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Abstract

This paper analyses the impact of the 2003 CAPrmef(the so-called Fischler
Reform) and its interaction with the Nitrate Dirgeton the sustainability of selected arable
farming systems in a French region (Midi-Pyrénéds$)e Nitrate Directive is one of the
oldest EU environmental programs designed to reduater pollution by nitrate from
agricultural sources, through a set of measurdmeatkat regional level, and mandatory for
farmers of vulnerable zones. This impact analysigpérformed through a bio-economic
modelling framework coupling the crop model CropSasd the farm-based model FSSIM
developed, within the EU FP6 SEAMLESS project (M#arsum et al.,, 2008). The 2003
CAP reform was compared first to the continuatibAgenda 2000 Regulations and then to a
policy scenario combining the CAP reform with thplkcation of the Nitrate Directive.

Compared to the continuation of Agenda 2000 Regulsf the implementation of the
2003 CAP reform leads to (i) a decrease of durureatlarea, as the supplement for durum
wheat in traditional production zones was reduced mtegrated in the single payment
scheme, (ii) a slight increase in the land usedrfagated crops, especially for maize grain,
considering that 25% of the payments for thesesremain coupled and (iii) an amelioration
of farm income due to a better crop allocation. &dmg the environmental results, the 2003
CAP reform induces a decrease of nitrate leachiagtiymbecause of the drop in the level of
durum wheat growing under cereal rotations in praffisoft wheat-sunflower rotation which
generates less pollution levels.

The impact analysis of the policy scenario shoves the potential 3% premium cut is
not enough to compel farmers to adopt the Nitratediive and to substitute entirely the
current activities by the alternative ones basedeatter N management. The farm income is
marginally affected in spite of this premium cuanks to the implementation of certain
alternative activities which are more competitivee impact on nitrate leaching is not always
positive and swings between -6% to +5% dependindaom types. This implies that the
partial adoption of better N management is noticieffit to ensure a reduction of leached
nitrate. A sensitivity analysis shows that 17% ddrpium cut is required to enforce all arable
farmers in the region to implement this directive.

Keywords: Integrated assessment; Agricultural Policy; NitrdDérective; Bio-
economic modelling; multi-scale analysis.

JEL: Q18, Q52, Q58.



Background and objectives

In 2003 an agreement was finalized to promote tlestmsignificant reform of the
European Union’s (EU) Common Agricultural PolicyAR) since its inception. Motivated
primarily by budgetary concerns, this reform sesé&sgeral goals such as the distribution of
agricultural income, promotion of good agricultupmbhctices in marginal agricultural areas,
simplification of the CAP operation, facilitatiorf the process of eastward enlargement of the
EU and defence of the CAP in the WTO negotiatioeQC 2003b). The most important
measures of this reform are the adoption of deasudirect payment, the introduction of a
new modulation system, and the enforcement of egrironment schemes. The decoupled
payment consist on the replacement of all DirecddBcer Payments associated with beef,
sheep, and arable crops production (and plannadefutiairy payments) with a ‘single
payment per farm (SFP) received by beginning i®20Such single farm payments are
calculated on the basis of ‘a reference amountreference period 2000-2002’ and are paid
to those holding land with a payment entitlememisTimplies that the amount of the payment
would not depend on what and how much the farmieraflg produces but essentially on area
and historical entitlement. Farmers are free todd#ewhat they want to produce in response to
demand without losing their entittement to suppdite reform, however, gives each EU
Member State the possibility to choose a ‘degredeabupling’ among some options, which
can be applied at national or regional level. i dnable sector the proposed options are based
on up to 25% of hectare payments or, alternativglyto 40% of the supplementary durum
wheat aid (OECD, 2004).

The modulation system introduced in this reformsabm finance the additional Rural
Development Regulation (RDR) measures through ¢deation of direct payments by 5%
from 2007 for farms with more than 5000€ directpant a year. This 5% reduction, known
as "modulation”, will result in additional RDR funidf EUR 1.2 billion a year (CEC, 2003b).

