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I
Executive Summary
1. This report records the progress made under WP2 and it also constitutes the D2 (“Review of models, modifications and improvements necessary to achieve the objectives of the project”).

2. Section VII of this report represents the milestone M3 (“Reviewed, harmonised and calibrated models”). The objectives of Workpackage and its relationship to the totality of the project are shown in Section II.
3. At the time of the commencement of the GENEDEC project a survey (Section III) of partners involved in modelling was undertaken to ascertain the diversity and similarities amongst partners’ approaches and to review the various modelling methods and techniques being used.

4. Subsequent to the survey, a modellers’ meeting was held at Grignon and a review paper produced for consideration at the general meeting of the consortium in Madrid.
5. The review paper (Section IV) addressed the issues related to: unit of analysis, selection of farm types, aggregation of results, and static versus dynamic approach to modelling the impacts of decoupling, definition of reference run scenario, single modelling software platform, and commonality of the objective function to be optimised by models, validation and calibration of results.

6. At the Madrid meeting all these issues were considered and it was agreed (Section V) that all models: adopt farm types as generally defined in the FADN network as the basic unit of analysis, use common terminology and report results in Euro values, use GAMS (General Algebraic Modelling System) as the main modelling software and, where ever possible, use procedure for aggregation of results as they exist at INRA, Grignon.

7. The new FADN 2002 (EU-15) data were available in February 2004, allowing INRA to create a new version of the AROPAj model completed in the summer of 2005. The INRA now has the most recent typology of farms and farm groups, newly generated parameters and the model has been calbriated afresh.
8. The primary consequence of the agreement on constructing farm-type models was for the partners from Reading and Teagasc. Reading ‘modified’ their approach of a ‘single’ aggregate model, LUAM (Land Use and Allocation Model), to build new a farm-type equivalent using GAMS. This has turned out to be a very substantial undertaking and, and it has only recently been completed. Likewise, Ireland (Teagasc) have specified and built a new farm type model using the software platform GAMS.
9. Three main elements of harmonisation have been achieved: use of common data sets, namely, FADN; broadly similar farm types and the unit of analysis being a farm or a farm group; and, the use of a common modelling software platform, GAMS, by all partners.

10. It was agreed to regard the INRA model as the ‘core model’, supplemented by the FAL model, FARMIS, if necessary to assess the EU wide consequences of the decoupling policies. All partners will provide the country-level results from their models to INRA.
11. All the modified and harmonised models are described individually in Section VI.

12. The milestones as set out in Section VII, show that modellers are now in a position to provide results on reference run to INRA for EU-wide evaluation.

II

Objectives of Workpackage 2
Objectives 

In the project proposal, the following objectives wer set for Workpackage 2:
To review the suitability of existing models for examining the socio-economic and environmental impacts of decoupling of direct payments, and to evaluate the need for modifications and improvement.

To modify and improve models to generate information on shadow prices for land, quotas and premium rights for the EU.

To provide an interface for the various individual models, for them to be used on an integrated and harmonised platform, so that a consistent set of assumptions and scenarios can be run across various models.
Description of work 

To predict farms’ adaptation and the resulting changes in type of production, land allocation, supply and demand etc., farm level modelling is required to take into account regional farming circumstances. 

The existing models, that have already been developed by the partners, will first be evaluated for their suitability to assess the socio-economic and environmental impacts of the decoupling of direct payments. 

The models will then be improved to deal with shadow prices of land, quotas and premiums, which will be used in WP3 to tackle environmental aspects, land markets, structural changes and aggregation of results at different levels.

Individual partner models will be calibrated and tested under consistent and comparable scenarios using common databases and assumptions. The information generated will be used by other activities in the project that is for (a) quantitative assessment of economic impacts (WP3-4); (b) exploration of alternative options and Pillar-2 compliance (WP5); and (c) evaluation of the sociological and structural impacts of decoupling of direct payments (WP4-6). 

Deliverables 

D2 :. Review of models, modifications and improvements necessary to achieve the objectives of the project

D3 :. Provision of data and information from all partners (shadow prices, trade in quotas and premiums) to WPs 3, 4, 5 and 6

Milestones and expected result 

M3 :. Reviewed, harmonised and calibrated models. 

M4 :. Provision of data and information to other WPs (3, 4, 5 and 6).

The relationship of this Workpackage with the rest of the Workpackages in the GENEDEC project is shown diagrametically is shown on the next page.
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WP 4: Quantitative assessment of socio - economic impacts of the C OM proposal  of de - coupling     Leader:  P3      

WP 6: Examination of the economi c and sociological effects of  de - coupling on structural change at farm and regional level      Leader:   P9 ,  P3        

WP 1: An examination of various theoretical  concepts behind de - coupling and review of  hypothetical and actual de - coupled support  schemes in some OECD countries       Leader:  P4    

WP 2: Test and improve of  farm level models and tools for  quantitative assessments of  shadow p rices of land, quota  and trade of entitlement      Leader:  P4                  

Task 1: Test of existing farm  type models    [P2, P1, P3, P7, P5, P4]  

WP 3: Modelling the Linkage  between farm, markets and the  environment     Leader:  P1    

Task 1: World market  feedback  [P1,P5]  

Task 2: Land market [P4,  P2,P1,P3]    

Task 3: Structural changes  [P5]  

Task 4: Environmental and  spatial analysis [P1 P6]  

Task 2: Improvement of existing  tools    [P4, P2, P1, P3, P7, P5, P4]  

Task 5: Non  point source  pollution problems   

Task 1: Principles and concepts of decoupled schemes [P4, P2]  

Task 2: Review of existing decoupled schemes in some OECD  countries [P2, P1, P3, P9, P5, P4]  

WP 5: Ex - ante evaluation of  alternative options of de - coupled  schemes     Leader:  P2  

Task 1:Evaluation of  alternative options  within the COM proposal  [P2, P7, P1]  

Task 2: Partially de - coupled  schemes [P2, P1, P7]  

Task 3: Pillar - 2 measures  [P6, P7, P8, P1]  

Task 1: Social analysis and adaptation  of food chain strategy: behaviour and  characteristics of farm households in  case study areas  

Task  2: Modelling of farm behaviour and de - coupling mechanism  

WP 7: Working out of  recommendations      Leader  P1  P3, P2, P5, P6, P9  

Task 1: The detection of territorial systems in  relation to de - coupling schemes  

Task 2: A micro - macro approach  


III
Survey on the State of the Art on Modelling amongst GENEDEC Partners at the Beginning of the Project
Thia Hennessy and Tahir Rehman 
Introduction
At the ‘start-up’ meeting of the project, it was agreed that in order to meet the first objective (“to review the suitability of existing models for examining the socio-economic and environmental impacts of decoupling of direct payments, and to evaluate the need for modifications and improvements”) and to prepare for the delivery of the first deliverable (“review of models, modifications and improvements necessary to achieve the objectives of the project”), a preliminary survey of the models that existed at the time of the start of project should be undertaken. All the GENEDEC modellers were therefore sent a questionnaire consisting of some 40 questions eliciting information on the current state of their models.


The results of the survey are compiled into 5 different tables, with commentary on each of them, to highlight the differences (and similarities) amongst various partners as regards the origins, purposes, methodological and technical aspects of their models. This survey identified the differences that existed amongst the models and the modelling approaches that various partners had developed to the point of the commencement of GENEDEC, and which of these differences could be resolved during the duration of GENEDEC.
Origins of the GENEDEC models

All models have been developed to analyse the consequences of one policy issue or another and a few owe their origins to PhD level studies as shown in Table 1. Five of the partners have collaborated previously on the Eurotools project and, some of their models were developed specifically for that project.

Technical and methodological aspects of the GENEDEC models

Responses to Q1 – 10
As summarised in Table 2, the basic unit of analysis around which a particular modelling framework is constructed is commoly one of the two levels that can be aggregated or raised to higher levels: INRA-Grignon, FAL, Madrid and Teagasc use a ‘type’ or representative farm approach while Parma and INRA-Nancy (not included in the GENEDEC project at the origin and kept for the rest of the programme) use a regional approach, Reading being the exception who have an ‘aggregate’ national farm model. All models can be aggregated to national scales while INRA’s models can be scaled to the EU level as well. From the response to this survey, it was not apparent however what procedure is followed by the Madrid model. Generally, the aggregation procedures were not particularly well described by the respondents. INRA and Teagasc both use a set of weights that are calculated by the FADN statisticians, whist FAL use exogenously estimated aggregation factors.
The Teagasc model is the only one that has an explicit 10 years production horizon and, in that sense, its structure is dynamic, whilst all others are comparative static models. The models at Reading, INRA and Teagasc all have linear objective functions and constraints, although INRA does have some internal non-linear optimisation feature. FAL, Parma and Madrid use the Positive Mathematical Programming (PMP) technique accomplished in three steps: first, a linear model is constrained by some “positive constraints”; second, econometric estimations of Total Variable Costs function using Maximum Entropy; and third, the use of a non-linear objective function based on the estimation of the previous step. Apart from Reading and Nancy (who have a regional model), all other partners have farm type models. The “types” are mostly arrived at by using the FADN farm types and then using farm size, income, altitude or some other measure. Parma also use “Franchise” defined in the Fischler reforms in selecting farm types, thus the farms with decoupled payments less than the franchise, i.e €5,000, are segregated from those with decoupled payments over that limit. 

The input-output coefficients in most of the models are the mean values calculated from FADN data. Reading was alone in estimating input-output coefficients by regression analysis. INRA-Grignon uses usual linear econometric models for some parameter estimations (i.e. covariance analysis for variable costs related to crops). For Reading, the total value of a particular input on farm i in period t is regressed against the levels of output in value terms of the ‘n’ enterprises on farm i (n = 1 to j) in period t and a measure the value of the input required per unit of value of output of each of the n enterprises, in period t. INRA-Nancy also uses regression techniques to estimate input/output coefficients.  

Table 1: Origins of models

	Questions
	FAL
	INRA
	MADRID 
	Nancy
	PARMA
	Reading
	TEAGASC

	Purpose of Development 
	Policy analysis

PhD studies
	Policy analysis, environmental impacts
PhD studies
	Policy Analysis
	Policy analysis
	Policy analysis
	Policy analysis
	Policy analysis

	Approximate Start Date of Development
	1995
	1988
	1995
	1998
	1998
	1985
	1998

	Sponsor
	Gov’t
	EU, Private, Gov’t
	EU, Gov’t
	EU
	Local Gov’t
	EU, Gov’t
	Government

	Involvement in Eurotools?
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	No


Table 2: Technical aspects (responses to Q1-10)

	Questions
	FAL
	INRA
	MADRID 
	PARMA
	Nancy
	Reading
	TEAGASC

	Basic Unit of Analysis
	Farm Groups

(representative)
	Representative farms
(now from cluster analysis)
	Representative farms 
	Macro regional farm
	Region
	National

‘aggregate’ farm
	Representative and actual FADN farms

	Level of Aggregation
	National
	Regional, National, EU
	Not aggregate
	National
	National and EU
	Already national
	National level using FADN weightings

	Aggregation Procedure
	Exogenous aggregation factor
	Aggregation by farm type weights
	NA
	Procedure not clear
	Procedure not clear
	Not aggregated
	Aggregation of farm weights

	Static V Dynamic
	Static results for future date (10 yrs)
	Static 
	Static
	Static single period
	static
	Static
	10 year dynamic

	Linear or Nonlinear
	Non-linear
	Linear, integer
	Non-linear Integer
	PMP – non-linear objective function
	Non-linear
	Linear
	linear

	Geographic Reference
	NUTS I
	FADN region
	NUTS II
	NUTS III
	Region
	21 UK land classes
	County basis or 

NUTS III

	Selection of farm type
	FADN type, region, size
	FADN type

altitude and size
	FADN type by region
	Location, franchise and farm size
	N/A
	Enterprise activities are ‘pseudo’ farm types
	All FADN farms for Ireland are modelled

	Source of input output co-eff. 
	FADN  and management handbooks
	FADN
	FADN and experts
	FADN 

IACS (admin database)
	FADN
	Farm Business Survey over 8 years
	FADN  and Management books

	Estimation of input output co-eff
	Means from FADN
	MonteCarlo and gradient calibration
	Means from FADN
	Means from FADN
	Statistical Estimation
	Regression: input use as a function of output
	Means from FADN

	Methodological Development
	Aggregation factors

Land and quota rental markets
	biophysical model
technical response function
	PMP
	Utility function

environ’tal variables

regional ‘costs’
	Margin Maximisation
	-


	Exogenous labour allocation model

Quota markets


Many methodological innovations are claimed, but this survey did not elicit sufficient information to make any judgements; it was not the intention of the survey anyhow. The output of the INRA model is linked to a biophysical model. FAL estimates aggregation factors exogenously and the local land and quota markets are also modelled. Parma estimates a utility function that includes the estimated total cost functions in one non-linear programme to avoid the problem of corner solutions. A “regional” cost function, reflecting the behaviour of farmers in a specific region, is estimated. It is possible to introduce environmental variables, like water disposal, and impose constraints such as quota at the regional level. Econometric estimation is used to apportion farm labour between farm and non-farm work and to update the labour supply constraints for Teagasc models. The institutional market for milk quota in Ireland is simulated exogenously, determining who has access to additional quota. 

As shown in Table 3, Reading, FAL and Teagasc take their price and cost projections from partial equilibrium econometric models. INRA takes prices from FADN through estimation. FAL model the markets for land, milk quota and premium rights endogenously by running farm groups for a particular region simultaneously for different prices until equilibrium is reached. Most of the partners follow validation procedures that compare the projected results to the observed ones for some base year or across some historical period. Madrid has developed a predictive error methodology for validation. FAL, Parma, Madrid and Nancy all use PMP to calibrate the results to reflect the observed results. INRA use gradient and Monte Carlo methods, where the criterion is a “distance” measure including area differences, animal differences and on-farm cereal consumption differences; these differences are the deviations between the observations and the computed solutions.  Reading and Teagasc do not seem to have a ‘formal’ method for calibration other than adjusting the constraints, the input-output coefficients or the results to force them to reflect the observed results. Various partners have listed the limitations of their models. The most serious limitation with respect to delivering on the objectives of GENEDEC is the inability of some models to handle whole farm policies or to present results for farm types. Reading and Nancy have highlighted the inability of their models to handle whole farm policy mechanisms such as the Single Farm Payment or modulation. Parma’s or Reading’s models do not report results for different farm types. 

