegulation. The same structure of the
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constraint set is used for all products that areeculy under a quota regulation (or might
be in the future).

Another policy that has been included in FSSIVhis obligatory set-aside policy which
was introduced by the EU in 1988 (i) to reduce ldrge and costly cereal surpluses
produced under the guaranteed price system of Aker€form of 1992 and (ii) to provide
environmental benefits following considerable damtgagro-ecosystems and nature as a
result of the intensification of agriculture. Altingh the implementation of the set-aside

policy differs across the EU, in general, the measntails the obligation to leave a
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proportion of the farm land uncultivated or assiyrte non-food purposes for a certain
period in exchange for subsidy payments. The otdigaset-aside policy is taken into
account in FSSIM by setting a lower bound to theaawhich is left as set-aside and by
adding an extra source of revenues in the objeftinetion for each hectare of set-aside.
If the area of set-aside is less than 10% of tka af Cereals, Oil seed and Protein (COP)
crops a subsidy cut is assumed.

The last group of policies modelled in FSSIM isatetl to the environmental conditions
and cross-compliance regulations which aim at susta various agro-environmental
conditions that must be respected to avoid reddeed support payment under the CAP
reform of 2003. Cross compliance regulations mustirbline with a number of well-
defined standards determined at EU level and cewsironmental, food safety, crop
protection, animal health and animal welfare iss&®ss-compliance regulations are
taken into account mainly by additional constrawntsle in some cases binary variables
are needed transforming the model into a Mixed geteNon-Linear Programming
(MINLP) model.

In addition to the above described policy instrutegem number of environmental
indicators (e.g. total nitrogen use, water use,tigids use), indicators related to
biodiversity and multi-functionality (e.g. numbeir @op species on the farm), and socio-
economic indicators (e.g. labour use per hourjgasessed. Those indicators can be easily

used to evaluate future environmental policies.

2.3.2. Calibration and forecasting

A Positive Mathematical Programming (PMP) basedreggh is used to calibrate the
model and guarantee exact reproduction of the vbder(base year) situation without
using additional calibration constraints which drtficult to justify in a way consistent

with existing economic theory (Heckelei, 2003). Pi4Pa generic and fully automated
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procedure which means that it can be easily adagteldused for different regions and
farm types without additional site specific infortioa.

In PMP calibrated models, the observed activityelevof farm types are used to
calculate unobserved non-linear costs which ardtedhirom the linear cost function of
LP models because of data limitations and simglift; purposes. Non-linear costs are
related to issues like managerial capacity, fixest€ (e.g. machinery, buildings) and risk.
PMP uses a two step approach. In the first stepymaber of calibration constraints are
added to the model, to ensure that the observaditpadevels of the base year are
reproduced. In the second step, the calibratiorstcaimts are taken out and their shadow
prices are used to specify and include the noratigests in the objective function. Since
the first introduction of PMP to bio-economic mdae by Howitt (1995) a number of
PMP variants have been developed based on diffasstmptions resulting in different
model forecasts (Heckelei and Wolff, 2003; R6hm &adbbert, 2003; Kanellopoula=t
al., 2010). The appropriateness of PMP variants i€ cgeecific and depends on the
available data and policy question. In FSSIM a nendd PMP variants are programmed
providing users with various options.

A different calibration procedure is used for thedal presented in (2) where the risk
aversion coefficient is the only unknown paramefBne risk aversion parameter is
estimated in an iterative process that involvestiplel model runs. In each model run a
different value of the risk aversion coefficient used; the value of the risk aversion
coefficient that gives the best fit in terms of grallocation is selected for simulations. In
this case, exact calibration is not guaranteed.

After the model has been calibrated it can be @isetbrecasting. Inflation of input and
output prices is considered, while exogenous taribdel information on yield and price
trends are used to account for possible technabgitnovations and price-supply
fluctuations.

To facilitate the analysis of policy scenarios, R8$ setup in such a way that policy
makers and model users can easily access and théapnstraint set and the parameters
of the model. New policy scenarios can be incorqaranto the model by: (i) varying the
available farm resources, (ii) changing the inmud autput coefficients for activities, (iii)
abolishing base year policies and (iv) includingvrplicies, constraints and parameters.
A set of general policies has been pre-programnret is ready to use after having

provided the required data.
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Figure 2 shows a simple presentation of the moetelig for a simulation of an arable
farm in year 2003, where gross margin is maximizett aversion is not taken into
account) subject to a number of resource and poboggtraints. This presentation reveals
the general structure of the model and summarimesequired information that is stored
in an integrated database developed within SEAMLERSsseet al, 2009a). Switching
on and off different components of the model allalifferent simulation of the same or a

(Q\)
different farm type (e.g. the livestock componeangwitched on in the case where a o
'}
livestock farm type is simulated). <
e
@)
.— Objective function ‘
I Linear gross margin | |
I Quadratic part of gr. margin ‘
[ Risk aversion SEAMLESS
| Available land Simple survey data
.__@l (Current rotations,
B Available water water requirements,
L] labour requirements,
ol @l fertilizers, pesticides,
D_ Livestock — input and output
prices)
[ Feed availability FADN data
[+ Max. concentrates | -
- Avaian) o ‘ (Observed activity
vanable rougnage levels, available land,
— Milk quota irrigated land, family
# labour, quotas, set-
.— Policies e aside)
B Agenda 2000 Ma”é’vj& F%F:Irade
[} CAP reform 2003 ( )
.——Cwota—mlicies‘ (Price :SSST:(LC; )trends,
| Obligatory set-aside | 5 f
- = utput o
[ Environmental. conditions ‘ Biophysical models
._ Calibration <+— || (Alternative rotations,
It tive i ts,
[ Howitt (1995) yields and caloulation
I Kanellopoulos et al. (2010) | of externalities)
[J-+| Rshm & Dabbert (2003) |

Figure 2: Set-up of FSSIM for simulating an arabdem type under
Agenda 2000. Switching o) and off &) components and constraints
results in different simulations of a differentfatype. Summary of the
required information stored in the SEAMLESS databas
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24.  Set up of thecalculations

Here, we present the application of FSSIM to aralrld dairy farm types in Flevoland
(The Netherlands) and Midi-Pyrenees (France). Tibgbhysical (climate and soil types)
and socio-economic (different size, intensity apeécgalization of arable and livestock
farms) conditions of these two regions differ sabsitlly. We have chosen these regions
to illustrate the applicability of the model undagfferent bio-physical and socio-economic
conditions and demonstrate the generic featurdheofnodel enabling the simulation of
other farm types within the EU. For this exercise, did not use a bio-physical model to
estimate externalities because of data limitatemms simplification purposes. Instead, we
used total nitrogen input and total irrigation watgut as environmental indicators. The
model specification with a non-linear total grosargin function, described in (1), was
selected for this exercise because exact calilbratiguaranteed. This model specification
is used for higher level analysis where data istéichand calibration only on the risk
aversion parameter is not adequate to reproduce iwludserved in reality. FSSIM was
calibrated for the base year (2003) with the PMiPawh proposed by Kanellopoules al.
(2010), using activity specific supply elasticitizem the literature (Jansson, 2007). For
this exercise we used exogenous base year pridesomsequently we did not use the full
procedure described in Figure 1.

We use the four digits codes of the SEAMLESS faypology to distinguish between the
different farm types. The first digit of the farlype code refers to the farm size: (3) Large
farms, i.e. size > 40 European Size Units (ESU)M2dium farms (16 ESY size< 40
ESU), (1) small farms (size < 16 ESU). The secagi tefers to farm intensity: (3) High
intensity (output > 3000 €/ha), (2) Medium intepgB00 €/ha< output< 3000 €/ha), (1)
Low intensity (output < 500 €/ha). The two lastittigefer to farm specialization: (08)
dairy cattle/others, (07) dairy cattle/land indegemt, (06) dairy cattle/temporary grass,
(05) dairy cattle/permanent grassland, (04) aratilef, (03) arable specialized crops, (02)
arable/fallow, and (01) arable/cereal. The setawfstraints, used for the base year (2003)
to simulate arable farm types consists of the nesoconstraints (available land, available
irrigated land and labour) and policies (sugar lzpeita regime and the obligatory set-
aside). For dairy farms the constraints relatdéoféed availability, the maximum amount
of concentrates in animals’ diet, and the graziegaga were added. The data requirements
for the base year simulations include the availédole resources (i.e. available farm land

characterized by soil and climatic conditions, klde irrigated land and available family

36



FSSIM a bio-economic farm model for EU level polamyalysis

labour) the inputs and outputs of current actigitithe observed cropping patterns, the
herd composition (Table 1 and Table 2), the econatata (i.e. variable costs of inputs,
output prices and wages) and the policy data ¢pempensation payments under Agenda

2000, quotas for sugar beet and milk production).

Table 1: Farm specific data of farm types in Flewol in 2003, and, observed crop areas and animal
numbers that are included in the current activit@surce: FADN.

Arable farms Dairy farms
FT  FT FT FT Aver. FT FT FT FT Auver.
2303 3203 3303 3304 farm 3205 3305 3307 3308 farm

Farm specific data

Total available

land (ha) 179 66.368.7 339 56.4 49.7 446 33.1 489 446
Irrigated land (ha)

Family labour  (hrs) 3156 29975403 7641 4754 3325 4293 4440 3933 4196

Milk quota (tons) 437 555 488 571 543
Costs of hired

labour (€/hr) 75 75 75 75 7.5 75 75 75 75 75
Farms

represented (%) 13 29 44 15 8 78 6 8

Crop areas

Grass (perm.)  (ha) 45 359 18.8 19 34.2
Maize (silage) (ha) 15 2 06 01 1 37 77 92 164 82
Onions (ha) 22 32 9.7 234 8.9 02 06 0.1
Potatoes (ha) 48 179248 35 171 02 04 1 03
Set-aside (ha) 1.7 18 1.3 0.9 14 0.1 0.2 3 54 038
Sugar beet (ha) 31 11291 13 7.8 03 03 03 16 0.4
Wheat (soft) (ha) 27 104115 2 8.7 0.1 1.7 0.2
Other crops

(not simulated) (ha) 2 198117 28 115 06 03 12 31 0.6
Animals

Bulls (heads) 3 2 1 2 2
Calves (heads) 24 25 23 31 25
Cows (heads) 58 74 65 76 72
Heifers (heads) 17 21 19 22 21
Total (heads) 102 122 107 131 120

The calibrated model is used to predict changestal gross margin, agricultural supply
and environmental indicators as a consequenceeointplementation of the 2003 CAP
reform in a context of market liberalisation. Tivae¢ horizon of the simulation is the year
2013 and takes into account (i) new exogenous pgeaerated by the CAPRI agricultural
sector model (Britzt al, 2007) under the market liberalization scenaiipapolishment

of the existing quota for sugar beet and milk) @ibolishment of the obligatory set-aside

policy and (iv) new subsidies calculated underGi¢> reform of 2003.
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The data used for policy scenarios are yields arme prends for year 2013 as calculated
by CAPRI (Britzet al, 2007) in a market liberalization scenario. Thekatliberalization
scenario in CAPRI assumes abolishing the expoitf¢ailt should be noted that this
market liberalization scenario within CAPRI doed mzlude abolishment of quota or of
the obligatory set-aside policy. Input and outpuicgs are inflated with a constant
inflation rate (1.9%) in both regions for a periol10 years. Historical yields, subsidy
levels (as those determined in the CAP reform @32@nd region-specific decoupling of

subsidies from production, were also considered.

Table 2: Farm specific data of farm types in Migréhees in 2003, and, observed crop areas
and animal numbers that are included in the cuaemtities. Source: FADN.

Dairy
Arable farms farm
FT FT FT Aver. FT

3201 3202 3304 farm 2206
Farm specific data
Total available land (ha) 141.2 123.8 173.1 148.7 41.6
Irrigated land (ha) 41.8 30.4 16.5 30.9 0.8
Family labour (hrs) 2902 3260 3179 3067.2 2152
Milk quota (tons) 171
Cost of hired labour (€/hr) 7.5 7.5 7.5 7.5 7.5
Farms represented (%) 46 20 34 100
Crop areas
Barley (ha) 4.1 1.6 2.4 3 2
Grass (permanent) (ha) 28.4
Maize (grain) (ha) 351 25.1 3.6 22.3 0.1
Maize (silage) (ha) 0.3 0.5 0.7 0.5 6.3
Peas (ha) 3.7 3.6 6.4 4.6 0.3
Rape seed (ha) 1.7 1 1.6 15
Set-aside (ha) 9.3 18.9 9.4 11.2 0.5
Soya (ha) 3 3.6 7.8 4.8
Sunflower (ha) 143 126 33.9 20.7
Wheat (durum) (ha) 17.3 114 31.6 21.1
Wheat (soft) (ha) 131 123 13.2 13 0.9
Other crops (not
simulated) (ha) 39.3 332 62.4 46 3.3
Total (ha) 141.2 123.8 1731 148.7 41.7
Animals
Bulls (heads) 1
Calves (heads) 10
Cows (heads) 29
Heifers (heads) 7
Total (heads) 47
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Table 3: Crop product and animal product pricesldg, subsidies, costs and gross margins in 2003

and 2013 in Flevoland. Source: FADN, SEAMLESS syraed CAPRI model

Price Yield Subsidy Costs Gross margin
(tons/haor  (€/haor (€/ha or
(€/ltonne)  tons/head) €/head) €/head) (€/ha or €/head)
Change
2003 2013 2003 20132003 2013 2003 2013 2003 2013 (%)
Crop products
Maize fodder 30 34 40.8 429 448 1098 1329 126 567 350
Onions 90 109 58.4 614 7 2158 2611 3098 4100 32
Potatoes 100 74 409 40.5 91 2252 2725 1838 340 -81
Set-aside 298 100 121 198 -121 -161
Soft wheat
(spring) 120 142 7.8 8.7 298 234 527 638 707 836 18
Soft wheat
(winter) 130 154 8.6 9.6 298 234 524 634 892 1082 21
Sugar beet 75 48 655 70.6 1150 1392 3763 2018 -46
Grass products (dry matter)
Grass (grazed) 6.0 6.6
Grass (silage) 40 4.4 267 323 -267 -323 21
Animal products
Bull (meat) 700 695 0.0 0.0
Calves (meat) 108 143 0.0 0.0
Cows (meat) 650 645 0.2 0.2
Cows (milk) 320 275 75 8.9
Herd unit 31 59 749 906 720 633 -12

& Average costs before calibration, feed costs aténaluded.

Weighted average economic and policy data (prigedds subsidies, costs and gross
margins) for the base year and the 2003 CAP refomflevoland and Midi-Pyrenees

under the market liberalization scenario are prieseim Table 3 and Table 4, respectively.
The weights are determined from the share of digts/bbserved in each farm type and the
share of farm types in the regions. Based on tif@rination, in Flevoland the expected

gross margins of silage maize, onions and soft tvaea projected to increase in 2013
while the expected gross margins of potatoes agdrshbeet are projected to decrease
substantially. With the CAP reform of 2003 silagaire receives a larger subsidy than
other crops. The main reason for this is that rob#te silage maize area is at dairy farms
which receive a larger subsidy per ha becauseeotiitoupled animal production. Grass
products are assumed to be non-tradable produdtshais have no price in the model.

The expected gross margin decrease of grass istaluecreasing costs because of
inflation. The large decrease in the price of mitk associated with the market

liberalization scenario and it is the reason far kbwer expected gross margin per herd
unit. In Midi-Pyrenees, the expected gross marginsiost crops increase due to higher

prices and subsidies. An exception is durum wheatvhich the subsidy decreases by
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almost 67% resulting in a substantial decreasexpé@ed gross margin. Inflation of the
costs is the main reason for the lower expectedsgmargin of grass while the lower
subsidy for set-aside is the main reason for loggyected gross margin of the fallow
activity. Similar to Flevoland the average expedjeass margin of a herd unit is reduced

due to projected lower milk price.

Table 4: Crop product and animal product pricesldg, subsidies, costs and gross margins in 2003
and 2013 in Midi-Pyrenees. Source: FADN, SEAMLE88&/gy and CAPRI model

Price Yield Subsidy Costs Gross margin
(tons/haor  (€/haor (€/ha or
(Eltonne)  tons/head)  €/head) €/head) (€/ha or €/head)
Change

2003 2013 2003 2013 2003 2013 2003 2013 2003 2013 (%)

Crop products

Barley 94 101 5.0 5.2 304 452 340 411 434 567 23
Maize (grain) 120 152 11.0 105 304 431 859 1039 765 993 23
Maize (silage) 120 132 154 17.3 423 860 1041 988 1657 40
Peas 133 150 35 3.6 304 448 385 466 385 526 27
Rape seed 204 318 22 22 304 443 582 704 171 451 62
Set-aside 304 156 304 156 -95
Soya 196 318 2.3 3.1 304 450 331 401 424 1027 59
Sunflower 213 323 24 24 304 451 294 356 521 871 40
Wheat (durum) 135 148 5.0 58 592 198 421 509 846 546 -55
Wheat (soft) 116 137 6.5 7.0 304 444 430 520 628 879 29
Grass products (dry matter)

Grass (grazed) 23 25

Grass (hay) 3.1 34 72 87 72 -87 -21
Grass (silage) 46 5.0

Animal products

Bull (meat) 1200 1191 0.0 0.0

Calves (meat) 110 146 0.0 0.0

Cows (meat) 600 595 0.2 0.2

Cows (milk) 320 258 6.0 7.3

Herd unit 30 31 405 490 1023 800 -22

% Average costs before calibration, feed costs aténaluded.

Three model runs were designed to analyse thetgftdédhe different changes during the
period 2003 — 2013 (see Table 5). In the first nhogle (price-yield changewe included
only price and yield changes and inflated inputesifor year 2013, assuming market
liberalisation. In the second model ruset-aside & quota abolishmegnive added the
abolishment of the obligatory set-aside policy #mel quota regimes for both sugar beet
and milk. In the third model rurCAP 2003 we added the CAP reform of 2003. In this
model run we recalculated subsidies according ® @AP reform of 2003 where
decoupling of subsidies from production was deciddémtice that only model run 3 can be

considered as a complete policy scenario (all ielared changes are taken into account
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simultaneously), the other model runs serve to yseakthe effects of the individual

changes during period 2003-2013.
Table 5: Definition of the base year and the maodes$ (price-yield changsgt-aside & quota

abolishmenandCAP 2003

Exogenous Set-aside and EU compensation
assumptions Price& Yied quota policies payment

2003 price and  With obligatory set- Agenda 2000
Base year [2003] yield aside and quota  (direct payment)

Projection in prices
and yields from
2003 to 2013
accounting for
Priceyield Inflation rate of market With obligatory set- Agenda 2000
change [2013] 1.9% per year liberalization aside and quota  (direct payment)

Chapter 2

Projection in prices
and yields from
2003 to 2013

set-aside & quota accounting for Abolishing set-
abolishment Inflation rate of market aside obligation and  Agenda 2000
[2013] 1.9% per year liberalization quota (direct payment)

Projection in prices
and yields from
2003 to 2013

accounting for Abolishing set- 2003 CAP reform
Inflation rate of market aside obligation and (decoupled
CAP 2003 [2013] 1.9% per year liberalization quota payment)

2.5. Results

In this section weighted average results of diffiefarm types in the two regions are
presented; the weights are determined from théivelahare (based on number of farms
represented) of the farm types in the regionfirgt, the average farm of each farm type is
simulated and then the results were used to caédcwaighted average values of arable
and dairy farms in each region. The regional aversignulated crop levels, the regional
average economic results and the calculation ofdg®nal average nitrogen use of arable
farms in Flevoland are presented in Figure 3. Bseaof the PMP calibration, the
simulated crop levels for the base year are ex@lclysame as the actual levels observed
in FADN (Table 1). In theprice-yield changanodel run, the gross margin increase of
maize silage, onions and wheat causes a substattiabse in the areas of these crops in
arable farming. The gross margin decrease of pegadad sugar beet causes a decrease in

the area of these crops. The decrease of the seayar beet is also because of the yield
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trend (8% increase). Less area of sugar beet a@edeto produce the same quota. The
average total gross margin of arable farms decseagth more than 28%. The shift of
crop production from spring soft wheat to winteftssheat is the main reason for the

increase of the total nitrogen use per ha in athfeypes of Flevoland.
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Figure 3: Simulated results for the base year (RP@3ulation and 3 model runs
(2013) for an average arable farm of Flevolapdcg-yield changeyield and price
trend, inflation of input pricesset-aside & quota abolishmerrice-yield change
+abolishment of obligatory set-aside policy and tggpCAP 2003 price-yield
changet+ set-aside & quota abolishmertCAP reform of 2003).

In the set-aside & quota abolishmentodel run for arable farms, the abolishment of the
sugar beet quota system and the obligatory seegsadicy, are the reasons for the
increase of the area of sugar beet and the decoé#se area of set-aside (compared to the
simulated levels of these activities in thece-yield change model riinPutting the set-
aside area in production causes an increase ochAwbege total gross margin of arable
farms. The total nitrogen use increased in all faypes because of the decrease of the
area of set-aside and the increase of the ardseahbre nitrogen demanding winter soft
wheat.
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In the CAP 2003 model run, overall effects on crop allocation areryvmodest
compared to theet-aside & quota abolishmemhodel run and the associated effect on the
total gross margin is negligible.

The regional average weighted results of the sitedlaairy farms in Flevoland are
presented in Figure 4. The produced feed repontédigure 4 corresponds to on-farm feed
production that is used on-farm excluding sold dqwias of on-farm produced feed.
Similar to the base year simulation of the araldemt and because of the PMP

calibration, the observed activity levels of crogsd animals of the dairy farms are

Chapter 2

reproduced exactly. In th@ice-yield changenodel run the total number of animals of the
herd decreases because of the increased milk grodyer cow and the given quota. The
area of permanent grassland decreases but therarfdad production of grass increases
because of the assumed yield increase. The ambsithge maize sold increases because
of the price increase. The share of grass in teeidicreases and as a result the amount of
concentrates also increases to fulfil the animaés gy requirements while respecting their
intake capacity. The gross production decreaseslynbecause of the decrease in the
price of milk. The total costs increase becausthefhigher input and feed prices and the
increased feed requirements. As a result, the gotes margin decreases by almost 35%.
The total nitrogen use remains almost the sam#é damy farm types of Flevoland.

In the set-aside & quota abolishmentodel run where the milk quota is abolished, the
total number of animals increases by 1.7% compaitdthe base year simulation and by
almost 13% from therice-yield changenodel run. The increased feed requirements are
covered by increasing purchases of concentratesitagke maize. The total gross margin
increases by almost 16% from the total gross masfihe price-yield changenodel run
while the total nitrogen use remained almost tmeesa

In the CAP 2003model run, the CAP reform of 2003 and mainly thrgdaincrease of
the subsidy for maize silage causes a shift ofyrtbdn from grass to maize silage. The
received premiums under the CAP reform of 2003itory farms increase substantially,

causing a modest increase of the farm’s total gresgin.
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Figure 4: Simulated results for the base year (R@d3ulation and 3 model runs
(2013) for an average dairy farm of Flevolamide-yield changeyield and price
trend, inflation of input pricesset-aside & quota abolishmentrice-yield change
+abolishment of obligatory set-aside policy and tggpCAP 2003 price-yield
change + set-aside & quota abolishmenCAP reform of 2003).

The regional average weighted results from theiegjoon of FSSIM to the arable farms
of Midi-Pyrenees are presented in Figure 5. In phiee-yield changemodel run, the
predicted changes for 2013 of gross margins resuttein increase of the areas of soya,
rape seed and silage maize and a decrease indhg af barley and peas. The average
total gross margin of arable farms increases by.ZA% main reason for this is the large
price increase of oil seed crops.

In theset-aside & quota abolishmentodel run the set-aside obligation of arable farms
is abolished putting almost 70% of the set-asida af theprice-yieldchange model run
into production. The set-aside land is allocatedltamther crops. The intensification of

production caused a large increase of the aver@gegross margin of arable farms but
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also a substantial increase of the total nitroge® ecompared to thprice-yield change
model run.

The recalculation of subsidies according to the Gafrm of 2003 caused a large
increase of the received subsidies for most crBgseptions are the subsidies for durum
wheat and set-aside land, which decrease by 6A@¥td respectively, causing a decrease
of the average area of these activities. The tptads margin decreased by 1.5% compared o~

S

with the set-aside & quota abolishmenimodel run and increased by 24 and 54%
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Figure 5:Simulatedresults for the base year (2003) simulation anddgel runs
(2013) for an average arable farm of Midi-Pyrenge&e-yield changeyield and
price trend, inflation of input priceset-aside & quota abolishmerprice-yield
change-+abolishment of obligatory set-aside policy anatgs, CAP 2003 price-
yield change + set-aside & quota abolishmerEAP reform of 2003).

Regional average weighted results from the appbicadf FSSIM to the dairy farms of
Midi-Pyrenees are presented in Figure 6. Similath® dairy farm of Flevoland, the
produced feed reported in Figure 6 correspondsntéaon feed production that is used
on-farm, excluding sold quantities of on-farm proed feed. In therice-yield change

model run, the substantial increase of feedingscastd input prices; and the price
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decrease of milk caused a small decrease in thagwderd size in Midi-Pyrenees. The
area of permanent and temporary grasslands desreaskit is substituted mainly by

silage maize and barley. On-farm produced grassthedmore expensive purchased
concentrates in this model run are substituted drgals and silage maize to cover the

animal’s feed requirements. The gross margin deesshy 6%.
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Figure 6: Simulated results for the base year (p808ulation and 3 model runs
(2013) for an average dairy farm of Midi-Pyreneasce-yield changeyield and
price trend, inflation of input pricesgt-aside & quota abolishmergrice-yield
changetabolishment of obligatory set-aside policy andtgs,CAP 2003 price-
yield changer set-aside & quota abolishmentCAP reform of 2003).

Abolishment of the milk quota policy in theet-aside & quota abolishmentodel run
increases the average herd size back to the ldvileobase year. Labour availability
becomes a binding constraint and therefore the purabanimals does not exceed the
number of animals observed in the base year. Tassignd area increases compared to
the price-yield changenodel run substituting the area with silage mavkhéch is not fed

to the animals. In both Flevoland and Midi-Pyrenieés expected that the yield of milk in
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2013 will have increased with 19 and 22%, respebtjvcausing an increase in the
animals’ feed requirements. To cover the additiaeguirements for feed, more grass
silage and purchased concentrates are needed.sAlmant of the milk quota caused an
increase to the farm’s total gross margin.

The effects of the CAP reform 2003 (tested in@# 2003model run) relative to the
results of theset-aside & quota abolishmemtodel run are marginal. The large increase of

2

S

subsidies on maize silage in tBAP 2003model run caused an increase of the area of

silage maize and a decrease of the area of cdmealsly barley) and grassland compared

Chapte

to theset-aside & quota abolishmentodel run. The decreased amount of barley fed to
the animals is compensated by purchased concentfatemall amount of hired labour is
needed to cover the additional labour requiremeftmaize. Water and nitrogen use

remain almost the same in all model runs.

2.6. Discussion and Conclusion

In this article, a bio-economic farm model has bpessented that is modular and can be
used to simulate the responses of farms to agu@lland environmental policies in a
broad range of contexts that may occur in the EURfrs was achieved by: (i) separating
model and data and creating a consistent Europstabake for farm types, their locations
and production activities, (ii) designing the mooked modular way, that allows switching
on and off modules, constraints or calibration rodfh) (iii) providing adequate
documentation, and (iv) ensuring public availapiliThe arable and dairy farms of two
regions that differ substantially from a bio-phydi@and socio-economic point of view
were simulated successfully, using information ryaiavailable in a large EU-wide
database (i.e. FADN) and a relatively simple surgegyducted within SEAMLESS for a
sample of regions representative for the EU27. HlW based calibration of FSSIM does
not require additional region-specific knowledged aetailed information on specific
constraints to guarantee exact calibration. Needs, availability of this kind of
information could be easily exploited and usedprove the forecasting performance of
the model.