The 2003 CAP reform has been also promoting thetifonuttional role of
agricultural. Farmers are viewed not only as foogpdiers but also as the custodians of the
countryside. This role of farmers has been ackndgédd in the EU Common Agricultural
Policy through a number of regulations that enfaagei-environment schemes and cross-
compliance. These measures have been introduceer tind Agenda 2000 regulation as
optional but the 2003 CAP reform made them obligatéor all farmers receiving
compensation payments. The nitrate directive isairtbe first programs promulgated by the
Environmental EU commission (91/676/EEC) to redweder pollution caused by nitrate
from agricultural sources i.e. chemical fertilissnd livestock manure. Defined at regional
level, this Directive stipules that each Membert&tdraws up at least one code of good
agricultural practices. This code has the object¥eaeducing pollution by nitrate in the
vulnerable zones, taking into account regional ifjpges across EU. In arable farming
systems, this directive is based on the followingasures: (i) better management of mineral
and organic nitrogen fertilization; (ii) respecttbe restricted period for applying manure or



nitrogen fertilizer taking into account the type feftilization and the land use; and (iii)
maintenance of a minimum quantity of vegetationezaluring (rainy) winter periods for the
uptake of the nitrogen from the soil. If one of geemeasures is not respected a range of
penalties linked to EU premiums can be appliedl{Bethette et al, 2005).

The objective of this paper is to analyse throughcaeconomic modelling approach
the potential impact of the 2003 CAP reform as vadl of the Nitrate Directive on the
performance of arable farming systems and on afsstistainable development indicators
(e.g. nitrate leaching, soil erosion, nitrate usePerformed in a French region (Midi-
Pyrénées), this study aims to answers the followunegstions: (i) what are the impacts of the
simulated scenarios on the economic and envirorahsostainability of the selected arable
farms? (ii) What happens if all the farmers areoerdd to respect the nitrate directive? (iii)
Which policy instruments could be applied in ortlerstimulate/force farmers to adopt the
Nitrate Directive?

In Section 2 the used modelling approach is ilatstl, followed by a description of
the study area, data requirement, model calibramh simulation scenarios. In section 3 the
results of policy scenarios at farm and regionalele are presented and discussed.
Conclusions and suggestions are given in Section 4.

Materials and Methods

Impact assessment of the European agriculturaleangdonmental policies on farm’s
performance and sustainability has become a ceisisake for researchers, producers and
policy makers. An increasing body of literature Heeen developed on methods for the
evaluation of present policies, with special aftantto the economic aspects. In contrast,
there is a lack of tools to support the design wfife policy schemes througéx-ante
assessment and to take into account the impact ofitigs in terms of technical,
environmental and landscape issues. This seems ¢loid on the one hand to the complexity
of new policy schemes, and on the other hand tméoessary of multi-disciplinary approach
of policy decision making. Such integrated assessnoan be performed through the
bioeconomic modelling chain “CropSyst-FSSIM” desidrand used in this case study.

Modelling approach: CropSyst - FSSIM model chain

CropSyst is a biophysical model developed, by tie@oBical Systems Engineering
Department of the Washington State University, dove as an analytic tool to simulate the
effect of cropping systems management on produigtand the environment (Donatelli et al.,
1997). It was used in this application to quantidy, field level and according to agro-
ecological conditions, the effects (in term of gieland environmental externalities) of the



current and alternatives activities defined as mldoation of crop rotation, soil type and
management type.

FSSIM is a farm model developed, within the SEAMIE$rojectto assess the
economic and environmental impact of agriculturald aenvironmental policies and
technological innovations (Louhichi et al., 200F®r our case study, FSSIM was designed to
describe farmer’'s behaviour given a set of biopdalsi socio-economic and policy
constraints, and to predict his/her responses uBtlepolicy changes, using data generated
from CropSyst as well as other data sources (Faotoéntancy Data Network (FADN),
expert knowledge, surveys...).

The general context in which FSSIM was developetitha variety of policy questions that is
called to address justifies a combination of cheitteit makes this model unique:

= Comparative static model: FSSIM is a mono-periadadel which optimizes an objective
function for one period (i.e. one year) over whilgtisions are taken. This implies that it does
not explicitly take account of time. Neverthele$s, incorporate some temporal effects,
agricultural activities are based on “crop rotasibrand “dressed anintal rather than
individual crops and animals.

= Primal based-approach: FSSIM follows a primal-baapgdroach, where technology is
explicitly represented. It uses engineering produacfunctions generated from agronomic
theory and biophysical models (Hengsdijk and Vaersum, 2003). These engineering
functions constitute the essential linkage betwierbiophysical and economic models. This
discrete mathematical programming approach carntefpetapture the technological and
policy constraints than a behaviour function inremoetric models.