Table 3: Technical aspects (responses to Questions 11-20) 

	Questions
	FAL
	INRA
	MADRID 
	Nancy
	PARMA
	Reading
	TEAGASC

	Aggregate Demand and Supply
	Exogenous Econometric Model
	AROPAj – supply model and 

MODANI – feed sector model
	Only supply model
	Only supply model
	Only supply model
	Exogenous Econometric Model
	Linked to exogenous econometric model

	Endogenous Price estimation
	Land, quota and premium market is modelled endogenously
	MODANI model uses ‘tatonnement’ process – Walras;
Milk quota market
	No
	No
	No
	No
	No

	Exogenous Price Estimation
	Partial equilibrium models of German, EU and World commodity markets
	NO
	No
	No
	No
	Partial equilibrium models of UK commodity markets
	FAPRI type Partial equilibrium models of Irish commodity markets

	Validation Procedures
	Compared to output of other models and discussed with experts
	Validating against base observed year
	Estimation of predictive error
	Ex-post simulations
	Comparison to observed values
	Historical backward validation
	Historical backward validation

	Calibration Procedures
	Calibrated  to base using PMP
	Gradient and Montecarlo
	PMP
	Calibrated  to base using PMP
	Paris-Howitt PMP calibration approach
	Flexibility restrictions on enterprise levels
	Adjust results by difference between observed and actual in the validation 

	Publications
	See list at end
	See list at end
	See list at end
	See list at end
	See list at end
	See list at end
	See list at end

	Limitations of Model
	Structural change

Estimation of yield

Technical change
	Static

Insufficient link with biophysics models
	Exogenous market prices 

Model not automated
	Can’t handle whole farm policies- modulation 


	No calibration of maximum entropy

Technology is fixed

Results cannot be presented by farm type
	Cannot handle whole farm policies such as SFP

Insufficient geographic info. 
	Technology & input output coeff are fixed

Poor calibration

Profit maximisation

	Notable Application
	MTR of the CAP 
	Change in CAP and agri-environmental policies
	MTR of the CAP
	MTR of the CAP and Agenda 2000
	Various policy evaluations
	Analysis of Agenda 2000 for British Ministry
	MTR of the CAP and Agenda 2000

	Reports Generated
	Output tables for change in key variables under policy scenario
	Flexible report writer
	Output tables for change in key variables under policy scenario
	-
	Output tables for change in key variables under policy scenario
	Output sent to spreadsheets and key output variables charted
	Output tables for change in key variables under policy scenario

	Report Format
	EXCEL
	Self-specified
	ASCII
	-
	GAMS to EXCEL
	Spreadsheets
	EXCEL


Most of the models have been updated to reflect the new policy situation in 2003 or in 2004 as indicated in Table 4 and as most of them use FADN data, retaining the confidentiality of the information used is an issue. Data related to individual farms cannot be made public and, it is publishable only on a group basis containing up to 15 farms or more. This poses problems for the portability of models, as any models based on FADN data for individual level farm data are not portable. The amount of training required for a new user seemed to depend on the experience and the objectives of the user. Users experienced with the software and methodology could use some models quite easily to run a scenario. However, in most cases to change the model to reflect a new policy scenario would require significant training. One of the main problems for new users would be the lack of a users’ manual or list of variable definitions.

Responses to questions 31-40 are summarised in Table 5. The length of time required to analyse a new scenario clearly depends on the complexity of model and on what kind of parameters need to be changed. For most researchers it would be difficult to estimate how long a scenario analysis would take without having the full details of the scenario. Reading, FAL and Teagasc all compare the output of their scenario analysis for a particular year, to what may have occurred in that year if the policy scenario was not implemented. For example, FAL compare the effect of decoupling in 2010, as estimated by their model, with the effect of a continuation of Agenda 2000 in 2010. Teagasc do the same exercise every year for 10 years so the outcome of a policy scenario can be measured against a continuation of current policies for any year in the projection period. The approach adopted by Reading is rather different: the reference/base scenario does not represent the present (that is, the year in which the model is run, neither the year on which the economic data are based), but rather the future without the introduction of the new scenario parameters. In simple terms, it reflects where agriculture would go in the absence of the proposed scenario provisions. All scenario runs are interpreted in the light of the reference run. Parma and Nancy compare the results of their scenario analysis to what is observed in the base year. INRA-Grignon model is not restricted to a particular reference point, as one run can be the FADN base year and another model run can be the continuation of the last CAP (Agenda2000), assuming no change for the structural parameters (useable agricultural area). All of the models seem to have at least one permanent staff member operating the model so the GENEDEC models are not ephemeral. Within the last 12 months, all of the models were used, in most cases for analysing the decoupling policy of the EU.   

Table 4: Technical aspects (response to Questions 21-30) 

	Questions
	FAL
	INRA
	Madrid
	Nancy
	PARMA
	Reading
	TEAGASC

	Last Updated
	FADN 99/00

Policy issues 2004
	In 2001 on 1997 FADN data

From 2005 on 2002 FADN data
	2003 for policy analysis
	2003 for policy analysis
	2003 for policy

FADN 2000
	Model 2000

Data 1997
	2003 for policy

FADN 2000

	Are Data Confidential
	YES
	Yes
	No
	No
	YES
	Some
	YES

	Are there owners of your model
	FAL
	Self and institution
	University
	No
	Researchers Involved
	The University of Reading
	Teagasc

	Intellectual property rights
	Rights with FAL
	-
	-
	No
	No
	The University of Reading
	Teagasc

	Is there a Users Manual
	No
	Yes
	No
	No
	No
	NO
	NO

	Is it portable
	Yes
	Yes (Unix, and partial Windows)
	Possible
	Possible
	YES
	?
	No

	Software
	FORTRAN, GAMS, Conopt3, EXCEL
	GAMS, CShell Unix, FORTRAN
	GAMS, OSL, DICOPT, Conopt3, EXCEL, Dbase
	GAMS, MINOS, SAS, EXCEL 
	GAMS, CPLEX/Conopt3, EXCEL
	Xpress, EXCEL
	LINDO, STATA, EXCEL

	Licensing Issues
	Software License Needed
	Software license (GAMS)
	-
	No
	Software License Needed
	Software License Needed
	Software License Needed

	Training for new user
	2 months to 1 year
	Max. 2 months
	Depends on skills
	No special training
	For experienced researcher 2 weeks
	For experienced researcher 4 months
	For experienced researcher 1 month


Table 5: Technical aspects (response to Questions 31-40) 

	Questions
	FAL
	INRA
	MADRID 
	Nancy
	PARMA
	Reading
	TEAGASC

	How long for new scenario to be run?
	1 hour without iteration with other models
	Depends on the scenario
	Depends on the scenario
	Immediate?
	Depends on the scenario: max weeks
	Depends on the scenario: max weeks
	Depends on the scenario: max months

	What is the base scenario?
	2010 with no policy change
	CAP of the FADN year
	Agenda 2000 
year 2000
	1997
	2004
	A reference run without a time-frame
	10 year baseline with no policy change

	Who is the model operated by?
	Staff
	Staff and students
	Staff and students
	Staff
	Staff and PhD students
	University staff
	Staff

	Are there permanent staff?
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	How frequently is the model used?
	3 times annually
	Several long series of simulations annually
	Annually at minimum
	Depends on Demand

Several times a year
	Currently for decoupling
	Depends on Demand

Every 18 months
	Annually at minimum

	When was it most recently used?
	Analysis of decoupling 2004
	2004 envir’tal analysis
	Decoupling IN 2003
	Analysis of decoupling 2003
	Currently for decoupling
	2004 – animal disease policies
	Analysis of decoupling October 2003

	Has decoupling been analysed?
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	Future developments planned?
	More user friendly, PMP, structural change, land markets
	Move to GAMS, CAP reform, Biophysical model
	CAP reform and data, udating livestock reformulation
	Updating base, integrating regions, marginal activities
	Move to SPEP, risk analysis, include demand, data  
	Construct farm-type model
	Structural change effects

	Over what period
	2 years
	Max 2 years
	1-2 years
	This year
	1-2 years
	1 year
	1 year

	Economic Social and Environmental output
	-
	Environmental indicators
	Land use, economic reults
	Land use, production intensity
	Sociological dimensions
	Land use, production and econimc analysis
	Land use, production intensity some socio 


Compatibility of the GENEDEC models

At the time of this survey, all models had been developed originally for policy analysis and most of them had already been used for analysing the decoupling proposal. The majority of partners have worked together before on EUROTOOLS, an advantage in making the various models compatible. However, on the most basic issue, the unit of analysis there was a 50:50 split.  Reading, Parma and Nancy all operate ‘area’ based models to represent either regions or nations while FAL, INRA, Teagasc and Madrid analyse farm types (synthetic representative farms or actual FADN farms). Those using the farm type approach have mostly selected FADN size and system for selection of farms. A number of questions become relevant: 

1. Do all partners need to conduct their analysis of decoupling on similar units of analysis?
2. If yes, then should we go for farm types, representative farms or area based models?

3. If we go for farm types, how should those types be selected?

4. If farm type modelling is the right choice, then what method of defining farm types should be used? 

Once the unit of analysis is identified, the next decision is to which level the results should be aggregated, using which method of aggregation? Currently, the majority of models can be aggregated to the national level but through different means. There is a choice for aggregating the results: by simple summation using the weights assigned by FADN to farm data or, by using more sophisticated exogenously estimated aggregation factors as used by FAL; and, therefore there are two questions. 

5. The scale to which results should be aggregated?

6. Choice of the method of aggregation?

Other differences are the time horizon over which the scenarios are modelled, the reference year and its selection. As noted earlier, all models except that of Teagasc are static and therefore offer results for just one year in comparative static terms. For the models that conduct comparative static analysis it is not evident which year is modelled and why? The year or the scenario against which the output of the policy scenario analysis is measured and compared is not the same across all partners. For some partners a scenario of current policies being continued into the future is the reference scenario for others results of the policy scenario are compared to some base year; thus the relevant issues are:

7. Are static models sufficient for the GENEDEC project?

8. If so, should there be a common reference run for each model? 

9. What is the reference scenario, a base year or a future year with present policies continued? 

10. Are features of this common reference run acceptable to all partners?

To conduct any analysis at the farm level with the view of estimating a supply response we will need a starting set of price projections to run through the models before estimating supply elasticities. At present, some of the partners are using partial equilibrium models of agriculture for price projections. INRA will develop a partial equilibrium model to produce some initial price projections for the farm level models, which all partners could use.
Most models are validated by comparing the optimal output with some observed results, the base period is usually historical backward validation. Three of the seven partners use PMP to calibrate their models, while INRA use Monte Carlo and gradient methods. Only Reading and Teagasc have no formalised calibration process, thus the relevant issues are: 

11. Do all partners need to use the same validation method and if so, what should it be?

12. Is there a general calibration method for all, PMP, Monte Carlo or some such method? 

The objective function and constraints of the models are a mixture of linear and non-linear relationships. It is not clear whether all models are profit maximisation models or whether some partners have a more sophisticated specification of utility in their objective functions. Most partners derive their input output coefficients directly from the FADN data, some are supplemented by expert opinion and farm management data. The majority of partners take simple means for the technical coefficients. Only Reading, INRA-Grignon (partly) and Nancy estimate the input-output coefficients using statistical or regression techniques. To make the models compatible for the analysis of decoupling the decisions to be made include:

13. Do all models need to have the same or at least comparable objective function? 

14. What objective function should be specified? 

15. Is derivation of input output coefficients using sample means from FADN data sufficient?  

Finally, in re-specifying our models they need to be made compatible across all partners and, there is a need to first consider the policy scenarios as defined by Workpackage 1 and second, to dfine the output expected from the models for the other workpackages. The definition of policy scenarios will be important to how the models are structured in terms of how farm types are chosen and what constraints are required. Additionally, the output that is required by other Workpackages needs to be identified before developing or re-specifying models. 

Publications related to the GENEDEC models

FAL
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IV
Possible Modifications for Harmonising GENEDEC Partners’ Models

Stephane De Cara, Thia Hennessy and Tahir Rehman
Introduction

The survey reported in the previous chapter provided an overview of the models that GENEDEC partners had already developed at the start of the project. The diversity amongst the GENEDEC partners, both in the approaches to modelling and in the assumptions made by these approaches, was highlighted pointing out the steps that may have to be taken to achieve the objectives of GENEDEC.
The strength of the GENEDEC partners is that they operate both EU-wide and country-specific models. Creating consistency and comparability amongst partners and producing harmonised results is a challenge, whilst maintaining the diversity of approaches adopted. EU-wide insights can be provided by some partners and greater detail and resolution of country-level results can be achieved by all. Harmonisation of model implies creating models that are capable of producing consistent set of results for analysing de-coupling policies at various levels of aggregation.
Principal questions for consideration for modelling

Following the ‘Modeller’s Meeting’ at INRA, Grignon in September 2004, it was agreed to consider the following issues related to modelling at the forthcoming meeting of the complete consortium in Madrid: 
Unit of analysis/selection of farm types/method and extent of aggregation; 

Static or dynamic nature of a model; 
Decision on reference run/scenario;
Modelling software platform;
Type of the objective function to be optimised;
Approach to validation; and,
Approach to calibration.
Selection of Unit of Analysis and Method of Aggregation

The first task is to ensure that the basic unit of analysis (a farm type) is comparable across all partners, 

which should also allow comparability of aggregated results from various models. A good starting point for all partners is to adopt procedures that are broadly similar to INRA, that is, they are based on FADN dataset.
INRA is currently modelling all of Europe using 734 farm groups provided by the FADN-1997 data-set (and 1074 farm groups from the last version produced in 2005 using the FADN-2002 data-set). These farm types are selected by:
1. FADN region (101 regions in the EU-15);
2. Altitude (3 classes: 0-300m, 300-600m, 600m+) ;
3. Farming system (FADN classification into farm types - FT);
4. Economic farm size (for the version related to the FADN-2002); and,
With this modelling approach INRA is modelling all of Europe (EU-15 at the moment) at a relatively disaggregated level. The results are aggregated for each region, member state or the EU as whole through a simple summation of the FADN assigned weights. 

For example, for Baden Württemberg (Germany, FADN-1997) the farm-types used in the INRA model are defined as follows:

	Farm-type
	Nb
	Altitude
	FADN Farming system (FADN-1997)

	
	
	1
	2
	3
	13
	14
	411
	412
	42
	43
	44
	5
	6
	71
	72
	81
	82
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	59
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	Total
	30,191
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


For instance, farm-type #57 represents the BW farmers that are in altitude classes 2 and 3 and are associated with 412-42-43-44-6 types of farming.

Modelling Proposal

It is proposed that the INRA team continues this modelling approach and that the other partners select ‘nested typologies’ for their member states. The objective of each partner, then, is to model their own member state at a greater degree of dis-aggregation than INRA. To ensure consistency between the EU level and the member state modelling, partners could select farm types based on the dis-aggregation of the farm types used by the INRA team. Hence the results from national models could be aggregated to EU level, making cross validation possible. 

The selection of units of analyses for Ireland for example would follow the steps as laid out schematically in the diagram below. 

Example
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The only pre-condition for the selection of farm types A,B and C in Ireland would be that farm type A+B+C= farm type 1. This would be determined by aggregating the FADN assigned weights. So for example, within FADN data Ireland is one region, if INRA model one dairy farm for Ireland, Teagasc can choose to model any number of and combination of dairy farms as long as they aggregate to the farm modelled by INRA. With this approach, the methods of aggregation by each partner can be cross validated with the output of INRA’s model and vice-versa.  The intention would be that INRA’s model would provide an overview of the impact of decoupling EU wide, while the other partners would provide a more disaggregated view of the impact of decoupling for their member state in a case study type approach.  