The market of land, possibilities for off-farm lalvaand structural changes are usually
issues exogenous to the system definition of baemic farm models (Janssen and Van

Ittersum, 2007). This is how these issues were taésded in the model presented in this
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article, but we have indicated in Section 2 ando@ lthey can be partially dealt with,
using FSSIM and a scenario approach. To simulate fstructural change and land
markets more comprehensively FSSIM needs to be icatbwith other models that
account for market and sector level changes, abbas attempted in the SEAMLESS
modelling framework (Perez Dominguetzal, 2009; Zimmermanet al, 2009).

In the present article we illustrate the standalemlee of FSSIM using applications in
two regions and different farming systems. The i@ppibns raise a number of discussion
points because of a number of decisions concentiagset-up of the model. First, the
presented applications were based on data availablhe Farm Accountancy Data
Network and a simple survey on agricultural manag@mThis led to a restricted set of
environmental indicators, i.e. the total amountnaiter used for irrigation, and the total
amount of nitrogen used. This hinders a comprekensverview of the environmental
implications of the market liberalization under AP reform of 2003. The use of a bio-
physical model to calculate technical coefficietitat can easily be exploited in FSSIM
would increase the number of environmental indisatand thus improve the overall
assessment of the environmental impact of the destenario. However, this requires
detailed agro-management data (timing and precisatdies of inputs per crop) that are
not available in pan-European data-sets.

Second, we used an average farm type in our simofato ensure that all important
crop products that are produced by farms of a fipel@rm type will be part of the
simulated production plan. This is very importamt the type of analysis that requires full
representation of agricultural production to deteemequilibrium between supply and
demand, such as in SEAMLESS (Van Ittersatmal, 2008). However, simulating the
average farm has also important drawbacks. An geefarm and an average farmer do
not actually exist and consequently, an averageitycpattern also does not exist. The
activity pattern of the average farm is much maversified than that of individual farms.
Reproducing such a cropping pattern using an LPetn@duld require a large number of
binding constraints. It is possible that such c@msts do not even exist in reality and
consequently they are difficult to define (e.g.atainal constraints of an “average”
production plan). In such cases, calibration ofltRemodel is necessary for reproducing
the observed activity levels and often calibratioil dominate the simulations. It is
possible that the impact of calibration on the itssof the model would be reduced
substantially if a number of individual farms wesienulated instead of a single average

farm. However, this would also have increased thenputational requirements and
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individual farm data would have to be available athis usually not the case (individual
farm data are usually confidential and not avaddbl research).

Finally, we assume a yield trend (based on forecakthe sector model CAPRI) to
represent technological innovation. However, thedahanges in the socio-economic and
the bio-physical environment might lead to a broadeiety of alternative activities that
will become available to farmers in the future wethen completely different inputs and
outputs. Such alternative activities can not beigd and should be taken into account in

ex-ante evaluation of agricultural and environmenalicies. Offering alternative

Chapter 2

activities in FSSIM is possible from a technicalmmf view. The difficulty is to identify
a consistent and feasible set of alternative dss/for all regions across the EU.

Apart from using our intuition to assess the mal@&recasting performance, it is very
difficult to evaluate the results in a quantitatared more objective way because they refer
to future events and they use simulated data toustcfor price and yield trends. The
quality of the results of FSSIM has been previowshaluated and assessed in ex-post
experiments that demonstrate the capacity of th@ehto simulate the future behaviour of
the farmer (Kanellopoulost al, 2010). Even though, the results of such ex-postoses
cannot be generalized they do increase the cordedenthe model’s predictions.

A well calibrated and tested bio-economic farm ntodan be used for ex-ante
assessment of the impacts of new policies. Diffefarming systems across EU can be
affected in different ways and consequently farnrespond differently when they are
confronted with market and policy changes. This w@sfirmed by the results presented
in this article. For example, price and yield chesx@re the main factor explaining the
gross margin decrease of farms in Flevoland. Ini{Ridenees, simulated price and yield
changes have the opposite effect on the total grasgin of arable farms, and for this
region the abolishment of obligatory set-asidedraadditional positive effect on the total
gross margin of arable farms. In Flevoland farm®asdd an increase in premiums under
the CAP 2003 reform scenario, whereas in Midi-Pgesnthe CAP 2003 scenario did not
further increase the already high level of premiufise variation in farm’s behaviour
should be taken into account for efficient and @ffee policy assessment. Bio-economic
modelling can be a useful tool for exploring thasiation.

FSSIM has been set-up such that it can readily lsimdarm types in very different
contexts (climate, soils and socio-economic coodg) and for different purposes. The
presented examples in this paper show a fairlyilddtanalysis for the farm types of two

regions. The reusability of the model was confirmeg the significant number of
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applications that have been published (Louhathal, 2008; Kanellopoulogt al, 2009;
Louhichi et al, 2009; Majewsket al, 2009; Mouratiadoet al, 2010; Traorét al2009).
Pérez Domingueet al. (2009) show how results of the model can be usediriking
micro and macro level analysis of market changés. Model is available under an Open
Source license (www.seamlessassociation.org) armudh its broader use it can be
further tested and new modules can be added.
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Assessing the forecasting performance of a PMPiedéd farm model

Abstract

Using Linear Programming in bio-economic farm mddgl often results in
overspecialised model solutions. The positive nmadteal programming (PMP)
approach guarantees exact calibration to basedgtarbut the forecasting capacity of the
model is affected by necessary but arbitrary assiomgpimposed during calibration. In
this paper, a new PMP variant is presented whidbaged on less arbitrary assumptions
that, from a theoretical point of view, are closerthe actual decision making of the
farmer. The PMP variant is evaluated accordingh® fgredictions of the bio-economic
farm model, developed within the framework for gr@ed assessment of agricultural
systems in Europe (SEAMLESS). The forecasting dapac¢ the model calibrated with
the standard PMP approach and the alternative PiBnt, respectively, are tested in ex-

post experiments for the arable farm types of HRbwib (the Netherlands) and Midi-

Chapter 3

Pyrenees (France). The results of the ex-post empets, in which we try to simulate
farm responses in 2003 using a model calibratetOfi® data, show that the alternative

PMP variant improves the forecasting capacity efrtiodel in all tested cases.

Keywords agricultural policy; bio-economic models; envineental policy; farming

systems; mathematical programming.
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3.1. Introduction

Bio-economic farm models are often used to integnaddel formulations of bio-physical
processes with economic evaluations to simulateagement decisions about resource
allocation (Barbier and Bergeron, 1999). In many-é&tonomic studies, Linear
Programming (LP) models have been used (Beremgtesm, 1997; Acset al 2007;
Janssen and van lIttersum, 2007). Solutions of LBetscare, by definition, corner points
of the feasible decision space. This implies that number of selected activities cannot
exceed the number of binding, policy, rotationad aesource constraints which are
included in the model. In practice, the number iodding policy, rotational and resource
constraints are kept relatively small to avoid ctexpy and reduce data requirements. As
a result, overspecialised model solutions occurckdiei, 2003). Estimating non-linear
models using traditional estimation methods cowdduce the problem of unrealistic
simulation behaviour. However, traditional statiati estimators require multiple
observations of farm inputs, outputs and pricescivlare not always available. In these
cases a calibration procedure for LP models coaldded to exploit existing information
more efficiently and to reduce the gap between mesiedata and simulated results of bio-
economic models.

Howitt (1995a) presented positive mathematical @ogning (PMP) as an elegant
calibration procedure which guarantees exact remtooh of the base year activity levels,
without additional, poorly justified calibration wstraints. A decreasing marginal gross
margin function is used to ensure that the base getavity levels are reproduced. The
decreasing marginal gross margin function is jiggtiby increasing variable costs per unit
of production because of inadequate machinery aathgement capacity and decreasing
yields due to land heterogeneity (Howitt, 1995a)tyipical LP models not calibrated with
PMP, increasing marginal costs are either omittethfthe analysis or taken into account
in an oversimplified way, resulting in unrealisttodel solutions. An attractive feature of
PMP calibration is that the model’s solution issgpoto observed reality.

A second very attractive feature of PMP is thad & generic procedure that can be fully
automated. This means that it can be easily adagtddused for different regions and
farm types without additional site specific infoma. This feature is important for
sector, national and higher level analysis, whaeedata are limited, the knowledge on
relevant policies/constraints is fragmented andéiseurces invested in developing a fully

specified bio-economic model are restricted (Hemk&003).
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The standard PMP (STPMP) approach has been sub#taatiticised in the past for a
number of limitations, extensively reviewed by Helgk (2002). An important limitation
of the STPMP approach is related to the arbitrastrictions imposed on some of the
model’s parameters, especially the assumptiontiigagiross margin of the least preferable
activity is constant whereas gross margins of tiepactivities are assumed to decrease
with increasing activity level. These restrictioae necessary in order to estimate the
remaining parameters based only on one year ofnadisens. This limitation of STPMP
is described more explicitly later in this articend an approach to improve the
justification of those restrictions is proposed.

A second important limitation of STPMP is relatedhe values of the shadow prices of
the limiting resource constraints that are enforicethe STPMP approach. In many cases
the shadow prices, and consequently the values hef limiting resources are

underestimated leading to misspecification of thedef's parameters and to unrealistic
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forecasts. This limitation of STPMP is also disagsater in this study, where additional
information is used to retrieve more realistic eswf the limiting resources. Another
limitation of PMP is that the recovered parametessentially embody marginal model
misspecification of technology, data errors, aggteg bias, and representation of risk
behaviour. Explicit description of the modellingsasptions is necessary to ensure a good
interpretation of the model’s parameters and resitliance on one year’s observations
of activity levels to recover the unknown parametess been also criticised, since it does
not allow estimation of the real value of paranmetenderlying the observed response
behaviour of producers. Nevertheless, in most casabbration is used instead of
estimation because of the lack of multiple yearobations.

In recent years, a number of PMP variants have lbeseloped and used for bio-
economic analysis (Howitt, 1995b; Gohin and Chanltrd999; Heckelei and Wolf, 2003;
Ro6hm and Dabbert, 2003). The main objective ofa@le®IP variants is to overcome the
limitations of the STPMP approach and improve theedasting capacity of models by
utilising additional available information. In margases these PMP variants are not
sufficiently generic and have additional data regmients which are not always available.
Although all variants guarantee exact calibratsimulation models of future behaviour,
calibrated with different PMP variants, still pragudifferent results (Heckelei and Britz,
2005). In PMP-calibrated models, the values ofuilenown parameters are estimated in a

way that exact calibration is ensured. As differ@sgumptions are used, the values of the
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parameters are different between different varjantghich clearly affect the
responsiveness of the model to policy or strategpeements.

An evaluation procedure is necessary to assesfotbeasting capacity of calibrated
bio-economic models and to increase users’ condielen the results of the analysis. A
model evaluation reveals to model users the comsems of certain simplifications and
assumptions and gives them a good overview of vaemehhow the model should be used.
Despite the importance of ensuring the quality ab-dconomic analyses, model
evaluation and validation are often not addresshwately in existing bio-economic
literature (Janssen and van Ittersum, 2007). Ve, ff any, studies are available that test
the forecasting performance of calibrated bio-ecaranodels.

The research presented in this study was part AMMESS which was a sixth
framework EU project (Van lttersuret al, 2008). The main objective of SEAMLESS
was to develop a model framework to be used foarge-assessment of agricultural and
environmental policies at EU25 level. The framewaréis designed to be generic and
modular, to enable analysis at multiple scalesn#éie it possible to address a variety of
policy questions and to demonstrate the socio-eoanand environmental consequences
of multi-functional agricultural systems.

The Farm System SIMulator (FSSIM) (Jansseml, 2009; Louhichiet al., 2009) is a
bio-economic farm model developed within SEAMLESS flarm level analysis. FSSIM
is used to simulate farmers’ behaviour and futueeigions and hence, price-supply
relationships at farm level. A distinctive featuné FSSIM is that crop rotations are
included in the model as activities instead of gswtational constraints to account for the
important agronomic interactions between crops. @deh solution can include several
crop rotations. All crops of a rotation are growrey year on the same share of land. A
crop grown in different rotations can have diffareechnical coefficients accounting for
interactions between crops. PMP is used to caélited model to the base year data and to
improve its forecasting performance. A number difitesiry assumptions are required to
estimate the parameters of a non-linear cost fonctThese assumptions affect the
predictive capacity of the model, which is an esiaérfeature for ex-ante policy
assessment.

The objectives of this study are, first, to highligsome limitations of the STPMP
approach for this type of analysis; second, to gmmes PMP variant which overcomes

those limitations, and improves the predictive catyaof the model; third, to compare the

60



Assessing the forecasting performance of a PMPiedéd farm model

forecasting capacity of FSSIM calibrated with th tdifferent PMP variants in “back-
casting” (ex-post) experiments, providing evidenndghe quality of the model's results.

In Section 2, the FSSIM framework is describedSécttion 3, the theoretical basis of
this study is formulated by presenting two PMP rodth An ex-post experiment for the
arable farming systems of Flevoland (the Nethedarehd Midi-Pyrenees (France) is
designed to compare the forecasting performancteoimodel calibrated with the two
PMP methods. In Section 4 the results of the ex-@qseriment are presented and Section

5 contains the discussion and conclusions.

3.2. FSSIM for arablefarming

o™

3
The main purpose of FSSIM within the SEAMLESS fraraek is to simulate responses %
of farming systems within the EU25 to policy chasgand technological developments 6
and to calculate price-supply relationships at féewel (Janssest al, 2010; Louhichiet
al., 2009). The price-supply relationships of FSSIM aggregated to higher levels and
used to evaluate market impact of environmentaki@sl and agricultural innovations at
EU and global scale. For that reason FSSIM is desigio be generic and flexible,
accounting in an easy way for region specific peticor alternative production activities
to be used for a sample of representative NUTSkbmegi.e. nomenclature of territorial
units for statistics) across the EU25. FSSIM hasnbtully integrated in the whole
SEAMLESS framework to facilitate the process of lexrging inputs and outputs with
other models and databases (Van ltterstial., 2008).

Modelling all individual farms within the EU25 isonfeasible because of the large
number of farms and the existing diversificationoa different farming systems. For
that reason, a farm typology was developed withtABMLESS based on economic,
environmental and social characteristics of EU frminking farm level data to
environmental data (Andersen al, 2007). The SEAMLESS farm typology is based on
the existing EU farm typology (Decision 85/377/EETQ85) which classifies farms
according to their income and specialization. Tharsn typology has been enriched with
environmental criteria related to the land use iatehsity of farming. A spatial allocation
procedure adds a spatial dimension to the farmstymel makes it possible to aggregate
farms of the same farm type to both natural (imat) and administrative regions

(Elbersenet al, 2006). The total available land of each farmetyp spread across a
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number of agro-environmental zones which are ddfasecombinations of climatic zones
and soil types. The number of agro-environmentalesoof a farm type depends on the
diversity of climate and soil types of the regiant blso on the degree of dependence of a
farm type to specific climatic and soil conditioffhe ‘average farm’ is used to represent
all farms that belong to the same farm type. Thisrage farm is a virtual construction,
derived by averaging historical data from farmg Hra grouped in the same farm type.
Farm System SlMulator for arable farming is a static, one year f@del which
maximizes the total gross margin of an average farencertain farm type subject to a set

of resource and policy constraints.

max {z=rx-cx}, st. Axsb[ra, x=0, (1)

xJ[0..+0)

wherez is the objective value (e.g. total gross margina certain farm typex is annx1
vector of production activities;is thenx1 vector of activity revenues;is thenx1 vector
of variable costsA is themxn matrix of the technical coefficientb;is themx1 vector of
upper bounds of the resources, and policy conssraamdrz is themx1 vector of shadow
prices of the resource and policy constraints.

The total gross margin is defined as total reverirgga crop production and subsidies
minus variable costs including costs of agrochelsjckertilizers, irrigation and hired
labour. Costs related to machinery and buildings reot taken into account as they are
assumed to be fixed within the time horizon of thedel. The total gross margin is
maximized subject to a number of basic resourcepafidy constraints relevant to all EU

arable farms:

e The available land constraint restricts the sinagledrea to the available farm area (per
soil type);

e The labour availability constraint determines tbquired hired labour on top of family
labour;

» The irrigated land constraint restricts the aredeunrrigated activities to the available
irrigated land;

» The obligatory set-aside constraint sets a lowenddo the area of fallow land.
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In FSSIM for arable farming, production activitiage specified as crop rotations and not
as single crops. Consequently, although rotati@moalstraints are not included in the
model explicitly, the various agronomic rules arebtrictions are taken into account
during the construction of the production actiati@ogliotti et al, 2005; Jansseet al,
2009) and thus outside the optimization modek H3sumed that the areas of all crops that
are part of the same rotation are equal. For exampis assumed that in a four years
rotation all different crops are grown on 25% oé trea of the rotation. To make the
concept of a rotation compatible to a static ongopgemodel like FSSIM we also assume
that in each period all crops of the rotation arewg in the field. The technical
coefficients of a particular crop can differ betwesotations accounting for possible
interactions between crops. A model solution caocluohe several crop rotations
simultaneously within one farm. Compared with otR&P applications in the literature,

this reduces the burden on the calibration mettoaolfor correctly representing the
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substitution between the single crops.

3.3.  Methodology

The STPMP approach is briefly described here, stimiéations are highlighted and an
alternative PMP variant is presented addressingedomitations of the STPMP approach.
Finally, an ex-post experiment is designed to camplae forecasting performance of two

PMP variants.

3.3.1. The standard PMP approach
Positive mathematical programming approaches assdeweasing marginal gross
margins of the beneficial activities, such that thee base year the model exactly
reproduces the observed activity levels. To assdeweeasing marginal gross margins, a
non-linear cost or production function is estimabeged on the activity levels of the base
year.

The STPMP approach, described in Heckelei (20833, two-step approach. Step 1 is
the extension of the model described in equationb§l adding a set of calibration
constraints which fix the simulated crop levelsthe observed base year data. A small

perturbatiore is allowed in order to guarantee that all bindiegource constraints of the
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model described in (1) (the uncalibrated LP modafain binding in the model described

in equation (2):

max {z=rx-cx}, st. Axsb[n], x<x’+e[], x=0, )

wherex’ is thenx1 vector of observed activity levelsjs annx1 vector of small positive
numbers, and is thenx1 vector of the dual values of the calibration ¢aists.

In the solution of the model in equation (2), tlieferable (high average gross margin)
activities are bounded by the calibration constsimhile the non-preferable activities
(with low average gross margin) are bounded byr¢lseurce and policy constraints (e.qg.,
obligatory set-aside). The calibration constraiotshe non-preferable activities are not
binding and consequently their shadow prices avaldq O.

In step 2 of STPMP the calibration constraints @idel described in equation (2) are
taken out although their shadow prices are useabtimate the parameters of a quadratic
cost function [equation (3)] such that the modedatly calibrates to the base year data.
Different functional forms with the required propes (i.e., positive semi-definite
functions) can be used. For simplification purposesl because there are no strong
arguments for using a different functional fornguadratic cost function has been used in

most PMP related studies (Heckelei, 2003). Thistional form is also selected here.
C=d'x+ 05x'Qx, 3)

where,d is thenx1 vector of parameters associated with the lineantandQ is the

symmetric (1xn) positive semi-definite matrix of parameters asstes with the quadratic

terms. The general structure of the calibrated misde

max {z=r'x-d'x- 05xQx%, st. Axsb[n], xz0. (4)

xJ[0..+00)

To guarantee exact calibration, the parameterfiefcost function must be estimated to

satisfy the first order conditions of the quadragatimization model:

c+A=d+QxX. (5)
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Assuming thati=c, and thatQ is a diagonal matrix with diagonal elements spedituch
thaf: g=4./ X (g is thenx1 vector of diagonal elements of tematrix) we can estimate a
set of parameters of the quadratic cost functiat Will ensure exact calibration at the
base year.

Despite the fact that the standard PMP approactagtees exact calibration to the base
year data, it has some limitations which affect pnedictive capacity of the calibrated
model. The first limitation is related to the arhiiness that dominates the estimation of
the parameters of the non-linear cost function. @tmtrary assumptions of the STPMP
approach thati=c andq=4./X°, imply that the non-linear terny) of the non-preferable
activity will be equal to 0, since the shadow pricef the calibration constraint of this
activity is equal to 0. This means that the marggrass margin of the non preferable
activity is constant. On the contrary, the margigedss margins of all other activities
decrease and depend on the activity levels. Asedsorg marginal gross margin applies
also to the non-preferable activity, it is thearaliy more appropriate to assume
decreasing marginal gross margin for this actitity. A simple example illustrating the
problems following from this implicit assumption &TPMP is the case where one
additional unit of a scarce resource becomes alailg.g., one ha of land). The model
calibrated with STPMP will allocate this resouroeai way that the level of the preferable
activities remains constant. The additional landl i allocated to the non-preferable
activity only.

A second limitation of STPMP, which has implicasoior the forecasting performance
of the model, is related to the implicit under esttion of the value of limiting resources.
For example, in the specific case where the aVeailamd is the only limiting resource, the
STPMP approach equalises the value of land at ltiserged activity levels to the gross
margin of the non preferable activity (e.g., sett@s This could be derived from the first
order conditions of the calibrated model. Howevlee, shadow price of land in the model
setup considered should capture the average refuhe production plan to fixed factors
and management. Farmers decide for the optimaliontdbased on a number of factors
such as available resources, relative returns a&strictions on land use, rotational
constraints, and there are also non-linearitieslired in the decision making process. If

the optimal rotation is presumed to be reflectedhi@ observed activity levels, then a

2with *./" it is meant element wise division. Eaefement of vectok is divided by the respective element of
vector X.
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marginal change in available land is not probablgffect the shares of different activities
in the observed rotation. The area of all crop$ efihnge accordingly so that the optimal
farm plan is maintained. As a result, it is moralistic to assume that the value of land at

the observed activity levels is equal to the obsgmverage gross margin.

_ Available land . 7 Calibration :
= L D> . 1
S after growing i 6 constraint <> i
g 25+¢ ha of ; potatoes i
S potatoes ' > ! mgm_ step 1
= ! > ! o
£ : 4 B4 : (rp-c,)
o0 .
sg ! 3 mgm, step 2 ;
2 mgm step 1 | 2 e S T
éz and 2 (ri-c,) i 1 <+
: ¢ :
40 35 30 25 20 15 10 5 0 5 10 15 20 25 30 35 40
Area sugar beet(ha) Area potatoes(ha)

Figure 1: Graphical representation of standard PddRbration of the two activities example.
Marginal gross margins of potatoes (mym@nd sugar beet (mgjrin step 1 and step 2. See text for
further explanation.

Like in Howitt (1995a), a two activities exampleutt be used to present graphically
(Figure 1) the two steps of the STPMP approach rawveal the limitations described
above. We assume that at a certain moment in fioneyhich we calibrate the model, a
farm grows 25 ha of potatoes and 15 ha of sugatr Bee this simple example, rotation
constraints are not taken into account. Growingajoas is the most profitable activity
with average gross margin of 5,000 €/ha whereaardsoget is less profitable with 2,000
€/ha. It is assumed that the available land isothlg limiting resource and constraint of
the model. The LP solution would be 40 ha of paatahich is far from what is observed
in reality. Calibrating the model with STPMP withviolve two steps. In the first step, two
calibration constraints (one for each activity) adgled to the LP model to enforce exact
calibration. The area of potatoes (most profitadt@vity) is restricted by the calibration
constraint, whereas sugar beet is selected for rémeaining land. The calibration
constraint of sugar beet is not binding and coneetiythe shadow price of this constraint
is equal to 0. The value of land)(is equal to the average gross margin of sugar bee
(2,000 €/ha). In the second step of STPMP, themligitices of land are used to retrieve
the quadratic part of the objective function thaswes exact calibration. Given the

assumptions of STPMP in step 2, the marginal gneasgin of sugar beet is equal to 0
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because the shadow price of the calibration cansti® equal to 0 and consequently the
guadratic term of sugar beet is 0. Potatoes haleceeasing marginal gross margin with
slope € = Ap/x,° = 3,000 / 25 = 120).

3.3.2. An extended variant of PMP

An extended variant of the standard PMP approa2tiP(#P) is presented here. The goal
of this method is to overcome the shortcomingshef $TPMP approach outlined above
and thus to improve the predictive performancéhefrnodel.

Like the STPMP approach, the EXPMP variant is a $tep approach. In the first step
of EXPMP, the value of land is raised to the wetghéiverage gross margin (calculated at
the base year situation) for reasons explained ebbe achieve this, we include a land
renting activity, in which additional land is aale at the farm's average gross margin
for each hectare of used land. Consequently, tieddctivity is not really a land rent
because it includes remuneration for capital, mamemt and labour assets. This is
incorporated in the model by adding the costs ofe@ land to the objective function of
the model described in equation (2) and by reptpdhe resource constraint of the
available land with a flexibility constraint wheli@nd is a decision variable [equation (6)].
The shadow price of the flexibility constraint atohsequently the perceived value of the
land are equal to the average gross margin at #se lyear. The set of activities is
separated in two groups: (i) those activities tfegult in gross margins higher than the
average gross margin at the observed activity landl (i) those activities that result in
gross margins lower than the average gross matdheabserved activity level. The first
group of activities is restricted to their obsenesttivity level by the set of calibration
constraints of the STPMP approach. This set fixes@per bound, equal to the observed
activity levels, to each of the activities. The & of the activities that belong to the
second group are not restricted by those constrdiatause they have a gross margin
lower than the average gross margin. To ensuretesadration, a second set of
calibration constraints is added to the model. €haanstraints set a lower bound to each
activity and restrict the area of activities wittogs margin lower than the average. This
lower bound is equal to the observed activity leplels a small positive number, so that

we finally obtain:
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max {z=r'x-c¢x-gO}, st. Axs<b |7] I'x-y<0,
X, y[0. +e0) (6)

x<x'+e [A, x=2x°-¢ [A] x=0

whereg is the average gross margin at the observed lgvelthe rented land (a variable
equal to the total used land when the average gnasgin is positive)A" is the(m-1)xn
matrix of the technical coefficients of resourcel gyolicy constraints except from the
available land constrainty” is the (m-1)x1 vector of upper bounds to the mwadel
constraints,z is the (m-1)x1 vector of shadow prices of the resource and yolic
constraints except from the available land constrais anx1 vector of ones and is the
nx1 vector of shadow prices of the second set obration constraints. For each activity,
only one of the two calibration constraints is igd Consequently, eithéror 2’ will be
non-zero. To guarantee exact calibration in stegh@ parameters of equation (3) need to

be specified such that:
c+A+A'=d+QxX. @)

As in the STPMP approach, tematrix is assumed to be diagonal. All diagonairedats

of the Q matrix should be positive to ensure positive sdefiniteness and consequently
satisfaction of the second order conditions of ta¢ibrated model. Contrary to the
STPMP approach, where the intercepts of the quadcast functions are equal to the
respective constant average costs of the LP madeEXPMP the intercepts of the

quadratic cost functions differ from average castthe LP model. Calculating parameters
Q andd of the quadratic cost function, as in equationsa(® (9) will satisfy equation (7)

for any value ofx.

q=alA+A}/x° (8)

d=c+(A+A)-alA+A] 9)

where,a is annx1 vector of parameters that determines the weightke linear and the
non-linear costs of the activities in the objectivaction. Later, in this article, it is shown
that the value o# is related to the own supply elasticity of diffetectivities. The larger

the value ofa, the less sensitive the model becomes to pricagd®s A large value of
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can result in a negative intercept of the margoadt function. In the case of activities
with low marginal gross margin (below the averagesg margin) and when< 1' - a[/|,
the marginal costs are negative at the observeditgctevels. From the first order
conditions of the calibrated model it can be sholat the supply elasticity of the activity

levels is reciprocally related to the respectiygarameter:

—_
17 —W (10)

where,; is the own-price elasticity of supply for activityFrom equation (10) it can be
concluded that as the value @fparameter increases, the supply becomes moresiitela
The value ofa can differ between regions, farm types and cr@se way to determine
the value ofx is to use elasticities that have been estimatexisting econometric studies
in equation (10) and solve the equation &rThis procedure will result in a different
value ofa for each different activity. It is important to tiee, that elasticities of supply
estimated in econometric studies at sector levehat always comparable with farm level
elasticities. This is mainly because the formehide structural changes and the effects of
the industry whereas the latter do not. For thesoa, the own-price elasticities which are
usually estimated at regional or industry level ax@ used to fix the farm-price
elasticities. They are used only as prior inform@twhich is used together with the farm
and activity specific shadow prices of the calilmatconstraints to recover the value of

the unknown parameter@lelming et al, 2001; Gocht, 2005). Alternatively, in cases

where supply elasticities are not availablegzan be estimated from ex-post experiments.