= A positive model, where the main objective is t@rogluce the observed production
situation as precisely as possible by making useebbserved behavior of economic agents
(Janssen and Van Ittersum, 2007).

= A risk programming model, taking into account thek raccording to the Mean-Standard
deviation method in which expected utility is defthunder expected income and risk (Hazell
and Norton, 1986).

= Modular model: it has a modular setup to be redesauaptable and easily extendable to
achieve different modelling goals. Thanks to thsdoarity, FSSIM provides the capabilities

to activate and deactivate modules according toomsgand conditions. It allows also the

subsequent incorporation of additional modules tvimgght be needed to simulate activities
not included in the existing version, such as paigdnactivities, and the replacement of

modules with alternative versions.

! The concept of ‘dressed animal’ represents antaahimal and young stock taking into account the
replacement rate.



» Generic model: it was designed sufficiently genena with a transparent syntaxes in
order to be applied to many different farming systeacross Europe and elsewhere, and to
assess different policies under various conditions.

The mathematical structure of FSSIM can be fornedas follows:

Maximise: U =Z-¢o (1)

Subject to: AX<B: x20 (2)

Where:U is the variable to be maximised (i.e. utility)js the expected income,is a
(n x 1) vector of agricultural activity levelg, is a (m x n) matrix of technical coefficient,
iIs a (m x 1) vector of levels of available resosrap is a scalar for the risk aversion
coefficient ando is the standard deviation of income accordingtédes of nature defined
under two different sources of variation: yield édo climatic conditions) and prices.

The expected income] is a non-linear profit function. Using matrix atibn, this
gives:

X X (// Xi ) X:
ZZZP;Q#ZP%Q%+ZSi,t—'(1-ab)-ZCi,t—'+Z[du+ E lj—l_m- (3)
j il it it Mt 2 )n;

Where:i indexes agricultural activitieg,indexes crop productsjndexes quota types
(e.g. for sugar beet these are A andtB)dexes number of years in a rotatipris a vector of
average product priceg,is a vector of sold productiop? is a vector of additional price that
the farmer gets when selling within quota?l,is a vector of sold production within quotad ,
Is a vector of subsidies per crop within agricudtuactivity i (depending on the Common
Market Organisations (CMOs))c,is a vector of variable cost per crop within egtiural
activity i, d is a vector representing the linear term usedilivrate the model (depending on
the calibration approached) is a symmetric, positive (semi-) definite matrik quadratic
term used to calibrate the model (depending oncHidration approachesy is a vector
representing the length of a rotation within eaghcaltural activity,w is a scalar for the
labour cost andl is the number of hours rented labour (Louhichile2@07).

Figure 1 gives an overview of the used bio-economiadelling approach as a
combination of a biophysical model “CropSyst” anfdian model “FSSIM”.



Fig. 1. Bio-economic modelling framework: CropSyst-FSSIMdeal chain
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Application of the CropSyst-FSSIM model chain

The application of this model chain to our caselgtis based on the following steps:
(i) selection of relevant farm types representatif¢he arable farming system in the region
using the SEAMLES typologyAndersen et al., 2006) and the FADN data sourdes; (
identification of the “average” farms (i.e. a vituarm derived by averaging historical data
from farms that are grouped in the same type)rédqatesent adequately the whole farms that
belong to the same farm type (iii)) modelling eaamf type separately in order to reproduce
the farmer’s observed behaviour (model calibratidiv) definition and implementation of
the selected scenarios and analysis of their irspaicfarm level through a set of relevant
indicators and (v) aggregation of the results acsatected arable farm types.

Description of the case study

Midi-Pyrénées is the largest region in France itsurface of 45348 Kmit is as big
as Denmark and bigger than Belgium, Switzerlantiafand. Agriculture in Midi-Pyrénées
Is very important, with production equally dividedtween livestock and crops. It represents
the first French region by its number of holdingeoind 60.000) and the fifth by the value of
its agricultural production.

