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1. The SEPALE model and applications

This section illustrates how the PMP concept can be applied into an agricultural model that can be used to simulate various policy scenarios. The agricultural model is composed of a collection of microeconomic mathematical programming models each representing the optimising farmer's behaviour at the farm level. Parameters of each PMP model are calibrated on decision data observed during a reference period exploiting the optimality first order conditions and the observed opportunity cost of limiting resources. Simulation results can be aggregated according to farm localisation, type and size.

Exploiting the richness of the FADN data, this model is part of an effort initially funded by the Belgian Federal Ministry of Agriculture to develop a decision support system for agricultural and environmental policy analysis. The model is known under the name of SEPALE and is developed by a group of agricultural economists based at the Université Catholique de Louvain, the University of Ghent and the Centre for Agricultural Economics of the Ministry of the Flemish Community. Since this model only predominantly uses FADN data, it is conceivably applicable to all the EU-15 58,000 representative commercial farms recorded in this database accessible by any national or regional administrative agencies. 

Before presenting an application drawn from the recently agreed mid-term review of Agenda 2000, the following subsection first presents how key parameters of the model are calibrated in the farm generic model and how animal feeding and quota constraints are added to the generic farm model.

1.1 Parameters Calibration

1.1.1 Basic model

The SEPALE model relies on a modified version of the standard PMP calibration method, which skips the first step of the standard approach for two reasons. First, following Heckelei and Wolff (2003), the first step of PMP provides duals of the resource constraints that are biased. Second, resources such as farmland are supposed to be not binding at the farm level and enter into the variable cost component on the premise that farms are able to acquire farmland from other farms. As a result, we directly start with the second step that is the calibration of the cost function.

The model relies on a farm level profit function using a quadratic functional form for its cost component. In matrix notation, this gives: 

Zf = pf'  xf + af' Subsf  xf - xf'  Qf  xf / 2 - df'  xf 
(15)

where:

xf
(n x 1) vector of production quantities with n production activities,

pf
(n x 1) vector of output prices per unit of production quantity,

Qf
(n x j) diagonal matrix of quadratic cost function parameters,

df
(n x 1) vector of linear cost function parameters,

af
(n x 1) vector of technical coefficients determining how much resource base (land or animal) is needed per production quantity xf,

Subsf
(n x n) diagonal matrix of subsidies per unit of resource base,

f
index for farms.

Two sets of equations calibrate the parameters of the matrix Qf and the vector df, relying on output prices pfo, direct payments Subsfo and average variable production costs cfo observed at the reference period. The first order conditions of model (15) determine the first set of equations as follows: 

pfo +  Subsfo  af = Qf xfo + df 
(16)

The second set of equations equates the observed average costs cfo to the average costs implied by model (15) as follows: 

cfo = Qf xfo/2 + df
(17)
with cfo the vector of observed average variable costs per unit of production quantity that include costs of seeds, fertilizers, pesticides, contract work and other costs gathered from the FADN for each farm f including farmland rental cost.

The following two sets of equations calibrate the diagonal matrix Q and the vector d for each farm f of the sample as follows:

Qf = 2 (pfo xfo' + Subsf af xfo' - cf  xfo') (xfo xfo')-1 
(18)

df = pfo + Subsf af - 2 (pfo xfo' + Subsf af xfo' - cf  xfo') (xfo xfo')-1 xfo
(19)

With these parameters, model (15) is exactly calibrated to the reference period and is ready for simulation applications.


The basic model is further extended with feeding and quota constraints. The feeding constraint uses a CES function that allows substitution between on-farm forage crops and off-farm feed that is calibrated on feedings observed at the reference period. The A and B sugar quota constraint is included into the first order conditions of model (15) by adding to the right side of equation (16) the dual of the sugar beet quota. The gross margin differential between the A and B sugar beets and the next best alternative crop that is observed at the reference period approximates this dual. As explained in Buysse et al. (2004), the supply of A and B sugar beets includes a precautionary C supply and a quota exchange mechanism allows for a quota redistribution among sugar beet farms within the sample.