With this approach the same value wfis assumed for all activities. The model is
calibrated and used iteratively with different v@uofa in each iteration. The value af
that gives the best forecast can then be usethéomctual simulations and scenario testing.
Using thea parameter in this way to estimate the parametetiseocost function reduces
the arbitrariness of the STPMP approach by attachibetter empirical justification to the
necessary assumptions.

The graphical example with two activities of thectgen 3.3.1. could be also used to
summarise the differences between STPMP approaghhenextended variant of PMP
(Figure 2). In the first step of the EXPMP a laedting activity is offered to the model in

order to raise the value of land to the averageggmargin £ = g). In the simple example,
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the average gross margin of the farm at the obdeaetivity levels is 3,875 €/ha. The
farmer is confronted with an additional cost of758/ha of used land. As a result, the
gross margin of potatoes is equal to 5,000-3,875125 €/ha whereas the gross margin of
sugar beet is equal to 2,000-3,875 = -1,875 €/man Jets of calibration constraints are
used (instead of one in STPMP) to enforce exadbredgion. The first set of calibration
constraints sets an upper bound to the observext afethe two activities. The area of
potatoes is restricted by this constraint, whetbasarea of sugar beet is not (the gross
margin of sugar beet is below the average). Therskset of calibration constraints
imposes a lower bound to the level of sugar bdas (tonstraint is not binding for
potatoes). In Figure 2, only the two binding cadiiivn constraints are presented. In step 2
of EXPMP, the relationships of (8) and (9) are usedalculate quadratic terms for both
activities. As a result the marginal gross margin both activities decreases with

increasing the area of the activities.
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Figure 2: Graphical representation of the extendbtP calibration of the two activities example.
Marginal gross margins of potatoes (mym@nd sugar beet (mg)rin step 1 and step 2. See the text
for further explanation.

34. Ex-post application to arable farm types of Flevoland and Midi-Pyrenees

The forecasting performance of FSSIM, calibratethwhe EXPMP and STPMP variants,
was tested with a number of ex-post experimentsoperational purposes and because of
data availability and data quality, the farm typés$-levoland (the Netherlands) and Midi-
Pyrenees (France) were used. For each farm typdifidd in the SEAMLESS farm
typology (Anderseret al, 2007), an FSSIM model was developed. The FSShdets
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were calibrated, with the two PMP variants for gremar 1999 and used to predict the

changes in the activity levels of year 2003. It wasumed that only prices changed and
technology remained constant. The same constriaindtgsre was used for the simulations

of both year 1999 and 2003.

Table 1: Observed crop levels (ha), areas per egvoonmental zone* (ha),
and farm resources for two arable farm types indtéend in 1999 and 2003

FT3203 FT3303
Crop levels (ha) 1999 2003 1999 2003
Maize (silage) 1.6 2.0 1.7 0.6
Onion 3.4 3.2 9.1 9.7
Potatos (ware & seed) 18.0 17.9 24.8 24.8
Set-aside 15 1.8 1.3 1.3 [3p)
Soft wheat 8.6 10.4 6.1 115 B
Sugar beet 10.3 11.2 12.2 9.1 a
Other crops (not simulated) 149 19.8 12.2 11.7 _CCU
Total 58.3 66.3 67.4 68.7 &)
Avalilable land per agro-environmental zone (ha)
Flevoland agro-env. zone 1 7.8 8.9 6.4 6.5
Flevoland agro-env. zone 2 04 05 0.3 0.3
Flevoland agro-env. zone 3 47.1 53.5 59.0 60.1
Flevoland agro-env. zone 4 24 27 0.8 0.8
Flevoland agro-env. zone 5 06 0.7 1.0 1.0
Other Farm resources
Available family labour (hrs) 2,997 2,997 5,403 5,403

Note:” An agro-environmental zone is characterized byraatic zone, the soil
organic carbon (SOC) content and the region

In the SEAMLESS farm typology for Flevoland, we ds#bservations for two arable farm
types and the years 1999 and 2003. The first fgpa (FT3203) is a large size, medium
intensity arable farm, whereas the second one (6338 a large size, high intensity farm.
The observed crop levels, the available area petygpe and the available family labour
of each farm type are shown in Table 1. Availalaerf resources and data on observed
activity levels were taken from the farm accountdega network (FADN). According to
expert knowledge, some of the crops that were ebden FADN data were not important
and were not considered typical for the region KBwarskiet al., 2007). Those crops were

not taken into account in the simulations and thesponding land was treated as fixed

3The first digit of the farm type code refers to them size: (3) Large farms (size > 40 ESU), (2)dMen
farms (16 ESUWK size< 40 ESU), (1) small farms (size < 16 ESU). The sdadigit refers to farm intensity:
(3) High intensity (output > 3,000 €/ha), (2) Mediintensity (500 €/ha output< 3,000 €/ha), (1) Low
intensity (output < 500 €/ha). The two last dig#fer to farm specialization: (04) arable/otheB)(@rable
specialised crops, (02) arable/fallow, (01) araigegal.
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land. In Table 1 these crops are referred to dsefotrops not simulated’. In total, five
agro-environmental zones were identified in Flemdlavhich are combinations of two

different climate zones and three soil types.

Table 2: Observed crop levels (ha), areas per agvoonmental zone (ha), and
farm resources for two arable farm types in Midrdhees in 1999 and 2003

FT3201 FT3202

Crop levels (ha) 1999 2003 1999 2003
Barley 2.7 4.1 1.9 1.6
Maize (grain) 32.1 35.1 20.1 25.1
Maize (silage) 0.1 0.3 0.5 0.5
Rape seed 3.8 1.7 4.3 1.0
Set-aside 8.0 9.3 16.3 18.9
Soya 4.8 3.0 5.2 3.6
Sunflower 14.3 14.3 12.3 12.6
Wheat (durum) 115 17.3 6.9 114
Wheat (soft) 20.5 13.1 12.1 12.3
Other crops (not simulated) 38.1 43.0 37.3 36.8
Total 1359 141.2 116.9 123.8
Available land peagro-environmental zonga)

Midi-Pyrenees agro-env. zone 1 21 22 1.6 1.7
Midi-Pyrenees agro-env. zone 2 12 13 15 1.6
Midi-Pyrenees agro-env. zone 3 41 4.3 4.8 5.1
Midi-Pyrenees agro-env. zone 4 30 31 1.0 1.1
Midi-Pyrenees agro-env. zone 5 01 01 0.0 0.0
Midi-Pyrenees agro-env. zone 6 38.9 40.5 24.3 25.8
Midi-Pyrenees agro-env. zone 7 57.2 59.5 43.9 46.7
Midi-Pyrenees agro-env. zone 8 48 5.0 7.0 7.4
Midi-Pyrenees agro-env. zone 9 19 20 0.8 0.8
Midi-Pyrenees agro-env. zone 10 04 04 0.1 0.1
Midi-Pyrenees agro-env. zone 11 0.3 0.3 0.2 0.2
Midi-Pyrenees agro-env. zone 12 31 32 6.7 7.1
Midi-Pyrenees agro-env. zone 13 15.1 15.7 21.5 22.9
Midi-Pyrenees agro-env. zone 14 22 23 1.9 2.0
Midi-Pyrenees agro-env. zone 15 1.1 11 1.0 1.1
Midi-Pyrenees agro-env. zone 16 01 01 0.0 0.0
Midi-Pyrenees agro-env. zone 17 01 0.1 0.2 0.2
Other Farm resources

Available family labour (hrs) 2,901 2,901 3,260 3,260

In Midi-Pyrenees, we also used observations for anable farm types of 1999 and 2003,
where both types are large farms of medium intgrasid differ only in specialisation. The
first is a cereal farm (FT3201), and the secondnisarable-fallow farm (FT3202). The
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observed crop levels, the available area per agvoenmental zone and the available
family labour of each farm type are presented ibl@2. In total, 17 agro-environmental
zones were identified in Midi-Pyrenees which arenbmations of three different climate
zones and six soil types.

The most common rotations and respective managentbat are currently used in
Flevoland and Midi-Pyrenees have been identified ainsurvey conducted within
SEAMLESS (Borkowskiet al,, 2007). Expert knowledge was used to quantifyitipeit-
output coefficients (e.g., yields, costs, extetied) of these activities for year 2003. The
same coefficients were used for the base year j199@ short-term horizon justifies the
assumption that the input and output coefficieffitaativities do not change. EUROSTAT
and national databases were used to determinepromuct prices for 1999 and 2003.
Average crop product prices of years 1996, 1997 98B were used for the base year
simulations, whereas average prices from years ,2P001 and 2002 were used for the

Chapter 3

year 2003. EUROSTAT data were also used for esiigpahe received subsidies in years
1999 and 2003. The average prices and the recsiviesidies per crop of Flevoland and
Midi-Pyrenees are presented in Table 3 and Tablaedpectively. Three different

simulations were performed:

1. The model was calibrated with the STPMP approachused to forecast 2003.

2. The model was calibrated with EXPMP with differamiues ofa for each crop
(EXPMP o = dif) and used to forecast 2003. The valuexaff each crop was

estimated based on supply elasticities from exgditerature (Jansson, 2007).

3. The model was calibrated with EXPMP with the saraki® ofa for all activities
and used to forecast 2003. The value: afas determined in an iterative process.
In each iteration, the FSSIM model was calibratétth the EXPMP approach with
a different value oz and the simulation results were compared with 2063

observed crop levels. The percentage absolute tivigPAD) was used as

*The percentage absolute deviation (PAD) is defamthe absolute deviation between simulated and
observed activity levels per unit of actual activivel:

PAD(%) = 100[-1[2[)(7_30j
2
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measurement of the model's performance. The vafue which obtains the

minimum PAD value was selected.

The PAD value obtained with the STPMP approachefach farm type was compared
with the PAD value obtained with the EXPMP variastng simulated supply elasticities,
and with the PAD value obtained with the EXPMP a&atiusing the iterative process

described above under the third simulation.

Table 3: Crop product prices (€/ton), subsidiehd¥/gross margins (€/ha) and supply elasticities
() for 1999 and relative changes in 2003 in Flevdlan

Price Subsidies Gross margin n
Crop 1999 Change(%) 1999 Change (%) 1999 Change (%) 1999
Maize (silage) 22 2 336 9 135 51 01
Onion 150 -40 - - 6602 -53 0.5
Potatoes (ware) 129 -40 - - 4975 57 04
Potatoes (seed) 247 0 - - 2237 0O 04
Set-aside 0 0 408 7 307 10 0.1
Soft wheat 121 -6 334 46 817 12 09
Sugar beet 54 -6 - - 1892 -9 1.0

Table 4: Crop product prices (€/ton), subsidiebd¥/gross margins (€/ha) and supply elasticities
() for 1999 and relative changes in 2003 in Mididhges

Price Subsidies Gross margin n
Crop 1999 Change (%) 1999 Change (%) 1999 Change (%) 1999
Barley 117 -11 315 15 570 29 1.9
Maize (grain) 131 -9 316 14 902 -8 15
Maize (silage) 131 -9 310 16 896 -8 3.8
Rape seed 222 -2 537 -35 925 21 0.8
Set-aside 0 0 440 -23 340 -29 0.1
Soya 199 -8 538 -35 810 29 04
Sunflower 224 11 537 -35 781 -16 0.1
Wheat (durum) 177 -14 540 8 806 -8 1.3
Wheat (soft) 128 -12 309 17 603 -6 0.9

35. Reaults
The PAD values of the simulations of FSSIM calibchtvith EXPMP, where the value of

a is estimated in an iterative process (third sirtiofg, for the farm types of Flevoland

and Midi-Pyrenees are presented in Figure 3. Ieappthat the model forecasts improve
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asa increases and consequently as the model becosserelgponsive to price changes. At
some point, the PAD value is minimal and then &rtst increasing again slowly. The
minimum PAD values of the simulations for farm typ€3203 and FT3303 of Flevoland
were achieved fo = 10.8 andx = 11.8 respectively, whereas the minimum PAD value
of the simulations of farm types FT3201 and FT320®1idi-Pyrenees were achieved for

a = 5.5 andx = 3.4 respectively.

100 1

Flevoland: FT3203

= - = Flevoland: FT3303
. = Midi Pyrenees: FT3201
Ve Midi Pyrenees: FT3202

80 4\

60 A

PAD(%)

40 A
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20 1

0 2 4 6 8 10 12 14

Value of o

Figure 3: The percentage absolute deviation (%) for
different values oé for the farm types

The results of the ex-post experiment of farm t3&203 and FT3303 of Flevoland are
presented in Table 5. The observed cropping patterl999 (R1909 and 2003 (%003
indicate a 7.2% (3.1 ha) increase of the totallakb farm land of farm type FT3203.
This additional farm land was covered mainly byt safieat and sugar beet. A 3.3% (1.8
ha) increase of available farm land is observedhi cropping pattern of farm type
FT3303 which was covered mainly by soft wheat. Thanges in areas of individual
crops from year 1999 to 2003 are different betwdentwo farm types. In farm type
FT3203, the area of onions decreases slightly velsetlee areas of maize, soft wheat and
sugar beet increases. In farm type FT3303 the arkasaize for silage and sugar beet
decrease, whereas the areas of onions and soft witeaase substantially. The areas of
potatoes remained the same in both farm types teethya large price decrease.

For both farm types of Flevoland, the STPMP simatatesulted in the highest PAD
values in 2003, indicating a low forecasting capadihe main reason for this is the large

simulated set-aside area. The results of the medébrated with STPMP show a
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reduction of the simulated areas of onion and petatecause of the substantial price
decrease of these crops. The reduction togethhbrtingt additional available farm land was
allocated mainly to set-aside, the gross marginwbfch increased with almost 10%
compared with the base year. In STPMP, it is asdutim&t the marginal gross margin of
set-aside, which is the non-preferable activity,canstant and independent from the
simulated area of set-aside. On the contrary, tlaegimal gross margin of preferable
activities decreases as the simulated level ohthiity increases. This is the reason that
the reduction of the simulated areas of onions potdtoes and the additional available
farm land was all allocated to set-aside. The suthstl increase of the simulated area of
set-aside was not observed in any of the EXPMP Isitons presented in Table 5, which
gave forecasts much closer to the observed croppaitern of year 2003. The main
reason for the more realistic simulations of EXPi4Pthe assumption of decreasing
marginal gross margin of set-aside (non-preferalglévity) as opposed to the STPMP
approach where the marginal gross margin of seeasas assumed to be constant. The
problem of STPMP described above is not observeiiohi-Pyrenees because in this
region the gross margin of set-aside reduced sositst in 2003 because of a subsidy
decrease. The gross margin decrease of set-adagés than the gross margin decrease
of other crops. Some of the additional availablenfdand and the reduction of the
simulated area of crops with low gross margin west &llocated to crops like wheat and
maize, the gross margin of which decreased buasehuch as that of set-aside. Once the
marginal gross margin of these crops falls beloes ¢bnstant gross margin of set-aside,
the area of set-aside started to increase andreaptioe remaining land. Nevertheless, the
remaining land was not sufficient to create theesanoblem as for Flevoland.

Table 3 shows that the base year gross margiriaafesmaize is lower than that of set-
aside which would make silage maize the non-prbferactivity. However, maize for
silage is part of a rotation with other profitalsl®ps, that is sugar beet, potatoes and soft
wheat. This rotation has a relatively high margigadss margin because of higher yields
and lower costs of wheat and sugar beet. As atrdlel shadow price of the calibration
constraint of silage maize becomes positive aneg@essing marginal gross margin is
assumed. Set-aside becomes the non-preferablétaetith the lowest and consequently
constant marginal gross margin in STPMP. In 20@8ahbse of decrease of marginal gross
margin of potato and sugar beet, the rotation wimcludes silage maize becomes less

profitable and the area of maize observed in 1898placed by set-aside.
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Using supply elasticities to determine a differealue ofa for each crop in the EXPMP
calibrated model of farm type FT3203 resulted ighler PAD values than the minimum
achieved PAD value of the third simulation with th@mea for all activities (absolute
difference is 19%). For farm type FT3303 the EXPktibrated model with different
value ofa for each crop resulted in PAD values close tortieimum achieved in the

third simulation.

Table 5: Observed crop levels)in 1999 and 2003, and forecasted crop leve)sf¢x 2003 with
the standard PMP approach and the EXPMP variantfdon types FT3203 and FT3303 of
Flevoland.

STPMP EXPMP EXPMP
X’1999 X 2003 Xi |Xi‘X0200:4 Xi |Xi'X02003| Xi % X02003|
Results for FT3203
Value ofa o=dif* 0=10.8
Crop area
Maize (silage) 1.6 2 0.0 2.0 15 0.5 1.7 0.3
Onion 34 32 15 1.7 2.7 0.5 3.3 0.1
Potatoes (ware+seed) 18179 8.1 9.8 15 2.6 17.9 0.0
Set-aside 15 1.8 129 111 15 0.3 1.6 0.2
Soft wheat 8.6 104 14.1 3.7 16 5.2 10.2 0.2
Sugar beet 10.3 11.2 10.1 1.1 9.9 1.3 11.8 0.6
Total area (ha) 43.4 46.5 46.5 29.4 47 104 465 15
PAD (%) 63 22 3
Results for FT3303
Value ofa a=dif a=11.8
Crop area
Maize (silage) 1.7 06 0.0 0.6 1.8 1.2 1.8 1.2
Onion 9.1 9.7 40 5.7 8.9 0.8 8.8 0.9
Potatoes (ware+seed) 24.824.8 9.7 15.1 25 0.2 24.8 0.0
Set-aside 1.3 1.3 205 19.2 14 0.1 1.4 0.1
Soft wheat 6.1 11.5 11.3 0.2 6.8 4.7 7.0 4.5
Sugar beet 122 9.1 115 2.4 13 4.0 13.2 4.1
Total area (ha) 55.2 57.0 57.0 43.3 57.0 11.0 57.0 10.8
PAD (%) 76 19 19

* Parameter: was estimated based on supply elasticities froistiag literature (simulation 2)

Table 6 presents the results of the ex-post apgmitaf FSSIM to farm types FT3201 and
FT3202 of Midi-Pyrenees. The total available faand of farm type FT3201 increased
slightly from 1999 to 2003 (0.3 ha). The areas age;, soya and soft wheat decreased,
whereas the areas of barley, maize and durum vihe@iased. The available farm land of
farm type 3202 increased, from 1999 to 2003, byoaln9.2% (7.4 ha). The areas of rape
seed and soya were replaced by maize and wintendwheat.
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Table 6: Observed crop leveln 1999 and 2003, and forecasted crop leve)sigr 2003 with
the standard PMP approach and the EXPMP variarfafar types FT3201 and FT3202 of Midi-

Pyrenees.
STPMP EXPMP EXPMP
X 1909 X%2003 Xi |Xi'X02003| Xi |Xi'X02003| % |- X02003|
Results for FT3203
Value ofa o=dif* 0=5.5
Crop area
Barley 27 41 3.6 0.5 3.1 1.0 3.0 1.1
Maize (silage) 0.1 03 01 0.2 0.1 0.2 0.1 0.2
Maize (grain) 321 35.1 321 3.0 31.9 3.2 34.1 1.0
Rape seed 38 17 28 1.1 3.5 1.8 2.3 0.6
Set-aside 80 93 75 1.9 8.0 1.4 8.0 1.3
Soya 48 30 3.2 0.2 4.5 15 3.0 0.0
Sunflower 14.3 14.3 128 15 14.2 0.1 12.8 15
Wheat (durum) 115 17.3 11.9 5.4 11.6 5.7 12.9 4.4
Wheat (soft) 20.5 13.1 244 11.3 21.2 8.1 22.1 9.0
Total area (ha) 97.9 98.2 98.2 25.1 98.2 22.9 98.2 19.2
PAD (%) 26 23 20
Results for FT3202
Value ofa o=dif 0=3.4
Crop area
Barley 19 16 27 1.1 2.9 1.3 2.4 0.8
Maize (silage) 05 05 05 0.0 0.7 0.2 0.5 0.0
Maize (grain) 20.1 25.1 214 3.8 22.7 2.4 24.8 0.3
Rape seed 43 10 35 2.5 4.4 3.4 3.5 2.5
Set-aside 16.3 18.9 21.0 2.1 16.8 2.1 16.7 2.2
Soya 52 36 36 0.0 5.2 1.6 3.7 0.1
Sunflower 12.3 126 11.6 1.1 12.4 0.2 12.4 0.2
Wheat (durum) 69 114 74 4.0 8.0 3.4 8.1 3.3
Wheat (soft) 12.1 12.3 154 3.1 14.1 1.8 14.8 2.5
Total area (ha) 79.6 87.0 87.0 17.5 87.0 16.4 87.0 11.9

PAD (%) 20 19 14

* Parameter: was estimated based on supply elasticities froistiag literature (simulation 2)

Contrary to the results of STPMP in Flevoland, indiMPyrenees, the forecasts of the
model calibrated with STPMP are relatively closdhe forecasts of the model calibrated
with EXPMP. In Midi-Pyrenees, in the STPMP simuati the area of set-aside was
increased marginally compared with the increasthefarea of set-aside in the STPMP
simulation of Flevoland. The main reason for tkishie gross margin decrease of set-aside
in 2003 (Table 4). This allowed the areas of crepsh as wheat and barley to increase
despite the decrease of their gross margins in.ZDBi3 is because the decrease of gross
margins of wheat and barley is lower than thateifaside. The gross margins of other
crops like rape seed, soya and sunflower decreaseel than the gross margin decrease of

set-aside, and hence their simulated land decréa@893. The activity substitution in the
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simulated cropping pattern is more diverse resulim more realistic predictions with
lower PAD values than that observed in Flevoland.

3.6. Discussion & Conclusions

The new PMP variant (EXPMP) presented in this stedylted in lower PAD values than
the PAD values achieved by STPMP, in all ex-pogreses. Two major limitations of
STPMP (i.e. the underestimation of the value oftlimy resources and the assumption of
constant marginal gross margin of the non-preferaistivity) are overcome and a better
justification is attached to the necessary assumgtiAs a result, the forecasting capacity
of the model improves. The two approaches usetiéenBEXPMP variant to estimate the
value ofa resulted in similar quality of predictions in bdttevoland and Midi-Pyrenees.
Using additional information on supply elasticiti@s estimate a different value affor
each activity increased the data requirements efntiodel but also resulted in slightly
higher values of PAD compared to the minimum acakie?AD value. Nevertheless, the
procedure of determining the valuecofs better justified from an empirical point of wie
The appropriateness of one of the two approachpsndis on data availability. If good
quality information on supply elasticities is awadile, that is, if estimation of supply
elasticities is based on longer time series of tas#a relevant for this farm type, then it
can be utilized to improve the predictions of thedel and to strengthen the economic
justification of the assumptions of PMP.

From the ex-post experiments of all farm typeshbrated with EXPMP, it can be
concluded that given the same values of the modedrpeters, the model predictions
improve asa increases. Aw is reciprocally related to the supply elasticitigscan be
stated that for this exercise, more inelastic m®debkult in better model predictions.
Machinery and managerial capacity of farms do mange that quickly in the short run
and for that reason less elastic models are neelhedtases of long term model
applications and forecasts, a more elastic resporgkt be more relevant. However, in
such cases, factors exogenous to the model, suchamges in the structure of farming
systems and the industry, might be more importangbod predictions than the elasticity
of farm’s supply to price changes. The models priesthere are calibrated with PMP and
consequently exact calibration is guaranteed. Weordy assess the performance of the

model based on its forecasting capacity. Hazell &lwiton (1986) suggest that, in
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practice, a model that reproduces the base (ctibbjayear activity levels with PAD
values not > 15% can be used for forecasting pegds is to be expected that the PAD
values of the forecasts of such models will be wuiglly greater than the PAD values
for the calibration year. All farm types testedtims study with the model calibrated by
EXPMP resulted in PAD values only marginally > 1586 the forecasting year. We
conclude that the forecasting capacity of the tespmodel is acceptable.

In this study, the quality of the model predictiaasevaluated by comparing observed
and simulated cropping patterns. However, assessihgr important economic (e.g.
average farm income) and environmental (e.g., génoleaching) indicators could be of
great interest to model users and policy-makersalmee this not only evaluates the
modelling methods but also the technical coeffitdesf the model and hence the quality
of the data. FSSIM is used to simulate differemtnfaypes across the EU and calculate a
number of different indicators relevant for the emssnent of a large variety of policy
guestions. In some cases, the simplifications Aedriismatch of data are such that large
PMP terms are needed to achieve a satisfactorgdete

The objective of the SEAMLESS models is to simufarening systems across Europe.
To achieve this, given the available resourcesarm ftypology was developed and the
average farms were simulated with FSSIM. Despite thcreased detail of the
SEAMLESS typology compared with what is availabteEdJ level, still a lot of the
existing diversity between individual farms is rtaken into account. In general, the
observed cropping pattern of average farms includege activities than the observed
cropping patterns of individual farms. Issues edatto farm specific constraints,
accessibility of resources and the decision makinondividuals are averaged and hence
only partially considered. This affects the valwéghe calibrated parameters of all PMP
variants and the results of the analysis. ReseesckBbould be careful with the
interpretation of the PMP calibrated parameterscesirthey capture modelling
misspecifications.

The suitability of a PMP variant for specific bicemomic analysis depends on various
issues, such as justification of PMP assumptiorgjahcharacteristics, data availability,
type of policy and strategy questions addressethéynodel. Gocht (2005), for example,
evaluates a number of existing PMP variants withpest experiments in Germany,
whereas Blancet al. (2008) design ex-post experiments to test modalibrated with
different variants of PMP including activities nobserved in the base year. Ex-post

experiments and validation of the model predictiaresclearly necessary to determine the
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PMP variant that is more appropriate for each djgecase and to increase user's
confidence in the model results. From the resulth® ex-post exercises presented here, it
appears that the EXPMP variant outperformed theN#,Fndicating that EXPMP is an

attractive calibration procedure for a bio-econofaren model such as FSSIM.

Chapter 3
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Abstract

Bio-economic farm models used for higher level pplanalysis usually deal with ill-

posed problems, calibrated using Positive MatharakatProgramming. PMP-based
calibration methods do not use available panel ttatheir full potential and they require
strong arbitrary assumptions. In this paper, Maximiantropy was used to estimate the
risk attitude of farmers and the production pararsebf a bio-economic farm model. The
application focuses on panel data of arable fanpedyin Flevoland and Midi-Pyrenees.
The ME method resulted in better forecasts than P@tnplementarity and substitution

between activities was quantified while the farmettitude towards risk was assessed.

Keywords maximum entropy; bio-economic modelling; integdagssessment; arable

farming.
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4.1. Introduction

Bio-economic farm models that are proposed for mbe-integrated assessment of policies
across the European Union (EU) usually suffer feohack of data on agro-management
and activity specific practices. The number of obagons per farm type on activity
levels, production and output is usually not enotmlallow for traditional econometric
estimation, i.e. the problem is ill-posed (Oude diak et al,, 2001).

In order to address the ill-posed problem, reseaschhave frequently employed
Positive Mathematical Programming (PMP) (Howitt,9%9 in bio-economic studies
(Helming et al, 2001; R6hm and Dabbert, 2003; Buysteal, 2007). PMP is popular
because it guarantees an exact calibration basgdsbra single observation of activity
levels. Nevertheless, a number of limitations candentified. A first important limitation
of PMP is that a number of arbitrary assumptiomsimaposed on the production structure.
A commonly made assumption is that the gross masfieach activity is independent
from the simulated level of other activities. Thiseans that complementarity or
substitution between different activities is assdme be absent. This assumption is
realistic only in the unlikely case where therenis competition and/or synergy for
resources and management between activities. Anaksumption of PMP based
calibration (Heckelei, 2002) is that at the obsdraetivity levels, the value of the land is
assumed to be constant and equal to the gross mafdgihe least profitable activity.
Farmers decide for the optimal farm plan based arumber of factors like available
resources, policies, rotational constraints and-lmarities involved in the decision
making process. The optimal farm plan is refleciedhe observed activity levels. A
marginal change of the available farm land will affect the shares of different activities
in the observed rotation. The area of all cropd wlilange proportionally so that the
optimal farm plan is maintained. Therefore, it ismmnrealistic to assume that the value of
land at the observed activity levels is equal te tibserved average gross margin
(Kanellopouloset al, 2010).