The main crops cultivated in the region are cergaistein crops and oilseeds. They
represent approximately 40% of the cultivated arefashe region (Agreste-annual farm
statistics, 2006). 5% of the total cultivated anééhe region was lying fallow in 2006: 9% of
the total cultivated area is irrigated. Rainfed wadrgrain crops are therefore predominant in
the Midi-Pyrénées region. In this application thieps are the main ones cultivated in the
region without distinction of cultivars inside spe The soil types in the region can be
limited to the two main soil types locally known aalcareous clay and clay-loam.

The Midi-Pyrénées region is known by the problemvater pollution by nitrate from
agricultural sources. In 2002, more than 45% of tegter quality in term of nitrate
concentration is judged as average or very bady @ of the water body is considered of



very good quality (Ifen, 2002).

Selection of representative farm types

Modeling all individual arable farms in the Midi-Fénées region is not feasible
because of the large number and the diversity rofigaFor that reason it was decided to use
the farm typology developed in the SEAMLESS projeBased on FADN and Farm
Structural Survey (FSS), this farm typology prowda set of farm types relatively
homogenous defined by 4 criteria: size, intensatyd use and specialisation.

From this typology we have selected three farmsyjoerepresent the arable farming
system in Midi-Pyrénées. For each farm type averagdowment characteristics and

observed crop pattern have been computed and eepiarTable 1.

Table 1. Main characteristics of the three arabledrm types in the Midi-Pyrénées region

Farm type 1 Farm type 2 Farm type 3
Specialisation_land use Cereal Cereal/Fallow Mixed
Farm represented (number) 2330 990 1736
Area by Farm (ha) 113.9 101.5 123.3
Irrigable area by Farm (%) 37 30 13

Clay (40%) Clay (36%) Clay (41%)

Soil Types (% of texture)

Clay-loam (60%)

Clay-loam (64%)

Clay-loam (59%)

Available labour (hours) 2901.6 3260.3 3179.0
Observed Crop allocation (ha)
Cereals 72.8 524 53.3
Oilseeds 19.5 17.7 43.3
Protein crops 2.9 4.3 5.9
Fallow 11.4 18.9 115

Source: FADN database (average of the three yeawnsi@ 2003)

Collecting required data

Three types of data are required to apply the SyspFSSIM model chain:




» Bio-physical data characteristics of the agri-emmwmental zones used as input for the bio-
physical model CropSyst.

= Farm resource data such as available farm lands@iértype, irrigated land, available
family labour and observed crop allocation (i.epcpattern). These data are collected from
the FADN sources and used in the FSSIM model ferdéfinition of constraints’ RHS value
and for the calibration process.

» |dentification of the current and alternative aitiés and quantification of theirs input
output coefficients such as yield (average andabdity), input use (e.g. fertiliser, water,
labour...), prices (average and variability), copt@miums, etc. To collect these data in the
Midi-Pyrénées region a survey has been designeduaed, completed by local expert
knowledge and statistical database. These data b@®e collected for the most frequent
cropping systems in the region. They take into antalimatic variation and other factors as
pests and weeds. In total 65 rotations were idedtifwith 11 different crops. The principal
types of rotations are soft wheat-sunflower, durwhmeat-sunflower and maize-maize for
grain. Combined to ago-management and soil tygesset rotations define the so-called
current agricultural activities. For each crop witlagricultural activities a set of data were
collected. It includes the data on amount, natarethod and temporality of management
events: sowing, harvesting and tillage events, wpedt and disease management (pesticide
events and tillage events), water management, emitmanagement, labour use, average
yield, yield variability..(For the moment technical crop coefficients are natiation
dependent). Additionally, for each crop a set afrenic data has been specified including
producer prices (the average value and the vaitigbilvariable costs and premiums. The
expected producer prices are collected from re¢idatabase and based on the 1999-2003
average. Variable costs are calculated by addipgtinosts for fertilizers, seeds, irrigation,
biocides and the application costs associated @atth event. The premiums are of the three
years average around 2003 according to Agenda gffiflation taken as base year policy.
An example of a set of input-output data used is dpplication is given in Table 2.