With this approach partners would need to: 
· check the current unit of analysis and see if the method of aggregation proposed here is possible without changing farms that are being modelled;
· if so, they should notify INRA of the farm types they intend to model;
· if not, they should select new farm types based on the criteria outlined above and again notify INRA of farms they intend to model; and, 
· at that stage we could arrange a schematic diagram of the regions modelled generally by INRA and the types of farms modelled in more detail by each member state. 

There are however some potential problems with this approach. First, all member states need to use the same FADN farm weights and that they are satisfied that these weights reflect their national situation. If the weights are different the aggregation from member state or case study level up to EU level cannot be achieved. This can indeed be an issue; each partner thus needs to provide the other modelling teams with the exact source of the weights used in each model (FADN code) or precisely document alternative choices they might use. Of course, it has to be ensured that the starting databases are consistent (same year, same sources, etc.). Second, this method of selection and aggregation may not satisfy the aggregation criteria (see: Day 1963; Lee 1963; Miller 1963; Onal & McCarl 1989; Onal & McCarl 1991). For example, how would one model the situation when a particular farm type grows in size and if the institutional constraints have not been satisfied? It is conceivable that this modelling approach meets the Day & Miller conditions. In this case, we will have to assess the aggregation bias involved. Comparison of larger-scaled results from INRA with higher-resolution models can help to resolve this matter.

Static versus Dynamic approach to modelling
As the survey has revealed that most of the models used by GENDEC partners are static and ‘dynamics’ can be dealt with comparative static economic analysis. The question however needs to be posed if this approach in itself is sufficient to model the effect of policies such as decoupling. If the partners were to decide to model ‘dynamics’ explicitly then the choice may have to involve recursive, discounted multi-period profit maximising or a number of sequential static runs. Recursive modelling is probably theoretically and technically the most correct approach, whereby the objective function is maximised each year individually and the output of one year (in terms of closing inventories) act as inputs to the next year. Discounted multi-period models are more straight-forward as the years are linked by transfer activities and the objective is maximised over all years. The major drawback is the assumption of perfect certainty despite being able to consider the ‘dynamics’ in a Hicksian sense. Using a number of sequential static runs could provide outputs similar to the recursive model; however, this approach would not require any adjustments to the models but could be very tedious and time consuming toimplement. Clearly, recursive approach is the best route for partners who are in a position to allocate sufficient resources to this activity within the life-time of the GENEDEC project. 

The choice between pure static, sequential static, discounted-profit maximizing, or recursive modelling also depends quite strongly on the relationships that are to be emphasised within the structure of a particular model: issues such as the evolution of the number of active farmers, changes in total agricultural area, or the time-path of prices. No doubt a thorough examination of such issues would call for a dynamic approach. It may turn out that partners opt for some models to provide 'snapshots' that may be combined into a dynamic approach (e.g.  TEAGASC provides the time-evolution of the number of farmers and it could be used for some other country model as exogenous data). Again, modelling of such aspects is dependent on what resources are available within the life-span of GENEDEC to a partner.
Modelling Proposals
Dynamics

One possibility is for one partner or a group of core modellers, who have extensive knowledge and experience of GAMS, to write a recursive model that links outputs of one year run to the inputs for the next. INRA, FAL, Parma, Nancy and Madrid are all already using GAMS. They could demonstrate to other partners how this model operates and then the partners could link the model to their own input sheets to model the situation in their countries. This would allow every partner to have a similarly structured model that would analyse the policy effects over a period of ten years or more if required. Once again, the adoption of this approach is dependent on the availability of resources.
The disadvantage of this approach is that partners are currently using diverse methods of validation and calibration such as Positive Mathematical Programming and Monte Carlo simulation. The development of a generic model to suit all countries may prohibit the use of different ‘add-on’ methodologies. The advantage, however, could be that a generic model could be developed so as all models provide similar outputs in terms of economic, social and environmental indicators. 

Software Platform

The proposal for one or a core group of modellers to design a model in GAMS that would be used by all modellers would facilitate the use of a common software platform to provide greater transparency in model comparisons and data exchange. It could also be used as a common structure that provides the policy inputs for each country/region over the time-period considered (input from WP1), outputs from some of the models that can be used by other modelling teams (e.g. evolution of the number of farmers/prices/total agricultural area, etc.)

Scenarios for Analysis and Reference Run

Which policy scenarios will be developed needs to be decided and, this decision will be largely influenced by the output of WP1. If the decision is to go with the development of a generic model, then a list of all the variables that are required from WP1 in order to build that model is needed, in addition to knowing how a policy scenario is administered in each country and applied at the farm level. Likewise what would constitute a reference run for models needs to be established? The team in charge of WP1 should list the details of implementation that prevail in each region over the time-horizon.
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V
Modifications Agreed for Modelling Approaches in GENEDEC
Pierre-Alain Jayet and Tahir Rehman

Introduction
As discussed in the previous two chapters, the review of the existing models held by the GENEDEC partners and the derivative review paper provided the backdrop within which the full consortium should work. Even though most of the elements that constitute the deliverables represented by this report were available in the time as stipulated originally, but some major components of the WP2 were not completed until recently, particularly after the agreement was reached as to what modelling approaches should be adopted. Such modifications and developments consist of the construction of Reading's new farm type model; time taken to access the FADN dataset to revise models, particularly the revisions of existing AROPAj models; addition of new modules and writing of Reading's DREAD, Ireland's TEAGASC and INRA's AROPAj models in GAMS modelling language. All these new developments and modifications are complete and the time taken in their completion did not have any detrimental effect on anyother workpackage within the whole project. In fact, the models are now ready to link to the next phase of the project, that is, analysis of the results from the models to assess the consequence of decoupling policies.
Issues reviewed

There was consensus on the fact all models were 'production decision-making' models emphasising the allocation of land and that decoupling implied two major economic changes: 'new' choice set for farmers and 'new' realities of market. Given these two major factors, all models, after modifications where necessary were capable of meeting the challenge set by the project. The meeting therefore was devoted to reviewing technical modelling issues. To recapitulate they were:

1. Unit of analysis/selection of farm types/method and extent of aggregation;
2. Static or dynamic nature of a model;
3. Decision on reference run/scenario;
4. Modelling software platform;
5. Type of objective function to be optimised;
6. Approach to validation; and, 
7. Approach to calibration.
Agreement
Some of the above issues were regarded as requiring work and resources beyond the remit of the current project. There was however agreement to achieve the following within the tenure of the GENEDEC project:
1. The primary data base for building all models will be FADN network; individual partners could supplement it, where necessary. The dataset to be used for updating the models is FADN 2002.

2. A reference run for all models will use a common set of assumptions.

3. Straight forward aggregation (weighting factors) as used by INRA to be treated as 'standard' method. The INRA model, AROPAj, is to be treated as the core model and it will be used for producing EU-wide aggregate results after all the individual modelling partners have supplied their country-wide results to INRA (which can be considered like cross validation of models and results).

4. GAMS is the standard modelling platform that provides the basis for harmonisation of models.
5. The output from WP1 provides the definition of the basic scenario to be used for the reference run. 

6. The Reading partner to produce a farm-type model, comparable and compatible with the rest of the partners.

7. Definitions of main terminology used in modelling will be common, particularly the meaning of the 'shadow price' of land.
8. Market equilibrium analysis to be built into the INRA model, more precisely incorporating of prices provided by feedbacks delivered by a "FAPRI-like approach".
There was however a number of issues which were considered either beyond the scope of the current project or, better left to the discretion of individual partners. Such issues included: use of regression methods to estimate coefficients, instead of using means values; how to and to what extent 'dynamics' should be handled is upto individual partners; complaince with the Day/Miller exact conditions for aggregation, despite their theoretical elegance, neither practicable nor necessary for the GENEDEC project; calibration is not an important issue as the Positive Mathematical Programming (PMP), the predominant modelling approach among the GENEDEC partners, is itself a calibration method and this also minimises the need for validation by results and the models are valid by construct.


VI
Modified Models
This section provides statement of the models developed by individual partners participating in Workpackage 2 of GENEDEC. These descriptions that follow represent the state of model development and operational states of the individual models at the time of writing this report. The presentations are complied in the following order:
France 
The AROPAj Model
Germany
Overview of the Farm Group Model FARMIS
Ireland
The TEAGASC Model
Italy
AGRISP- Model for Agricultural Policy Measures
Spain
The PROMAPA.G Model
United Kingdom (England)
The DREAD (Reading’s Dynamic Resource Allocation Model)
The AROPAj Model
Raja Chakir, Elodie Debove, Stéphane De Cara, Pierre-Alain Jayet
Introduction
The AROPAj model was initiated towards the end of the eighties to anticipate the consequences of the continual reform of the CAP and also to evaluate the environmental impact of such changes. The description of the model provided here is derived from appendices written for the papers published on the model during the period from 2003 to 2005 and it also draws on a presentation on AROPAj at a seminar organized by the JRC in Seville (6-7 October 2005), which will be soon available on the JRC-Seville (IPTS) Website. Complete technical details of the model are available at the following Websites:

http://www.grignon.inra.fr/economie-publique/MIRAjE/model/detail.htm;
http://www.grignon.inra.fr/economie-publique/MIRAjE/doc/manuelaropaj/aropaj.html; and, 
http://www.grignon.inra.fr/economie-publique/MIRAjE/doc/mementoDP2003/memento/memento.html
General overview of AROPAj

The original “EU-15” version of the model uses the FADN-1997 dataset and the description that follows draws upon De Cara et al (2005). The core of the model consists of a set of independent, mixed integer and linear-programming models. Each model describes the annual supply choice of a given ‘farm type’ (
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), representative of the behaviour of 
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 ‘real’ farmers. The farm-type representation accounts for the wide diversity of technical constraints faced by European farmers. Each farm type 
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 is assumed to choose the supply level and the input demand of production activities (
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) in order to maximize total gross margin (
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-vector of the right-hand side parameters (capacities). 
The components of 
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 include the area and output for each crop (treating on-farm and marketed production separately), animal numbers in each animal category, milk and meat production and the quantity of purchased animal feeding. The vector 
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 contains the gross margin corresponding to each producing activity:  revenue (yield times price) plus –when relevant– support received, minus variable costs. Any farm-type is assumed to be price-taker; all input and output prices defining the components of 
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 are thus constant. Twenty-four crop producing activities are modelled, representing most of the European agricultural land use, including fallow as well as the different CAP set-aside requirements. Crops produced can be sold directly in the market or used as animal feed (feed grains, forage, pastures). For feed, the corresponding component of 
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 represents the only variable cost of growing feed crops. Feedstuff can also be purchased. For livestock, thirty-one categories are represented in the model (27 for cattle plus sheep, goats, swine and poultry). Total GHG emissions are endogenously computed in the model through equality constraints (see below), and are included in 
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 represents the emission tax (
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) in euros per ton of CO
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 equivalent. In the baseline scenario, 
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 is assumed to be zero. 
The technically feasible production set is bounded by the constraints defined by 
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. Total crop and grassland area is constrained by the availability of land area, defined as total farm type 
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’s land endowment. In addition, crop rotation constraints are formulated as maximum area shares of individual (or groups of) crops in total area. Agricultural area is split into arable land for crops (including cultivated forage crops), grassland and meadows. Land area allocated to the various groups of producing activities is subject to upper bounds. These upper bounds summarise the dynamic nature of crop rotations in a static framework. Maximal area shares are first estimated at the regional level using the 1997 FADN observation. Initial estimates are then updated during the calibration phase (see below), assuming that the calibrated area share lies between the initial estimate and one. 
Livestock numbers are limited by the availability of housing facilities in the short-run. In order to reflect the quasi-fixed nature of livestock-related capital, animal numbers for each animal category are only allowed to vary in a limited range in the model. In all subsequent simulations, the maximum range in which animal numbers may vary is assumed to be 
[image: image35.wmf]±

15% of the initial animal numbers in the corresponding livestock categories. The corresponding constraints are defined at the farm-type level and for each relevant animal category. Moreover, these constraints interact with other constraints, such as those related to animal feeding, demographic equilibrium and milk-quota. As a consequence, they are not necessarily binding for all farm types and all animal categories. The flexibility of animal numbers is important for abatement purposes, as changes in animal diet alone are likely to provide only limited abatement if not combined with changes in livestock numbers. In addition, cattle numbers are constrained by relationships that reflect demographic equilibrium in the distribution by age and sex classes. This approach thus corresponds to a comparative statics and, is very akin to that used for crop rotation. 
To feed their animals, farmers can use their own crop and forage production, or purchase concentrates and/or roughage. Four kinds of purchased concentrates and one kind of purchased roughage are considered in the model. This permits the distinction between energy- and protein-rich concentrates, as well as between straight and compound feedstuff. Three sets of constraints play a key-role in these decisions. Farmers have to meet the minimal digestible protein and energy needs of each animal category. In addition, each cattle category is associated with a maximal quantity of ingested matter. The characteristics of feedstuff with respect to energy and protein content, dry matter fraction and digestibility, as well as the energy/protein requirements and maximal quantity of ingested matter for each animal category were taken from Jarrige (1988). In addition, energy and protein needs are further differentiated to account for the differences in milk and meat yields. 
The last important set of constraints defines the restrictions imposed by the CAP measures: set-aside requirements, as well as milk and sugar beet quotas fall in these categories. Mandatory and voluntary set-asides are accounted for, by treating each type of set-aside as a ‘producing’ activity generating corresponding payments. The different types of sugar beet quotas (A, B, and C) are also included. The modelling of some CAP policy instruments included in the model involves the use of binary or integer variables, whenever producers have to face mutually exclusive discrete choices. For instance, set-aside is mandatory only above a certain farm size and, it involves specific payments if farmers opt into the program. Integer variables reflect such a binary choice. This is also the case for some other specific support measures (inclusion of fodder maize in arable crop payments and, extensification payments). 
The computation of the parameters defining 
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, and the baseline levels of producing activities (
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) proceeds in three major steps: (i) selection, typology, and grouping of sample farms into farm types, (ii) estimation of the parameters, and (iii) calibration. The primary source of data is the Farm Accounting Data Network (FADN). The 1997 FADN provides accounting data (revenues, variable costs, prices, yields, crop area, animal numbers, support received, type of farming) for a sample of slightly less than 60,000 surveyed farmers. Approximately 50,000 sample farms are included in the model, which represents a total of more than 2.5 millions of European (full-time) farmers. Data is available at a regional
 level (101 regions in the EU-15). Because of the annual nature of the model, sample farms defined as ’Specialist horticulture’ and ’Specialist permanent crops’ are excluded (types of farming 2 and 3 in the FADN classification). The analysis is thus restricted to the remaining population of the farmers, representing annual crop and livestock farmers. This restriction is important to keep in mind when analysing the results, as the excluded farms may represent a significant share of total agricultural area and fertiliser use in some regions. 