Another limitation of the PMP approaches is thattiple year observations of activity
levels that are available in EU level data basesnat used in the estimation. The use of
one year observations of activity levels to recoueknown parameters has also been
criticized as it results in poor estimation of paeders reflecting the behaviour of
producers (Heckelei, 2002). Observed variatiomobime because of periodical price and

yield changes is not taken into account and coresgtyuin many cases the risk attitude of
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farmers is ignored and is not taken into accouplieitly (Helming et al, 2001; Judeet
al., 2001; R6hm and Dabbert, 2003; Buyssal, 2007). Those important limitations of
PMP have consequences for the model’s forecastipgaity and the interpretation of the
model’s parameters.

Maximum Entropy (ME) is an estimation procedure lgbBcet al, 1996) that can be
used to estimate problems where the amount of auailinformation is not enough to
estimate all unknown parameters (i.e. ill-posedbfams). Paris and Howitt (1998)
demonstrated the applicability of ME in bio-economiodelling of ill-posed problems
while Oude Lansink (1999 used ME to estimate farm-specific output-suppigd @nput-
demand relationships to capture technological bgtareity between farms. Heckelei and
Wolff (2003) used ME to estimate bio-economic fanmodels based on the optimality
conditions of a sector gross margin maximizatioobpgm. Tonini and Jongeneel, (2008)
used ME to estimate supply responses includingsadjent dynamics for dairy farming in
eastern and central European countries where thitygand quantity of official statistics
is not sufficient for traditional econometric eséition. The advantage of ME estimation
compared to PMP calibration procedures is thatlabvig information in EU level data
bases can be utilised more efficiently while a nambf calibration restrictions of the
PMP approach are relaxed. Moreover, the ME methtmlva for integrating expert
knowledge on some of the model’s parameters.

The objective of this paper is to use an ME esiiomaprocedure to estimate the
production structure and farmers’ risk attitudeillfposed, bio-economic farm models.
Available information in EU level databases andezkfgnowledge-intuitions for some of
the model’s parameters are used to relax a nunf&rang and to some extent arbitrary
assumptions that are often made in PMP modelsu$eef multiple years of observations
presumably allows for a better reflection of thenfars response to price and subsidy
changes. Complementarities and substitutions betwegvities are allowed in the model
specification. Income variation is explicitly ingarated in the model and the risk attitude
of the farmer is estimated along with the producparameters. The empirical application
focuses on panel data of arable farm types in Fexb(the Netherlands) and the Midi-
Pyrennees (France). The farm types are simulatéd the Farm System SIMulator
(FSSIM) (Janssemt al, 2009; Louhichiet al, 2010), which is the bio-economic model
developed within the modelling framework of the ®ys for Environmental and
Agricultural Modelling: Linking European Sciencedasociety (SEAMLESS-IF) (Van
Ittersumet al, 2008).
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In section 2, the FSSIM model for arable farmingiiefly presented. In section 3, the
ME estimation procedure and the setup of the ex-@qgseriment are described. In section

4, the results of the ex-post exercise are predeBtction 5, discusses and concludes.

4.2. FSSIM for Arable Farm Types

FSSIM is an optimization model which maximizes anfg utility subject to a set of
resource and policy constraints (model 1). The retandard deviation approach (Hazell
and Norton, 1986) is used to account for the ritkuae of the farmer.

max{U =z-¢l0,}, st. Ax<b[n], x=0 (1)

WhereU is the farmer’s utility defined as total gross giar(z) minus risk,¢ is the risk
aversion coefficient, and; is the standard deviation of incomejs thenx1 vector of
activities, A is anmxn matrix of technical coefficientd) is anmx1 vector of available
resources and upper bounds to the policy conssraintiz is themx1 vector of shadow
prices of the resource and policy constraints. [Tgtass margin is defined as total
revenues including sales from agricultural produetsd compensatory payments
(subsidies) minus total variable costs from cropdpiction. A quadratic objective function
is used to allow for increasing marginal costs obdoction that may arise from
compensating for inadequate management and maghosacity (see model 2). A
guadratic gross margin function is employed asnatianal form because it is flexible and
allows for assessing and imposing curvature caomstiglobally (i.e. positive-definite

Hessian):

max {U = r'x-cx-d'x- 05xXQx-¢,}, st. Ax<b[n, x=0 ()

xU[0,+00)

Wherer is thenx1 vector of activity revenues,is thenx1 vector of average cosijs an
nx1 vector of a correction factor to activity’s aveeagross margin which is estimate&g,
is annxn matrix of the quadratic part of the cost functiohieh is also estimated. The
major sources of variation of income are variatiomput prices, output prices and yields.

For simplification purposes and because of lacklath in FSSIM, the input prices are
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treated as constant in the short run. Consequdhitystandard deviation of income is a

function of revenue variation:

1

g, = (V(z))% =(V(rx-cx-dx- O.5x'Qx))% :(V(r'x))% =(x'Z, x)2 (3)

Where, 2, is the nxn variance-covariance matrix of the activity’'s reuen. After

substitution in (2) the final form of the model is:

max {z:r'x—c'x—d'x—O.5x'Qx—¢[ﬂx'er);}, st. Ax<b[r, x=20 ()

)<|:|[0,+oo)

The farmer’s utility is maximized subject to a nuenbof basic resource and policy

constraints relevant to all EU arable farms:

» The available land constraint restricts the sinadairea to the available farm area (per
soil type).

» The irrigated land constraint restricts the aredeurirrigated activities to the available
land that can be irrigated.

» The labour availability constraint determines thguired hired labour on top of family
labour.

* The obligatory seta-aside constraint sets a loweand to the area of fallow land.

Arable agricultural activities are defined as cropations grown under specific soil and
climate conditions and under a specific managertiantluding soil preparation, sowing,
irrigation, fertilization). It is assumed that eyeyear, all crops of a specific rotation are
grown on equal shares of the land allocated to tbiation. Consequently, although
rotational constraints are not included in the medglicitly, the various agronomic rules
and restrictions are taken into account duringctbrestruction of the agricultural activities
outside the optimization model (Dogliogt al, 2005, Jansseat al, 2009). A model
solution can include several crop rotations simmdtausly within one farm.

FSSIM uses information on farm resources and fasamemic performance across the
EU available in the Farm Accounting Data NetworR[fN) and EUROSTAT (Janssedt
al., 2009). This data source lacks detail in agro-agament information which is needed

to assess the environmental aspects of producliberefore, a simple survey was
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conducted within SEAMLESS to identify and quantiéxisting (current) production
activities (Borkowskiet al, 2007; Zanderet al, 2009). In most cases, the available
information is not sufficient to estimate the paetens of (4) using traditional
econometric procedures. For that reason a newntasfdPMP was used by Kanellopoulos
et al (2010) to calibrate the model. Nevertheless,nioelel still imposes several of the
aforementioned restrictions of PMP based calibnatipproaches: (i) the risk aversion
parameter has been set to zero, (ii) only one geabservations has been used and (iii)
complementarity and substitution is not taken iatwount, which means that all off-
diagonal elements of Q in (4) are set to zero.

A method based on ME is proposed to relax theicéisins of the PMP calibration
procedure of FSSIM. The ME method uses multipler y@aservations to enable the
estimation of the risk aversion coefficient andoa# for more flexibility in retrieving
possible interactions (i.e. complementarity or $ititson) between different activities.
Improving the specification of the model must résal improving the robustness and

forecasting capacity of the model.

43. Methods

Chapter 4

4.3.1. ME estimation

The ME estimation procedure described in this papéased on the approach presented
by Paris and Howitt (1998) and it is a two-steprapph. In the first step, a linear version
of the model is used using the average gross nmamgfinthe activities which is data
available in the survey conducted within SEAMLE$®rkowski et al, 2007; Zandeet
al., 2009), while setting all unknown parametets Q@ and¢) equal to zero. Calibration
constraints are used to restrict the value of thaulsted activity levels to the observed
ones. An additional activity similar to a land rémintroduced to raise the value of land to
the farm’s average total gross margin. The lineadeh with the calibration constraints
and the renting land activity is optimized multigienes one for each year used for
estimation. The first step of this method is themeaas the first step of the PMP method
presented in Kanellopoul@s al. (2010). The only difference is that here the nhaglesed
multiple times, one for each observed year. Simdaall PMP methods, the objective is to

calculate the marginal costs of the activities gsimformation from the shadow prices of
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the calibration constraints. This is done not diollythe base year (like in PMP) but for
each year that is used for estimation.

In the second step of the method, the calculatextiasli prices of the calibration
constraints of step 1 are used to estimate theawkrparameters of the non-linear model
in (4) using ME. In ME estimation, the unknown pasders are specified as an additive
function of a number of support points and theobabilities. The support points are
defineda priori by the researcher and can integrate expert kn@sledhile the range of
values covered by the support points are selectdxd twide enough to include the actual
value of the parameter. The shadow prices of thibration constraints calculated in step
1 can be seen as additional information that igl usedecrease the uncertainty for the
actual value of the parameters and contribute oovering the actual value of the
unknown parameters. Using multiple year observatido estimate the unknown
parameters of the model do not allow for exactbecation like in PMP but improves the
robustness and forecasting capacity of the modet fWo steps of the ME estimation

procedure are presented below in more detail.

Step 1: calculating marginal costs of activitiesla observed levels

In the first step the marginal costs of each afgtivi each observed year are calculated. To
achieve this, the quadratic objective function &S#M is replaced by a linear function
using the average costs estimated by experts wisHeis not included in the objective
function. A land rent activity is used to raise tmue of land to the weighted average
gross margin. Raising the value of land to the Weid average gross margin was proven
to be closer to the actual decision making of themker and improves the model’s
forecasts (Kanellopoulost al, 2010). The farmer will have to pay an amounta¢do the
farm's average gross margin for each hectare aof leed. Consequently, the added
activity is not really a land rent because it iigda remuneration for capital and labour
assets. This is incorporated in the model by adthegosts of rented land to the objective
function and by replacing the resource constrafrthe available land with a flexibility
constraint where the used (rented) land is a detigariable. Next, the set of activities is
separated in two groups: (i) those activities vatigross margin higher than the average
gross margin at the observed activity level angltfiose activities with a gross margin
lower than the average gross margin at the obsawtdty level. To calculate marginal
costs of all activities at the observed activitydis we used two sets of calibration

constraints. The first set of calibration constigiis used to impose an upper bound to the
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first group of activities which have gross margimgher than the average. The levels of
the activities that belong to the second group rawe restricted by those constraints
because they have a gross margin below the avefFagasure exact calibration, a second
set of calibration constraints is added to the raidting a lower bound to each activity.
This lower bound is equal to the observed actilatyel minus a small positive number, so
that we finally obtain:

x]yrnD[ga}zgo){z=r'x—c'x—g[y}, st. Axsb |7 I'xst, -
x<x’+e [A, x=2x°-¢£ [A], x=20

whereg is the average marginal gross margin at the obddewel,y is the rented land (a
variable equal to the total used lan#i)js the(m-1)xn matrix of the technical coefficients
of resource and policy constraints except fromatailable land constraink is the(m-
1)x1 vector of upper bounds to the model’s constraintsis the (m-1)x1 vector of
shadow prices of the resource and policy conssagxcept from the available land
constraint, is anx1 vector of ones{ is thenx1 vector of observed activity levels, ahd
and 2’ are thenxl vectors of shadow prices of the first and secoeida$ calibration

constraints. For each activity, only one of the tealibration constraints is binding.

Chapter 4

Consequently, eithet or 1’ will be non-zero. Calculation of marginal costs edch
activity in all observed years implies multiple nebduns (one for each year) with model

(5). The marginal costs of each activity for eaelryare given by:

mqg =¢ +A, +A, OiD{L.N}andt O{1L.T} (6)
Wheremg; is the marginal costs of (5) of activity i in ydar

Step 2: Estimating the value of unknown parametétts ME

In step 2, a number of support points are defimecefich of the unknown parameteds (

Q and ¢). The parameters are expressed as a functionotdapilities of those support
points:

d :quk Cpd, q; = qujk Lhay ¢:ZS¢|< (b, (7)
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Whered; is the " element of thel vector,sdy is the support point k of th& ielement of
the d; parameterpdy is the probability obdy, g; is the i,j element of th® matrix, sy is
the K" support point of they; parameterpg is the probability oBgjx, Spk is the support
point of the risk aversion coefficient apgy is the probability oBpx. From the first order
conditions of (3) and (4) it can be easily provieattexact calibration would mean that the

following relationship is satisfied:

mG, =¢ + A, + A, =
j<i
¢DZUU Xi (8)
‘ +g, Dio{L.N}andtO{L.T}
Zaij X X;
j

it

c,+d, +qu‘ D(i(t) +
j

Where gj; is thei,j™ element of the variance covariance matrix of dtytiy marginal
revenuesl;), ande; is an error term of the marginal costs of activiag timet. The error
term is also written as the sum of the product mbpbilities and support points. The
centre of the support interval of the error termsas equal to 0 and the width is set to plus
and minus a number of standard deviations of thed@h prices of the calibration
constraints of (4). Although Golagt al (1996) proposed the three standard deviations
rule, Preckel (2001) suggested larger supportvaterfor the error term so that the ME
estimates approximate the Ordinary Least SquareS)©stimates. Sensitivity of results
to the width of the support range of the error té&granalysed to determine the appropriate

support range that should be used for estimation.

j<i

Zaij X
Fory =———— 9)

O XX
i

Ay +/1;t =d, +qu D(i(t) + +E = ZSdik Chd,, +qujk [bay, mi(t) +
i K K

10
> sp, og, I, + > s, e, 0i0{L.N} andt O{1.T} 4o

The entropy criterion of such a problem is a fumcidf all probabilities:
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H = _Z pd, EI]n(pdik)_ Z PG« D]n(pOijk )_
i

> pey On(pe, ) - pg, On(pg, )

itk

(11)

WhereH is the entropy which is maximized when all proliibs are equal to 1/K (Golan
et al, 1996 pp. 21). The maximum entropy estimator @¢dod derived by maximizing H
subject to (10). A number of additional constraiate used to ensure that the sum of
probabilities used to estimate the unknown pararséteequal to 1.

; pd, =10i0{1.N} (12)
gpqijk =10i, jO0{1..N} (13)
g pe, =10i0{1.N} andt O{L.T} (14)
Zk:p(bk =10iD0{L.N} (15)

To ensure thaQ is a positive semi-definite matrix we used a Ckkjedecomposition
procedure @ is rewritten agd.DL’) according to which each positive semi-definitatnx
can be written as a function of an upper trianguatrix (Lnxn) with elements., the
diagonal elements of which are equal to 1 and gaodial matrixD,x, wWith non-negative

diagonal elementd;;.

L, =1 Oi, j O{1..N} andi = j (16)
L, =00, j O{L.N} andi > | (17)
D, >0 Oi ({1.N} (18)
D, =00, j O{L.N} andi # j (19)

A recursive constraints is added to make surethieestimated Q matrix will be positive

semi-definite.

m |

Q :Z[Z L, [D,mJ[L‘mj 0,j,01,m O{L.N} (20)
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A number of assumptions are made to define the ssecg support points for the
unknown parameters. There are no general rulehéonumber of required support points.
Nevertheless, there is a trade-off between accuaacly computational requirements. In
general, 5 support points for each unknown paramate sufficient for the type of
analysis aimed in this paper (Golahal, 1996 p. 139-140). One central support point is
defined for each parameter according to our exfieatal he other four support points are
defined symmetrically below and above this cerdtgport point. It is important that the
support interval is wide enough and includes theawalue of the parameters.

Hazell and Norton (1986), suggested that a reasenamge of the risk aversion
parameter is between 0 and 1.65. Defining suppairitp within this narrow range will
result in estimates very close to 0.825 which makescomparison between farm types
difficult. Using a narrow support range fprimplies high penalties for deviations from the
initial expectation of equal probabilities for tldéfferent support points. A values of
close to 0 or 1.65 will never be the outcome. Gitlest a measurement of variance of
such a parameter is not available to help defimmgore realistic support range fpran
iterative procedure that involves multiple modehsus proposed. The objective is to
restrict the estimated value of the risk aversialameter between 0 and 1.65 but at the
same time to retrieve risk aversion coefficientat tbould be used to compare between
farms. In the first model run, the support rangsasto 0-1.65. The 5 support points are
defined as 0, 0.4125, 0.825, 1.2375 and 1.65. imdel run will result in a value of risk
aversion, close to the central support point (@6825). In the next model run, the
estimated value of is used as the central support point for the aigkrsion parameter.
The support range is redefined to be symmetricalrad the central support point but still
within the upper and lower bound of 1.65 and O eefipely. As a result in each new
iteration the support range becomes narrower. kamele, if the resulted estimate of the
risk aversion parameter from the first iteratiorlighen in the second iteration 1 is set as
the central support point while the support rargyeedefined to 0.35-1.65. The iterative
process continues until the risk aversion paranetaverges to a single value between 0
and 1.65.

The central support points of the non-diagonal patars of th&) matrix are set equal
to 0. This implies that we do not know a priori \hes activities are complements or

substitutes. The width of the support range ofribie-diagonal element @ is set equal to
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the average support range of the diagonal elemémten that the expected valuegyffor

i# is 0 equation (10) can be re-written as:
A+A=d +q O+, OiO{L.N} (21)

This equation is satisfied for any positive valtlie:¢hat satisfies the relationship below:

ald +A'— 4
i = I| l Xi(l) ¢[V.| and d, :(Ai +/1il_¢g/i)_ai|/1i +/]il_¢|:yi| (22)
It can be proven that parameteris related to the own price elasticity according t
equation (23) (Heckelei and Britz, 2005; Kanelloloset al., 2010).

r

"= 2f I:Iui +/I1| —¢[1/|‘

(23)

Wherey; is the price elasticity of activity i. The value$ g; andd; related to the price

Chapter 4

elasticity of each activity are calculated by equat 24.

o =—— and d, =(A +4'-¢)--- 0i0{L.N}andtO{1.T} (24)

,7/Xi /7/

The expected value of the risk aversion parameter(Q.825) is used to calculate values of
parametersy; andd; in each observed year. The average valueg; afnd d; over the
observed years are used as the central supportspointhese parameters while the
standard deviation of the parameters are usedfioeddne remaining four support points.
The first and the second support points were défiae 1.5 and 3 standard deviations
above the central support points while the other support points were defined as 1.5
and 3 standard deviations below the central suppairit. It is common that the three
standard deviations rule is used for defining tingp®rt range of the unknown parameters
(Golanet al, 1996). Table 1 summarizes the selected supmontgof each estimated

parameter.
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4.3.2. Setup of the ex-post experiment

The application uses panel data of one arable fgpmin Flevoland (the Netherlands) and
one in the Midi-Pyrenees (France). For both farpesy the model was estimated based on
observed data of the years 1999-2001 and was tosprkdict the cropping patterns of
year 2002 and 2003. No major policy changes ocdumehe period 1999-2003 in both
regions, and consequently the same set of poliogtcaints (see section 2) were used in
the estimation and forecasting phase.

Average prices and yielgsand changes in subsidy levels for years 1999-206%
found in the data base of EUROSTAT. A three yeamving average was used to
calculate the expected average prices and yieldse&mh of the years 1999-2003.
EUROSTAT prices, yields and received subsidies efigd 1996-2001 were used to
calculate the variance covariance matrix of reven(APPENDIX 3). Observed crop
levels, and available farm resources (e.g. lanahilyalabour) were taken from FADN.
Other technical coefficients related to agro-manag@ (e.g. labour requirements,
fertilization requirements, irrigation) were takdrom the survey conducted within
SEAMELSS (Borkowskiet al, 2007; Zandeet al, 2009). It was assumed that those
coefficients, which were collected for the year 208re the same for all simulated years.
Elasticities from Jansson (2007) were used to definpport points for the unknown
parametersd and Q. The Percent Absolute Deviation (PADyas used to measure
differences between observed and simulated cropldeand assess the forecasting
performance of the model. Input data of the farpesyof Flevoland and Midi-Pyrenees

are presented in Table 2 and Table 3 respectively.

® Within the SEAMLESS survey, crop yields have beeantified per rotation, soil type and management
for year 2003. In EUROSTAT, annual crop yields aggregated to crop levels, which means that
differences between rotations, soils and managesmarg lost. The disaggregated yield data of the
SEAMLESS survey for year 2003 was used to disaggectpe average crop yields reported in EUROSTAT
for a number of years. The model in (5), i.e. finedr version of FSSIM with calibration constrajnisas
optimized for 2003, using the SEAMLESS survey daidind the optimal set of activities (combinatsoof
rotation, soil type and management) that resuth@observed crop levels. The average yield in 2088
calculated for each crop. The disaggregated yiE&hoh crop per rotation soil and management is asea
percentage difference from the simulated averaglel.yiFor some of the activities the percentageecifice

is a positive number while for others, it is a nteganumber. Assuming that the aggregated averadsy

of EUROSTAT correspond to the average yield ofdhgmal farm plan in each year and using the asgtivi
specific percent difference from the average ofyibar 2003 we calculated the average yield petioota
soil and management for each simulated year.

® The Percentage Absolute Deviation (PAD) is defimsdthe absolute deviation between simulated and

observed activity levels per unit of actual acfivevel.: PAD(%) = 100[@2"9 - XPU/(Z Xioj
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The support range of the non-diagonal elements afe€@ set approximately equal to the
average support range of the diagonal elements. ath® support range of the diagonal
elements of maize fodder in Flevoland and set-asid&idi-Pyrenees were excluded from
the calculations. This is because of the much tastggndard deviation (and consequently
support ranges) of these activities than the standaviation of the other activities. The
resulting support range for the non-diagonal elegmen Q was set to -300-300 for both
farm types. To determine appropriate support pdortghe error term of (8) we performed
a sensitivity analysis that involved multiple modehs. In each model run, we used
different support range for the error term. In @mbdel runs the support ranges were
symmetric around O which is the expected valuénefdrror term. The support range was
defined as a number of standard deviations of #iwig’s marginal costs above and
below 0. The minimum number of standard deviatithiag gave acceptable fit to observed

data for years 1999-2001 was used for simulations.

Table 1: Definition of support point for each uniwmoparameter.

Support points

Parameter 1 2 3 4 5
N ~Nr! -O05INr&;/ 0 05N} Nrio/
(0] 0 0.4215 0.825 1.2375 1.65
q; for i# -300 -150 0 150 300
Z rlt
q; for i=j g, -3 g, -~ 15 _ _a'n, xi? g, +15! q, +3Lo]
Qi T
. I
— — A +A - - —
d d-3w’ d-15w - Z GATOHTL T G 415w d, +30°

d
-

Where Q; is the average value of, al is the average value df, Ji” is the standard deviation of the

shadow price of the calibration constraint of dgtiy, g is the standard deviation of parametera;’ is

the standard deviation of parametgr of each activity, Nr is the number of standard idéens that
determines the upper and lower bound of the sumgpatte of the error term, aiids the number of years
used for estimation (in our ca3e3). Only the initial support points af are reported. The value ofis
determined in an iterative procedure and the supgymnts ofe change in each iteration.
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Table 2: Three year moving average yields (tonm@shiree year moving average prices (€/tonnesgived subsidies (€/ha), average costs (€/ha) amsbg
margins (€/ha) for years 1999-2003 of the arabi@ fgpe in Flevoland.

Chapter 4

Avg. yield (tonnes/ha) Prices (€/tonne) Subsidies (€/ha) Costs Gross margin (€/ha)

99" 00 01" 02 03 99' 00 01' 02° 03 99' 00" 01" 02" 03 (€/ha) 99' 00 01" 020 03
Maize (fodder) 44.8 47.8 46.7 46.9 45.2 19 22 24 24 23 336 434 467 424 364 1098 89 388 490 452 306
Onions 35.4 32.7 315 355 374 173 173 153 149 163 2158 3966 3499 2662 3132 3938
Potatoes 43.243.8 44.1 445 442 96 126 115 96 70 53 60 72 58 66 1787 2413 3792 3357 2543 1373
Set-aside 334 290 297 488 488 100 234 190 197 388 388
Sugar beet 53.955.9 56.8 58.8 57.5 54 50 48 48 49 1150 1761 1645 1576 1672 1668
Wheat (soft) 81 79 81 8.2 8 117 110 108 110 105 334 290 297 488 488 524 758 635 648 866 804

Table 3: Three year moving average yields (tonm@shiree year moving average prices (€/tonnesgived subsidies (€/ha), average costs (€/ha) amsbg

margins (€/ha) for years 1999-2003 of the arabim tgpe in Midi-Pyrenees.

Avg. yield (tonnes/ha) Prices (€/tonne) Subsidies (€/ha) Costs Gross margin (€/ha)

99" 00 01 020 03 99' 00 01' 02° 03 99' 00" 01" 02" 03 (€/ha) 99° 00 01" 020 03
Barley 63 63 64 6.1 6.3 117 113 111 110 105 315 331 354 360 361 340 712 703 724 691 683
Maize (fodder) 38.541.4 41.1 42.0 42.2 310 335 365 359 361 860 -550 -525 -495 -501 -499
Maize (grain) 86 88 88 89 89 131 123 122 123 120 316 323 354 359 361 860 583 545 568 594 569
Rape seed 3434 32 30 29 222 204 194 196 218 537 460 409 365 351 583 709 571 447 370 400
Set-aside 309 331 355 360 361 309 331 355 360 361
Soya 27 27 26 26 27 196 183 181 193 208 538 461 409 350 352 472 595 483 408 380 442
Sunflower 22 23 23 24 24 224 221 214 222 249 537 460 409 351 351 294 736 674 607 590 655
Wheat (durum) 44 44 50 47 47 177 167 148 147 153 309 331 355 360 361 421 667 645 674 630 659
Wheat (soft) 73 73 75 71 7.2 128 120 114 114 112 309 331 355 360 361 430 813 777 780 739 737
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44. Results

The sensitivity of results to the support rangdahef error term is presented in Figure 1.

The support range is determined as plus and mimusrder of standard deviations from

0. It was found that in both farm types supportgeslarger than 6 standard deviations

resulted in satisfactory simulations. For that osaghe support range of the error term

was set to + 6 standard deviations.

30

/\\ —e—Flevoland
25

\ —B—Midi-Pyrenees

20

15

\
. Tel N,
—

Percent Absolute Deviation (%)

0 2 4 6 8
Number of standard deviations

Figure 1: Average percent absolute deviation (PA@RmM years 1999-2001
achieved with different widths of the support rag¢he error term of the marginal
cost constraint (equation 8). On the Y-axis thec®ar Absolute Deviation (PAD).
On the X-axis the radiant of the support rangeandard deviations from O.

Results from the iterative process that was usexbtimate the risk aversion coefficient in
both farm types are presented in Figure 2. Aftéd(@0iterations the estimated valueqof
for the simulation of Flevoland converged to 1.&hjch is 47% higher than the center of
the initial support range. The risk premium caltedbasy-c, was found to be 8.6% of the
total gross margin. In Midi-Pyrenees, after 200@9ations the estimate af had not
completely converged. Nevertheless, the changeahfevof¢ after 20000 iterations is
negligible (Figure 2). The estimated value of tisk raversion parameter of the arable
farmer in Midi Pyrenees is 1.62, which is 96% abtheinitial centre of the support range
of ¢. The risk premium in Midi-Pyrenees is 7.5%. Theyda risk aversion coefficient in
Midi-Pyrenees suggests that the farmer of the ar&bin type in Midi-Pyrenees is more
risk averse than the farmer of the arable farm typElevoland. The larger risk premium
in Flevoland suggests that the variation of farecome in Flevoland is larger than that of
Midi-Pyrenees.
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The estimated parameters d and Q of the quadnatss gnargin function of FSSIM for the

arable farm type of Flevoland are presented ind4bl

1.7
1.6 1

< 15
=
L 14 /
=
j -
S 12
c I
7 1.1
5}
2 1 Flevoland
iy L
g‘ﬁ 0.9 —Midi-Pyrenees
0.8 T T T ‘ ‘ ‘
0 3 6 9 12 15 18 21

Iteration (thousands)

Figure 2: The estimated risk aversion coefficiamtthe tested farm types
of Flevoland and Midi-Pyrenees for different numbef iterations
(thousands).