Table 2. Selected set of input-output coefficient

Yield (T/ha)

Variable costs

Premiums
Production (Euro/ha) Prices through
Crops techniques | Soil Soil Soil Soil (Euros/T) Agenda
Clay- | Calcareous| Clay- | Calcareous 2000
loam | Clay loam | Clay (Euro/ha)
Soft wheat| rainfed 55 7 362 430
116.23 309
irrigated - - - -
Durum rainfed - 55 - 496
wheat _ 135.3 613
irrigated - - - -
Barley rainfed 7 5 492 357
93.75 309
irrigated - - - -
Maize rainfed 6.5 - 517 - 309
119.66
irrigated 9.5 9.5 859 859 469
Sunflower | rainfed - 2.2 - 293
213.27 363
irrigated - - - -
Soya rainfed 2 2 297 386 363
196.30
irrigated 3.3 2.5 512 297 469
Rapeseed | rainfed 1.9 2.5 271 416
203.78 363
irrigated - - - -
Peas rainfed 4 4 365 365 364
132.68
irrigated 4.5 4.5 423 383 549
Oats rainfed 3.6 3.6 492 492
116.23 309
irrigated - - - -
Fallow rainfed - - 61 61
- 309
irrigated - - - -

Source: Chambre d’Agriculture Midi-Pyrénées
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Model calibration

The CropSyst model was calibrated, for each crgpinst observed yield during the
simulated years. The values of the biomass-trasuspir (KBT) and of light conversion to
above ground biomass (KLB) coefficients were a@dstvithin a reasonable range of
variation based on previous research and expemlkdge in order to have the best model
estimation of the biomass accumulation observe@dch crop in the calibration experiments
(Donatelli et al., 1997). Adjustment ends whentartmodification of crop parameters would
generate little or no improvement on the basishefrelative error, a statistical index is used
to quantify the degree of fitness in the relatiopshetween measured and simulated
aboveground biomass (Cabelguenne et al., 1990).

The calibration of FSSIM is based on two stepsthim first step, we apply the risk
approach in order to calibrate the model, as pebcigas possible. The model assigns
automatically a value to the risk aversion coeéinti which gives the best fit between the
model's predicted crop allocation and the observallies. The difference between both
values is assessed statistically by using the Rerskesolute Deviatioh (PAD). The aim of
this step is to ensure that the model producespsaigie results before going to the second
step. In the second step, a Positive MathematiarBmming (PMP) variant is implemented
in order to calibrate the model exactly to the obse situationand guarantee exact
reproduction of the base year situation (Howitt93;9Heckelei, 2003)PMP is a two step
approach. In the first step, a number of calibrattmnstraints are added to the model, to
ensure that the observed situation at the baseiyeaproduced. The objective is to calculate
the shadow price of the binding calibration constg In the second step, the calibration
constraints are taken out and their shadow pricesused to calculate the non-linear costs
(Louhichi et al., 2008).

The base year information for which the model igbcated stems from a three-year
average around 2003. In term of policy represemtathe Agenda 2000 (since 2000)
Regulation constitutes the base year policy.

Building baseline (reference run)

The baseline scenario is interpreted as a projeatidime covering the most probable
future development in term of technological, stowat and market changes. It represents the
reference for the interpretation and analysis efs¢élected policy scenarios. In our case study,
the 2003 CAP reform is considered as the princypalcy assumption operating in the
baseline scenario. In term of technological andketachange, three exogenous assumptions

2

-
Y [x - x|
“1”7.100

r X
i=1

PAD (%) =

Where )Zi is the observed value of the variablendX; is the simulated value (the model prediction). Blst calibration is reached when
PAD is close to 0.
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are adopted: (i) an assumed regional inflation wdtd.19% per year; (i) a projection in
producermrices obtained from the market model CAPRI (Br2@02) and (iii) a yield trend to
reflect technical progress coming also from CAPRlatase (Table 3). All the others
parameters (including farm endowments as well farweight on the region) are assumed to
remain unchanged up to 2013, taken as time hofaaoaseline definition.