1.2 Simulation of the Mid-term Review of Agenda 2000

The three main elements in the Mid-Term Review (MTR) of Agenda 2000 are direct payment decoupling, cross-compliance and modulation. First, the decoupling of direct payments implies that one single farm payment replaces the previous direct payments that were linked to activities. Second, the cross-compliance renders the single farm payment subject to farm compliance with rules related to food safety, animal health and welfare and good agricultural and environmental practices. Third, the modulation introduces a system of a 5% progressive reduction of the direct payments that are higher than a threshold of 5 000 euro per farm. The savings on these direct payments are added to the financing of the rural development measures defined into the CAP. Within the transitory options offered by the MTR, the Belgian government chooses to decouple all direct payments except payments for suckler cows and veal slaughters. The following subsections show how the basic model is modified to incorporate the provisions of the new MTR policy instruments. 

1.2.1 Activation of the single payment entitlement

The MTR assigns a single farm payment entitlement per ha for every farm. This per ha single entitlement is the ratio of the amount of direct payments granted to the farm during a reference period over the farmland declared for requesting the direct payments during the same reference period, including farmland for cereals, oil yielding and protein (COP) and fodder crops, but not including farmland for potatoes, vegetables and sugar beets.

Farmland planted with the eligible crops, i.e., all crops except potatoes and vegetables in open air, can activate the per ha single payment entitlement. Three situations could occur:

1. A farm that plants an area with eligible crops of the same size of the reference farmland is entitled to receive the same amount of direct payments as before the MTR.

2. A farm that increases its area planted with eligible crops is not entitled to additional direct payments. 

3. A farm that reduces its area planted with eligible crops is entitled to lower direct payments than before the MTR. 

To model the MTR single farm payment adequately, a set of variables aaf is defined to represent the maximum eligible area that can activate the per ha single payment entitlement. A first constraint prevents the total single payment to exceed the reference amount of direct payments. A second constraint restricts the per ha single payment entitlement to the eligible area.

aaf ≤ afo' Sf  xfo 
(20)
aaf ≤ af' Ef xf 
(21)
where:

Sf
(n x n) diagonal matrix with unit elements indicating whether the activity j has been declared for obtaining direct payments during the reference period and zero elements for other activities,

Ef
(n x 1) diagonal matrix with unit elements for eligible crops and zero elements for others,

aaf
the maximum eligible area for the per ha single payment entitlement.

The direct payments extend the profit function, as follows:

Zf = pf' xf + aaf  afo' Subsfo  xfo Df  (afo' xfo)-1 + af' Subsfo (I - Df) xf 


- xf'  Qf  xf /2 - df'  xf  
(22)

where: 

Df
(n x n) diagonal matrix with the production decoupling ratio of activity j,

I
(n x n) unit matrix.

1.2.2 Modulation of direct payments

Modulation reduces all direct, couple and non-coupled, payments, beyond 5 000 euro per farm by a maximum of 5% in 2007. Farms with direct payments higher than the threshold of 5000 euro can, however, choose either to not activate their direct payment entitlements or to transfer their direct payment entitlements to farms with direct payments lower than the threshold of 5 000 euro. This transfer mechanism is also included into the optimisation process of the model.

The following constraint introduces modulation into the model:

md ≥ afo' Subsfo  xfo Df (afo' xfo)-1 + af' Subsfo (I - Df) xf - mt 
(23)

where:

md
the positive amount of direct payments subject to modulation,

mt
the amount of direct payments free from modulation.

Modulation extends the profit function as follows:

Zf = pf' xf + aaf  afo' Subsfo  xfo Df  (afo' xfo)-1 + af' Subsfo (I - Df) xf 


- xf'  Qf  xf /2 - df'  xf  - md mp 
(24)

where:

mp
the modulation percentage.

Although the MTR modulation imposes an increase in the modulation percentage in three steps from 3% in the first year, 4 % in the second year and 5% in the third, the following analysis is restricted to the simulation of the final modulation percentage.

1.2.3 Transfers of direct payment entitlements

Transfers of direct payments entitlements can occur both with and without transfer of land. A certain percentage of the entitlements that are transferred can, however, be withhold by the member state. For entitlement transfers with land, 10% of the entitlement can revert to the national reserve while, for sole transfers of direct payment entitlements, up to 30% of the entitlement can revert to national reserve. Seven additional constraints and seven additional variables that are not shown here for lack of space are used to model the transfers of direct payment entitlements leaving open the possibility to realise these transfers with and without land transfers. Unobserved transaction costs can play a major role in the decision to transfer direct payment entitlements but are not modelled here.

1.2.4 Cross-compliance

Currently, the model assumes that every farm satisfies the conditions imposed by the member state. The model further assumes that these conditions do not generate additional costs. This is a reasonable assumption given that most of these conditions were already compulsory before the MTR. 