Table 4: Estimated parameters of the quadraticctifsgefunction of FSSIM for the arable farm

9 type of Flevoland.

Q d vector Q matrix

-gr MAIF FVEO POTA FASE SUGB SWHE

@ Maize (fodder) MAIF -3480 204 14 24 1 2 38

N Onions FVEO -17380 14 2074 -1 0 5 -8
Potatoes POTA -13824 24 -1 538 -1 -9 -5
Set-aside FASE -3921 1 0 -1 1181 -1 4
Sugar beet SUGB -3974 -2 5 -9 -1 281 17
Wheat (soft) SWHE  -2555 38 -8 -5 4 17 90

Complementarities and substitution between actwittan be identified from the non-
diagonal elements of the estimat@anatrix. A positive value of the non diagonal elene
(gj) of the Q matrix implies that activity andj are substitutes since costs of activity
increase by increasing the level of activjtyComplementarity occurs when the non-
diagonal elements of two activities are negativieisTneans that increasing the level of
one activity reduces the costs of the other. Reagamthis could be beneficial effects of
pest and disease management (which implies lowstsk@r more efficient use of
machinery and labour. Substitution can occur whetivides compete for the same
machinery and management or when two activitie® lmmon pests and diseases and
consequently growing both crops increases the ajgtest and disease management. In

many cases it is difficult to identify specific @amactions between different activities
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because more than one interactions can occur. fDaljotal effect is reflected in the non-
diagonal elements of th® matrix. In the farm type of Flevoland, the majoteraction
between crops is the relationship of substitutietwleen maize for fodder and potatoes,
onions and soft wheat. The production costs of éoddaize increase with each extra
hectare of potatoes, onions or soft wheat (and vamsa). The sowing and harvesting
dates of these crops in Flevoland are close to et and consequently competition for
machinery, management and labour occurs. Substit@iso occurs between sugar beet
and soft wheat. The soil preparation period for terinsoft wheat overlaps with the
harvesting period of sugar beet resulting in comipatfor management and labour. Soft
wheat complements the production of onion and petatA possible explanation for such
a relationship is the fact that costs for pestdisdase management of onions and potatoes
decrease with an increasing share of wheat indtaion.

Detailed results on activity levels for years 1293 for the arable farm type of
Flevoland are presented in Table 5. As expectesl,atrerage achieved PAD value for
years used for estimation i.e. 1999-2001 is lowantthe PAD values of the forecasted
years i.e. 2002 and 2003. In general, the averagss gnargin of each crop as those are
reported in Table 2 and the available farm landlarpthe changes in the simulated
cropping patterns. The simulations of years 20al 2003 resulted in higher PAD values.

Chapter 4

The higher PAD value of the year 2001 comparedhéoather years which were used for
estimation is due to the poor performance of thelehan simulating the area of soft
wheat. The reason for the poor performance is exgdiafrom the increasing observed
area (by almost 60%) and the decreasing gross mafgsoft wheat from year 1999 to
2001. The gross margin of soft wheat in 2001 i©i@ighan that of 2000 but the total farm
area decreases substantially and that explaintatger simulated area of soft wheat in
2000. The PAD value for the year 2003 is 19% arid that high mainly because of the
poor simulation of the area of potato and sugar.bee 2003, the observed area of
potatoes was the same with the area of potatoarsy999, 2000 and 2002. Nevertheless,
the gross margin of potatoes decreased by almd&t &mpared to the average gross
margins in the previous years. As a result in 2a88, simulated area of potatoes is
smaller than the observed area of potatoes. Thelaied area of sugar beet in 2003
increased because of the increase in the expeatsd margin. The observed area of sugar
beet in 2003 did not follow the increase of thesgranargin because of quota restrictions
that are not included in the model specificatione Teason for this is lack of good quality

information on quota levels and on penalties foceexling the quota in FADN and
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EUROSTAT. The estimated parameters d and Q of bpective function of FSSIM for
the arable farm type of Midi-Pyrenees are presemtd@ble 6.

Complementarity and substitution between activisasiore common in Midi-Pyrenees
than in Flevoland. The estimated non-diagonal efgmef theQ matrix are in general
higher in Midi-Pyrenees than in Flevoland. Thismsinly because the crops grown in
Midi-Pyrenees are cereals, oil seeds or legumetivitdes of the same group have similar
requirements for machinery and management and dreyhreatened by the same pests
and diseases. As a result, their costs are dependany different interactions can occur
between crops of the same or similar crop groupsiwbomplicates the interpretation of
the estimated non-diagonal element§QofAn important interaction between activities that
can be easily identified is the complementarityMgein barley and soya. If barley follows
soya in the rotation, the nitrogen fixed by soyaeleased to barley. This means that for
barley less nitrogen input from fertilizer is regpd. Soya and rape seed are substitutes. A
possible reason for this relationship is the sowdate of rape seed which is in general a
few weeks earlier than the harvesting date of sAgaa result competition for machinery
and labour but also inefficiencies in managementaaur while rapeseed cannot benefit
from the nitrogen fixation of soya because it canfalow soya in the rotation.
Inefficiency in management and competition for laband machinery can be also the
explanation for the substitution between rape seetidurum wheat. The harvesting date
of durum wheat coincides with the sowing date gieraeed. Maize and set-aside appear
to be strong substitutes which is difficult to exdpl from the available information.
Results from the model simulations for years 19002for the arable farm type of Midi-
Pyrenees are presented in Table 7.

The achieved PAD values for 1999-2001 range betv@dérand 12% while the PAD
values of the years 2002 and 2003 are 11% and &Spectively. The higher PAD value
achieved in the year 2003 is mainly because of poadiction of the areas of wheat (soft
and durum), and maize. The observed area of maizgréin in 2003 increased by more
than 7% from 2002 while the expected gross margicrehsed by more than 4%. The
observed area of soft wheat decreased substantvlilg the gross margin for the year
2003 did not change much. As a result the simulated of soft wheat did not follow the
changes in the observed levels of this crop. Theiatlens between predicted and
observed areas of maize, and soft wheat, the chdngbe available land, the interactions
between crops (complementarity, substitution) ahe thanges in gross margin are

responsible for the poor predictions of soya andisiuwheat in 2003.
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Table 5: Observed and simulated activity levelsyfsars 1999-2003 for the arable farm type of Flandl

Simulations of years used for estimation

Simulations of years used for forecasting

1999 2000 2001 2002 2003

x° Xi |X0‘Xi | x° Xi |X0‘Xi | x° Xi |XO'Xi | x° Xi |X0‘Xi | x° Xi |X0‘Xi |
Maize (fodder) 1.7 0.9 0.8 19 21 0.2 06 23 1.7 0.7 23 1.6 0.6 27 2.1
Onions 9.1 9.2 0.1 9.1 9.0 0.1 85 85 0.0 79 8.8 0.9 9.7 93 0.4
Potatoes 24.822.6 2.2 247 25.0 0.3 219 238 1.9 246 22.6 2.0 24.8 20.8 4.0
Set-aside 1.3 14 0.1 1.3 1.3 0.0 1.3 1.2 0.1 1.7 15 0.2 1.3 1.7 0.4
Sugar beet 12.212.0 0.2 12.1 114 0.7 9.3 10.7 1.4 10.0 11.4 1.4 9.1 121 3.0
Wheat (soft) 6.1 9.1 3.0 6.0 6.3 0.3 9.7 438 4.9 10.7 8.9 1.8 11.5 10.6 0.9
Total (ha) 55.2 55.2 6.6 55.1 55.1 16 513 513 10.1 55.6 55.6 7.9 57.0 57.0 10.8
PAD (%) 12 3 20 14 19

Table 6: Estimated parameters of the quadraticctip@efunction of FSSIM for the arable farm typeMidi-Pyrenees.

d vector Q matrix

BARL MAIF MAIZ RAPE FASE SOYA SUNF DWHE SWHE
Barley BARL -464 147 1 10 16 -8 -50 -7 -14 10
Maize (fodder) MAIF -1308 1 1128 1 0 0 4 -3 -3 1
Maize (grain)  MAIZ -1088 10 1 29 -16 22 -2 2 -2 -14
Rape seed RAPE -1297 16 0 -16 390 17 31 -9 29 -12
Set-aside FASE -3556 -8 0 22 17 . 304 -23 2 -37 26
Soya SOYA -831 -50 4 -2 31 -23 52 23 19 0
Sunflower SUNF -505 -7 -3 2 -9 2 23 37 -7 -5
Wheat (durum) DWHE -627 -14 -3 -2 29 -37 19 -7 37 13
Wheat (soft) SWHE -1259 10 1 -14 -12 26 0 -5 13 69
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Table 7: Observed and simulated activity levelsyfars 1999-2003 for the arable farm type of MidiePees.

Simulations of years used for estimation

Simulations of years used for forecasting

1999 2000 2001 2002 2003

X Xi |XO'Xi| x° Xi |XO'Xi| x° Xi |XO'Xi| x° Xi |XO'Xi| x° Xi |XO -Xil
Barley 27 33 0.6 3.1 35 0.4 51 3.6 1.5 3.0 25 0.5 41 2.6 15
Maize (fodder) 0.1 01 0.0 0.2 0.2 0.0 0.2 02 0.0 0.3 0.2 0.1 0.3 02 0.1
Maize (grain) 32.1 311 1.0 329 321 0.8 29.7 309 1.2 31.2 33.9 2.7 35.1 314 3.7
Rape seed 3.8 34 04 3.3 3.2 0.1 21 26 05 0.9 3.0 2.1 1.7 2.8 1.1
Set-aside 80 84 04 9.0 9.0 0.0 97 95 0.2 9.1 8.9 0.2 9.3 91 0.2
Soya 48 58 1.0 2.7 3.7 1.0 7.7 34 43 3.2 1.0 2.2 30 15 1.5
Sunflower 14.3 136 0.7 16.2 161 0.1 11.1 136 25 17.8 15.3 25 143 155 1.2
Wheat (durum) 115 123 0.8 16.8 16.1 0.7 158 17.1 1.3 17.0 16.7 0.3 17.3 16.8 05
Wheat (soft) 20.5 19.7 0.8 196 198 0.2 18.1 184 0.3 185 195 1.0 131 182 5.1
Total (ha) 97.8 978 5.6 103.8 103.8 3.2 995 995 11.9 101.0 101.0 115 98.2 98.2 14.7
PAD (%) 6 3 12 11 15
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45. Discussion and conclusions

In both tested farm types the forecasting perforeansf the models estimated with ME is
better than the forecasting performance of modalibrated with PMP. In Kanellopoulos
et al (2010) the different PMP calibrated models achieVAD values of 19-76% in
Flevoland and 20-26% in the Midi-Pyrenees. The athge of ME estimation is that
multiple years of observations, which are availahl&U level databases, are utilised in
the estimation of the unknown model parameters. s€guently, the ME estimated
parameters are expected to give a better repréwmenta farmer’'s behaviour than the
PMP parameters. Moreover, unlike the PMP approdoh, ME approach allows for
estimating the non-diagonal elements of the quadcaist function and the farmer’s risk
attitude, which provides useful information on pwotion structure (complementarity and
substitution between crops) and behaviour of thaéa.

In ME estimated models, the Normalized Entropy (NE)used to measure the
importance of the data in reducing uncertainty abthe values of the unknown
parameters. The NE is defined as the achievedmnttivided by the maximum possible
entropy and takes values between 0 and 1. In easeie the NE is different than one it is
concluded that some information has been extrdobed the dataset.

The value of NE for both tested farm types is cleseéd.99, which means that some
information from the multiple year observations wiagd in the ME estimation procedure.
Large numbers of normalized entropy are commonhénliterature (Oude Lansink, 1999).

A reason for the high NE values is that the chosepport points of the unknown

parameters, which were used as prior informatioerevwbiased towards the value of the
parameters that would best fit the average obserk@uping patterns of years 1999-2001.
These values did not have to change much duringestienation phase to respect the
imposed optimality rules at the observed crop keyebuations 8) of the ME procedure.
Moreover, it is important to notice that the magdé of the measure of the NE depends
on the width of the support range of the unknowrapeeters. The absolute value of NE
can be decreased by decreasing the width of theosu@ange of some parameters. In both
tested farm types we defined the support rangéhparameters in a uniform way. This

is how they would have been defined in bio-econaostuclies that aim at levels of analysis
(e.g. EU) where region specific information abdwg ictual value of these parameters is

scarce.
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An important advantage of the ME estimation proceds the capacity to estimate the
farm-specific risk aversion parameter. In LP stadithis parameter is either completely
ignored from the analysis or it is used as a cafibn parameter. In the latter case, the
value of risk aversion parameter is chosen suchtligabest model fit is achieved. The
problem with this approach is that any kind of mauésspecification is captured by the
calibrated risk aversion parameter. Moreover, #pproach cannot be easily combined
with PMP calibration because of the exact calibratfeature. In risk programming
models, calibrated with PMP, exact calibration wibbe achieved independent from the
value of risk aversion. Using ME to estimate thek raversion parameter of the model
together with the parameters reflecting the praduacstructure is a superior alternative.
For both the farm types of Flevoland and Midi-Pwes, we used information from the
literature in determining the support interval bé trisk aversion parameter. In this paper,
it is argued that the value of the risk aversiorap®eters can be used to compare the risk
averse attitude of different farm types. It wasrduhat farmers in Midi-Pyrenees are
substantially more risk averse than farmers in ¢llawd, a result that is in line with the
cropping choices of farmers in the two regions. ©udnsink (1999 used econometric
procedures to estimate the utility functions ofodeaarmers in Flevoland which resulted
in lower risk premiums (i.e. 3-5%) than what is fiduhere. However, in Oude Lansink
(1999) yield variation was not taken into account in tadculations of income variation
and it was concluded that the measurement of velaisk aversion was smaller than the
findings of other studies (i.e. Saéihal, 1994).

Using multiple year observations on activity levielsestimate the objective function of
the model, requires a good knowledge of drastieigba or structural breaks in the period
covered by the data. Such changes could be th# mfspolicy changes at national or
regional scale that may explain the observed behaof farmers. Therefore, it is
important that these changes are included in teeifspation of the model. Failure to do
so may result in poor simulations of current arahsequently, future behavior. The larger
the number of observations (longer periods) thehdrgthe risk of omitting essential
policies or region-specific policies from the sfieation of the model. In cases where
exact calibration is important for a single yeaRMP based calibration procedure might
be easier to implement.

ME estimation does not require strong arbitraryuagsions to estimate the unknown
parameters, like PMP, but it still requires prioformation that can dominate the whole

estimation process. As argued before, the centtieeo$upport interval is a critical choice,
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that may affect the value of the estimated pararsefdso, the value of the parameters
depends on the validity of the behavioural constsaimposed. For the ME estimations
presented here, we imposed the first order comdititom the utility maximisation
problem as behavioural constraints. These constrassume that the farmer operates at
the optimum and consequently that the observedigctevels correspond to the optimal
farm plan. Aggregated information on farm inputsl éotal costs that are available in EU
level databases could be also used in a ME estmé&tmework to improve the estimates
of the model and ameliorate the forecasts. Inghidy we did not use such information to
avoid the mismatch with the detailed agro-managéndate coming from the survey
conducted within SEAMLESS (Borkowskt al, 2007; Zandeet al., 2009).

Maximum Entropy appears to be a promising estimagimcedure for estimating bio-
economic farm models and this paper shows thatdapable of estimating risk attitudes.
Also, the approach utilises the available informatimore efficiently and allows for
relaxing a number of strict assumptions that aredem@n currently known PMP

approaches.
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APPENDIX 1: The support points of parameters d,n@ arror terms for the
arable farm type of Flevoland.

Support points

1 2 3 4 5
Support points of parameters d
FASE -4625  -4273 -3921 -3569  -3218
FVEO -22146 -19797  -17448 -15099 -12750
MAIF -4382 -3949 -3515 -3081  -2648
POTA -18068 -15969 -13869 -11770 -9671
SUGB -4872  -4431 -3991 -3551  -3111
SWHE -3487  -3007 -2528  -2049  -1569
Support points of parameters Q

FASE.SUGB -300 -150 150 300
FASE.POTA -300 -150 150 300
FASE.SWHE -300 -150 150 300
FASE.MAIF -300 -150 150 300
FASE.FVEO -300 -150 150 300
FASE.FASE 908 1044 1181 1317 1454
FVEO.SUGB -300 -150 150 300
FVEO.POTA -300 -150 150 300
FVEO.SWHE -300 -150 150 300
FVEO.MAIF -300 -150 150 300
FVEO.FVEO 1538 1803 2068 2334 2599
FVEO.FASE -300 -150 150 300
MAIF.SUGB -300 -150 150 300
MAIF.POTA -300 -150 150 300
MAIF.SWHE -300 -150 150 300
MAIF.MAIF -1753 -251 1250 2752 4254
MAIF.FVEO -300 -150 150 300
MAIF.FASE -300 -150 150 300
POTA.SUGB -300 -150 150 300
POTA.POTA 279 423 566 710 854
POTA.SWHE -300 -150 150 300
POTA.MAIF -300 -150 150 300
POTA.FVEO -300 -150 150 300
POTA.FASE -300 -150 150 300
SUGB.SUGB 169 226 282 339 396
SUGB.POTA -300 -150 150 300
SUGB.SWHE -300 -150 150 300
SUGB.MAIF -300 -150 150 300
SUGB.FVEO -300 -150 150 300
SUGB.FASE -300 -150 150 300
SWHE.SUGB -300 -150 150 300
SWHE.POTA -300 -150 150 300
SWHE.SWHE 17 54 92 129 167
SWHE.MAIF -300 -150 150 300
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SWHE.FVEO -300 -150 150 300
SWHE.FASE -300 -150 150 300
Support points of error terms
FASE.1999 -2085 -1043 0 1043 2085
FASE.2000 -2085 -1043 0 1043 2085
FASE.2001 -2085 -1043 0 1043 2085
FVEO.1999 -2022 -1011 0 1011 2022
FVEO.2000 -2022 -1011 0 1011 2022
FVEO.2001 -2022 -1011 0 1011 2022
MAIF.1999 -3208 -1604 0 1604 3208
MAIF.2000 -3208 -1604 0 1604 3208
MAIF.2001 -3208 -1604 0 1604 3208
POTA.1999 -4352 -2176 0 2176 4352
POTA.2000 -4352 -2176 0 2176 4352
POTA.2001 -4352 -2176 0 2176 4352
SUGB.1999 -1887 -944 0 944 1887
SUGB.2000 -1887 -944 0 944 1887
SUGB.2001 -1887 -944 0 944 1887
SWHE.1999 -1682 -841 0 841 1682
SWHE.2000 -1682 -841 0 841 1682
SWHE.2001 -1682 -841 0 841 1682
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APPENDIX 2: The support points of parameters dn@Q error terms for the arable
farm type of Midi-Pyrenees.

Support points

1 2 3 4 5
Support points of parameters d
BARL -513 -489 -464  -440 -415
DWHE -943 -787 -632  -476 -321
FASE -57231 -36484 -15737 5010 25757
MAIZ -1147 -1117 -1088 -1058 -1029
MAIF -1447 -1378 -1308 -1239 -1169
RAPE -1729 -1515 -1300 -1086 -872
SOYA -1273 -1036 -800  -563 -327
SUNF -795 -654 512 -371 -229
SWHE -1342 -1301 -1260 -1218 -1177
Support points of parameters Q

BARL.BARL 34 91 149 206 264
BARL.DWHE -300 -150 150 300
BARL.FASE -300 -150 150 300
BARL.MAIZ -300 -150 150 300
BARL.OFPL -300 -150 150 300
BARL.RAPE -300 -150 150 300
BARL.SOYA -300 -150 150 300
BARL.SUNF -300 -150 150 300
BARL.SWHE -300 -150 150 300
DWHE.BARL -300 -150 150 300
DWHE.DWHE -4 18 40 61 83
DWHE.FASE -300 -150 150 300
DWHE.MAIZ -300 -150 150 300
DWHE.OFPL -300 -150 150 300
DWHE.RAPE -300 -150 150 300
DWHE.SOYA -300 -150 150 300
DWHE.SUNF -300 -150 150 300
DWHE.SWHE -300 -150 150 300
FASE.BARL -300 -150 150 300
FASE.DWHE -300 -150 150 300
FASE.FASE -3509 -830 1849 4527 7206
FASE.MAIZ -300 -150 150 300
FASE.OFPL -300 -150 150 300
FASE.RAPE -300 -150 150 300
FASE.SOYA -300 -150 150 300
FASE.SUNF -300 -150 150 300
FASE.SWHE -300 -150 150 300
MAIZ.BARL -300 -150 150 300
MAIZ.DWHE -300 -150 150 300
MAIZ.FASE -300 -150 150 300
MAIZ.MAIZ 23 26 29 32 35
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MAIZ.OFPL
MAIZ.RAPE
MAIZ.SOYA
MAIZ.SUNF
MAIZ.SWHE
OFPL.BARL
OFPL.DWHE
OFPL.FASE
OFPL.MAIZ
OFPL.OFPL
OFPL.RAPE
OFPL.SOYA
OFPL.SUNF
OFPL.SWHE
RAPE.BARL
RAPE.DWHE
RAPE.FASE
RAPE.MAIZ
RAPE.OFPL
RAPE.RAPE
RAPE.SOYA
RAPE.SUNF
RAPE.SWHE
SOYA.BARL
SOYA.DWHE
SOYA.FASE
SOYA.MAIZ
SOYA.OFPL
SOYA.RAPE
SOYA.SOYA
SOYA.SUNF
SOYA.SWHE
SUNF.BARL
SUNF.DWHE
SUNF.FASE
SUNF.MAIZ
SUNF.OFPL
SUNF.RAPE
SUNF.SOYA
SUNF.SUNF
SUNF.SWHE
SWHE.BARL
SWHE.DWHE
SWHE.FASE
SWHE.MAIZ
SWHE.OFPL

-300
-300
-300
-300
-300
-300
-300
-300
-300
-5
-300
-300
-300
-300
-300
-300
-300
-300
-300
267
-300
-300
-300
-300
-300
-300
-300
-300
-300
-63
-300
-300
-300
-300
-300
-300
-300
-300
-300
16
-300
-300
-300
-300
-300
-300

-150
-150
-150
-150
-150
-150
-150
-150
-150
562
-150
-150
-150
-150
-150
-150
-150
-150
-150
330
-150
-150
-150
-150
-150
-150
-150
-150
-150
35
-150
-150
-150
-150
-150
-150
-150
-150
-150
26
-150
-150
-150
-150
-150
-150

1129

393

132

36

150
150
150
150
150
150
150
150
150
1696
150
150
150
150
150
150
150
150
150
456
150
150
150
150
150
150
150
150
150
229
150
150
150
150
150
150
150
150
150
a7
150
150
150
150
150
150

300
300
300
300
300
300
300
300
300
2263
300
300
300
300
300
300
300
300
300
520
300
300
300
300
300
300
300
300
300
327
300
300
300
300
300
300
300
300
300
57
300
300
300
300
300
300
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SWHE.RAPE -300 -150 150 300
SWHE.SOYA -300 -150 150 300
SWHE.SUNF -300 -150 150 300
SWHE.SWHE 58 63 69 74 80
Support points of error terms
BARL.1999 -234 -117 0 117 234
BARL.2000 -234 -117 0 117 234
BARL.2001 -234 -117 0 117 234
DWHE.1999 -218 -109 0 109 218
DWHE.2000 -218 -109 0 109 218
DWHE.2001 -218 -109 0 109 218
FASE.1999 -342 -171 0 171 342
FASE.2000 -342 -171 0 171 342
FASE.2001 -342 -171 0 171 342
MAIZ.1999 -170 -85 0 85 170
MAIZ.2000 -170 -85 0 85 170
MAIZ.2001 -170 -85 0 85 170
OFPL.1999 -368 -184 0 184 368
OFPL.2000 -368 -184 0 184 368
OFPL.2001 -368 -184 0 184 368
RAPE.1999 -592 -296 0 296 592
RAPE.2000 -592 -296 0 296 592
RAPE.2001 -592 -296 0 296 592
SOYA.1999 -323 -162 0 162 323
SOYA.2000 -323 -162 0 162 323
SOYA.2001 -323 -162 0 162 323
SUNF.1999 -208 -104 0 104 208
SUNF.2000 -208 -104 0 104 208
SUNF.2001 -208 -104 0 104 208
SWHE.1999 -96 -48 0 48 96
SWHE.2000 -96 -48 0 48 96
SWHE.2001 -96 -48 0 48 96
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APPENDIX 3: Variance covariance matrix of margimalenues for the farm type of
Flevoland and Midi-Pyrenees

Flevoland

FASE FVEO MAIF POTA  SUGB SWHE
FASE 10163 18724 1384 9679  -7706 7906
FVEO 18724 1619271 141039 -1076893 133145 -23633
MAIF 1384 141039 16350 -131797 7641  -7296
POTA 9679 -1076893 -131797 3350643 -179445 -28414
SUGB -7706 133145 7641  -179445 36372 6281
SWHE 7906  -23633 -7296 -28414 6281 22622

Midi-Pyrenees

BARL DWHE FASE MAIZ MAIF RAPE SOYA SUNF SWHE
BARL 4232 6395 -978 6048 -1085 2563 5550 2254 6974
DWHE 6395 28360 -1097 12757 -977 4476 9027 7774 14831
FASE -978 -1097 585 -2241 598 -2569 -3060 -1599 -2149
MAIZ 6048 12757 -2241 15442 -2305 10887 13136 7774 12588
MAIF -1085 -977 598 -2305 623 -2555 -3092 -1510 -2214
RAPE 2563 4476 -2569 10887 -2555 14251 14385 8561 7911
SOYA 5550 9027 -3060 13136 -3092 14385 18732 10100 12356
SUNF 2254 7774 -1599 7774 -1510 8561 10100 6772 6760
SWHE 6974 14831 -2149 12588 -2214 7911 12356 6760 13858
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Abstract

Agricultural systems, all over the world, are chatied with substantial changes in the
climatic, bio-physical and socio-economic enviromteAgricultural and environmental
policies are necessary to restrict the negativeseguences of these changes and to
facilitate the diffusion of technological innovat® and alternative agricultural activities in
order to achieve sustainable production of food fimreés. Ex-ante integrated assessment
can ensure the effectiveness of such policies. &elsean support ex-ante assessment of
policies through bio-economic models which can beduto explore alternative activities
and technological innovations. An approach thatleen used in existing bio-economic
studies for identifying alternative activities incansistent and reproducible way is based
on combinatorics and agronomic filtering rules. @meortant limitation of this approach
is that the number of generated, feasible actwitan increase exponentially with the
number of crops, management options and bio-physaalitions of the region. Many of
these activities are inferior with respect to thieput-output relationships or irrelevant
given a specific policy question. However, the nmaditnensional nature of the input-
output relationships of such activities do not allfor a straight-forward selection. The
objective of this research is to propose a methaolbased on Data Envelopment
Analysis (DEA) for identifying a manageable setrepresentative alternative activities
out of the large set of possible alternatives whaoh interesting from both an economic
and a policy point of view. The method is applieda fertilization problem of arable
farming in Flevoland (the Netherlands). In totall8&ctivities were selected with the
proposed DEA method out of the 16,514 generatedites. The smaller set of activities
is further analyzed using the optimization paradfio-economic farm model. Subsequent
use of the 16,514 activities and the 831 activitiethe same farm model resulted in exact
same results showing that the selecting methodalg&d.vEspecially when repeated
calculations need to be done the selection proeedumtributes in reducing the total time
required for computation and facilitates the analys the results. The proposed method
can be a complementary component for existing ahdd combinatorial tools that aim to

identify and quantify alternative activities forlpy assessment

Keywords data envelopment analysis; agricultural activibyp-economic models; land

use; future studies.
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51. I ntroduction

The last decades, interrelated changes in the Isoe@nomic and bio-physical
environment affect the livelihood and the welfafemillions of people all over the world.
Agricultural systems are challenged to deal witbsth changes by reducing their own
environmental impact and by maintaining sustaingsteduction of food and fibre. To
achieve this, technological innovations and alteveaagricultural activities that improve
the efficiency of existing agricultural systems mbg adopted. The diffusion of such
technological innovations and alternative agriaakuactivities can be supported by
agricultural and environmental policies (Olesen &madi, 2002). Ex-ante evaluation of
such agricultural and environmental policies isemassary step in the development of
efficient and effective policy measures with ddslieaconsequences at social, economic
and environmental level. The European Commissioa fwamalized this through a
mandatory ex-ante impact assessment of new agnallind environmental policies (EC,
2005). Research can support such requirementsghrfuture-oriented land use studies
that employ an integrated and multi-disciplinarypiegach that involves analysis at
multiple levels (Van lttersurat al, 2008). Bio-economic models are defined as iritegr
economic evaluations of model formulations of biggibal processes that aim to simulate
management decisions on resource allocation (Badvid Bergeron, 1999; Janssen and
Van Ittersum, 2007). Bio-economic models have heelely used for ex-ante assessment
of policies.