Table 3. Price and yield changes between base yeard baseline scenarios

Crops Price change (%) Yield change (%)
Durum wheat 10 22
Soft wheat 4 -7
Barley -3 15
Maize -13 5
Sunflower 0 1
Soya -19 -1
Rapeseed 11 21
Peas 9 -4
Oats -8 20
Maize fodder 29.9 13.2

Source: CAPRI database

Layout and implementation of policy scenarios

The simulated policy scenario combines the 2003 @&&'m and the first measure of
the Nitrate Directive (the other measures are at#imed as they require more time in data
collection and in CropSyst simulation3his measure consists to apply better management of
nitrogen mineral fertilisation in order to limit trate lixiviation without reducing vyield. It
stipulates that farmers should fertilize accordiiog the crop requirement and the soll
provision of nitrogen. The implementation of thiasure in the model chain CropSyst-
FSSIM was achieved through the following steps (@ db:

1. Generating a set of alternative activities (A&sed on current crops but with better
management of nitrogen mineral fertilisation:

= Nitrogen from mineral fertilizers needed by AA aalculated based on the “local
advisory services” recommendations (simple nitrodpatance) using the current yield as

12



target yield since expert observed that the yididhis type of AA are very close to the
corresponding current activities (CA).

» Yield and yield variability of AA are generatedrfr@CropSyst.

= Costs of AA are calculated as the cost of the spwading current activity minus the
reduction in fertiliser costs due to reduction otise.

= A 5 transaction cost related to the collection mfbrmation on policy implementation, the
participation in training sessions... was introdudedAA.

» Environmental externalities associated to each AAcuantified by CropSyst.

2. Application of cross-compliance restrictionsatetl to AA:3% cut of EU premiums
if AA are not applied.

Table 4. Definition of base year, baseline and paly scenarios

Base year Baseline Policy scenario: Nitrate Directive

[2003] [2013] [2013]

- Projection in producer prices from 2003 to 2013
Exogenous

i - Yield trend from 2003 to 2013
assumptions

- Inflation rate of 1.19% per year

EU Common 2003 CAP reform
Agricultural Agenda 2000 | (with an option of 25% partial coupling as aratieps area
Policy payments chosen for France and 5% modulation)
Current activities (CA)
Agricultural o
g. . Current activities (CA) +
activities
Alternative activities (AA)
none Cross-compliance restrictions:
Measures
3% cut of EU premiums if AA are not applied

However before analysing the impact of the Nitr@igective scenario, a brief
comparison of the likely impacts of the 2003 CARome and the continuation of Agenda
2000 Regulations is presented and discussed. k& ¢bimparison all the exogenous
assumptions adopted in the baseline scenario aetidgted in order to asses the separate
impact of 2003 CAP reform. Table 5 summarises thecijpal differences between Agenda
2000 and 2003 CAP reform scenarios.
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Table 5. Definition of Agenda 2000 and 2003 CAP refm scenarios

Base year | Agenda 2000 2003 CAP reform
[2003] [2013] [2013]

Continuation| 2003 CAP reform (with an option of 25%
Agenda of Agenda | partial coupling as arable crops area payments
2000 2000 chosen for France and 5% modulation)

EU Common
Agricultural Policy

Agricultural Current activities (CA) Current activities (CA)
activities

Results and discussion

The impacts of the different scenarios are illusttahrough a set of technical (crop
allocation), economic (farm income and EU premiuars) environmental indicators (nitrate
leaching and soil erosion). In order to make trseilts comparable across scenarios and farm
types, the economic indicators are expressed istanh2003 prices (i.e. deflated prices) and
the environmental indicators are defined per heotdrusable farmland. First, the results for
each farm type are shown. Subsequently, the aggebgasults across all the simulated arable
farm types are computed as the weighted sum ofethidts for each farm type. The weights
for each farm type correspond to the share offeeais belonging to that farm group.

Impact analysis of 2003 CAP reform at farm and reginal levels

Compared to the continuation of Agenda 2000 Remuist the adoption of the 2003

CAP reform leads, as shown in Table 6, to a largkeanhge in crop allocation manifested by
(i) a fall in durum wheat area explained by thet that the supplement for durum wheat in
traditional production zones was reduced and iategrin the single payment scheme; (ii) a
slight increase in the land used for irrigated sf@specially for maize grain, considering that
25% of the payments for these crops remain cougel] and (iii) a rise on the area devoted
to oilseeds and protein crops as these crops beooone competitive under the decoupled
payment. These tendencies are observed in all fargetypes of the Midi-Pyrénées region,
with different degrees according to farm’s resowgedowments.