The selected sample farms are then grouped into ’farm types’ (or ’farm-groups’) according to three main variables: (i) region (101 regions in the EU-15); (ii) average elevation (3 elevation classes: 0 to 300 m, 300 to 600 m, and above 600 m); and, (iii) main type of farming (14 types of farming in the FADN classification). The typology provides the following trade-off. On one hand, the number of sample farms grouped in any farm type has to be large enough to comply with confidentiality restrictions (at least 15 sample farms for each farm type) and to ensure the robustness of the estimations. On the other hand, the total number of farm types has to be as large as possible to reduce the aggregation bias at the regional level. Each farm type thus results from aggregation of sample farms that are located in the same region, are characterized by similar type(s) of farming and they belong to the same elevation class(es).
 Following this procedure, 734 farm types are thus obtained as a combination of the 101 regions, 14 FADN types of farming, and 3 elevation classes. Each farm type is associated with a specific supply model defined by (1)–(3). 
The FADN Regions of the EU-15
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The farm-type approach is important in several respects. First, it captures the diversity of farming systems at the intra-regional level better than do models that rely on regional aggregates. Farm-type results can still be aggregated to the regional level, but the region itself is not modelled as one single ’big’ farm. Consequently, it is less subject to aggregation bias (e.g. see Perez et al. (2003: 7); or, European Commission DG11 (2002: 15)). Second, the farm-type approach reflects the existence of a fairly diversified agriculture better, as mixed farming systems are explicitly modelled. 
Each individual farm in the FADN sample is associated with a weight indicating its representativity in the regional population. The individual weights of sample farms that are grouped into farm type 
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 are aggregated (
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n

) and used to extrapolate the results at the regional level. 
The parameters and the baseline levels of variables that are systematically estimated using FADN data include: variable costs and output prices, area and area shares for each crop, animal numbers, and support received. The estimation procedure is conducted at the farm-type level and uses the extrapolation factors provided by the FADN system. As for variable costs, the model distinguishes between two: ’fertiliser use’ and ’other inputs’ (seeds, fuel consumption, pesticides, etc.). Because of the accounting nature of the FADN data, only total expenditure is available. Variable costs for each crop are therefore inferred from linear covariance analysis, using crops area and including a specific additive farm-type effect. 
Alternative sources of information are also used whenever relevant data is lacking in FADN. An important such source is Intergovernmental Panel on Climate Change (2001), from which emission factors are taken. Likewise, characteristics of feeding products and animal feeding requirements are obtained from technical workbooks (Jarrige, 1988). Finally, expert knowledge is used when no other statistical or technical source is available. This is the case for the types of fertiliser used (see below) for each crop and each country or region and some feeding parameters. 
The last step consists of the calibration of a subset of the parameters. Calibration is used to capture the variability of farm-type parameters, for which information is lacking or its reliability is suspect. The subset of calibrating parameters includes: some of the parameters defining animal feed requirements, life span of certain cattle categories, grassland yields, and maximal crop area shares. During the calibration phase, initial values of these parameters are re-computed in order to minimize the distance between the observed data for each farm type 
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 subject to the constraint that these parameters vary in a bounded feasible range (see De Cara and Jayet (2000) for mathematical details of this procedure). The numerical resolution of the minimization program is iterative and relies on a combination of Monte-Carlo and gradient methods.
 

Mathematical Structure of AROPj

This section covers some
 of the main structural features of the model. Matrices (uppercase) and vectors (lowercase) are in bold. Parameters are denoted with Greek letters, variables with Latin letters. Unless otherwise stated, all variables and parameters are positive. 
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 is the set of crops indexed by 
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 the set of livestock activities, indexed by 
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 are explained by decomposing them into sub-matrices and vectors associated with the main technical modules included in the model. Activities (or variables) are presented in columns, and constraints in rows. The dimensions of sub-vectors are given in brackets. Zero values are generally omitted. The term 
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 and 0 otherwise. The vector of command variables 
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 is broken down into eight sub-vectors: 
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 (bought and sold live animals live animals, respectively), 
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 (dairy and other animal products). The 
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-index is omitted and is implicit in the rest of this explanation. 
Crop area constraints

Each crop is limited by its maximum area share (
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) in total arable land. In addition, the model captures the links between total cereal area and total oilseed area on the one hand, and fodder and meadows on the other hand, through area shares parameters 
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Crop area constraints
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Crop output allocation

Crops are divided into three groups: those that can be either sold or consumed on-farm (cereals); those that can be consumed only on-farm (forage, fodder, pastures, and grassland); and, those that are for sale only. The following sub-matrix describes the allocation of total crop production between marketed output and on-farm consumption, where yields are denoted by 
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Crop output allocation constraints
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Animal numbers, feed and demography

Energy and protein contents of purchased feed (four types of concentrates 
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 for protein). The corresponding parameters for on-farm consumption of cereals are denoted by 
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 for fodders, forage crops, grassland, and meadows. Energy and protein requirements for animal 
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Animal feed constraints
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The cattle demographic module describes the relationships between different age and sex categories (M for males, F for females). The underlying assumption is that demographic equilibrium is achieved. For the sake of compactness, the presentation is limited to three age categories (young, middle, old). Likewise, the presentation does not distinguish between dairy and non-dairy livestock, although the model does. Birth rates are denoted by 
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in years. Milk (and other animal products) yields are denoted by 
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. The last two blocks in the following sub-matrix correspond to the possibility for farmers to make adjustments to their livestock-related capital (stable places). An exponential adjustment at rate 
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 is omitted and is implicit in the following sub-matrix. 

Animal numbers and demography
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Set-aside constraints

The modelling of the different types of set aside possibilities provides a good example of how threshold values and integer variables are used in the model. A double system of compensated land set-aside (fixed or rotational) is taken into account. The important CAP parameters include: reference yields for crop 
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, threshold cereal output below which farmers are considered as ’small’ crop producers (
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 for fixed and rotational set aside, respectively). Distinction is drawn between ’small’ crop areas (
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 is a sufficiently large number required by the solution procedure, whereas 
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 refers to per-hectare variable cost. The values 
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, reflect the either/or nature of the producer choices with respect to set-aside. The constant used in the corresponding constraints is denoted by 
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. The first row of the sub-matrix corresponds to the objective function. 

GHG emissions from agriculture

The emission accounting method used follows the approach explained in IPCC01d. This methodology combines the use of country-specific activity data –such as animal numbers, crop area, fertiliser use, manure management systems, etc. – and emission factors. All EU Member States, as signatories of the United Nations Framework Convention on Climate Change (UNFCCC), have committed themselves to report their GHG emissions annually. Each country has to conduct quality and uncertainty assessment and to ensure time consistency of the reported inventories from 1990 onwards. In addition, national inventories are reviewed by a panel of international experts.
 The common reporting framework provided by the IPCC thus emphasises completeness and consistency, and therefore facilitates country-by-country comparisons of emission inventories. 
Set-aside constraints
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Agricultural activities contribute directly to GHG emissions through five main different gas-emitting processes: N
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O emissions from agricultural soils; N
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O emissions from manure management; CH
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 emissions from manure management; CH
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 emissions from enteric fermentation; CH
[image: image120.wmf]4

 emissions from rice cultivation.
 N
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O emission from agricultural soils can be further disaggregated according to nitrogen inputs to soils: use of synthetic fertilisers, manure application, biological nitrogen fixation, and crop residues. 
Generally speaking, the IPCC computation of GHG emissions relies on linear relationships between emissions and activity data through the use of emission factors for each of the 
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 is thus the emission factor associated with producing activity 
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A detailed description of the components of 
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 and of the relevant producing activities is available in IPCC01d. 
Each emission source is linked to the levels of the relevant endogenous variables in the model (see Table 1). Country-specific emission factors are used whenever available in the 2003 national communications to the UNFCCC.
 Otherwise, the IPCC default values are used. 
A total of eleven emission sources are computed within the model and are listed in Table 1. Emissions of nitrous oxide are divided into eight sub-sources: direct agricultural soil emissions (4), indirect agricultural soil emissions (2), emissions from grazing animals (1) and manure management (1). Emissions of methane are disaggregated into three sub-sources: manure management, enteric fermentation, and rice cultivation. The first two sub-sources are further disaggregated into six animal categories. This level of disaggregation facilitates comparisons with the GHG inventories as reported in the national communications. All emission factors are converted into CO
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 equivalent by using the 2001 Global Warming Potentials (GWP): 23 for methane and 296 for nitrous oxide. 
N
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O emissions from agricultural soils depend upon total nitrogen inputs. In the model, quantities of nitrogen applied to soils are driven by the optimal crop area mix. For each farm type 
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, per-hectare fertiliser expenditures for each crop are estimated from the FADN dataset. For each crop and each country, two fertilisers are chosen among the commercial fertilisers listed in FAOSTAT and Eurostat databases. These databases cover the most commonly used fertilisers in each country. In addition, a mass ratio between the two fertiliser types is computed based on current standard agricultural practices for each crop. Prices and nitrogen content of the two fertiliser types are taken from the FAOSTAT and Eurostat databases (year 1997). They are weighted according to the mass ratio to derive a representative composite fertiliser and to compute the per-hectare nitrogen amount applied to each crop and for each farm type. It is important to note that this approach relies on constant per-hectare nitrogen inputs for each crop and for each farm type. Nitrogen inputs and crop yields are indeed exogenous and kept constant in the subsequent simulations.
 Emission factors, as well as volatilization and leaching parameters are taken from each Member State’s national communication to the UNFCCC. As for biological fixation and nitrogen in crop residues, the values of relevant parameters –such as nitrogen content, crop/residue ratio, and dry matter fraction– are also taken from the national communications or the IPCC defaults, depending on availability. 

Table.1: Summary of GHG emission sources accounted for in the model
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Methane emissions from both enteric fermentation and manure management depend on the energy content of feed intake for each animal category. In the simplest form of methane inventories, the IPCC01d recommends to use average energy requirements for each animal category to derive methane emissions. In short, this implies a constant energy intake for any given animal category, and therefore constant emission factors on a per-head basis. In this case, animal numbers are the only driver of methane emissions. The approach used here is more general and more flexible, as animal feeding is endogenous to the model. The total energy intake by each animal category can thus be derived from the optimal quantity and composition of feed. Emissions are therefore computed by using the (animal-category dependent) share of total energy intake by animal category lost as methane. As a result, methane emissions are driven, not only by animal numbers, but also by the composition of animal feeding. 
Manure can be either applied to crops, deposited directly on soils by grazing animals, or stored/treated using different management systems. The total production of manure-related nitrogen is computed as the product of nitrogen content of manure –defined for each animal category– and the corresponding animal numbers. Nitrogen excretion average rates for each animal category are taken from the national communications, or the IPCC defaults. Because of the lack of available data at regional or farm-type level, the shares of manure applied to crops, deposited on grassland, and handled under all management systems are also taken from the national communications, which only provide information at the country level. The country-average share is applied to each farm type. A discussion of the IPCC emission accounting method is in De Cara et al. (2005).
Construction of AROPj and new developments reletad to the FADN-2002 dataset

Decoupling and environmental considerations

Because the GENEDEC project aims to deliver results on changing environmental indicators and not only on private economic impacts and budget consideration, the geographical link between economic activities and physical data on soils, climate and plant phenology will need to be assessed. However, as already mentioned, the AROPAj “core” model is based on NUTS II spatial units which do not have precise geographical references. In order to have a relevant agri-environmental evaluation of the CAP reform, a disaggregation tool that breaks down the administrative level data to a finer scale needs to be developed. Coupling the AROPAj model with an efficient disaggregation
 procedure would allow for the disaggregation of the policy results to more detailed spatial units than those resulting from the use of NUTS II. This will result in a more efficient evaluation of environmental policies. The idea behind the disaggregation procedure is to generate plausible disaggregated estimates of the spatial allocation of crops on a very fine scale, using various information sources such as Land Use/ Cover Area Statistical Survey (LUCAS), Corine Land Cover maps and, information on soil and climate. 
The introduction of the decoupled or partially decoupled payments has to be implemented as of January 2005 or as of January 2007 at the latest.  Subsidies are computed on a historic basis: the reference years being 2000, 2001 and 2002. The historic cultivated farm area determines the number of entitlements. The historic subsidy receipts determine the value of the entitlements. Consequently, ceteris paribus, each farmer receives the same payment as before the CAP reform. This individual farm entitlement option results in entitlements which vary from one farm to the other. But Member States can choose another option for decoupling: regionalisation. In this case, in each region, each farmer receives the same payment for each unit of land. At the beginning, this payment can be differentiated between grassland and arable land as well as supplemented by individual payment during a transition period. 
Three kinds of payments are distinguished:
- European coupled payments: these payments remain coupled for all Member States. They concern durum wheat, protein plant, rice, hops, energy crops, and starch potatoes;


- Re-coupled payments: some payments can be re-coupled by member states; and,

- Decoupled payments: milk, set aside, and extensification supports cannot be re-coupled.
Mathematical programming models can examinae different scenarios and their impacts on economic systems when these scenarios are different from the past. The GENEDEC project is using pre-existing modelling tools. However, they need to be improved to handle the enlargement of policy tools, geographical area, and up-to-date data concerning the agricultural sector. The major source of information is the FADN dataset, supplied by DG-AGRI, taking into account comparable information delivered by all Member States. The GENEDEC consortium considers the model AROPAj, from INRA, as the “core-model” as regards its capacity to cover the whole EU. Other models are dedicated first to specific Member State or Regions, and some of them are being extended for extra-national use. These models are described in this report and will soon be documented on the Web-page dedicated to GENEDEC 
.
Typology and construction of farm-groups

The last automatic data-processing step developed for AROPAj, namely typology, involes classification of farm types and construction of farm-groups. This new typology, derived from the FADN-2002 dataset results in 1074 farm-groups covering the whole of EU-15 
. The classification of farms into farm-groups is important for many reasons. First, it takes into account the diversity of farming systems at the regional level better than models that rely on regional aggregates. Farm-group results can still be aggregated at the regional level, but the region itself is not modelled as one single 'big' farm. Consequently, models based on the farm-group approach are less subject to aggregation bias. Second, mixed farming systems being modelled explicitly and the farm-group approach reflects the existence of a fairly diversified agriculture better. The objective of the classification is to group the observed farms into farm-groups within each FADN region according to three variables: 
1. the average altitude (Alt) , by 3 elevation classes: <300 m, 300-600 m and > 600 m;

2. the type of farming (FT), by 14 types of farming activities proposed in the FADN; and,
3. the economic size unit (Size), based on the potential total standard gross margin.
To ensure confidentiality, as well as the robustness of the estimations, the minimum number of observed farms constituting a farm-group has been constrained
 to at least 15. However, to reduce aggregation bias it is necessary to have as high a number as possible of farm-groups in each FADN region. 
The construction of farm-groups according to the three variables (FT, Alt and Size) was conducted in two steps: 
1. A first classification was carried out to create clusters based on Altitude and FT;

2. A second classification was carried out based on Size within the clusters created in the 1st step.
In the first classification we have introduced a hierarchy between the Altitude and FT variables requiring them to be transformed. The idea is to create a more precise distinction between the FT values in order to take into account the similarities and differences between the farming activities within each type. The transformation also allows for the taking into account the relative importance of FT and Altitude in the construction of clusters. 
The transformation of each variable is presented in tables 2 and 3.  The second classification is based on Size. The observed economic size shows a wide statistical dispersion. Thus, a classification according to Size would not be very accurate. Therefore, it was transformed into a discrete variable (“sizec”) as shown in Table 4.