Ex-ante assessment of agricultural and environrhgmificies using bio-economic
models is not complete without exploring alternatiactivities and technological
innovations at farm level. The production opportiesi available to a farmer today are not
the same as those available in the future becatishamges in the social, economic,
institutional and bio-physical environment. For miegful ex-ante assessment of future
policies a set of representative activities, whghdequate to satisfy all possible targets of
different objectives, is needed. Selecting a repriedive set of alternative activities and
opportunities given a specific policy frameworkaishallenging procedure because it can
involve multiple and conflicting objectives of thdifferent stakeholders. Also, the
assessed policy regime and the available farm ressuan restrict the feasible “window
of opportunities” from which farmers can choosenake decisions for the future.

Procedures for the identification and quantificataf alternative activities have been

proposed in this journal (Hengsdijk and Van Ittensui2003). Existing bio-economic
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studies have used combinatorial approaches aretiridf agronomic rules to identify
alternative activities in a uniform and reprodueilay (Dogliottiet al, 2003; Janssen,
2009). Crops, livestock, rotation requirements amahagement options are combined to
agricultural activities that have specific inpugugements. Outputs and externalities are
guantified using bio-physical models and/or expales. The filtering rules used in this
kind of tools are mainly related to crop frequencsgp sequence and management and
they are used to filter out those combinations Wwhace not feasible from an agronomic
point of view. The quantified set of activitiestieen offered to a farm level optimization
model to simulate the farmer’s behaviour. This apph assures that no feasible option
from an agronomic point of view, is excluded a pyi@and that the set of generated
activities includes a wide variety of options tali or may become available to farmers
in the future. One important limitation of this apach is that the number of feasible
activities can increase exponentially with the nembf crops, managements and bio-
physical conditions (Wossindt al, 1992; Dogliottiet al, 2003; Janssen, 2009).

Many of the activities generated by combinator@gpr@aches are inferior with respect
to their input-output relationships or irrelevamten a specific policy question. However,
the multi-dimensional nature of the input-outpuatienships of such activities does not
allow for straight-forward selection. Offering thdl set of generated alternative activities
to bio-economic farm models increases computationats and complicates the analysis
of the simulated results of the optimization pracekhis holds in particular if the model
has to be run several times to assess differenasos.

Data Envelopment Analysis (DEA) (Charne$ al, 1978) is a method used in
operational research to rank entities that conwauttiple inputs into multiple outputs
based on their capacity to convert those inputs mitputs. Such entities are defined as
decision making units (DMU). The definition of a MMs quite flexible and encompasses
firms, farms or even agricultural activities. Inngeal, the production process of a DMU,
like an agricultural activity, involves multiple pnts and outputs, which makes the
ranking complicated. Mathematical programming mdthare employed to rank or screen
multiple input multiple output DMUs in terms of ogarting inputs into outputs. The
capacity of each DMU to convert inputs into outpigteevaluated and compared to the
capacity of all other existing DMUs to convert inpunto outputs. A multi dimensional
frontier is created by the superior decision makimgs while all other inferior decision
making units are enveloped (enclosed) in this fesnfThe inputs and outputs of DEA

could be also seen as attributes or criteria oftirstiteria decision making (MCDM)
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methodology (Bouyssou, 1999; Stewart, 1996). Inpzaa be seen as criteria to be
minimized while outputs as criteria to be maximizB&EA can be a promising approach
for further screening (Figure 1) a set of actigtgenerated by combinatorial approaches

and agronomic filtering rules for use in bio-ecomomodelling.

Crops Optimum farm plans

[T !

Farm resources are
allocated to activities

Crops are combined
in rotations

Agronomic Agronomic .
filtering rules * filtering rules Screening of
related to crop *~ g "* related to +-----  activities with

sequence and crop management DEA

frequency

Rotations are
combined with
manag. options

111111

Management options

Figure 1: The position of the proposed DEA methdithiw the process of generating
and simulating alternative activities.

- —

1
¢

Inputs and outputs
are quantified

The objective of this article is to propose a metilogy based on DEA for selecting a [0
manageable set of policy specific and superiordiéve activities out of the large set of §
possible alternatives generated by combinatoriatgsses. The proposed DEA method is %
used to identify superior activities from the seaotivities generated in the Farm System 6
SIMulator (FSSIM) which is the bio-economic modedvdloped within the modeling
framework of the System for Environmental and Agitieral Modeling: Linking
European Science and Society (SEAMLESS) (Louhettal, 2009).

In Section 2, the FSSIM modelling system is desajbin Section 3 the DEA
methodology for identifying superior alternativespresented. An experiment related to
fertilization options for arable farming in Fleval (the Netherlands) is set up to

demonstrate the method. In Section 4, the resoitpeesented and Section 5 discusses

and concludes.
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1 current activities Input/output
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_ physical indicators
Calculates input Calculates yields for || input-output
requirement alternative activities || coefficients

Figure 2: Functionality of and relationships betweemponents of FSSIM

5.2. FSSIM for arablefarms

The main objectives of FSSIM for arable farming awe calculate price-supply
relationships of arable farming systems acrossBhepean Union (EU) and to enable
detailed policy analysis at regional level. FSSId &rable farms consists of two main
components (Figure 2). The first component, isabacultural management component
(FSSIM-AM), which is used to identify, generate aqgantify the technical coefficients
(inputs and outputs) of current and alternativevidis (Jansseret al, 2010) while the
second component is a constraint optimization md#&SIM-MP) which is used to
evaluate different scenarios by allocating actegtio the available farm land (Louhiai
al., 2010).

5.2.1. FSSIM agricultural management (FSSIM-AM)
The agricultural management component of FSSIM istsmisof a number of sub-
components which are presented in Figure 2 andyodescribed below. A more detailed

description can be found in Janssen (2009).
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The current activities, which are combinationsathtions and management options that
are currently practised in the farm types of aaertegion, were identified in a survey
(Borkowski et al, 2007; Zandeet al, 2009). Important input-output coefficients (e.qg.
yields, nitrogen application, pesticides) and @icare collected based on advisory
handbooks and knowledge of experienced crop sstenflhese input output coefficients
are then used in bio-economic farm models to endglecalculation of a number of agro-
ecological indicators.

Crop rotations that are not currently used in #gian are generated in a combinatorial
procedure, the Production Enterprise Generator jPE&nssen, 2009). A number of
crops, which are either available or expected toobw available in the future are
combined in crop rotations. The PEG is an extensfdROTAT (Dogliottiet al, 2003). It
is assumed that the areas of all crops in eachiootare equal (e.g. each crop of a four
year rotation of four different crops gets 25% loé total area) and all crops of a rotation
are grown every year. In this way interactions legwcrops can be taken into account in
a static way. A number of agronomic filters relateccrop frequency and crop sequence
are used to filter out rotations that are not fel@sfrom an agronomic point of view
because of characteristics of the crops and theplysical environment (e.g. crop
rotations with a large share of crops vulnerablsdib-borne pests and diseases are filtered
out because they would never be selected by tmeefadue to substantial yield losses).
Expert knowledge, empirical data and the literaaneeused to design such filtering rules.

The Production Technique Generator (PTG) (Jans2e@9) describes current and
alternative production techniques (i.e. water managnt, nutrient management, pest
management, conservation management, planting-gaavid harvesting) for each feasible
rotation (both current and alternative) generatgd REG. Most of the production
techniques are defined per crop in the rotationifiteractions between the different crops
can be taken into account (e.g. N-inputs of a $jgeciop might be reduced in case the
previous crop is a legume and/or if crop residuesiacorporated into the soil). Filters
related to production orientation (e.g. organig)yvantional, irrigated) are used to filter out
inconsistent activities. The number of activitiesorfbinations of rotations and
management options) can increase substantiallytiwemumber of different management
options. The combinatorial explosion problem is revarger when combinations of
different production techniques are allowed in Hzne rotations (e.g. alternative and

conventional management co-exists in the sameanjat

125

Chapter 5



G Jaidey)

Selecting alternative agricultural activities fatdre oriented land use studies

The current and alternative activities (combinadion rotations and managements) and
their input requirements can be assessed with phigical simulation model which
quantifies yields and externalities. The TechniCakfficient Generator (TCG) (Janssen,
2009) links the input requirements, the yields Hrelexternalities to economic parameters
(prices and costs) to formulate the matrix of inputput coefficients that can be used in a
bio-economic farm model like FSSIM-MP.

5.2.2. FSSIM mathematical programming (FSSIM-MP)

The mathematical programming part of FSSIM (Louhiehal, 2009) is a model that
maximizes an objective function (e.g. gross mawggimitility) subject to a set of resource
and policy constraints. Positive Mathematical Paogming (PMP) is used to calibrate to
the observed activity levels (Kanellopoules al, 2010). Activities generated by the
agricultural management component of FSSIM arenwgdty allocated to the available
farm land. Since the areas of crops in a rotatienfiaed in the process of generating the
activities there is no need for additional rotatibrconstraints. The mathematical
programming part of FSSIM is designed to be geranit easily adaptable to new regions
and farm types (Louhictet al, 2010). The constraints and objectives of the ehodn be
easily switched on and off depending on the potjagstion, the farmer’s objectives and

the geo-political framework. A general formulatiohFSSIM-MP is the one presented in

(1),

max f(x), subjectto: Ax<b, x=0 (1)

Wheref(x) is the farmer’s objectives,is anx1 vector of available agricultural activities
(current and alternatived\ is thenxm matrix of input-output coefficients arxls themx1
vector of the right hand sides of the policy angbrece constraints (e.g. the available land
constraint per soil type, the on-farm available olalzonstraint, the irrigated land

constraint, the sugar beet quota constraint andlthgatory set-aside constraint).

53. Methods

This section proposes a DEA based methodologyléztseelevant activities from a large

set of alternative activities generated with comabonial approaches and agronomic
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filtering rules. Furthermore, we describe the getofi a simple example on alternative
fertilization options for arable farming in Flevala

5.3.1. Data Envelopment Analysis

A simple DEA example involving a set of decisionkimg units (DMU) using one input
to produce one output is shown in Figure 3. DMU;sBAand C are located on the frontier
which reflects the best practice among the obseb®d)’s. These DMU are efficient
since their use of inputs cannot be decreasedoatuption of outputs cannot be increased
without decreasing outputs or increasing inputpaesvely (Cooper et. al., 2004, pg 3).
DMU D is located below the frontier and is ineféat. Point F reflects a combination of A
and B and creates the same output as point D, d»d less input. Point D can also be
projected on the frontier by expanding output anftling input constant (as reflected by
point H which is a combination of B and C). Theuhpriented efficiency score of D is
calculated a® = GF/GD while the output oriented efficiency scigecalculated ag =
ID/IH. The DMU’s A,B and C are fully efficient antlave input and output oriented
efficiency score of 1. Although the output orientfticiency score of DMU E is equal to
1, it can be seen from the figure that the sameututan be produced from a smaller
guantity of input. In this example, DMU E is wealdfficient.
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Figure 3: Graphical representation of a one inpog output DEA problem

In case of more complicated problems with multipdputs and outputs a graphical
solution is not possible. A Linear Programming modan be used to calculate the

efficiency score of each DMU (see Appendix for Liremodels).
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The empirical implementation of a DEA model setauanber of requirements to the

inputs and outputs (Coopet al., 2007):

» The data must be non-negative for each of the DMUsiot the data must be
transformed to non-negative. At least one of thpiis and one of the outputs of each
DMU should be positive.

= The inputs, outputs and DMUs that enter the DEA ehstiould reflect the interests of
the decision makers with respect to the compontiisenter the relative efficiency
evaluation.

= In general, inputs are items that are preferreet@at a minimum level (as small as
possible) while outputs are items that are prefetoebe at a maximum level (as large
as possible).

» The units of measurement of each input and outpauld be the same for the different
DMUs.

5.3.2. DEA for selecting a representative set pesior alternative activities

This section proposes a three step method for tsgdea representative set of superior

alternative activities out of the large set geretatiith combinatorial approaches using

DEA. In the first step, the data is transformedsédisfy the data requirements of DEA

models (Section 3.2). The input-output coefficieotghe alternative activities are found

in the objective function and the matrix of (1). There are a number of possibleestaif
the data where data transformations are necessanake the data set compatible with

DEA requirements:

» The coefficients that correspond to a specific tam® are all non-positive. The
coefficients can be transformed to non-negativechgnging the sign of the constraint
from less than or equal to, in greater than or efguand vice-versa.

» The coefficients that correspond to one of the abjes are all non-positive. The
coefficients can be transformed to non-negativechmnging the optimization direction
from minimization to maximization and vice-versa.

= Some of the coefficients of one of the constraom®bjective functions are negative.
The data can be transformed to non-negative byngdaliconstant to all coefficients of
the constraint or objective function.

= All inputs or outputs of a certain activity are aeA marginal positive value can be
added to one of the inputs or outputs of the agtiwithout implications for the results
of the DEA model.
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In the second step, the non-negative coefficiehte@A matrix of model (1) and the non-
negative coefficients of the objective function aeparated into inputs and outputs for the
DEA model. In general, inputs are items that aefegared to be at a minimum level while
outputs are items that are preferred to be at amar level. To make the distinction
between inputs and outputs more objective, we tewiie LP model in (1) to distinguish

upper and lower bound constraints:
max f(x), subjectto: A'x<b", A'x=b', A" A ,x=0 (2)

WhereA" is thewxn matrix of transformed coefficients associated wigiper bounds and
A'is thepxn matrix of transformed coefficients associated viitwer bound constraints;
b" is thewx1 vector of upper bound resources @i the px1 vector of lower bound
resources. The lagrangian function of the non-negdtransformed) optimization model

is:

L(x, 7", 71') = maxf (x) - 7 (A'x—b") + 77 (A'x-b'), x7m',7m 20 (3)

WhereL is the lagrangian functiom;' is thewx1 vector of non-negative shadow prices of
the upper bounds and is thepx1 vector of non-negative shadow prices of the lower
bounds. In the maximisation model above, objectindéx) or coefficients that generate a
positive contribution to the objecti@') are outputs in the DEA model, while objectives
or coefficients with negative contribution to thigjective are inputs in the DEA model.

In the third step of the proposed method, the slewnputs and outputs of step 1 are
used in a DEA model where each DMU (alternativevaygj is evaluated in terms of its
capacity to convert DEA inputs into DEA outputs.eTéfficient activities are selected and

offered to the optimization model for policy assaesat and scenario testing.
5.3.3. Set up of the experiment
In this section, the proposed DEA method is usedsdeen a representative set of

alternative arable activities out of the largedfedctivities generated by FSSIM-AM.

5.3.3.1 The case study
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In Flevoland, dairy farms import nutrients in tleerh of concentrates. Although a part of
these nutrients return to the grasslands as orgaarure for fertilization, a substantial
surplus remains. The last decades, manure prodictatrient accumulation and
reduction of nutrient surpluses have been the tapigolicy debate (Berentsen and
Tiessink, 2003). A viable option for reducing thetnent surplus is to use manure on
arable land replacing artificial fertilizers. A eslant question concerns the effects of an
alternative management of arable crops where maana manure is used to cover the
nutrient requirements of the crops. A bio-econofaicn model like FSSIM could be used
to assess the consequences of such a decisionnamiaer of important indicators for

arable farms in Flevoland.

5.3.3.2 Generating rotations

The agricultural management component of FSSIM wsed to generate alternative
rotations which are feasible from an agronomic pofrview and quantify their inputs and
outputs. In total 8 crops that are currently grawr-levoland (i.e. fodder maize, onions,
potatoes, spring barley, spring soft wheat, wistet wheat, sugar beet, set-aside) and 3
crops that according to experts may become moreritapt in the near future due to
economic and political changes (i.e. peas, wirdperseed, and tulips) were combined in
rotations of maximum 5 years using the PEG. A nunalbédilters of the PEG were used to
select only the ones feasible from an agronomiatpafi view. Those filters are related to
crop frequency, crop repetition, crop sequence,imax number of different crops in the
rotation, frequency of crop groups (e.g. cerealk,seeds), repetition of crop groups,
sowing dates and harvesting dates. According terspa crop frequency of tulips lower
than 1 to 6 years is not possible because of isetkancidence of pest and diseases and
associated phyto-sanitary risks. To include rotetivith tulips we also allowed 6 year
crop rotations but only those with tulips. Clayls@re most common in Flevoland and for
that reason only clay soils were simulated in éxsrcise.

5.3.3.3 Crop nutrient management

The starting point for the management of the aodisiwas that from the survey for

Flevoland (Section 2.1). For alternative activitiés each crop we used two different
management options with respect to nutrient apiidica The total nitrogen application

and the achieved yields were assumed the samehnnienagement options but the type

of fertilizers (artificial and/or cattle slurry) ffier. The first management is the one that is
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currently mostly used in the region and it is basadartificial fertilizers (thus the data
from the survey), while the second one is an aliera nutrient management which is
based on (partial) replacement of fertilizer by amig manure (cattle slurry). Artificial
fertilizers were used in the second option only witeés was necessary to meet the crop’s
total nutrient requirements. The one to one replese of part of the nitrogen coming
from artificial fertilizers with organic manure possible only because the current nitrogen
input from fertilizer in Flevoland is very high. Aeities with applications of cattle slurry
have higher labour requirements (Table 1) but higber gross margins because of lower
costs for fertilizers. To reduce the number of\atéis to feasible and operational levels
we did not allow for combinations of crops withfdilent management options in the same
rotation. The nutrient management of all crops irotation is either based on artificial
fertilizers (current management) or the managematht cattle slurry complemented with
artificial fertilizers when this was necessary. 'tiecision limited the number of activities

to only twice the number of rotations.
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Table 1: Crop specific information, inputs and auspfor two different nutrient managements in Fland.
Management with artificial fertilizers Management with cattle manure and artificial feagiis

N-  Organic N-  Organic

Harv Gr. Fertilizer leachi matter Gr. leachin  matter

est Sow Yield margin Labor s(kg ng(kg change margin Labor Manure Fertilizers g(kg change

(wk) (wk) (tons/ha) (€¢/ha) (hrs/ha) N/ha) N/ha)* (score) (€¢/ha) (hrs/ha) (tons/ha) (kg N/ha) N/ha) (score)

Barley (spring) 32 10 6.3 1199 9.6 120 87 4.0 1264 16.2 24 46 6.0
Maize (silage) 41 17 40.8 533 7.1 185 135 2.5 662 13.7 38 69 5.2
Onions 36 14 58.4 3099 37.6 220 168 2.5 3249 44.2 40 24 98 6.0
Peas 30 13 5.7 1309 6.6 30 102 4.0 1340 13.2 6 100 4.2
Potatoes (seed) 33 15 38.7 4325 90.0 180 125 2.8 4418 96.6 20 82 93 4.5
Potatoes (ware) 39 15 56.8 3820 27.5 255 134 2.7 3945 34.1 30 108 81 5.0
Rape (winter)** 30 42 3.3 497 115 180 89 11.3 571 18.1 30 33 66 12.6
Set-aside - - - 388 0.1 116 1.0 388 0.1 116 1.0
Sugar beet 42 14 65.5 2147 19.6 170 69 5.0 2218 26.2 19 77 41 7.0
Tulips 26 5 18 12974  604.0 120 167 1.2 13049 610.6 24 126 3.5
Wheat (spring) 36 11 7.8 1097 9.6 175 72 6.0 1158 16.2 25 53 32 7.7
Wheat (winter) 32 42 8.7 1324 10.4 205 74 8.8 1369 17.0 18 117 60 9.4

*  No cover-winter crops were used for calculatihg N-leaching.
**  According to current management straw of ceréalemoved while straw of winter rape (alternativep) was incorporated into the soil.
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Important environmental indicators of the actigtiéike nitrogen leaching and content of
soil organic matter were quantified using NDICEAafVder Burgtet al, 2006). The
NDICEA model uses region specific soil and climaéta and crop-specific information to
calculate states and flows of nutrients. The usdinds a yield and nutrient inputs in
different forms (e.g. artificial fertilizers, livesck manure) and the model calculates the
nutrient balance based on the weather, soil, croptsent requirements, nutrient uptake
rate and nutrient availability which is differentrfchemical and organic fertilizer. In
NDICEA, when the user defined yields are not atthie with the given inputs (the
nutrient uptake of the crop is higher than the lalée nutrients in the soil) the user have
to adjust inputs and/or outputs so that nutrientslable are always higher than nutrient
uptake. It was assumed that cattle slurry can belapplied before sowing and artificial
fertilizers were used when necessary to keep théade nitrogen well above the uptake
during the season. More precisely, by choosing pgheper combination of artificial
fertilizers and cattle slurry, it was taken carattthe available nitrogen was at least 20 kg
N/ha above the nitrogen uptake of potatoes, onamussugar beet and 10 kg N/ha above
the nitrogen uptake of cereals and other crops. nthgent composition of cattle slurry
(i.e. 4.9 kg N, 1.8 kg #s and 6.8 kg KO per ton of cattle slurry) available in NDICEA
was used for calculations. The amounts of phospiadepotassium in the management
with cattle slurry were at least equal to the aggilon of the current management.
Artificial phosphate and potassium fertilizers wexdded if necessary (i.e. peas, seed
potato). For this exercise, to reduce the comparatirequirements we used NDICEA to
calculate nutrient surplus of individual crops.wias assumed that differences between

Chapter 5

nutrient inputs of different rotations with the samutrient management were only caused
by different shares of crops in the rotations.

To account for crop frequency effects on crop seltcreased incidence of pest and
diseases and phyto-sanitary risks) we used a gamickction factor which depends on the
frequency of a crop in the rotation (Habekotté, 99T he crop yields from the survey of
current activities (Table 1) were corrected acaggdio the frequency of the crop in the
rotation using the correction factors of Table 2.wias assumed that the increased
incidence of pest and diseases did not affect tlieemt inputs and the nutrient uptake of

the crop.
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Table 2: Yield correction factor for different créqequencies (the value of one corresponds
to yield from the survey).

Frequency (ha of crop per ha of rotation)

Crops 1:1 1:2 1:3 1:4 15 1.6
Potatoes (ware) 0.86 0.98 0.98 1 1.05 1.10
Potatoes (seed) 0.86 0.98 0.98 1 1.05 1.10
Onions 0.92 0.94 0.96 0.98 1 1.02
Sugar beet 0.55 0.66 0.78 0.95 1 1.05

5.3.3.4 The bio-economic farm model

A relatively simple version of FSSIM-MP was usedcs the purpose of the exercise is to
demonstrate the applicability of the proposed metfar selecting superior alternative
activities. It was assumed that the farmer of agraye farm in Flevoland maximizes the
gross margin subject to the available land condtrétie labour availability constraint, the
obligatory set-aside constraint and the sugar lpetta constraint. Two additional
constraints were used to set an upper bound tdothé nitrogen leaching and a lower
bound to the soil organic matter content. These kg1 constraints can be seen as
imposed restrictions of a hypothetical policy ingtent that aims to restrict environmental
impacts of arable farms. The objective and the ttamis used in the farm model
determine the inputs for the DEA-model for selegtisuperior activities. These are:
labour, N-leaching and sugar beet production; dstpte gross margin, share of set-aside

and change in organic matter.

5.3.4.5 Optimizations

To test the effectiveness of the method for selgatepresentative activities a number of
farm model optimizations were done using alterredyithe full set of activities generated
by FSSIM-AM and the set of activities selected gddEA. To present the type of results
expected in such a bio-economic analysis we peddrthree different optimizations.

1. An optimal farm plan was calculated for an avertayen type in Flevoland. The
resource endowments of the average farm type weleulated as weighted
averages of the identified farm types of the SEANSISEfarm typology (Andersen
et al, 2007). No decrease in total content of soil niganatter was allowed.

2. Same as simulation 1, but now with different conabions of lower bounds on the
total change in content of soil organic matter amger bound on the total N-

leaching.
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3. Same as 1, but now with different combinations pper bounds on total labour
requirements and total N-leaching.
The right hand side of the equations of FSSIM-MP foe three simulations are

summarized in Table 3.

Table 3: Right hand side (all expressed per fafnl@equations in FSSIM-MP in the three
simulations.

Simulation 1 Simulation 2 Simulation 3
objective maximized maximized maximized
Available land (ha) 45 45 45

Parametric
Available labor (hrs) 4754 4754 (from O to 5993)
Sugar beet quota (tons) 511 511 511
Obligatory set-aside (ha) 14 14 1.4
Parametric
Change of organic matter (score) 225  (from 0 to 383) 225
Parametric Parametric
Nitrogen leaching (kg N) unbounded (from 0 to 6555) (from O to 6555)

5.4. Results

In total, 8257 rotations, which are feasible from agronomic point of view, were
generated. The generated set of rotations incléd&®go years rotations, 48 three years
rotations, 184 four years rotations, 929 five yaatations and 7090 six years rotations.
Combining the set of rotations with the two nuttiemanagements we end up with 16514
activities (twice the number of rotations). The DEAreening process resulted in 831
activities which are representative for all possitohde-offs between inputs and outputs of
FSSIM-MP. The number of activities offered to FSSIP is reduced by almost 95%.
The substantially smaller set of activities notyodecreases the computational time of
FSSIM-MP but also enables more efficient analydighe results because often, the
researcher has to justify not only why specific\aiiés are selected but also why other
activities are not selected in FSSIM-MP.

The percentage of the full set of generated ams/iind of the set of activities screened
with DEA per level of gross margin, content of soiganic matter, labour requirements

and nitrogen leaching are summarized and presemteidure 4.
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Figure 4: Distribution of the full and selected fwDEA) set of activities with respect to their
gross margins, score of organic matter, labouriremuents and N-leaching.

The gross margin of most of the generated actsvitgee between 2700 and 3800 €/ha.
However, activities with large and small gross mrescare relatively overrepresented in
the set of activities selected with the proposedAD&pproach. A large share of the
generated activities with gross margin higher tB460 €/ha were selected with the DEA.
Activities with gross margin lower than 1900 €/h&rev also selected with the DEA
approach because, often, high gross margin comespto high nitrogen leaching and
high labour requirements. The frequency of the ctetk activities with respect to the
content of soil organic matter follows the frequegit the full set of generated activities.
However, a larger share of the generated activitiés a score for soil organic matter
content larger than 4 was selected with the DEAhoekt The frequency distribution of the
DEA activities with respect to labour requiremefaows also the frequency of the full

set of generated activities. A relatively largerargh of the activities with labour

requirements less than 27 hrs/ha and more tharhfisZBa has been selected. Finally, for
N-leaching, a larger share of the generated aieswith leaching lower than 106 kg N/ha
was selected.