1.3 Impact analysis

The model is calibrated and run for a FADN sub-sample of 159 arable and cattle farms for which data are available for the year 2002. Because of the non-representativeness of this sub-sample, one has to be careful to extrapolate the calibrated parameters and the simulation results to the whole sector. Being only indicative of the outcome of the MTR, the simulation results illustrate the various possibilities of the model in simulating differential effects of changes in the policy-controlled parameters.

The impact analysis focuses on the decoupling and modulation elements of the MTR. The following sub-sections show the effects of three policy-controlled parameters:  the decoupling ratio, the modulation threshold and the modulation percentage on land allocation and gross margin according to farm size. Results are given in percentage changes with respect to the reference period.

1.3.1 Impact analysis of the decoupling ratio

Figure #-1 shows the effects of increasing the decoupling ratio from 0 to 100% on land allocation among different types of crops with a modulation threshold set at 5 000 euro and percentage set at 5%. As the decoupling ratio increases to 100%, farms substitute crops that were not subsidized before the MTR for crops that were subsidized before the MTR. This substitution effect is larger for previously subsidized crops such as wheat and barley than for previously subsidized fodder crops such as fodder maize. For the former, the decline reaches 7% while, for the latter, the decline reaches 5% for the full decoupling scenario compared to the reference period of 2002. Substitution among fodder crops is tighter as a result of the feeding constraints and few alternative fodder crops. Effects of the MTR on allocation of non eligible crops are minor because the simulation limits the activation of decoupled direct payments to the maximum amount granted during the reference period.
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Figure #-1. Changes in land allocation among crop categories with respect to the decoupling ration

Figure #-2 shows the effects of increasing the decoupling ratio from 0 to 100% on farm gross margins across farm sizes with a modulation threshold set at 5 000 euro and percentage set at 5%. Effects of the MTR on farm gross margins are relative smaller than effects on land allocation. As expected, a complete decoupling of the direct payments generate a positive effect on farm gross margins across all farm sizes. The larger positive effect in gross margin for farms of smaller size is due to the 5% modulation of direct payments above the threshold of 5 000 euro.
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Figure #-2. Changes in farm gross margin with respect to the decoupling ratio across farm sizes

1.3.2 Impact analysis of the modulation

Figure #-3 shows the effects of increasing the modulation percentage from 10 to 30% on farm gross margins across farm sizes with a modulation threshold set at 5 000 euro and full decoupling. As expected, the effects of an increasing modulation percentage on farm gross margins are higher on farms of larger size. Since small farms with a farm gross margin lower than 56 991 euro do not receive an amount of direct payments exceeding the threshold of 5 000 euro, these farms are not affected by this simulation. The extra large farms with a farm gross margin higher than 119 163 euro have the highest share of direct payments above the 5 000 euro threshold and, therefore, see their farm gross margin reduced by almost 1% with a 30% modulation. The medium and large farms with a farm gross margin lower than 82 896 and 119 163 euro respectively see their farm gross margin reduced by about 0.3% with a 30% modulation.

[image: image3.emf]-1

-0,8

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

10 15 20 25 30 modulation percent

change in gross 

margin (%)

Small

Medium

Large

Extra Large


Figure #-3. Changes in farm gross margin with respect to the modulation percentage across farm sizes

Figure #-4 shows the effects of decreasing the modulation threshold from 5 000 to 2 000 euro on farm gross margins across farm sizes with a modulation percentage set at 5% and full decoupling. As expected, a lower modulation threshold leads to a decline in farm gross margin across all farm sizes. This decline is larger for farms of smaller size. A reduction of the modulation threshold combined with an increase in the modulation percentage results in even larger decline in farm gross margins.
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Figure #-4. Impact of changes in the modulation threshold according to farm size 

1.3.3 Conclusions

In sum, the simulation results point out that the decoupling of direct payments decrease farmland allocated to crops that were subsidized in the reference period and increase farmland allocated to crops that were not subsidized in the reference period. In contrast, farmland allocated to crops that are not eligible to direct payments does not vary, a consequence of maximising the activation of the single payment entitlement on available farmland. In addition, the simulation results confirm the positive but still minor impact of decoupling direct payments on the farm gross margin. They also show the negative but still minor impact of modulating direct payments on the gross margin of the farms with the largest size. Although these illustrative simulation results show the capacity of a farm-based PMP model to differentiate the results according to farm size, they can be also easily be differentiated according to other parameters available in the data base such as farm localisation and type.
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