In terms of economic impacts, the 2003 CAP reforaul induce a decrease of EU
support level (i.e. EU premiums) owing to modulatigystem and a slight amelioration of
farm income, reaching the 5%, due to a better atlmzation. Indeed, the decoupled system
stimulates farmers to choose activities accordmgnarket opportunities and without losing
their entittement to support. Unfortunately, nomsults in term of market impacts can be
presented here as we are using individual farm in@deprices are exogenous).
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Regarding the environmental results, the implentemaof the 2003 CAP reform
leads to a decrease of nitrate leaching from 53% Xepending on farm types, mostly
because of the drop in the level of durum wheatvgrg under cereal rotations in profit of
soft wheat-sunflower rotation which generates feshition levels. The impact in soil erosion
Is quite different across farm types. It seemstp@sin farm type 1, marginal in farm type 2
and negative in farm type 3. This is explainedh®y/ fact that in farm type 3 the irrigable land
is low and completely used (i.e. the irrigable laodstraint is binding) and so the substitution
of durum wheat was done in favour of rained cert@thave large soil erosion coefficients.

Most of the technical, economic and environmergallts obtained at the farm level
remain consistent when aggregated at the regi@val:l (i) a decrease of EU premiums,
nitrate leaching and durum wheat area and (ii)r@nease of farm income, soil erosion and
oilseed and protein crop areas. These results coeléxplained by the large similarity
between arable farms in the region but also byfadle that the flexibility inside the arable
sector is very restricted (Table 6).
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Table 6. Technical, economic and environmental impas of the 2003 CAP reform compared to
the continuation of Agenda 2000: farm and aggregateimpacts in the Midi-Pyrénées region

2003 CAP reform
( % change to Agenda 2000)

Farmtype 1| Farmtype 2 | Farmtype 3 Average farm at
(cereal) (cereal/fallow) (mixed) regional level

Farm income (% change) 2 1 5 3
EU premiums (% change) -6 -6 -6 -6
Nitrate leaching (% change -13 -5 -8 -10
Soil erosion (% change) -3 0 54 14
Crop allocation (% change

Cereals -9 -9 -2 -7

Oil seeds 27 20 2 14

Protein crops 18 7 2 9

Fallow 0 0 0 0

Source: model results

Impact analysis of the Nitrate Directive at farm ard regional levels

Table 7 reports the technical, economic and enwuemtal results of the policy
scenario in comparison to baseline. The main reshdtvn in this Table is that none of the
farm types has adopted entirely the first meas@ifditoate Directive. This implies that the
penalty of 3% is not enough to compel farmers tapathe Nitrate Directive and to substitute
entirely the current activities by the alternativees based on better N management. In
another term, it would be more profitable to acae@®b6 cut of premiums than to adopt fully
the alternative N management since not all theratere managements are competitive under
the taken assumptions (e.g. 5% transaction coBts3. appears clearly while looking to the
change in crop allocation provoked by this policgrsario. Indeed, the share of alternative
activities in the total farm area is less than 36%he three farm types (i.e. 23% in farm type
1; 21% in farm type 2 and 36% in farm type 3). Diieer impacts in term of crop allocation
are dominated by the substitution of oilseeds by wbeat which becomes more profitable
with the adoption of better N management.

The impact on farm income is marginal either iratige or absolute terms in spite of
the 3% cut of premiums. This implies that the reduc of premiums was entirely
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compensated with the partial adoption of altermatigtivities which are more competitive to
their corresponding current activities. Howevers gubstitution is still marginal compared to
the directive goal: a full adoption of better N rmgement.

Regarding the environmental results, the impactshef policy scenario seem very
positive in term of soil erosion but uncertain lieached nitrate. Indeed, soil erosion decreases
in the three farm types reaching the 30% in sorsesarhis is due mainly to the reduction of
spring crops (sunflower and soya bean) and thee@&s&r of winter soft wheat, thereby
reducing the bare soil area during winter. However, nitrate leaching the impact is not
regularly positive and swing between -6% to +5%eahefing on farm types. This implies that
the partial adoption of better N management isammugh to ensure a reduction of leached
nitrate and the solution could be through a fuithpiementation as proposed in the Nitrate
Directive. The questions that emerges is how towdtte/force farmers to adopt the better N
management since the 3% is not enough to reaclyahisand which policy instruments could
be applied for that? This is aim of the sensitiahalysis developed in the last section.