Comparing results of FSSIM-MP where we offered dthig set of activities selected
with the proposed DEA method with results where offered the full set of activities,
shows that the set of activities selected with DiEAufficient to calculate the trade offs
between the different indicators. The model runE88IM-MP in which we offered only

the superior activities (i.e. 831 activities) reésdl in the same gross margins as the

136



Selecting alternative agricultural activities fatdre oriented land use studies

corresponding model runs in which we offered to thedel the full set of activities

(16514 activities).

Table 4: Selected activities, corresponding inguitd outputs and farm level results in simulation
1 of Table 3.

Simulated activities Farm
level

1 2 3 4 results
Number of periods
Period 1 Spring barley  Sugar beet Set-aside Set-aside
Period 2 Potatoes Winter wheat Onion Onion
Period 3 Winter wheat Potatoes Winter wheat Winter wheat
Period 4 Winter wheat Potatoes Potatoes
Period 5 Spring barley Winter wheat Winter wheat
Period 6 Tulip Tulip Tulip
Management Fertilizers  Fertilizers Fertilizers  Cattle slurry
Gross margin (€/ha) 2071 3925 3937 4010 3770
N-leaching (kg N/ha) 98 101 122 90 103
Org. matter (score/ha) 5.2 51 4.2 5.7 5.0
Labour (hrs/ha) 16 114 115 121 106
Simulated level (ha) 3.9 32.7 6.1 2.3 45.0
Onion (ha) 1.0 0.4 1.4
Potatoes (ha) 1.3 5.4 1.0 0.4 8.2
Set-aside (ha) 1.0 0.4 14
Spring barley (ha) 1.3 5.4 6.8
Sugar beet (ha) 54 54
Tulip (ha) 5.4 1.0 0.4 6.8
Winter wheat (ha) 1.3 10.9 2.0 0.8 15.0

Results of FSSIM-MP for the average arable farne typFlevoland (first simulation) are
presented in Table 4. The selection of multiplations per farm was allowed in FSSIM-
MP; three six-year rotation and one three-yeartimtavere selected in the optimum farm
plan. For reasons of management and efficiencyeatity such a large number of crop
rotations per farm might not be attractive to farsnehis could be solved by adding an
extra constraint to the model. All six-year rotagoincluded tulips which is the most
profitable crop in the region. The higher labouguigements of activities with tulips are
the reason for the three year rotation enteringsthetion. Activity 4 of Table 4 enters the
solution because of the obligatory set-aside camgs and the high score in content of
soil organic matter. Activity 3 of Table 4 entehe tsolution because of the obligatory set-
aside constraint but also because of the lowenaleguirements compared to activity 3.
All constraints of FSSIM-MP except of the sugar tbgeota constraints were binding.
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Despite the higher gross margins, activities whit@ alternative nutrient management (i.e.
with cattle slurry) were only marginally selectésl %) in the optimum farm plan. The
reason for this are the higher labour requireme@isanging from conventional to
alternative nutrient management increases the gotals margin with ca. 4, 2 and 2 % for
simulated activities 1, 2 and 3, respectively. Hoere the labour requirements increase
more, i.e. with 42, 6 and 5 %, respectively.
The trade off between gross margin, N leaching @rahge in soil organic matter of the
second simulation of FSSIM-MP is presented in Fegbir As expected, the gross margin
increases with increasing allowed leached nitrogédrile it decreases with increasing the
lower bound to the score of soil organic matter.

The trade off between gross margin, nitrogen leaghind total labour requirements of
the third simulation of FSSIM-MP is presented igu¥e 6. The gross margin increases

with increasing labour availability and increaslagel of allowed nitrogen leaching.

Figure 5: Trade-off curve between total gross nmgrghange
of soil organic matter and nitrogen leaching.
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Figure 6: Trade-off curve between total gross nmargital labour
requirements and nitrogen leaching.

5.5. Discussion and Conclusions

The number of alternative activities resulting frooombinatorial approaches and
agronomic filtering rules can increase substamtialith the number of available crops,
management options and interesting indicators feorpolicy point of view. This can

create computational problems but also difficulties analyzing the results of bio-
economic or other models which are used for ex-antduation of policies and future
oriented land use studies. The proposed DEA metbddces the number of the activities

Chapter 5

to practical levels by filtering out inferior acities which will not be part of any optimum
production plan. The results of the DEA method ssgg that a large share (in our case
almost 95%) of the activities generated in comlainat methods is not relevant for policy
assessment.

In the example presented in this article, the numble generated activities was
relatively small (i.e. 16514) because we assumeth@mum rotation length of 5 years
(only 6 year rotations that include tulips wereoadd) and only 2 possible management
options. Combinatorial procedures can easily resulimillions of generated activities
(Janssen, 2009; Dogliotit al, 2005; Dogliottiet al, 2003). Using a bio-economic farm

model to optimally allocate such a large numbeadiivities to the available farm land is
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impossible from a computational point of view ahe DEA approach offers a solution
here. It should be noted though that in such cadesfull set of generated activities needs
to be divided to smaller subsets in order to alboWeasible solution in the DEA model.
The DEA approach could then be used to filter detinferior activities of each subset.
Next, the superior activities selected from eadbsstiof step 1 are merged to one set and
re-evaluated with DEA as a whole. The resultingafesuperior activities coincide with
the set of activities that would have been seleiftédvas possible to evaluate with DEA
the initial full set of generated activities.

Offering the set of activities selected with DEAste@ad of the full set of activities
reduces the time needed to calculate the tradedetiseen different inputs and outputs of
the bio-economic model. However, the DEA filteripgopcess can be a computational
intensive procedure and can increase the total atatipn time (time for screening the
full set of activities + time for creating the teadffs). The pre-selection of activities using
DEA is beneficial for reducing the total computatibme especially in cases where the
optimization model is used multiple times for cddéting trade-offs between different
inputs and outputs or in cases where large humbactwities have been generated. In
case of a low number of simulations and a low numifegenerated activities the
proposed DEA method might even increase the tatalipuitational time. However, the
benefits of using the DEA method for interpretihg tesults remain.

The main purpose of the experiment on fertilizatigotions in arable farming in
Flevoland is to demonstrate the proposed DEA metkod that reason, the FSSIM-MP
model was kept simple (i.e. linear gross margininoization model). The results of
FSSIM-MP suggest that the alternative managemetit weattle slurry is not selected
because of the higher labour requirements. Howéhisrmight not be the only reason that
in reality farmers do not fully adopt this alteriwat management. Uncertainty about
weather conditions and availability of nutrientsemhthose are needed by the crop might
also play an important role. Additionally, manageinevith cattle slurry increases
transaction costs which are not accounted in tmplsi version of FSSIM-MP. In a more
comprehensive version of the model, it would besfds to include and analyze such
ISsues.

Combinatorial procedures and filtering rules areefuls tools for identifying and
generating alternative activities in different kinflfuture-oriented land use studies. One
type of such studies is based on the use of bia@ua@ farm models and has been

illustrated in this paper. Other future-orienteddaise studies are using partial or general
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equilibrium models focusing either on supply andhded relationships in the agricultural
(Heckelei and Britz, 2001) or all economic sect@ertel, 1997; Van Tongeren, 2001,
Rosegrantet al, 2008) . These models generally use trend funstior technological
change, but could also include alternative acésitiAnother type of future land use
studies requiring alternative activities exploratufe land use options and address “what
if” questions at EU level (Rabbinge and van Lat@std992) and farm level (Ten Berge
et al, 2000). Studies assessing the impact of and dagtation to climate change also
request the consideration of alternative activifleshtonenet al, 2006; Henseleet al,
2009). The proposed method, based on DEA, for setesuperior alternative agricultural
activities can be a useful complementary compof@ntombinatorial tools that aim to
identify and quantify alternative activities. TheER method decreases the number of
selected activities to operational levels that baneasier analyzed from scientists and

policy makers.
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Appendix
LP modelsfor Data Envelopment Analysis

The multiple-input multiple-output DEA model inv@s multiple runs (one for each
DMU). In each model run, the inputs and outputarfctivity are compared to the inputs
and outputs of all other activities and an efficigscore §) is calculated. Here, the input
oriented BCC model described in Bankar al (1984) is presented. Throughout, the
assumption of decreasing returns to scale is mdueLP model of a DEA problem takes

the following form:

min 6, st.:
6.\

DA, -YP=z0 O
k

2
OXP - A X, ;=0 Oi, @
k

YA<L A =20
k

whered is the performance (“efficiency”) score of the kexsded activity, /. is the weight
to activityk and it is a decision variableYy is the outpuj of activityk, YOJ- is the outpuj

of the evaluated activityX, is the inputi of activity k, and X% is the inputi of the
evaluated activity. The two phase model describe@) is equivalent to the model in (2)

but tests also the existence of weak efficiency.efoivalent one phase model exists that

Chapter 5

uses an “non-Archimedean” element (a positive nunsbealler than any other positive
number) to minimize) and maximize the slacks simultaneously. Howevégr@eset al
(1994) pg 76-79, show that the choice of the valudis number is data specific and can

affect the results of a DEA model.
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Phasd: min 0

0 5.5
Phase2:  min_ {—Zsj* —Zs‘},
S S j i
subjectto:
YA, -Y-s =0 0 (3)
k

6IX° - A X, —s =0 Oi,
k

YA <L
k

A20 Ok, s/, 200, ]

Wheres';, s; are positive slack variables, and Phase 2 replteesariabled with the
fixed value of minimuny = 6* of Phase 1. A DMU is weakly efficient wheh= 1 in
Phase 1 of model described in (3) and at leasbbiiee slack variables are greater than 0

in Phase 2.
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General Discussion

This chapter broadens the discussion of precedmagpters to the overall achievements
and to issues that are related to major methodmbghoices and assumptions. Moreover,
some more general implications of the results of BhD thesis are analyzed. In Section
1, the overall achievement of this PhD thesis sswsed. In Section 2, major discussion
points related to methodological issues are raise&ection 3, some points derived from
the empirical results of this PhD thesis are aredySection 4 concludes, while in Section

5 ideas for further research are presented.

6.1. Contribution and achievements

The overall objective of this PhD thesis was toalep and evaluate generic bio-economic
farm models that can be used for integrated asssgsoh agricultural and environmental
policies at multiple levels and different biophydiand socioeconomic conditions.

First, we looked into the modelling requirementsdeveloping a generic and re-usable
bio-economic model for integrated policy assessmé&rfarm model was developed that
can be readily adapted to simulate arable, livéstod mixed farming systems located in
various socio-economic, political and physical eowments (i.e. different regions, soil
types, climatic zones). Most resource constraielgted to arable farm types are relevant
also for livestock and mixed farm types and theg always included in the model
specification. The constraints and the data inpatse been separated in different modules
(e.g. arable, livestock, calibration) so that coaists related to different kinds of farming
systems can be switched on and off easily in thdet®code.

For non-modellers, switching on and off of constraican be done in the SEALMESS-
IF graphical user interface. Using the SEAMLESS:gnated database (Janssnal,
2009) enables uniform reproduction of data inpatsdifferent farm types across the EU.
Both current and alternative agricultural actistere defined as crop rotations and/or herd
structures capturing possible spatial and tempotatactions between different crops and
livestock. The calculation of a number of enviromtad indicators is also enabled. The
reusability of the model was demonstrated in Chagteand it is confirmed by the
significant number of applications that have alsebden using it. Louhichet al, (2008)
used the model with detailed information availalale regional level to assess the
consequences of the nitrate directive in Midi-Pyiesn (France). Kanellopoulas al,

(2009) compared the effects of abolishing the s&teapolicy in different regions through
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out Europe. The effects of CAP reform to the Euespéairy sector were revealed by
Louhichi et al. (2009). Majewski et al. (2009) investigated scenarios of bio-fuel
promoting policies in Poland. The effects of th®2GAP reform to water quality in a

Scottish region were assessed in Mouratiadblal. (2009). Price-supply elasticities

calculated by the proposed bio-economic model foe@esentative sample of regions
were used in Pérez Dominguet al. (2009) for extrapolating the production structure
across EU. The model has been also used to simidateng systems of developing

countries (Traorét al, 2009).

Second, different options for calibration and methdo recover unknown parameters
underlying the farmer’s decision making have berplared. We proposed alternative
calibration procedures that improve the existinglPMethodology (Chapter 3 and 4). A
method based on Maximum Entropy estimation for tjtieation of the farmer’s risk
attitude was also proposed. We used “back-cassmgulations (i.e. ex-post experiments)
to assess the forecasting performance of the nuadiérated with different methods. In
these simulations, the bio-economic farm modelabbrated with historical data of a
particular base year and it is used to forecasiceffof policies and price changes on the
following historical years. The capacity of the mebdo reproduce changes in activity
levels of the past is assessed.

The proposed calibration methods involve a numbenrmlerlying assumptions that
better comply with the actual decision making afrfars. The values of limited resources
were raised to the average gross margin inste#lteajross margin of the least preferable
activity; increasing marginal costs were assumedafbactivities and complementarity,
substitution and risk aversion were quantified. f@kes the improved forecasting
performance, it was concluded that there is no gmalibration method appropriate for
all cases. The data availability and the aim of¢hely appear to be the most important
factors that determine the best calibration opfiena specific case. For example, the
R6hm & Dabbert (2003) PMP variant can be used efdghis available information on
observed levels of crop-management combination®raer to account for different
elasticities between managements and crops. The \Ri&nt proposed in Chapter 3 can
be used to exploit available information on owncerielasticities or information on
historical data that allows for designing an extp@gperiment. The Maximum Entropy
estimation approach proposed in Chapter 4 can bé tsexploit panel data on activity
levels and expert's knowledge on agro-management estimate explicitly

complementarity, substitution and risk aversione ®tandard PMP approach (Howitt,
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1995) can be a solution in cases where such infiwmé&s not available. To give enough
options to model users and policy makers, we implged a number of different
calibration procedures in the developed bio-ecordarim model. The related equations
and constraints of different calibration proceduaesincluded in separate modules so that
they can be switched on and off easily.

Finally, we investigated approaches for identifyimgset of alternative activities that
could be used for integrated assessment of futoemasios. Combinatorial methods
(Dogliotti et al, 2003; Janssen, 2009) can be used to generaposdible alternative
agricultural activities in a uniform and reproddeibvay for a large number of farm types
with relatively limited information. The limitatiomf the method is that the number of
alternative activities that is generated in comtuirial approaches can easily explode.
Only a fraction of the generated activities arevaht from a policy point of view. We
proposed a generic approach based on Data Envetbgmnalysis (DEA) for reducing the
number of interesting alternative activities toeadl that can easily be applied in bio-

economic farm models.

6.2. Methodological issues

A number of critical decisions and methodologidabices were made during this thesis.
Creating a farm model that can be integrated imdahframework such as SEAMLESS-
IF and linked to other models in a model chain ishallenge by itself and requires a
number of decisions with respect to the methodmeSof these decisions (e.g. the generic
structure of the model, selecting static versusymachic approach, selecting a positive
versus a normative approach, simulating averagesfamstead of individual farms) were
made for the sake of the framework so that all nwdevolved are compatible with
respect to level of detail, inputs and outputs. e, this does not always come without
a cost. Some critical decisions that were madenduhis thesis are discussed below.

6.2.1. Generic modelling and model re-usability

One of the objectives of this PhD thesis was toettgy a bio-economic farm model that
could be used to simulate different farming syst@msgarious socio-economic, political

and environmental conditions. The model is usecatoulate price supply relationships at

EU level where data availability is limited. At tkame time the model had to be capable
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of exploiting more detailed information availablé r@gional or even farm level for
dedicated applications in specific regions.

By definition models are abstractions of realitgl@monsequently they cannot include all
factors that influence a bio-physical process amigien making of farmers. For that reason
the researcher is always challenged to asses®vle df detail at which each different
factor should be modelled to address the underlyjngstion. A different research
guestion can result in a completely different mbadglapproach. A comprehensive model
that can address adequately all possible reseamelstigns is probably impossible.
However, a model can be designed to be flexiblaighand easily adaptable to address
different questions under different conditions.Ghapter 2, it was attempted to design a
bio-economic farm model that can be transformedilyeds account for different
conditions and environments and simulate diffefanns across the EU. The attempt to
create a generic and flexible farm model can easiylt in complicated programs with
components irrelevant for the targeted analysisnyaodules of FSSIM are irrelevant
for answering specific policy questions and theg awitched off before simulations.
However, these modules are still part of the maael thus increasing complexity. There
is a clear risk for the re-usability of such modeaisl therefore good documentation and
training capacity is absolutely necessary. Techmletails of the structure of the proposed
model and the explanation of the model’s equatemesextensively reported in Louhichi
et al. (2009) while short explanatory text is also includedhwitthe code of the model.
To promote re-usability and accessibility of thedmloand the model’s results, the model

should be publicly available (www.seamlessassamabrg).

6.2.2. Positive modelling with limited datasets
Positive modelling approaches use historical daih @tempt to recover the unknown
parameters of the model related to production strac(i.e. non-linear costs due to

diseconomy of scale and land heterogeneity) adaversion to explain the underlying

Chapter 6

behaviour of the farmer. Usually, the objectiveascalculate farm responses and try to
understand them. On the other side, normative agpes pre-suppose the farmer’s
objective and use existing knowledge on the pradocprocess involved and on the
socio-economic and bio-physical environment anddrfind the most satisfying (optimal)

solutions and alternatives to the problem of respumanagement and allocation
(Flichman and Jacquet, 2003). In Chapter 2, 3 aofitdis thesis, a positive approach was
used in all farm level simulations. The limited atts did not allow for using traditional

151



9 laydeyd

General Discussion

econometric procedures for recovering the unknoarameters. Positive Mathematical
Programming and Maximum Entropy estimation weredusstead. Using these methods
to recover the unknown parameters from a limitedagkt involves using prior-
information (expert knowledge) and imposing a nundfeassumptions (Heckelei, 2002),
which are not always easy to justify from an ecomopoint of view. Changing the prior
information and/or the underlying assumptions mighve major implications for the
recovered parameters. It is important that theildetéhe model specification is such that
the impact of calibration is minimized. This is yedifficult in cases of higher level
analysis (like the one aimed with SEAMLESS) wherduding region specific constraints
and more detailed information is very difficultnbt impossible. An iterative process of
model development and evaluation (testing) throegkpost experiments was used to
improve the model's specification and consequengstrict the effect of calibration.
Another important limitation of positive approachssthat only parameters of activities
that have been used in the past or of activitias dne currently used in the region can be
recovered. It is difficult and questionable to unbk alternative activities that are not
currently used in a certain region but might bewvaht for future scenarios. This is mainly
because usually there is lack of expert’'s knowlealy data on the performance (i.e. input
requirements, outputs) of alternative activitiesispecific region. Unknown parameters
of the model (non-linear costs, risk aversion) cdrtre easily recovered. For long term
explorations, where large uncertainty is involveddamajor technological and
environmental changes are expected, normative appes might be more suitable. For
that reason, the proposed bio-economic model cagabiy transformed to a normative
model by switching off the calibration componengégsapplication of Chapter 5). The
features and assumptions of the different calibmatprocedures demonstrated and
evaluated in this thesis are presented in Table 1.

The advantage of using the standard PMP approactafibration rather than using a
normative approach is the guarantee of exact edidir. The extended variant of PMP
tries to overcome some important limitations of stendard PMP approach. First it raises
the value of land to the average gross margingatstof the gross margin of the non-
preferable activity in standard PMP) and estimates-linear costs also for the non-
preferable activity. The extended variant of PMBpmsed in this thesis improves the
forecasting performance of the model while exaclibcation is guaranteed. The
Maximum Entropy estimation method exploits avaialhformation more efficiently

since aggregated information on management availablEU level databases can be
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included in the maximum entropy estimation processl expert knowledge on
management, risk aversion and expected outputsbeaimcluded as prior information.
Like the extended variant of PMP, the value of I&dhised to the average gross margin.
The risk aversion coefficient is recovered and cemgntarity and substitution between
activities is estimated. However, in estimation gaedures involving multiple years of

data, exact calibration should not be expected.

Table 1: Summary of features and assumptions dliffexent procedures used in the thesis.

Normative  Standard Extended Maximum
(LP) PMP PMP entropy
Demonstrated in Chapter Ch. 5 Ch. 3 Ch.2&3 Ch. 4
Reproduction of base year data Poor* Exact Exact odGo
Forecasting performance Not tested Not that Good Good
good
Exploiting historical data set No One year One year Multiple
years
Use of expert knowledge No No No Yes
Value of limited resource - Gross Average Average
margin of gross gross
least margin margin
profitable
activity
Additional non-linear costs Not For all For all For all
included activities activities activities
except the
least
profitable
Substitution & Not Not Not Estimated
complementarity between estimated estimated estimated
activities
Risk aversion Not Not Not Estimated
estimated estimated estimated

* In general, it is very difficult to reproduce eagear data adequately using a normative modelusecia
requires information on non-linearities involved time decision process (e.g., production structtisd,
aversion).

6.2.3. Modelling an average farm versus individaains

In all farm level model applications presented mstthesis, the average resource
endowments and observed production plans of farebenging to a certain farm type
were selected as representative values of farmsbtiang to that farm type. Simulating
the average farm of a certain farm type using #oiceied model ensures that all important
crop products that are produced by farms of a fpefarm type will be part of the
simulated production plan. This is very importamr fanalysis that requires full

representation of agricultural production to detesmequilibrium between supply and
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demand. For example, one of the aims of the bim@tic farm model in SEAMLESS, is
to calculate price-supply elasticities for the fatypes of a representative sample of
regions across the EU which are then extrapola®gneg Domingueet al, 2009) and
used in a partial equilibrium model for EU levelfysis. The calculation of price-supply
elasticities for as many products as possible ial for this type of analysis. Using
individual farms for representing the farm typeskesit more difficult to ensure adequate
representation of all observed activities of famhs specific farm type in the simulated
production plans. However, simulating the averagemfhas also important drawbacks. An
average farm and an average farmer do not actealst and consequently, an average
activity pattern also does not exist. The actiyattern of the average farm is much more
diversified than that of individual farms. Reprotgssuch a cropping pattern using an LP
model would require a large number of binding camsts. It is possible that such
constraints do not even exist in reality and consatly they are difficult to define (e.g.
rotational constraints of an “average” productidanp. Calibration of the LP model is
necessary for reproducing the observed activitgleeand often calibration will dominate
the simulations. It is possible that the impactcalibration on the results of the model
would be reduced substantially if a number of imdiinal farms were simulated instead of a
single average farm. However, this would also havereased the computational
requirements and individual farm data would havedavailable which is usually not the
case (individual farm data are usually treatedadidential information not available for

research).

6.2.4. Evaluating forecasts

Assessing the capacity of a model to predict theréuis difficult if not impossible simply
because future events are not yet known. In thesish ex-post experiments were
employed to assess the forecasting capacity ofnibdel. The model was calibrated with
data of year(s) in the past and used to simulaggds that occurred in the past. The
capacity of the model to reproduce the farms hisabactivity levels can be used to assess
the quality of the forecasts. One of the main dibjes of the bio-economic farm model
proposed in this thesis is to calculate price-sypmasticities of different agricultural
products. We are interested mainly in relative gesnin quantities of products rather than
the absolute production. For this reason, in thg@st experiments presented in this
thesis, we focused on comparing simulated and bkeittavity patterns. The results of

these comparisons were used as a measure of parfoemA good reproduction of
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activity patterns of base year and forecasted yesults in good reproduction of relative
changes in supply and in the values of intereséngnomic (e.g. farm income) and
environmental (e.g. nitrogen leaching) indicat@ssessing the capacity of the model to
reproduce the absolute values of indicators is numeaplicated because it involves
uncertainty for the quality of data that is usedjt@antify those indicators.

Using the model assessed in ex-post experimenssntalate future events does not
guarantee good forecasting performance in all ptessases. The model might need to be
changed severely to include issues related to tdobital innovations and changes in the
institutional, economic, and physical environmédrattbecome important in the simulated
period under a certain scenario. In such casesfotfeeasting capacity of the model is
guestionable again. To improve confidence in thhedasting performance of the model it
is important to design appropriate ex-post expemismewith exogenous conditions
reflecting as much as possible the scenario. Siitidls. between the ex-post experiment
and the actual forecasting exercise should be fdaanterms of the socio-economic,
political and bio-physical environment. Resultsnfresuch ex-post experiments can be
used to decide on an appropriate calibration pnoeedy comparing the forecasting

performances of the different methods.

6.2.5. Dynamic decision making in farming

The farmer’s decision making is a dynamic procdsesource allocation. In general, by
the time more information becomes available denssiare adapted to maximize utility.
This is how farmers deal with investments, risk amgertainty. A number of different
approaches have been proposed to deal with dynaamdsinter-temporal decisions
involved in farming (Pandey and Hardaker,1995; Rareénd Bergeron, 1999; Wallace
and Moss, 2002; Acst al, 2007). In general, a dynamic farm model is mamaplex and
requires information which is not always availabtd=U and global level. The farm model
proposed in this thesis attempts to capture somthede interactions (e.g. specifying

activities as crop rotations instead of single sjom a static way to align the data

Chapter 6

requirements with the data availability in EU lewddtabases and a simple survey on
agricultural management (Borkowslkit al, 2007; Zanderet al, 2009). Investment

decisions have not been taken into account anth&mreason it is important to notice that
the model can only be used for relatively shorintéorecasts where major investment

decisions or changes to the fixed costs are nctagd.
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6.2.6. Accounting for alternative activities

In Chapter 5 of this thesis an attempt was mad#etmonstrate how alternative activities
could be incorporated in bio-economic farm modellifhe presented exercise focused on
nutrient management options of arable farms. Thieraise was selected because it is
representative of a wider group of alternative \ditis related to technological
innovations in management and alternative prododtoctions. This type of innovations
in farming is related to improvements in technoldbgt could lead to new available
combinations of resources (i.e. labour, land argltal for crop and animal production
that can result in more beneficial activities fran economic, social or environmental
point of view. Another type of innovation that i@ covered with the simple exercise
presented in Chapter 5 is alternative rotationsalternative rotational decisions because
of changes in the climatic and socio-economic dion. Alternative herd structure can
be taken into account in a very similar way.

Innovations related to changes in farm’s organoratand farmer’s decision making
have not been considered in this thesis. This tfpanovations involves changes in the
organization of the farm so that constraints relate available farm resources and
rotational constraints become less restrictive.ekample of this kind of changes is the
cooperation of arable and dairy farms in a singleigslon making unit spreading the crop
rotation and feed production over the land of allolved individual farms. This gives
them new possibilities for more intensive rotatiansrotations with less environmental
impact (while maintaining the same productivityltemnative nutrient management and
sufficient feed production. Obviously this kind iohovations can become important for
the decision making and should be taken into adcwufuture land use studies. It might
be possible to use a farm model to investigate sointlkese innovations in a simple way
by changing the definition of a farm according te tassessed organization change.
However, a more comprehensive analysis would recuiregional model where available
resources and constraints at higher level can bleidad and where prices of limited

resources (e.g. land, labour) are determined.

6.3. Results

6.3.1. Model applications
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The applications of the model in Chapter 3 and thefthesis focused strictly on assessing
the capacity of the calibrated farm model to sirteulabserved cropping patterns. The
Percent Absolute Deviation (PAD) was used to meadhe deviation of simulated
activity levels from observed historical data. Tinenimum and maximum PAD values
achieved in the ex-post experiments presentedigthiesis for all assessed calibration
methods are presented in Table 2. The achieved RélDes of calibration methods
proposed in this thesis (i.e. extended PMP and Mari Entropy estimation) outperform
the standard PMP method. Hazel and Norton (198¢Jest that models that reproduce
the base year activity pattern with PAD values lowean 15% can be used for
forecasting. The ex-post experiments of the modébrated with the proposed methods
resulted in maximum PAD values only marginally abdb% even for the forecasting
year (not the base year). We can conclude thatfdirexasting capacity of the model

calibrated with the proposed methods is acceptable.