Table 2: Transformation of the Altitude variable 
	Elevation class
	Altitude 

	0-300 m 
	10  

	300-600 m 
	20  

	more than 600 m 
	30  


Table 3: Transformation of the type of farming variable
	Initial FT 
	FT transformation 

	14
	2014  

	6
	3006  

	81
	4081  

	411
	5411  

	412
	6412  

	43
	7043  

	42
	8042  

	71
	9071  

	44
	10044  

	82
	11082  

	72
	12072  

	5
	13005  


The method of classification used here belongs to the family of non-hierarchical methods (partitioning) which produce a partition with a fixed number of classes. The objective is to gather the observations for each FADN region into farm-groups (clusters) with farms of the same class as similar as possible and classes quite separate from each other according to FT, Alt and Size variables. The statistical procedure involves at least four steps: 
1. First of all, the choice of the number of groups 
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 and the observations called cluster seeds.
2. Then, clusters are formed by assigning each observation to the cluster with the nearest seed.

3. After all observations are assigned, cluster seeds are replaced by the cluster means.

4. The previous step is repeated until the changes in the cluster seeds near zero.

5. Final clusters are constructed by assigning each observation to the nearest seed. 
Table 4:Transformation of the Size variable 

	Size 
	Sizec 

	<7
	1  

	[7,15[
	2  

	[15,23[
	3  

	[23,32[
	4  

	[32,50[
	5  

	[50,72[
	6  

	[72,100[
	7  

	>100
	8  


Parameter estimation

Parameters and baseline levels of variables that are systematically estimated using FADN data include variable costs and output prices, area and area shares for each crop, animal numbers, and support received. The estimation procedure is conducted at the farm-group level and uses the extrapolation factors provided by the FADN.
Tables 5 and 6 show the evolution of land and farm number related to the sub-sector covered by the model. Land does not include the activities not covered by AROPAj (namely a few industrial crops and activities characterizing the farm-types excluded by the farm-group construction).

Table 5: Land endowment estimated using FADN data 

	MS
	 
	 
	V1 (M ha)
	 
	 
	V2 (M ha)
	 
	 (%)
	 

	belg
	 
	 
	belg
	1,355
	 
	 
	belg
	1,432
	 
	5,7
	 

	dani
	 
	 
	dani
	2,349
	 
	 
	dani
	2,437
	 
	3,7
	 

	deut
	 
	 
	deut
	14,736
	 
	 
	deu1
	6,946
	 
	-0,1
	 

	
	 
	 
	 
	 
	 
	 
	deu2
	7,782
	 
	
	 

	ella
	 
	 
	ella
	1,418
	 
	 
	ella
	1,220
	 
	-14,0
	 

	espa
	 
	 
	espa
	11,816
	 
	 
	esp1
	6,729
	 
	-4,1
	 

	
	 
	 
	 
	 
	 
	 
	esp2
	4,601
	 
	
	 

	fran
	 
	 
	Fra1
	14,886
	 
	 
	fra1
	15,500
	 
	7,2
	 

	
	 
	 
	Fra2
	8,086
	 
	 
	fra2
	8,542
	 
	
	 

	gbre
	 
	 
	gbre
	11,360
	 
	 
	gbre
	11,647
	 
	2,5
	 

	irla
	 
	 
	irla
	4,014
	 
	 
	irla
	3,198
	 
	-20,3
	 

	ital
	 
	 
	Ita1
	3,881
	 
	 
	ita1
	2,430
	 
	-9,0
	 

	
	 
	 
	Ita2
	4,414
	 
	 
	ita2
	2,768
	 
	
	 

	
	 
	 
	 
	 
	 
	 
	ita3
	2,355
	 
	
	 

	luxe
	 
	 
	luxe
	0,104
	 
	 
	luxe
	0,130
	 
	25,1
	 

	nede
	 
	 
	nede
	1,867
	 
	 
	nede
	1,511
	 
	-19,1
	 

	osto
	 
	 
	osto
	1,882
	 
	 
	osto
	1,788
	 
	-5,0
	 

	port
	 
	 
	port
	2,253
	 
	 
	port
	1,990
	 
	-11,7
	 

	suom
	 
	 
	suom
	1,765
	 
	 
	suom
	1,889
	 
	7,0
	 

	sver
	 
	 
	sver
	3,228
	 
	 
	sver
	2,639
	 
	-18,2
	 

	 
	 
	 
	
	89,415
	 
	 
	
	87,532
	 
	-2,1
	 


Parameter re-estimation for the calibration of farm-group models

The last step entails the calibration of a subset of the parameters. Calibration is used when information is lacking or is insufficiently reliable. The subset of calibrated parameters includes some of the parameters defining animal feed requirements, lifespan of certain cattle categories, grassland yields, and maximal crop area shares. The calibration procedure is a combination of Monte-Carlo and gradient methods in order to minimize the difference between the observed data for each farm-group k, 
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. The calibration based on FADN-1997 and FADN-2002 highlights the capacity of the mathematical programming’s normative approach (normative in the sense of physical realism and rational economic behaviour) to produce results close to the “reality” reflected in the FADN data (see Table 7).

Table 6: Farm numbers estimated using FADN data
	MS
	 
	 
	V1 (1000 farms)
	 
	 
	V2 (1000 farms)
	 
	 (%)
	 

	belg
	 
	 
	belg
	36,494
	 
	 
	belg
	33,770
	 
	-7,5
	 

	dani
	 
	 
	dani
	48,232
	 
	 
	dani
	43,591
	 
	-9,6
	 

	deut
	 
	 
	deut
	255,510
	 
	 
	deu1
	121,701
	 
	-19,8
	 

	
	 
	 
	 
	 
	 
	 
	deu2
	83,241
	 
	
	 

	ella
	 
	 
	ella
	273,391
	 
	 
	ella
	198,101
	 
	-27,5
	 

	espa
	 
	 
	espa
	302,058
	 
	 
	esp1
	200,539
	 
	9,2
	 

	
	 
	 
	 
	 
	 
	 
	esp2
	129,420
	 
	
	 

	fran
	 
	 
	fra1
	184,019
	 
	 
	fra1
	179,372
	 
	-3,4
	 

	
	 
	 
	fra2
	136,173
	 
	 
	fra2
	134,533
	 
	
	 

	gbre
	 
	 
	gbre
	123,538
	 
	 
	gbre
	118,225
	 
	-4,3
	 

	irla
	 
	 
	irla
	128,737
	 
	 
	irla
	76,910
	 
	-40,3
	 

	ital
	 
	 
	ita1
	250,229
	 
	 
	ita1
	114,999
	 
	-37,3
	 

	
	 
	 
	ita2
	346,347
	 
	 
	ita2
	125,588
	 
	
	 

	
	 
	 
	 
	 
	 
	 
	ita3
	133,362
	 
	
	 

	luxe
	 
	 
	luxe
	1,523
	 
	 
	luxe
	1,640
	 
	7,7
	 

	nede
	 
	 
	nede
	65,351
	 
	 
	nede
	51,296
	 
	-21,5
	 

	osto
	 
	 
	osto
	79,280
	 
	 
	osto
	74,090
	 
	-6,5
	 

	port
	 
	 
	port
	208,832
	 
	 
	port
	78,979
	 
	-62,2
	 

	suom
	 
	 
	suom
	49,294
	 
	 
	suom
	42,887
	 
	-13,0
	 

	sver
	 
	 
	sver
	38,021
	 
	 
	sver
	39,000
	 
	2,6
	 

	 
	 
	 
	
	2527,029
	 
	 
	
	1981,244
	 
	-21,6
	 


Implementation of policy tools in AROPAj
The evaluation of the effects of the new CAP reform ought to require only a minor modification in the AROPAj model. However the new version of AROPAj has required, preliminarily, to re-write most of the command language instructions used to implement the maximization programmes with a new software (GAMS). The possibility of multiple combinations of policy tools has been retained so that the major part of CAP tools is inserted into the model. For a large part, modules dedicated to CAP require binary variables that increase substantively the running time. However, the software used renders the model user friendly.

Implementation of the CAP Reform by Member States 

How should Member States compute decoupled aid?

The CAP reform provides MS with two options for decoupling: a historic, individual scheme or a regional scheme. For both options, the basis for decoupled payments is the average of subsidy receipts for the 3–year period, 2000, 2001 and 2002, for crops, beef and sheep payments. However, the method of computation depends on a particular scheme. 
Table 7: Comparison between FADN and calibrated AROPAj
	Land use (M ha)
	V1
	V2

	
	FADN 1997
	 
	AROPAj
	FADN 2002
	 
	AROPAj (partial)

	 
	 
	 
	 
	 
	 
	 

	Durum wheat 
	2,490
	
	2,661
	2,897
	
	2,920

	Soft  wheat
	13,117
	
	12,774
	13,613
	
	12,095

	Barleys 
	12,084
	
	10,793
	10,600
	
	9,285

	Oat
	1,476
	
	2,026
	1,560
	
	1,981

	Others cereals 
	0,807
	
	1,691
	1,083
	
	1,992

	Rye 
	1,324
	
	2,087
	1,020
	
	1,565

	Rice  
	0,334
	
	0,215
	0,353
	
	0,145

	Grain maize 
	3,537
	
	4,566
	3,790
	
	4,638

	Sugar beet 
	2,064
	
	2,056
	1,925
	
	1,970

	Rapeseed 
	2,665
	
	2,077
	2,805
	
	1,780

	Sunflower 
	2,013
	
	0,784
	1,385
	
	0,958

	Soja 
	0,389
	
	0,187
	0,216
	
	0,122

	Other protein crops 
	0,137
	
	0,272
	0,051
	
	0,140

	Dry legumes  
	1,345
	
	3,265
	
	
	

	 
	 
	
	
	
	
	

	Fallows 
	 
	
	0,390
	
	
	0,405

	Subsidied set aside 
	 
	
	5,788
	
	
	6,115

	Estimated set aside  
	5,178
	
	
	6,409
	
	

	 
	 
	
	
	
	
	

	Potatoes 
	1,058
	
	2,867
	1,108
	
	2,656

	Forage peas 
	0,800
	
	0,629
	0,801
	
	0,464

	Forage beet 
	0,143
	
	0,130
	0,083
	
	0,061

	Silage maize 
	3,990
	
	3,439
	3,688
	
	4,668

	Other protein forage 
	6,772
	
	4,194
	7,511
	
	4,431

	Permanent pastures 
	24,083
	
	24,501
	24,099
	
	25,638

	Other pastures 
	3,609
	
	2,019
	2,535
	
	1,585

	 
	 
	 
	 
	 
	 
	 

	Total
	89,415
	 
	89,410
	87,532
	 
	85,615


For the historic scheme, the acreage for this reference period determines the number of entitlements. The value of the Single Farm Payment (SFP) is computed as the average of subsidy receipts divided by the number of entitlements (SPE). The acreages taken into account during the reference period are cereals, oil crops, protein crops, linseed, rice, grain legumes, starch potatoes, dry fodder, seeds and animal forage land. For set aside land, entitlements are computed on the average acreage.
The other option for decoupling is the regional scheme. In this case, the value of the entitlement is the same by hectare, computed as an average by region. The MS having chosen this option have adopted a hybrid model for a transition period to mitigate revenue reductions for farmers. The hybrid models are either static or dynamic, and in both cases they combine SFP payments with a pure regionalisation model. The static models do not modify the given combination over time whereas the dynamic ones evolve towards a pure regionalisation model. 

Total or partial decoupling, options for partial recoupling

Full decoupling of beef production is one of a number of options that are available at the Member State level. The other two options are to: either retain up to 100% of the suckler cow premium, 100% of the slaughter premium for calves and 40% of the slaughter premium for non calves (the choice in Belgium, Spain, France, Netherlands, Austria and Portugal) or, retain up to 75% of the special beef premium and 100% of the slaughter premium (the choice in Denmark and Sweden).
For crops, the intervention price remains unchanged. Apart from full decoupling, the options are to either retain up to 25% of the arable crop payments in the coupled form (apart from set aside payment) (the choice in France and Spain) or, retain up to 40% of the durum wheat payment in coupled form.
For sheep, apart from full decoupling, the option available is to continue up to 50% of the ewe premium (the choice in Denmark, Spain and France). See Table 8 below.

As of 2005, the new dairy payment can be part of the single farm payment.

Table 8: Member States decoupling choices
	
	Full decoupling
	Partial decoupling*

	Historic
	Ireland, Scotland, Wales
	Austria, Belgium, France, Greece, Italy, Netherlands, Portugal, Spain

	Hybrid
	Static
	Luxembourg
	Denmark, Northern Ireland

	
	Dynamic
	Germany, England
	Finland


(*) Crops not taken into account: cotton, hops, tobacco
Technical implementation in AROPAj and expected results

Mathematical programming models make it possible to compute SFP and SPE as well as compare farmers’ gross margins before and after the reform. 
The computation of individual or regional decoupled payments in the AROPAj model is based on the results obtained using the Agenda 2000 policy as input. In the model, the single year of simulation is representative of the 3-year reference period. The prior AROPAj supports have been broken down according to different items related to possible decoupling combinations:
1. Basic support for cereals, oilseeds and proteins;

2. Specific support for durum wheat and specific support for proteins;

3. Set-aside support;

4. Extensification support related to livestock; 

5. Support for milk;

6. Support for ovine, caprine, and generally for “small” herds;

7. Support for suckler cows;

8. Support for male bovine; and,

9. Other supports, possibly excluded from decoupling (taxes, sugar regime, etc.). 
The decoupling reform as modelled with AROPAj is subject to the structure of the model, based on FADN regions and farm groups. Thus, it is possible to compute single farm payment for each farm group, or unique regional entitlement. 
Table 9: Synthetic economic results on national average farm groups

	MS
	farm number (1000)
	gross margin / farm (k€)
	feoga / farm (k€)
	Feoga / ha (k€/ha)