Despite some differences between farm types, #raltobtained at the farm level was
kept after aggregation at the regional level: nangfe in farm income and in nitrate leaching,
a slight decrease of premiums and a significanictain of soil erosion (Table 7).
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Table 7. Technical, economic and environmental imgas of the Nitrate Directive at farm and
aggregated levels in the Midi-Pyrénées region

Nitrate Directive

( % change to baseline scenario)

Farmtype 1| Farmtype 2 | Farmtype 3 Average farm at
(cereal) (cereal/fallow) (mixed) regional level

Farm income (% change) -1 0 0 0
Premium (% change) -3 -3 -3 -3
Nitrate leaching (% change 5 1 -6 0
Soil erosion (% change) -16 -21 -29 -22
Crop allocation (% change

Cereals 27 18 13 21

Oil seeds -36 -26 -17 -28

Protein crops 9 22 21 15

Fallow 0 0 0 0

hare of AA area in the total
;r; Zroea (%? cainine ol o3 21 36 23

Source: model results

Sensitivity analysis

The aim of this sensitivity analysis is to estimaite thresholds of penalty (i.e.
percentage of premium cut) to apply in each farpetin order to enforce farmers to respect
the nitrate directive and also to show the sensjtof these thresholds to the percentage of
transaction costs assumed on the implementatitmsélirective.

As reported in Table 8, from 13 to 17% of penalgcording to farm type, was
required to force the farmer to adopt the alteugatN management. These thresholds of
penalty allowed a reduction of used N fertilised af leached nitrate in all the farm types
with a slight loss of farm income (around 6%).
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Table 8. Economic and environmental impacts of thecompulsory application of Nitrate
Directive in the Midi-Pyrénées region

Nitrate Directive

( % change to baseline scenario)

Farmtype 1| Farmtype 2 | Farmtype 3 Average farm at
(cereal) (cereal/fallow) (mixed) regional level
Penalty (%) 17 13 13 17
Farm income (% change) -6 -5 -6 -6
N fertiliser used (% change -28 -26 -29 -28
Nitrate leaching (% change -5 -6 -14 -9

Source: model results

Figure 2 summarises the sensitivity of these tlolelshto transaction costs. To
perform this sensitivity analysis, we shift thetiali value of the transaction cost to more less
100% (the use of same percentage allows asses&megree of symmetry in the sensitivity)
and then we run the model several times in ordesstablish the new penalty threshold for
each farm type from which nitrate directive would bpplied. As expected, the penalty
threshold seems very sensitive and positively tated to the transaction costs as the change
in penalty threshold is important and would affaaerdly the economic and environmental
results of the selected farms. For this reasoroiild/be appropriate to establish a consistent
method for estimating these costs in a realistinmea

Fig. 2. Sensitivity of penalty threshold to transactiontsos

!
E = 0%
;
:
$ 21%
i
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Conclusion

This paper has presented the results of the fippliGation of the model chain
CropSyst-FSSIM to asses the impact of the 2003 @X&m and its interaction with the
Nitrate Directive on the sustainability of arabé&rhing systems in the Midi-Pyrenees region.
The main conclusions, in terms of policy impactsming up from this study are: (i) the
implementation of the 2003 CAP reform affects pesly but moderately farmer’s income
due to a better crop allocation induced by decogpdiystem; (ii) the 3% cut premium is not
enough to compel farmers to adopt the Nitrate Divecand to substitute entirely the current
activities by the alternative ones based on béitenanagement; (iii) the impact of nitrate
directive, as currently implemented, on nitrateckeag is not always positive and depends on
farm types, implying that the partial adoption etter N management is not enough to ensure
a reduction of leached nitrate (iv) the sensitiatyalysis shows that a threshold of 17% in
premium cut is required to enforce all arable fasmim the region to adopt the nitrate
directive. However, this threshold remains verys#@re to the transaction costs connected
with the implementation of this directive.

This study highlights the relevance and the poweithss type of bio-economic
modelling approach for making more transparent thktionship between biological
processes and economic decisions and for analysingplex policy scenarios integrating
technical, economic and environmental aspects. ritviges insights in some key
methodological aspects to be considered and imgrovéurther research. The main aspects
are: i) the need for several interactions with loeaperts and further methodological
development for a better models calibration anddasibn at field and farm levels, ii) the
need for better consideration of transaction costsected with nitrate directive in order to
bring the analysis even closer to reality.
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