Table 2: Minimum and Maximum values of the Perc&bsolute Deviation (%)
achieved in forecasts of ex-post experiments othisis per calibration method

and region.
Standard PMP Extended PMP Maximum Entropy
Region Min. Max. Min. Max. Min. Max.
Flevoland 63 76 3 22 14 19
Midi-Pyrenees 20 26 14 23 11 15

6.3.2. Interpretation of recovered parameters

The recovered parameters in all tested cases dfdliteration and estimation procedures
proposed in this thesis have an economic justiboaas they are related to increasing
variable costs per unit of production because ati@guate machinery and management
capacity, decreasing yields due to land heteroggenand risk aversion (Howitt, 1995).
However, it is important to notice that any possibiiodel misspecification (e.g. omitting
to include farm specific constraints, ignore hegermeity of land, simplifications in the

decision making) is also captured in the recovgracameters. The feature of exact
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calibration of PMP and the use of prior informationME can dominate the estimation
procedure and result in outcomes of model simuiatitat are very close to the observed
situation. To test for the validity of the modele wsed ex-post experiments which provide
more information about the forecasting capacitthefmodel. Nevertheless, the results are
usually case specific and they cannot guarantee gooadel performance in all cases.

Using calibration procedures to improve the modfdiecasts does not rule out the need
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for

careful model development; on the contraryreuires additional effort to identify

possible misspecifications which will not appearedily in the results of the analysis

because of calibration.

6.4.

Conclusions

The major conclusions from the thesis are:

1.

The Farm System SIMulator is a flexible bio-economiodel that can be used for
simulating different farming systems, under diffeérbio-physical and socio-economic
conditions, for a variety of policy questions. Thigs achieved by: (i) separating
model and data and creating a consistent Europatabake for farm types, their
locations and production activities, (ii) designitige model in a modular way, that
allows switching on and off modules, constraints aalibration methods, (iii)
providing adequate documentation, and (iv) ensufodlic availability. The re-
usability of the model is demonstrated in this ihelsut is also confirmed by
applications presented in other recent studies.

The PMP variant proposed in this thesis raisesviee of limiting resource to the
average gross margin and assumes decreasing majygiea margin also for the least
preferable activity. The proposed PMP variant invpbthe forecasting performance
of the model compared to the standard PMP apprioaahtested cases.

Maximum Entropy estimation exploits expert’'s knodde and panel data available in
EU level databases more efficiently and requiress larbitrary assumptions than
Positive Mathematical Programming for calibrating-economic farm models.
Evaluating the forecasting capacity of bio-econofarcn models is a complicated task
mainly because it refers to the unknown future &edause often bio-economic
models use simulated data to account for priceyaid trends. Ex-post experiments,
in which the model is calibrated with historicatal@f a particular base year and used
to forecast policies and price changes of the Walg historical years, are useful for
assessing the forecasting performance of bio-ecanomdels.

Combinatorial procedures and filtering rules arefulstools for identifying and
generating alternative activities in different kéndf future-oriented land use studies.
The DEA method proposed in this thesis, for selgctiuperior alternative agricultural

activities, reduced the number of alternative agdtical activities generated by
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existing combinatorial procedures to a level traat easily be applied in bio-economic
farm models and analyzed by scientists and polialars.

6.5. Recommendationsfor futureresearch

The research presented in this thesis leads taveuof new, interesting and relevant
research topics. First, positive modelling appreachse existing information and activity
observations to recover unknown parameters. Céliloraor estimation of a model that
includes activities that are not observed in thierence year (i.e. alternative, not currently
observed activity) has not been accomplished soThis restricts the use of positive
models to short term simulations where no majorngea in bio-physical, socio-
economic, technological and institutional envirominere expected. In the current
literature there is a gap on calibrating bio-ecommomodels in which alternative activities
are included. The economic justification of theowsred unknown parameters of the
model is related to limited managerial and machimapacity, land heterogeneity and risk
aversion. A farmer confronted with the decisioradbpting or not an alternative activity
will have to make estimations and assumptions abdditional non-observed costs, yield
losses due to land heterogeneity and price-yieliatran of the alternative activity by
seeking similarities in agro-management between aternative activity and current
activities. This kind of information on the decisimaking of the farmer could be used to
recover unknown parameters for the alternativevdiets. The average non-linear costs of
the current production plan or the non-linear cadtsurrent activities that have similar
inputs, outputs and agro-management requirememsbeaused to parameterize the
alternative activity. Only simulations of shortrtepredictions should be targeted with the
model since after a number of years it is expetitad more information will be available
to the farmer and the decision making will change.

Second, many of the modelling decisions for devielpFrSSIM were made because of
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data limitations. This might have implications the quality of the results of the model.
To assess the added value of creating a more ettalodel which would include
dynamics, structural change and multiple objectivdiferent modelling formulations
have to be created and compared to each otherilddetaegional, or farm specific
databases can be used for creating such experiroémismparisons between different

modelling formulations. The results of the compams could determine the appropriate
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level of detail of a bio-economic farm model thama at integrated assessment of
environmental and agricultural policies. It willal provide information about data needs
for comprehensive bio-economic analysis.

Third, databases at EU and global level do notumtel enough information for
developing detailed bio-economic models. More dedai information on agro-
management (e.g. disaggregated input levels, tingrap rotations) that is used currently
in existing farming systems would have contribusgghificantly to the level of detail of
bio-economic farm models applicable across EU.

Finally, object-oriented programming is a programgniapproach that enhances re-
usability and a generic structure of programs. d¢necept of object-oriented programming
could also be used for developing mathematical rarogning bio-economic farm models.
In general, a farm can be seen as an object waliladNe resources that are allocated to
activities which are also seen as objects with ipleltinputs and outputs. The matrix of
input-output coefficients, the vector of availabésources and the objective function are
then created using the available farm resourcestldnputs and outputs of available
activities. Open source software like JAVA can bsedi for this purpose. Available

software libraries for solvers written in JAVA ord&n then be used for the optimization.
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Introduction

Agricultural systems in Europe are confronted withtical issues such as trade
liberalization, globalization and changes in théitpal, social and physical environment.
Adaptation to the new conditions through redesi§fiaoming systems and adoption of
alternative production techniques are requireddotrioute to sustainable development.
Effective policy decisions are necessary at globational, regional and even farm level
to promote or enforce sustainable development aatble quick diffusion of alternative
technologies. To ensure the efficiency and effecteéss of agricultural and environmental
policies, it is necessary to evaluate and analjweentbefore their application (ex-ante
assessment). Bio-economic farm models have begroged for the ex-ante assessment of
such policies. If a bio-economic farm model is ® Wsed for ex-ante assessments of
agricultural and environmental policies at Européavel, some requirements must be
fulfilled, i.e data with respect to farm types, ithecations and production activities must
be readily available throughout various regionsyitst be possible to upscale the model’s
results (e.g. product supply) to higher system lfeye.g. country or market); the model
must be applicable to different farm types inclgdimixed farm types and it must be
possible to assess many different policy instrusieriinally, the application and
calibration of the model should not require mangcsiic constraints or ad-hoc steps and it
must guarantee a good reproduction of historicah daroviding evidence of good
empirical validity. In short, it must be possible apply the same bio-economic farm
model in a consistent way across the European Ufibah) and at the same time provide
evidence of sufficient empirical validity. A litexae review showed that a generic model
meeting the above requirements does not exist.

This thesis seeks to improve re-usability and eirgdivalidity of bio-economic farm
models by:( i) developing a generic bio-economiaifanodel that can be applied to assess
ex-ante a wide variety of policy questions undéfedent biophysical and socioeconomic
conditions; (ii) proposing and testing methodoldlggt overcomes limitations of existing
calibration and estimation procedures that usetddhidata sets to recover unknown

parameters underlying the actual decision makindaaiers; and (iii) proposing and
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testing methodology for identifying and selectingsat of representative alternative
agricultural activities for policy assessment amife-oriented land use studies.

The System for Environmental and Agricultural Mduhgj; Linking European Science
and Society (SEAMLESS) (Van lttersuen al, 2008) was one of the projects funded by
the EU to develop scientific methods to supporiaste assessment of agricultural and
environmental policies. The work presented in thessis contributed to the development
of the integrated modelling framework of SEAMLESS.

Developing a generic bio-economic farm model

The disciplinary nature of most existing farm madels well as the issue specific

orientation of most of the studies in agricultulsgstems research are main reasons for the

limited re-use of bio-economic models for the exeaimtegrated assessment of policy
decisions. In chapter 2 of this thesis, a genedesbonomic farm model was developed to
simulate decision making of different farming systeacross the European Union (EU),
facilitating the linking of micro and macro anakysand providing detailed analysis of
farming systems in a specific region. To avoid tiverspecialized, simulated cropping
patterns of Linear Programming (LP) models and mguee a good reproduction of
historical data, Positive Mathematical Programm{Ri§1P) was used for calibrating the
developed bio-economic farm model. Model use wiastilated with an analysis of the
impacts of the CAP reform of 2003 for arable am@diock farms in a context of market
liberalisation. Results from the application of theodel to representative farms in
Flevoland (the Netherlands) and Midi-Pyrenees (Eearshowed that CAP reform 2003
under market liberalization will cause substansiabstitution of root crops (i.e. potatoes
and sugar beet) and durum wheat by vegetables isss#d crops. Much of the set-aside
area will be put into production, thus intensifyirthbe existing farming systems.
Abolishment of the milk quota system will causeigagrease of the average herd size. The
average total gross margin of farm types in Flevolaill decrease while the average total
gross margin of farms in Midi-Pyrenees will increa¥he results showed that the model
can simulate arable and livestock farm types of tegions different from a bio-physical
and socio-economic point of view and it can dedhwsi variety of policy instruments. The
examples showed that the model can be (re-)usedtasl for facilitating future policy

analysis and for understanding future farming syste
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Assessing for ecasting capacity of PM P calibrated farm models

Using Linear Programming in bio-economic farm mddgl often results in
overspecialized model solutions. The Positive Mauhigcal Programming (PMP)
approach guarantees exact calibration to base gata by recovering non-linear
parameters of the PMP model. Those parameter®kated to increasing costs per unit of
production because of limited managerial and mafinapacity, decreasing yield due to
land heterogeneity and risk aversion. Despite thatufe of exact calibration, the
forecasting capacity of the model is affected bgessary, but arbitrary assumptions
imposed during calibration: (i) the assumption tih&t gross margin of the least preferable
activity is constant whereas gross margins of giepactivities are assumed to decrease
with increasing activity levels and (ii) the assuiop that at the observed activity levels
the gross margin of the limiting resource is eqtmlthe gross margin of the least
preferable activity. In Chapter 3 of the thesisieav PMP variant was developed based on
less restrictive assumptions, which are closeh#odctual decision making of the farmer.
The PMP variant was evaluated according to theigtieds of the bio-economic farm
model, developed in Chapter 2 of this thesis. Ttvedasting capacity of the model
calibrated with the standard PMP approach and lteenative PMP variant, respectively,
were tested in ex-post experiments for the aralalenftypes of Flevoland (the
Netherlands) and Midi-Pyrenees (France). The moaal calibrated with historical data
of a base year and used to forecast policies acd phanges of the following historical
years (ex-post experiments). The results of th@ast-experiments, in which we try to
simulate farm responses in 2003 using a model reéid to 1999 data, showed that the

alternative PMP variant improved the forecastingacaty of the model in all tested cases.

Maximum Entropy for estimating risk attitude, complementarity and substitution

One important limitation of PMP approaches is tinaty often use one year observations
on activity levels to recover the unknown paransetef the model. Panel data on
observations of activity levels that are availabl&U level data bases are not used in the

estimation procedure resulting in poor estimatibpavameters reflecting the behaviour of
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producers (e.g. complementarity and substitutidwéen activities is ignored). Moreover,
often, observed variation of income because ofopéal price and yield changes is not
taken into account and consequently in many cdsesgk attitude of farmers is ignored.
Those limitations of PMP have consequences fontbdel’s forecasting capacity and the
interpretation of the model's parameters.

In Chapter 4 of the thesis, Maximum Entropy estiaratvas used to determine the risk
attitude of farmers and the production parametéra bio-economic farm model. The
application focused on panel data of arable farpesyin Flevoland and Midi-Pyrenees.
The model was estimated based on observed date gktirs 1999-2001 and was used to
predict the cropping patterns of year 2002 and 2@8nplementarity and substitution
between activities were quantified while the farisettitude towards risk was assessed.
The ME method resulted in better forecasts than PMP

Selecting alter native activities for bio-economic modelling

Ex-ante assessment of agricultural and environrheotecies using bio-economic models
is not complete without exploring alternative aitids and technological innovations at
farm level. The production opportunities availatdea farmer today are not the same as
those available in the future because of changéseirsocial, economic, institutional and
bio-physical environment. For meaningful ex-antseasment of future policies a set of
representative activities, which is adequate tasfsa@ll possible targets of different
objectives, is needed. Selecting a representatete of alternative activities and
opportunities given a specific policy frameworkaishallenging procedure because it can
involve multiple and conflicting objectives of thdifferent stakeholders. Also, the
assessed policy regime and the available farm ressuan restrict the feasible “window
of opportunities” from which farmers can chooseidies to make decisions for the
future.
An approach that has been used in existing bio@oan studies for identifying

alternative activities in a consistent and reprdalecway is based on combinatorics and
agronomic filtering rules. One important limitatiof this approach is that the number of

generated, feasible activities can increase exp@ignwith the number of crops,
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management options and bio-physical conditionshefregion. Many of these activities

are inferior with respect to their input-outputat@nships or irrelevant given a specific
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policy question. However, the multi-dimensionaluratof the input-output relationships
of such activities do not allow for a straight-f@md selection.

Data Envelopment Analysis (DEA) is a method usedperational research to rank
entities that convert multiple inputs into multipteitputs based on their capacity to
convert those inputs into outputs. A multi-dimemsibfrontier is created by the superior
entities while all other inferior entities are eloped (enclosed) in this frontier. In chapter
5 of the thesis, we propose a methodology basddEok for identifying a manageable set
of representative alternative activities out of ldmge set of possible alternatives which are
interesting from both an economic and a policy pah view. The capacity of an
agricultural activity to convert inputs into outpwas evaluated. The method was applied
to a fertilization problem of arable farming in ¥#éand (the Netherlands). In total 831
activities were selected with the proposed DEA métlout of the 16,514 generated
activities. The smaller set of activities was fertlanalyzed using the optimization part of
a bio-economic farm model. Subsequent use of thgldiGactivities and the 831 activities
in the same farm model resulted in exactly the sasselts showing that the selection
method is valid. Especially when repeated calootetineed to be done the selection
procedure contributes in reducing the total timguieed for computation and facilitates
the analysis of the results. The proposed methadbeaa complementary component for
existing and future combinatorial tools that aim itentify and quantify alternative

activities for policy assessment.

Main conclusions

1. The Farm System SIMulator is a flexible bio-economiodel that can be used for
simulating different farming systems, under diffeérbio-physical and socio-economic
conditions, for a variety of policy questions. Thigs achieved by: (i) separating
model and data and creating a consistent Europatabake for farm types, their
locations and production activities, (ii) designitiie model in a modular way, that
allows switching on and off modules, constraints aalibration methods, (iii)
providing adequate documentation, and (iv) ensufodlic availability. The re-
usability of the model is demonstrated in this ihelsut is also confirmed by

applications presented in other recent studies.
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. The PMP variant proposed in this thesis raisesviiee of limiting resource to the
average gross margin and assumes decreasing miagea margin also for the least
preferable activity. The proposed PMP variant impibthe forecasting performance
of the model compared to the standard PMP apprioazlhtested cases.

. Maximum Entropy estimation exploits expert’'s knogde and panel data available in
EU level databases more efficiently and requiress larbitrary assumptions than
Positive Mathematical Programming for calibrating-bconomic farm models.

. Evaluating the forecasting capacity of bio-econofarcn models is a complicated task
mainly because it refers to the unknown future &edause often bio-economic
models use simulated data to account for priceyald trends. Ex-post experiments,
in which the model is calibrated with historicata@l®f a particular base year and used
to forecast policies and price changes of the Walg historical years, are useful for
assessing the forecasting performance of bio-ecanomdels.

. Combinatorial procedures and filtering rules arefulstools for identifying and
generating alternative activities in different kéndf future-oriented land use studies.
The DEA method proposed in this thesis, for selgctiuperior alternative agricultural
activities, reduced the number of alternative agtical activities generated by
existing combinatorial procedures to a level traat easily be applied in bio-economic

farm models and analyzed by scientists and poliakers.
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Samenvatting

De landbouw in Europa wordt geconfronteerd met riggigke veranderingen zoals
handelsliberalisatie, globalisering en verandennigede politieke, sociale en natuurlijke
leefomgeving. Duurzame ontwikkeling vraagt van agcl ondernemers aanpassing aan
veranderende omstandigheden door herdefiniéringhwenbedrijfssysteem inclusief het
adopteren van nieuwe productietechnieken. Van éeheid vraagt het effectief beleid op
verschillende niveaus voor het bevorderen van dgamheid en van adoptie van nieuwe
productietechnieken. Om te kunnen beoordelen ogithebffectief en efficiént is, is
analyse van het beleid voor invoering (ex ante ymedl van belang. Voor dit soort
analyses worden vaak bio-economische bedrijffsmededebruikt. Om met behulp van
een bedrijffsmodel een analyse op EU-niveau te dosgt worden voldaan aan eisen met
betrekking tot 1) beschikbaarheid van data vanchdliende bedrijfstypen binnen de
verschillende EU-regio’s, 2) de mogelijkheid om tigstesultaten op te schalen naar een
hoger niveau en 3) de mogelikheden om het modelkuanen gebruiken voor
verschillende typen bedrijven en verschillende woobeleid. Daarnaast moeten kalibratie
en gebruik van het gekalibreerde model zonder adskeppen mogelijk zijn en moet het
gekalibreerde model in staat zijn historische data reproduceren. Uit een
literatuuroverzicht blijkt dat een dergelijk modelj aanvang van dit proefschrift niet
bestond. De doelen van dit proefschrift zijn daarbnhet ontwikkelen van een generiek
bio-economisch bedrijfsmodel voor ex ante analyae gen variatie aan beleid onder
verschillende natuurlijke en sociaaleconomischetantigheden, 2) het ontwikkelen en
testen van methoden voor kalibratie van het mogebasis van een beperkte data set en
het oplossen van problemen van bestaande kalibretimden en 3) het ontwikkelen en
testen van een methode voor het identificeren lecteeen van een representatieve set van
alternatieve  productieactiviteiten  voor toekomsigee beleidsanalyses en
landgebruikstudies. Het werk dat gepresenteerd twardlit proefschrift was onderdeel
van de ontwikkeling van een geintegreerd modelinséntarium in het kader van het door
de EU gefinancierde onderzoek getiteld: The SydtwmnkEnvironmental and Agricultural
Modelling; Linking European Science and SocietyASEESS)

In hoofdstuk 2 van dit proefschrift wordt een geslerbio-economisch bedrijfsmodel
ontwikkeld voor het simuleren en in detail analgsevan bedrijffsbeslissingen voor
verschillende bedrijfstypen binnen Europa. Posifitathematical Programming (PMP)
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wordt gebruikt als kalibratiemethode om het vensd@l van overspecialisatie (veel
voorkomend bij lineaire programmeringsmodellen)vaerkomen en om reproductie van
historische data te realiseren. Gebruik van hetehardt geillustreerd met een analyse
voor twee EU-regio’s (Flevoland en Midi-Pyreneeshwle impact op akkerbouw- en
melkveebedrijven van de hervorming van het gemémpgelijk landbouwbeleid in 2003
gecombineerd met marktliberalisering. De resultdgen een substantiéle vervanging van
wortelgewassen (aardappelen en suikerbieten) emundarwe door groenten en
oliezaadgewassen zien terwijl veel braakland indpetie genomen wordt. Afschaffing
van de melkquotering leidt tot een uitbreiding vd& gemiddelde melkveestapel. Het
saldo van bedrijfstypen in Flevoland daalt tervigt saldo van bedrijfstypen in Midi-
Pyrenees stijgt. De resultaten laten zien dat bdtifismodel kan worden gebruikt voor
analyse van beleid en voor het begrijpen van venamgen van bedrijfssystemen.

De gebruikte kalibratiemethode (PMP) gaat uit vdnemend saldo per eenheid
productie vanwege beperkte management- en maclpaeitait, dalende fysieke
opbrengsten per eenheid productie en vanwege aigicsie van ondernemers. Het niet
lineaire verband tussen productie en saldo datdbger ontstaat en het gebruik van
historische data voor kalibratie stelt het modesti@at om deze historische data exact te
reproduceren. De capaciteit van een PMP-model oskotostige ontwikkelingen te
voorspellen worden echter beperkt door een aawiadzakelijke vooronderstellingen, te
weten: 1) de veronderstelling dat het saldo vamdest aantrekkelijke productieactiviteit
constant is terwijl het saldo van alle andere #eiten afnemend verondersteld wordt en
2) de veronderstelling dat in een evenwichtssikuale marginale saldi van alle
productieactiviteiten gelijk zijn aan het saldo vade minst aantrekkelijke
productieactiviteit. In hoofdstuk 3 wordt daarorm eeeuwe PMP-variant ontwikkeld die
gebaseerd is op minder restrictieve vooronderstgh. De voorspellende capaciteit van
het model gekalibreerd met de originele en de nee®AMP-variant is vergeleken in ex
post modelexperimenten voor akkerbouwbedrijftypefrlevoland en Midi-Pyrenees. De
resultaten van de ex post experimenten, waarinijfe@randeringen voor 2003 werden
gesimuleerd met het model gekalibreerd met data %889, laten zien dat de
voorspellende capaciteit van de nieuwe PMP-vanaor alle bedrijffstypen beter is dan
de originele variant.

Een nadeel van PMP is dat modelkalibratie plaatéviip basis van data van één jaar.
Eventueel beschikbare data van meerdere jaren entumel aanwezige expertkennis

kunnen niet gebruikt worden. Dit betekent onderndggr variatie in inkomen vanwege
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productie- en prijsvariatie tussen jaren niet maegeen kan worden, waardoor risico niet
adequaat weergegeven kan worden. Dit beperkt despellende capaciteit van PMP-
modellen. In hoofdstuk 4 van het proefschrift ismsn een kalibratiemethode gebruikt
waarbij wel data van meerdere jaren gebruikt kunmerden. Deze methode (Maximum
Entropy) is toegepast voor het kalibreren van hegtrifsmodel op basis van data van
1999-2001 voor respectievelijk akkerbouwbedrijftype Flevoland en Midi-Pyrenees. De
gekalibreerde modellen werden vervolgens gebruikir woorspelling van grondgebruik
in 2002 en 2003. De Maximum Entropy methode leittdebetere voorspellingen dan de
twee PMP-methoden.

Een ex ante beleidsanalyse met behulp van eencbimeeiisch bedrijffsmodel is niet
compleet zonder verkenning van alternatieve proéactiviteiten en innovaties. Een
veranderende natuurlijke, politieke en sociaaleaische omgeving kan leiden tot het
onaantrekkelijk worden van huidige productieactitén en tot vervanging door
alternatieve activiteiten. Het selecteren van eeprasentatieve set van relevante
alternatieve productieactiviteiten gegeven eendowedtig beleidsscenario is een uitdaging
omdat de alternatieve activiteiten zowel moeterskgten bij het nieuwe beleid als ook
bij niet veranderende omgevingsfactoren en bij delddellingen en mogelijkheden van
ondernemers. Een consistente methode die gebraildtwn bestaande bio-economische
studies voor het ontwikkelen en identificeren vaogelijke alternatieve activiteiten is
gebaseerd op combinatieregels en agronomischetisedgels. Een bezwaar van deze
methode is het grote aantal activiteiten dat gegemd kan worden. Het aantal neemt
namelijk exponentieel toe met het aantal gewasse@magement opties en natuurlijke
omstandigheden. De selectie heeft alleen betrekimbet uitselecteren van onmogelijke
activiteiten. Veel van de op deze manier geproduaeeactiviteiten zijn echter inferieur
voor wat betreft hun input-outputverhouding of zijrelevant gegeven bepaald beleid. In
hoofdstuk 5 van dit proefschrift wordt daarom eegthnde ontwikkeld gebaseerd op Data
Envelopment Analysis (DEA) voor het selecteren gan groep superieure activiteiten uit
een grote groep mogelijke activiteiten. DEA is esethode uit de operationele analyse
voor het sorteren van entiteiten die meervoudigetimomzetten in meervoudige output op
basis van de efficiency waarmee die omzetting plaadt. Superieure activiteiten zijn die
activiteiten die op ten minste één specifieke imputputverhouding het beste zijn. Omdat
het gaat om meervoudige input en meervoudige outpuer meerdere specifieke input-
outputverhoudingen en dus ook meerdere superietikgteiten. De ontwikkelde methode

is toegepast op bemestingsbeleid voor akkerbouwbedr in Flevoland. Uit een
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gegenereerde set van 16.514 mogelijke activiteierd met behulp van DEA een set van
831 superieure activiteiten geselecteerd. Gebraik nespectievelijk de set mogelijke en
de set superieure activiteiten in het bio-economisedrijfsmodel leidde tot exact dezelfde
resultaten waarmee aangetoond is dat de DEA-metlode selectie van superieure
activiteiten werkt. Belangrijk voordeel van hetessteren van superieure activiteiten is dat
de analyse van de resultaten van een modeloptatialieenvoudiger is naarmate het
aantal aangeboden activiteiten kleiner is. Daatnmsade berekeningstijd korter als het

aantal activiteiten kleiner is.

De belangrijkste conclusies uit dit onderzoek:zijn

1. Het ontwikkelde bio-economisch model (aangeduid et Engelstalige acroniem

FSSIM) kan gebruikt worden voor het simuleren vaersehillende bedrijfstypen,
onder verschillende natuurlijke en sociaaleconoh@somstandigheden en voor een
variéteit aan beleidsalternatieven. Dit is berdikbr 1) het scheiden van model en data
en het creéren van een Europese database voojfsigden, hun geografische locaties
en hun productieactiviteiten, 2) het ontwerpen Ve modulair model, waardoor
modules, kalibratiemethoden en specifieke bepeégtngaar behoeven in- en
uitgeschakeld kunnen worden, 3) adequate docunentt model en database en 4)
het realiseren van publieke beschikbaarheid varehred database. De mogelijkheden
voor herhaaldelijk gebruik van het model zijn gedestreerd in dit proefschrift en
worden bevestigd door toepassingen van het modeider recent onderzoek;

. De alternatieve PMP-variant ontwikkeld in dit predirift verhoogt het saldo van de
minst aantrekkelijke productieactiviteit tot hetngddelde en veronderstelt een
afnemend saldo ook voor de minst aantrekkelijkedpctieactiviteit. Gebruik van de
alternatieve PMP-variant verbetert het voorspelleednogen van het bedrijfsmodel
in vergelijking met gebruik van de standaard PMRard;

. Kalibratie gebaseerd op Maximum Entropy schept deyetijkheid om gebruik te
maken van data van meerdere jaren en van experskem het vereist minder
arbitraire veronderstellingen dan PMP;

. Evaluatie van de voorspellingscapaciteit van bioremische bedrijfsmodellen is een
gecompliceerde taak omdat het gaat om een onbekme#temst en omdat vaak
gesimuleerde data worden gebruikt voor het opneraarproductie- en prijstrends. Ex
post experimenten, waarin het model wordt gekaditwr@p basis van historische data
van een bepaald jaar en waarbij het gekalibreerdeéeimvervolgens gebruikt wordt

voor het voorspellen van de effecten van prijs- beeidsveranderingen voor de
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volgende historisch jaren, bieden goed mogelijkhedeor het evalueren van de
voorspellingscapaciteit van een model,

Combinatie- en selectieregels zijn geschikt voar dr@wikkelen en selecteren van
mogelijke alternatieve productieactiviteiten voor oelomstgerichte
grondgebruikstudies. De op DEA gebaseerde methwdeikkeld in dit proefschrift,
voor het selecteren van superieure activiteiteretdeet aantal mogelijke alternatieve
activiteiten tot een aantal dat eenvoudig toe tes@a is in een bio-economisch

bedrijfsmodel en dat leidt tot een eenvoudige a®alyan modelresultaten.
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