	Belg
	36,5
	27,4
	13,1
	0,353

	Dani
	48,2
	39,2
	17,0
	0,348

	Deut
	255,5
	79,5
	19,4
	0,337

	Ella
	273,4
	8,5
	3,0
	0,578

	Espa
	302,1
	23,6
	9,0
	0,230

	Fran
	320,2
	55,1
	22,9
	0,319

	Gbre
	123,5
	80,2
	26,5
	0,288

	Irla
	128,7
	19,5
	9,1
	0,291

	Ital
	596,6
	17,3
	4,8
	0,347

	Luxe
	1,5
	52,4
	14,5
	0,213

	need
	65,4
	59,8
	14,0
	0,489

	Osto
	79,3
	21,7
	7,7
	0,325

	Port
	208,8
	7,6
	2,7
	0,248

	Suom
	49,3
	29,4
	8,0
	0,225

	Sver
	38,0
	56,7
	17,2
	0,203

	EU
	2527,0
	33,2
	10,9
	0,309


Some support measures of the Agenda 2000 policy reform are currently not in the model. The main reason is due to the general lack of data. The FADN dataset does not supply information about product destination. For example, it does not distinguish between animals slaughtered and animals sold. Consequently, neither does the model, so the slaughter premia cannot be taken into account by AROPAj. Nevertheless, the total European budget devoted to agricultural policy is represented well.
The regionalisation option can be implemented without any difficulty in the AROPAj model in the cases where the regions in that option correspond to FADN regions upon which the AROPAj model is based (that is the case for Germany). Otherwise, some hypotheses are necessary about what part of a FADN region a farm-group belongs to (that is the case for England). 
Two runs of the model are necessary to take into account decoupling. The first one makes it possible to compute decoupled payments. The second one makes it possible to measure CAP reform effects on productions and revenues. Whereas the recoupled payments had an influence on farmers’ decisions in the model, the introduction of the computed decoupled payments does not modify the options chosen by farmers within the model.
The results shown in Table 9 are based on the “V1_2001” version of AROPAj using the FADN-1997 data. The CAP reference is Agenda 2000, and parameters varied according to the simulations (mainly concerning livestock adjustment when its maximum variation did not exceed +/- 15%). The Table contrasts the average gross margins per farm and average subsidies per farm and per hectare for 15 MS of the EU. These numbers, showing the situation before the Luxemburg reform, serve as a benchmark for the analysis in section 4.
New Member States

In 2004, farmers in New Member States (NMS) were entitled to a payment of 25% of the UE-15 rate, rising to 100% in 2013 of the then applicable rate. 
The NMS had the choice of applying the EU’s scheme for agricultural support from the date of accession or opting for a simplified area payment scheme (SAPS). Most of NMS opted for the simplified scheme. The simplified area payment scheme lasts for 3 years (extendable to 5), after which the regionalised SPS will apply. The SAPS is a simplified scheme, motivated by the concern that the NMS would have neither the necessary data nor administrative capacity to implement the old scheme on first entering the EU.
The basic idea is that the NMS’s entitlement (based on the base areas, reference yields, quotas, etc., written into the Accession Treaty) would be paid at a uniform rate per hectare of agricultural land.
How would NMS be included in the model? It should be “sufficient” to have the FADN available in a format compatible with the data delivered by the DG-AGRI (FADN-2002) for the MS EU-15. Then the data-processing tools developed for the different steps of AROPAj would apply. For other extensions developed around the economic model, it could be more difficult to directly apply the process. Nevertheless, these difficulties should be attenuated with extended data bases devoted to physical indicators, and a lot of data exist already (on soil, climate, and phenology).
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Overview of the Farm Group Model FARMIS
Bernd Kuepker, Frank Offermann, Alexander Gocht, Werner Kleinhanss 

Introduction

Within GENEDEC several farm sector models are being applied to assess the impacts of the 2003 CAP Reform itself and alternative decoupling options. FARMIS is the model developed and used by FAL. As farm sector models such as FARMIS generally comprise a significant degree of complexity it is essential for the successful cooperation in an international project like GENDEDEC to spread knowledge about the models used by the partners. This paper therefore describes FARMIS. First, a general description of the methodology of FARMIS is given; second, the latest model refinements which have been added in the context of the project are highlighted. 

Model description

FARMIS is a comparative-static process-analytical programming model based on FADN data, with individual farm data being aggregated to farm groups. The core of FARMIS is a standard optimisation matrix which, in its current version, contains 27 main activities of crop and 15 activities of livestock production (see Table 1). The matrix restrictions cover the areas of feeding (energy and nutrient requirements, calibrated feed rations), intermediate use of young stock, fertiliser use (organic and mineral), labour (seasonally differentiated), crop rotations, and institutional restraints (e.g. set-aside, quotas). The key characteristics of FARMIS are (Jacobs 1998; Osterburg et al. 2001; Bertelsmeier et al. 2003; Bertelsmeier, 2005):
· Improved aggregation factors allow a representation of the sector’s production and income indicators (Osterburg et al, 2001).
· Input/Output coefficients of all activities are consistent with information from farm accounts.
· A Positive Mathematical Programming procedure is used to calibrate the model to the observed base year levels.
FARMIS is regularly used for policy advice to the German Federal Ministry of Consumer Protection, Food and Agriculture (e.g. Kleinhanss et al. 2004a; Kleinhanss et al. 2004b; Offermann et al. 2003).

Data base, stratification and aggregation

Within the research projects GENDEC and EDIM (European Dairy Industry Model), FARMIS has been extended to other EU Member States using the EU-FADN as the main data source. Now, it is able to use national FADN data as well as EU-FADN data. The national FADN includes farm accounting data of about 11000 farms with roughly 8500 different variables and is available from the financial year 1994/95 onwards. FADN data for EU-15 are available from 1997 to 2003, including 1866 variables for the years 1997 to 1999 and 2650 variables from 2000 onwards. 
Stratification

FARMIS uses farm groups rather than single farms to ensure confidentiality of individual farm data but also to increase manageability and to increase the robustness of the modelling system in face of data errors which may exist in individual cases. Homogenous farm groups are generated by aggregation of single farm data. Standard stratification criteria for the establishment of farm groups are region, farm type (arable crops, milk, grazing livestock, pigs and poultry, permanent crops, and horticulture) and farm size (criteria for size depend on farm type, e.g. size of field crop farms refers to ha of used agricultural area (UAA)). Generally, stratification of farm groups is flexible and can be adjusted depending on the specific policy to be analysed. The current stratification used for policy impact analysis in Germany is based on 434 farm groups. For the generation of the FARMIS model, usually data for at least two consecutive years are used in order to enhance the stability and significance of the results. However, in the case of EU-FADN data this is currently not possible because the statistical data base required for the re-calculation of aggregation factors is not yet available. 
Aggregation 

Currently, in the national and EU-FADN a so-called simple aggregation scheme is used to aggregate farm individual data to the sectoral account. To calculate the simple weighting factors first the farm sample is stratified according to the criteria of region, farm type, and standard farm income. The weighting factors of all farms in each stratification category are then calculated by dividing the number of the farms in the population by the number of farms in the respective category. As other important criteria such as land use and livestock numbers are not considered in the calculation of the weighting factors a projection applying ‘simple’ aggregation factors may result in significant deviations from the statistical frame data with respect to land use and livestock numbers. 

To solve this problem, an improved aggregation scheme has been developed by Jacobs (1998). The object is to find new aggregation factors that are consistent with the statistical frame data, and which are still closely related to the 'simple’ aggregation factors applied within the existing FADN data. The chosen estimation method minimises the cross-entropy (as a measure of informational distance) between the new aggregation factors and the prior information supplied by the 'simple’ aggregation factors, subject to the restriction that the resulting aggregated figures for twelve important variables (such as land use and livestock numbers among others) come close to the known totals. This consistent aggregation scheme allows a better representation of land use and animal production than the 'simple’ aggregation factors. It can also be concluded that total production, inputs and subsidies are represented much better as well (Osterburg et al 2001). 
Generation and calibration of input and output coefficients

Part of the information needed to define the coefficients for the activity-based optimisation matrix is directly available from the farm accounts, e.g. production levels, physical yields and corresponding output prices. Activity-specific input coefficients however generally need to be generated as the relevant information in the farm accounts is aggregated. To this end, in the first step input coefficients like fertiliser use, fodder requirements and machinery usage are based on a normative approach; that is, using information from farm management handbooks, the use of input factors of each process is determined either in relation to yields (e.g. input of feed or fertiliser) or in relation to structural characteristics (e.g. use of machinery). In a second step these normative input coefficients are adjusted according to corresponding monetary values in the accounting data of the respective farm group. This is trivial in cases of single inputs and corresponding farm accounting data, resulting in a simple correction factor. The consistency problem gets more complex when more coefficients have to be matched with a single account. It is especially complex if coefficients, which are used in the model, are in physical units, like fodder or fertiliser, and data provided in the farm account is of monetary nature. 

Example: Input-output coefficients for fertilizer

Fertiliser coefficients reveal an example for a rather complex estimation problem for consistent input/output coefficients. Based on the given value of yields, livestock number and mineral fertiliser expenses in total, the unknown fertiliser requirement of crops, the effective (plant usable) fertiliser supply in manure and the mineral fertiliser prices need to be established for each farm group. In FARMIS, a Generalised Cross Entropy formulation (Golan et al. 1996) is used for this estimation, which allows inclusion of prior information about the unknown parameters. Support points for the parameters are centred around expectation values. The expected values are calculated based on farm accounts and normative data, for example the expected value of fertiliser need of crops is calculated based on yield dependent fertiliser need functions. The spread of support points is restricting the results to plausible values. Confidence in the supports can be reflected by placing almost all the mass of the priors at the points nearest to the centre (Golan et al. 1996) for relatively well trusted normatively estimated data like fertiliser prices, and spreading the mass more uniformly for parameters like nutrient availability in organic manure. 
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k = 

index on support points

f = 

index on fertilisers (nitrogen, phosphorus, potassium, lime)

PURf = 
purchase of mineral fertilisers

Pf = 

Prices of fertilisers

Nf = 

fertiliser need of crops

Of = 
nutrients in organic manure

FCOST = 
total expenditure for mineral fertilisers (as provided from farm account)

SOf,k, SNf,k, SPf,k = 
support points available nutrients in manure, fertiliser need of crops, fertiliser prices

pOf,k, pNf,k, pPf,k = 
posterior probabilities

qOf,k, qNf,k, qPf,k = 
a-priori probabilities

The relation of estimated and expected parameter values is then used to correct the normative values to get consistent prices and activity-specific input/output coefficients for fertiliser nutrients. A similar approach is applied for the estimation of feed rations consistent with livestock nutrient requirements, on-farm fodder growing and feed expenditures from the farm accounts.

Model calibration and scenario analysis

A Positive Mathematical Programming (PMP) procedure is used to calibrate the model to the observed base year levels, with non-linear terms standardised to external elasticities. In the linear part of the objective function, farm income minus (opportunity) costs for land and labour as well as the interest on borrowed capital are maximised. Farm income here refers to net value added as costs of fixed factors have to be convered irrespective of whether they are owned by the farmer or not.

The policy simulation process (ex ante analysis) proceeds in two steps. In the first step a reference scenario is established for a target year in the future, usually assuming that the present agricultural policy will continue. Furthermore, estimates on changes in general farm structure (i.e. distribution of farm size classes) and technical progress are used as external model inputs. This is especially relevant to the development of yields in crop and livestock production and monetary coefficients, e.g., input and output prices. The estimation of the future development of natural yields due to technical progress is based on time series analysis which provides annual growth rates. The development of producer prices for agricultural products is often defined by the policy framework of the reference scenario and complemented by price forecasts of other models or expert estimations.
In the second step, alternative policy measures are specified through additional activities and restrictions or changes to matrix coefficients. The outcome of the optimisation can be compared to the result of the reference scenario and allows one to derive statements on the impacts of different policy measures. 

Modelling transfers of land and milk quota

In line with the current policy regimes in the dairy sector, an exchange of milk quota between farms via quota trade has been integrated with the model to improve the estimation of supply effects (Bertelsmeier 2005). The milk quota market is implemented as rental market where farm groups act in defined trading zones. In Germany, these trading zones are generally based on NUTS I level and in some cases on NUTS II level. The marginal rate of return of milk production, compared to the quota price, is the decision criterion to lease in or to lease out milk quota. In the model, the existing equation restricting milk production 
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 (Equation 1). The sum of the activities leasing in and leasing out must be in balance to ensure that the quota available in the trading zone is not exceeded (Equation 2).
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For the calibration step, the milk quota prices are exogenous and derived from the regional purchase prices for milk quota observed at the regional quota auctions in Germany. In the base year run of the calibrated non-linear model, the shadow prices of the balance restrictions then equal these quota prices. 
In the projection part of the model, either a simultaneous or an iterative optimisation of the farm groups is used for modelling quota trade in the target year, depending on the number of farm groups that have to be optimised in a trading zone. The simultaneous optimisation used for small trading zones (NUTS II) allows direct competition of farm groups for available quota in a defined region. The equilibrium price equals the shadow price 
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of the regional balance restriction (see Equation 2). For computational reasons, the iterative procedure is used when trading regions are large. Following the underlying algorithm, an adjustment of the quota price is made, after an iteration, depending on the ratio of used quota to total regional quota, until milk production equals the regional quota (unless the quota price is zero if the quota is not fully utilised).
The transfer of land in a leasing market, differentiated between grassland and arable land, as well as the transfer of premia entitlements were implemented into the model in an analogous manner (Bertelsmeier 2005). Farm groups compete simultaneously for the respective resources in a production region based on NUTS II level. Therefore, in the model the land restriction was extended and an equation to balance the regional trade of land is introduced (Equation 3). The total of all leasing activities 
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 are interpreted as regional rental prices. Rental prices are calibrated to the observed factor prices of the base year.
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(3)
m = Indices farm groups; l= indices of land type (grassland or arable land)

Clearly, land trade in FARMIS is a stylised and very simplified way of modelling the land market, based on the changes of the marginal rate of return of land (grassland and arable land) under different policy options. Further extensions to account for different soil qualities and the farm-field distances can improve the modelling of the land market, but it should be acknowledged that this market is very complex and not all aspects can be implemented in this type of model.

Future tasks and accomplishments

The GENEDEC modellers have agreed (se chapter V) to implement several strategies to harmonise their modelling approaches by doing the following:
· FADN data will be the primary data source

· All models will use a common base year

· For aggregation simple weighting factors will be used

· GAMS will be used as programming language 

· Projections will be done based on common scenario definitions

FAL is currently adjusting the model to meet the requirements of the project. Some of these enhancements have already been accomplished: The model was rewritten, to be able to handle the German FADN data as well as the EU-FADN. In this context the remaining modules which were written in FORTRAN were converted to GAMS. In addition to the enhancements agreed with the project partners, FAL introduced several other innovations. The innovations that have been implemented already are described in more detail:

Extension of the model to the EU-FADN database

The FARMIS modelling system was enhanced to work with several data bases, namely EU-FADN and national FADN. The basic concept for this exercise is to have a generic model, irrespective of the data base used, based on common definitions of sets, variables and parameters. The main interface comprises a data base specific programme, translating the raw data to basic model input data. However, optional interfaces also exist at different later stages of the modelling system, allowing data base specific modelling if desired by the user (Figure 1). The close similarity of the data base of the original model, German FADN, and EU-FADN, is facilitating a stepwise broadening of the detailed national farm level model to the EU. Calculation routines and external (a-priori) information from the German model can be adapted and used for other countries until better information becomes available. 

In order to ensure a convenient data handling of the German FADN data as well as the EU-FADN, data were structured and organized within a relational Structered Query Language (SQL) Database, which serves as the main source for the farm model. Additional data such as regional vectors or sectoral information were added to the SQL structure to be consistent with the farm group structure. A server is utilised for the database, which guarantees fast and secure data exchange. To meet the challenge of extending the FARMIS model toward the EU an aggregation program was developed to group farms and generate include files for the model (Gocht 2004). To improve the quality of the aggregation, the program can handle multiple years and identify identical farms. If more than one year is used, weighting factors for each farm group are adjusted to the decreasing population in the FADN database. 

Price adjustment for young animals

FARMIS does not restrict the use of intermediate products, such as heifers and calves, to the respective amount produced within the farm group because such a restriction would suggest that young animals cannot be traded between individual farms. In previous assessments no restriction on total national net trade of the respective products was implemented, implicitly assuming that young animals can be internationally traded at fixed prices and trade flows would adjust to the changes in the modelled national demand and supply. However, this in some cases led to implausible results. To solve the problem, an iterative algorithm was developed that adjusts the prices of young animals in order to meet the national trade balances of young animals in the base year, generating a new ‘national equilibrium’ price. The algorithm is described in detail in Kuepker et al (2005). By fixing the national balances of young animals to the observed base year values; it is now implicitly assumed that no changes of international trade flows take place. This assumption still does not perfectly reflect reality as the respective trade balances between EU Member States may adjust in the future especially with the different degrees of decoupling in the national beef sectors. Future model developments will aim at balancing young animals at the EU level or at least across several (neighbouring) countries.

Extension of cattle activities

The Luxembourg agreement and the recent CAP reform of the dairy sector will have significant implications for cattle production. To be able to model the respective changes in production in detail, the livestock matrix was extended to better represent male and female cattle of different age groups by type of use and breed (i.e. dairy cows, their followers, suckler cows and suckler followers). Based on the accounts in the FADN database 14 activities of cattle production are distinguished (milk production, suckler cows, cull cow fattening, raising or fattening of young dairy and beef cattle in different age classes, bull fattening in different intensities and breeds). As the FADN accounts do not differentiate between breeds (beef breed or dairy breed) and sex (male and female) for all age classes, an algorithm is developed to separate and map the cattle accounts to each activity.
Summary

In this paper the general structure of farm group model FARMIS and recent model enhancements are described. It is emphasised on methodological framework, data base, stratification, input/output coefficient generation, scenario analysis and the implementation of rental markets for milk quota and land. Furthermore, recent model developments such as the extension of the model towards other Member States, the further differentiation of cattle activities and the introduction of an algorithm to adjust the prices of young animals are illustrated.

Figure 1: Structure of an extended FARMIS allowing use of different data bases
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[image: image357.wmf]´


The TEAGASC Model

Shailesh Shrestha and Thia Hennessy,

Background

Before the commencement of the GENEDEC project, Teagasc operated a set of linear programming representative farm models for the purpose of policy analysis, known as the FAPRI-Ireland and they were 10 year multi-period profit maximisation farm level models for eight representative farms. Representative farms were identified from Irish National Farm Survey data using cluster analysis. Farms were clustered according to Day’s selection criteria for representative farms, that is, technological pecunious proportionality and institutional proportionality. For the purposes of the GENEDEC project a number of fundamental changes to the FAPRI-Ireland farm level models were required. These changes were

1. the GENEDEC project requires that the farm models have some regional dimension, the FAPRI-Ireland farm level models did not have a regional indicators;
2. the GENDEC project requires that all models are written in GAMS, the FAPRI-Ireland farm level models were written in Excel and solved in LINDO;
3.  it was agreed that 2002 FADN data would be used in all farm models, therefore the Irish models needed to be updated; and,
4. the FAPRI-Ireland farm level models did not contain much information on production systems and focussed mostly on allocation decisions, to inform the environmental analysis package in GENEDEC, it was felt that a greater specification on production systems would be needed. 

Given the changes required to the FAPRI-Ireland farm level models for the GENEDEC, it was decided that it would be more efficient to specify a new Teagasc model for the GENEDEC project. 

Model Overview

The new Teagasc model is a farm level dynamic linear programming model constructed in GAMS. It runs for a 16-year time frame starting at year 2002 which is termed as the base year “y0”. The model is an optimising model maximising gross margin at a farm level over the 16 years. Dynamic model is chosen for this study to capture the dynamism of agricultural system, for instance a dairy cycle or a crop rotation is better portraited in a dynamic rather than a static model. The model consists of two production systems, a livestock system and an arable system. These systems are constrained under different limiting resources such as land, labour, feed and policy constraints (milk quota, payment restrictions etc.), as described in later sections of this paper.

Farm types
The Irish National Farm Survey data for 2002 provides the baseline farm level data for the model. Data from 1175 farms are available in this dataset. In the survey data, information about the regions and systems of farms is available. Farms are separated according to the SYSTEMS (dairy, beef, tillage and sheep), a system being the most important enterprise on the farm as measured by standard gross margins, and then to the NUTS III REGIONS where the farms are located (Table 1). 
Table1: Number of observed farms in separate farm systems in each region (regional weight factor is provided in parenthesis)

	Regions
	Dairy
	Cattle
	Sheep
	Tillage

	Border (R1)
	57 (3681.80)
	91(12368.17)
	27(4208.29)
	25 (335.44)

	East (R3)
	54 (1390.29)
	21(2508.00)
	21(1572.00)
	24 (767.67)

	Midlands (R4)
	39 (2138.96).
	59 (6735.50)
	7 (772.00)
	10 (722.50)

	MidWest(R5)
	62 (4586.85)
	75 (8111.00)
	2 (81.00)
	0

	SouthEast(R6)
	98 (5556.12)
	27 (3636.00)
	16 (1455.00)
	38 (2355.87)

	SouthWest(R7)
	147 (8795.67)
	47 (5763.5)
	17 (1747.00)     
	7 (1014.00)

	West(R8)
	28 (2477.00)
	125 (16160.1)
	37(6737.94)
	0


A cluster analysis was carried out on each farm system to put them in smaller groups of similar characteristics (Table 2). The advantage of using a cluster analysis to determine farm types is that it is not restricted to one variable such as farm size but also considers a number of variables which are relevant to a particular farm type. An example of a farm group is provided in Table 3 at the end of this paper. Once the clustering process was completed, some farms were reshuffled to make each farm group consisting at least 15 farms. Care was taken in reshuffling farm groups by moving those farms only which were closer in characteristics to the receiving farm group. Some farms that formed groups with less than 15 farms and did not resemble with any other groups were excluded (see appendix 1). The mean values of different farm parameters from each farm group are used in the model, so that a synthetic average farm is modelled rather than an actual median farm. 

Table 2: Farm types and numbers in different regions

	R1
	R3
	R4
	R5
	R6
	R7
	R8

	DairyI

DairyII

DairyIII

CattleI

CattleII

CattleIII

CattleIV

CattleV

Sheep I

Tillage I
	DairyI

DairyII

DairyIII

Cattle I

Sheep I

Tillage I
	DairyI

DairyII

CattleI

CattleII

CattleIII
	DairyI

DairyII

CattleI

CattleII

CattleIII
	DairyI

DairyII

DairyIII

Cattle I

Sheep I

Tillage I

Tillage II
	DairyI

DairyII

DairyIII

DairyIV

Cattle I

CattleII
	Dairy I

CattleI

CattleII

CattleIII

Sheep I

Sheep II


Model description

As stated earlier, the model is a farm level dynamic linear programming model. The model maximises farm level gross margin (z) for a region with f farms within the constraint of limiting resources Rf .  The general form of the model is;

Max  z  =  Σ [(pf * xf) – (cf * xf)]
s.t.     Af * xf  ( Rf
 
xf (0

where, xf is the farm activities for farm type f, pf is returns and cf is costs incurred for xf activity, Af is an input – output coefficient for activity xf. 

The base year output prices and input costs used in the model are calculated as the mean prices received and costs paid by all farms in the relevant farm group. These prices and costs are then projected forward for the next 15 years using projections produced by the FAPRI-Ireland model. Some exogenous variables are taken from the literature; such as calving rate, survival rate, labour requirement, crop yields, feed requirements (including requirements of energy and protein and dry matter intake). The input-output co-efficients are also the mean values recorded by the farm survey in the base year. These co-efficients are assumed to remain unchanged through the projection period. 

The model is divided into six different components: land, livestock, arable crops, feed, milk and labour.

Land

In the base year the total land available to a farm is comprised of owned and rented land excluding land that is let out. Total land is divided into grassland and arable land. Grassland is further divided into permanent grassland, grazing land and land for grass silage production. A maximum of 50% grassland is allowed into silage production (based on an expert opinion). All types of animals except sheep can be turned out on grazing land and sheep are restricted to permanent grassland only. 

Land transfer between farm types in a region is allowed so that farms can rent in or let out land to other farms in the model. To achieve this, rent in land is constrained to a maximum of total let out land available in other farms within that region. Farms can let out land which is constrained to a maximum of 10% of farm’s own land (this constraint is used to make the model feasible). Arable land can transfer to grassland from one land type to another but not vice versa, although the permissibility of this in certain policy scenarios must be explored. Permanent grassland is not allowed to enter into land transfer. 

Livestock 

The animal number allowed on a farm is constrained under a stocking rate (livestock unit / ha grazing land) which is derived from the baseline data. Animals are specified as index “a” in the model. There are 9 types of animals depending upon the type and age groups. The number of animals present on the farm in the base year “y0” is based on the farm survey data. After that, animal numbers in the subsequent years depend on newborn animals and the number of animals bought and sold. The number of animals in an age group “a” in year “t” also depends upon the number of animals in age group “a-1” in the previous year “t-1”. It is assumed that dairy animals have a 5-year dairy cycle so that a dairy animal is replaced after every 5 years of lactation.  For the baseline scenario, the model also includes premium payments such as special beef premiums associated with different animal age groups.

Arable crops

Arable crops are indexed as “c” and there are eight types of common crops, including set aside, used in the model. These crops are taken from the baseline data.  To be eligible for area payment, a minimum of 5% of arable area is allocated to set aside which can go up to a maximum of 25% (voluntary set aside).

Feed

Feed, indexed as “b”, is divided into three types (fresh grass, grass silage and concentrate). Fresh grass and grass silage are produced on the farm but concentrate feed has to be bought. The use of different feed types on a farm depends upon animal number in different categories on that farm, their requirement for energy, protein and dry matter intake and also to the energy, protein and dry matter content in each type of feed. Animal requirements for energy, protein and dry matter as well as the feed contents are taken from the literature. Rate of concentrate use in feed for each of the animal types is calculated from the survey data and used as a minimum level that must be used to maintain milk yield. 

Milk production

Milk production on a farm is constrained to the number of dairy animals, milk yield per cow and total milk quota owned by the farm. Total milk quota owned by the farmer is fixed and equals the total milk sold in the base year. However, farms are allowed to trade quota (renting in and leasing out) within a region. A farm can rent in quota only if milk quota has been leased out in other farms. Although leasing activity of quota is included, quota restructuring (i.e., quota sold by those who are quitting dairy production) and reallocation of unused quota is not considered in the model. Variation in milk production and price due to seasonality (autumn and spring calving) has also not been considered. 

Labour 

Farm labour is differentiated into family labour and paid labour. Farm labour is designated only to livestock as arable crop and silage productions are contracted in on the farm. The labour requirement for each farm activity is taken from average requirements published in the Irish farm management literature. 

Gross Margins

The objective function of the model is to maximise regional gross margin (z) which is an accumulated gross margins of individual farm types over 16 years within that region. 

Z      =         (              (dgmfy + bgmfy+ sgmfy + cgmfy) 

          f=1,2,…… ; y=1,2…..15

where, 
dgmfy  
= dairy gross margin on farm type f in year y

       

bgmfy   = beef gross margin on farm type f in year y

sgmfy 
= sheep gross margin on farm type f in year y

cgmfy 
= arable crop gross margin on farm type f in year y

Each of the gross margins is calculated by taking account of all the selling and purchasing activities, input costs and special payments. Special payments include all the premiums received by a farm in the base year.

The average value for different farm parameters in each of the farm types are placed in different input files (Excel files) which are imported to GAMS. This suggests that each of the farm types have different parameter values. However, these farm types are linked together through land and milk quota transfer activities and limits the transfer activities within regional boundaries.

All direct payments received by a farm group in 2002 are included in the model. Payments which were not received by a group in the base year (for example; area payments in DairyI-Region1) are also made available in the model so that arable crop production if started, will automatically include area payment on farms. In the baseline scenario, all payments are assumed to be coupled throughout the time frame of the model. For the single farm payment scenario, single payments are based on the payments received in 2002, while it is more accurate to estimate the single payment as the average of 2000, 2001 and 2002 it is more difficult as then a matched sample must be used and the number of observations available is much lower due to the attrition of the sample. The requirements of cross compliance under the Luxembourg Agreement have not yet been factored into the model, as we are awaiting a decision of all partners on how this issue will be modelled. In Ireland, the single payment is completely decoupled from production but it still linked to land. Therefore in the decoupling scenario, the single payment is specified as a land using activity that attracts an exogenously estimated payment per hectare but this activity is not linked to the production of any tangible product. Price and costs projections for the decoupling scenario are also taken from FAPRI-Ireland model.
Table 3: Farm variables in farm group DairyI-Region1 in the base year (2002)

	Variable
	Values

	Land (acre)
	

	           Own land
	43.2

	            Rent land
	5.0

	            Let land
	0

	            Arable land
	0

	             Forage land
	45.4

	Livestock
	

	             Dairy
	20

	             Beef
	5

	             Sheep
	1

	Milk yield (l)
	4109.2

	Milk quota (milk sold) (l)
	78553.6

	Milk price (€/l)
	0.277

	Labour (lab units)
	

	             Family
	1.33

	             Hired
	00


Appendix 1: Farm types in Irish regions

Table 4: Total number of farms and percentage of farms in different systems in Irish regions

	Region
	Number of farms
	
	Percentage of farm number

	
	Total  farms
	Dairy
	Dairy + others
	Cattle rearing
	Cattle + others
	Sheep
	Tillage
	
	Dairy
	Cattle


	Sheep
	Tillage

	1
	200
	41
	16
	66
	25
	27
	25
	
	29
	46
	14
	13

	3
	120
	36
	18
	7
	14
	21
	24
	
	45
	18
	18
	20

	4
	115
	19
	20
	23
	36
	7
	10
	
	34
	51
	6
	9

	5
	139
	44
	18
	47
	28
	2
	0
	
	45
	54
	1
	0

	6
	179
	49
	49
	13
	14
	16
	38
	
	55
	15
	9
	21

	7
	218
	123
	24
	31
	16
	17
	7
	
	67
	22
	8
	3

	8
	190
	18
	10
	79
	46
	37
	0
	
	15
	66
	19
	0


A list of farm groups in each Irish region is provided below. It includes farm types followed by mean farm size and number of farms in that farm type. 

 Farm type   


     Mean farm size

Total farm number

Border – R1 (Louth, Leitrim, Sligo, Cavan, Donegal, Monaghan)*

DairyI-R1 



42acre



15

DairyII-R1 



92 acre



24

DairyIII-R1 



158 acre


17

CattleI-R1



148 acre


 15

CattleII-R1



36 acre



26

CattleIII-R1 



50 acre



 20

CattleIV-R1 



60 acre



 15

CattleV-R1 



100 acre


 15

SheepI-R1 



83 acre



 16

TillageI-R1 



200 acre


 16

Region 3-R3 (Kildare, Meath, Wicklow)*

DairyI-R3 



101 acre


16

DairyII-R3 



146 acre


 23

Dairy III-R3 



267 acre


15

Cattle I –R3



119 acre


16

Sheep I-R3 



123 acre


15

Tillage I-R3 



275 acre


15

Region 4-R4(Laois, Longford, Offaly, Westmeath)*

Dairy I-R4 



123 acre


15

Dairy II-R4 



172 acre


22

Cattle I-R4 



126 acre


20

Cattle II-R4 



68 acre



17

Cattle III-R4 



74 acre



20

Region 5 – R5 (Clare, Limerick, Tipp. N.R.)*

Dairy I-R5 



77 acre



 25

Dairy II-R5 



150 acre


 15

Dairy III-R5 



175 acre


 21

Cattle I-R5 



147 acre


 15

Cattle II-R5 



28 acre



 17

Cattle III-R5 



75 acre



 18

Cattle IV-R5



69 acre



 21

Region 6 – R6 (Carlow, Kilkenny, Wexford, Tipp. S.R., Waterford)*

Dairy I-R6 



69 acre



 22

Dairy II-R6



112 acre


 17

Dairy III-R6



185 acre


 15

Dairy IV-R6 



127 acre


 24

Dairy V-R6



260 acre


 16

Cattle I-R6 



142 acre


 15

Tillage I-R6 



247 acre


 17

Tillage II-R6 



88 acre



 15

Region 7 – R7 (Cork, Kerry)*

Dairy I-R7 



46 acre



 17

Dairy II-R7 



82 acre



 26

Dairy III-R7 



138 acre


 25

Dairy IV-R7 



83 acre



 20

Dairy V-R7 



125 acre


 24

Dairy VI-R7 



204 acre


 27

Cattle I-R7 



50 acre



 21

Cattle II-R7 



78 acre



 19

Region 8 – R8 (Galway, Mayo, Roscommon)*

Dairy I-R8 



87 acre



 23

Cattle I-R8 



136 acre


 15

Cattle II-R8 



33 acre



 39
Cattle III-R8 



62 acre



 20

Cattle IV-R8 



56 acre



 25

Cattle V-R8 



99 acre



 22

Sheep I-R8 



154 acre


 15

Sheep II-R8 



77 acre



 15

*name of counties within a region 

Appendix 2: TEAGASC_model : A Farm level Dynamic LP model

Baseline scenario (Dairy I-Region 1)

Sets

y       
/j0*j15/  

index for years j0 = base year…… j15 = 15th year

a
/ac,ah,ad,aw,ay,abs,ab,al,as/


“a” is an livestock index where female calf (ac), 

heifer (ah), dairy (ad), male calf 0-12m (aw) , male calf 12-18m, sucklers (abs),  beef 18-24m (ab), lamb (al) and ewe (as) are defined
a1(a)    /ac,ah,ad/

“a1” is a subset of “a” including only dairy animals
a2(a)   
/aw,ay,abs, ab/

“a2” is a subset of “a” including only beef animals
a3(a) 
/aw,ay/


“a3” is a subset of “a” including only beef calves
a4(a)
/al,as/


“a4” is a subset of “a” including only sheep

a5(a) /ah,ad,ay,abs,ab/  
“a5” a subset of “a” including only grazing animals
aa1(a5)  /ah,ad/                        a subset of a5 consisting only dairy animals
aa2(a5)  /ay,abs,ab/

a subset of a5 consisting only beef animals

c
/ww, sw, wb, sb, wo, so, osr, sa/
crop index where winter wheat (ww),

spring wheat (sw), winter barley (wb),

spring barley (sb), winter oats (wo), spring oats (so), oil seed rape (osr) and set aside (sa) 

.

b
/fg, fgs, gsil, conc/

“b” is an index for livestock feeds where fresh grass



from temp pasture (fg), fresh grass from permanent
pasture (fgs), grass silage (gsil) and concentrate are defined
 f 
/f1*f10/

index for farm types dairy(f1*f3),cattle 

(f4*f8), sheep(f9) and tillage(f10);
ALIAS (f, ff)

;

*******************************************************************

***************Following code is to import data from excel files**************************

*******************************************************************

PARAMETER

         au(a)           


livestock units(EU)

         ANI(f, a)          


number of livestock in the base year

         lab  (a)        


labour requirement every year for each of the

animal
         pgrass(f)       


land under permanent pasture on a farm
         O_LAND(f)        

land owned in the base year
         R_LAND(f)        

land rented in the base year

         L_LAND(f)        

land let out in the base year

         FLAND(f)        


forage land available

         STR1(f)         


stocking rate on temporary grass

         STR2(f)         


stocking rate on permanent grass (sheep)

         totquot(f)      


total milk sold  (*000)

         liv_data



livestock data 
inputs


         d_prass



land for permanent pasture

         FARM_DATA


farm data inputs
         CRPAID(c)


area payments for crops
         CRPCOST(c)    


cost of contract labour for each crop

         CVARCOST(c)  

crop variable costs including costs of fertiliser

and seeds

         CROP_DATA


crop input data

         milk_yield(f)  


milk yield level for each farm
         flab(f)



family labour available on each farm
         MILK_PRICE(f,y)   

milk price projected over 15 yrs

         LIV_VAR(f,a,y)


livestock variable costs projected over 15 yrs

         MCALF_BPRICE(f,a3,y) 
male calf buying price projected over 15 yr

         MCALF_SPRICE(f,a3,y) 
male calf selling price projected over 15 yr

         FCALF_PRICE(f,y)

female calf price projected over 15 yr

         HEIF_SPRICE(f,y)        
heifer selling price projected over 15 yr
         HEIF_PRICE(f,y)

heifer buying price projected over 15 yr
         DAIRY_PRICE(f,y)

dairy price projected over 15 yr

         BEEF_PRICE(f,y)

beef price projected over 15 yr
         LAMB_BPRICE(f,y)

lamb buying price projected over 15 yr
         LAMB_SPRICE(f,y) 

lamb selling price projected over 15 yr

         EWE_BPRICE(f,y)

ewe buying price projected over 15 yr

         EWE_SPRICE(f,y) 

ewe selling price projected over 15 yr
         CONC_PRICE(f,y) 

price of concentrate feed projected over 15 yr

         LANDRENT_PRICE(f,y) 
land rental price projected over 15 yr

         LANDLET_PRICE(f,y) 
land let out price projected over 15 yr
         LAB_COST(f,y) 

labour rate per hr projected over 15 yr

         CONC_LEV(f,a) 

minimum level of concentrate feed required for

each animal category on each farm

SIL_LEV(f,a) 

minimum level of grass silage feed required for

each animal category on each farm

         ENREQ(a) 


energy requirement of an animal

         PREQ(a)



protein requirement of an animal
         DMI(a)



dry matter intake of an animal
         ENFEED(b)


energy content in feed
         PRFEED(b)


protein content in each feed
         DMFRAC(b)


dry matter fraction of each feed
         FEED_REQ 


feed requirement input data set
         FEED_CONT 


feed content input data set

         COMP(f,y) 


milk compensation payment
         rquotprice(f,y) 


quota rent in price projected over 15 yr
         lquotprice (f,y)


quota let out price projected over 15 yr
         crprev(c,y) 


crop revenue projected over 15 yr

         DISFACT(y)


discounting factor

$CALL GDXXRW.EXE Reg1.xls @gdx_Reg1.txt

$GDXIN Reg1.gdx

$LOAD liv_data

$LOAD ANI

$LOAD d_prass

$LOAD FARM_DATA

$LOAD CROP_DATA

$LOAD MILK_PRICE

$LOAD LIV_VAR

$LOAD MCALF_BPRICE

$LOAD MCALF_SPRICE

$LOAD FCALF_PRICE

$LOAD HEIF_SPRICE

$LOAD HEIF_PRICE

$LOAD DAIRY_PRICE

$LOAD BEEF_PRICE

$LOAD LAMB_BPRICE

$LOAD LAMB_SPRICE

$LOAD EWE_BPRICE

$LOAD EWE_SPRICE

$LOAD CONC_PRICE

$LOAD LANDRENT_PRICE

$LOAD LANDLET_PRICE

$LOAD LAB_COST

$LOAD CONC_LEV

$LOAD SIL_LEV

$LOAD FEED_REQ

$LOAD FEED_CONT

$LOAD COMP

$LOAD rquotprice

$LOAD lquotprice

$LOAD crprev

$GDXIN

;

au(a) = liv_data(a,'lu');

lab(a) = liv_data(a,'lab_req');

O_LAND(f) = FARM_DATA(f,'o_land');

pgrass(f) = d_prass(f,'per_grass');

milk_yield(f) = FARM_DATA(f,'m_yield');

flab(f) = FARM_DATA(f,'f_lab');

STR1(f) = FARM_DATA(f,'str_1');

STR2(f) = FARM_DATA(f,'str_2');

ENREQ(a) = FEED_REQ(a,'en_req');

PREQ(a) = FEED_REQ(a,'p_req');

DMI(a) = FEED_REQ(a,'dmi_req');

ENFEED(b) = FEED_CONT(b,'energy');

PRFEED(b) = FEED_CONT(b,'protein');

DMFRAC(b) = FEED_CONT(b,'dmf');

*CRPREV(c) = CROP_DATA(c,'output');

CRPAID(c) = CROP_DATA(c,'AREAID');

CRPCOST(c) = CROP_DATA(c,'contract');

CVARCOST(c) = CROP_DATA(c,'varcosts');

;

SCALARS

calrate

calving rate                                         

 /0.8/

         
lambrate          lambing rate (from bkl't org calf to beef/sheep....) 
/1.65/

         
survrate        
survival rate of a calf                                 

/0.8/

         
SPBEEF          special beef payment                                    

/150 /

         
SLAP            
slaughter premium                                       

/80/

         
SUCPREM     suckler premium                                         

/224.15/

         
EWEPREM    ewe premium                                             

/21/

         
EXTPREM     extensification premium                                 

/80/

         
GYIELD         total grass yield DMt per ha (Pat Clark)                
/12/

         
SILYIELD      silage yield t per ha (Pat Clark)                       
/5/

         
bcy             
building cost for beef                                          
/0/

        
bcy2                building cost for dairy                                                /0/

         
arable          
arable start up cost                                     

/1000/
 ;

TABLE cropland(f,c)  crop area in the base year
           

 ww     
sw     
wb      
sb     
wo    
so      
osr      sa

    f10         
18.63  
2.53   
7.46   
12.5     3.8   
1.15    
0.5      2.5

Parameter totquot(f)    total milk sold  (*000)

                                 /       f1 78.6

                                         f2 118.6

                                         f3 227.5 /;

  Table liv_switch(f,a2)        animal switch for beef variable costs

                 aw     ay      abs      ab

        f1        1     0.5     1        0.5

        f2        1     0.5     1        0.5

        f3        1     0.5     1        0.5

        f4        1     0.5     1        0.5

        f5        1     0.5     1        0.5

        f6        1     0.5     1        0.5

        f7        1     0.5     1        0.5

        f8        1     0.5     1        0.5

        f9        1     0.5     1        0.5

        f10       1     0.5    1        0.5

 PARAMETER x(f)         sheep grazing switch function
                 /f9 1, f10 1/;

 PARAMETER A_SWITCH(F)  arable land switch
                 /f1 1, f2 1, f3 1, f4 1, f5 1, f6 1, f7 1, f8 1, f9 1/;

 PARAMETER B_SWITCH(F)  beef building cost switch
                 /f1 1, f2 1, f3 1, f9 1, f10 1/;

 PARAMETER D_SWITCH(F)  dairy building cost switch
                 /f4 1, f5 1, f6 1,f7 1, f8 1, f9 1, f10 1/;

 PARAMETER EXT_PAY(f)  extensification payment
         /f4 1, f5 1, f6 1, f8 1, f9 1/;

VARIABLES


         z              
"gross margin" ;

POSITIVE VARIABLES

         tland(f,y)        
total land
         rland(f,y)        
rented land each year
         lland(f,y)        
land let out

         aland(f,y)        
arable land

         gland(f,y)        
grass land

         gfland(f,y)
grazing land

         gsland(f,y)
silage land
         totani(f,a,y)
total number of animals in each category each year
         bfcalf(f, y)
bought female calf

         sfcalf(f, y)       
sold female calf

         buyheif (f, y)
bought heifers

         sheif (f,y)

sold heifers
         culldairy (f, y)
culled dairy animal

         bmcalf(f, a, y)       bought male calves
         sncalf(f,a,y)
sold male calves
         sbeef (f, y)        
sold beef
         ssuck (f, y)
sold suckler animals
         bsuck (f, y)
bought suckler animals
         ssheep(f,y)       
sold sheep
         blamb(f,y)        
bought lamb
         slamb(f,y)        
sold lamb
         bewe(f,y)         
bought ewe

         totmilk(f,y)
total milk produced
         ownquot(f,y)
total quota owned
         leasquot (f,y)   
leased in quota

         rentquot (f,y)    
rented out quota
         feed(f,a,y,b)   
total feed available to the animals on each farm each year
         acrop(f,c,y)
area under each crop each yr on each farm
         livlab(f,a,y)    
livestock labour

         tlab(f,y)

total labour available on each farm
         plab(f,y)

total hired labour on each farm

         tlabcost(f,y)
total labour cost on each farm each year
         dairyGM(f,y)
dairy gross margin on each farm each year
         beefGM(f,y)
beef gross margin on each farm each year

         sheepgm(f,y)
sheep gross margin on each farm each year
         cropgm(f,y)
crop gross margin on each farm each year

         sbp10(f,y)       special beef payment at 10 months age
         sbp22(f,y)       special beef payment at 22 months age
;
sbp10.up(y) = SPBEEF*180;

sbp22.up(y) = SPBEEF*180;
these are upper limits for the number of beef animal to receive special payments
 EQUATIONS

margin          
gross margin
land01(f)
initial grass land

land02(f)        
initial let out land

land03(f)       
initial rented in land

land1(f,y)      
total grassland constraint with renting in and letting out

activities

land2(f,y)      
stocking rate restrain on land (dairy +beef)

land3(f,y)     
 stocking rate restrain on land (sheep)
land4(f,y)    
let out land less than 10% total land
land5(f,y)      
constraint that lets farms to rent in land from let out land by 

other remaining farm types        


land6(f,y)      
grassland consists of grazing land and silage land

land7(f,y)
silage land constrained to less than 50% total grassland
land8(y)
total rent in land equals total let out land 

 tani(f,a)     
total animals in the base year

 tani2(f,y)
suckler cow constraint
 tfcalf(f,y)     
total female calves on a farm

 theif(f,y)      
total heifers on the farm
 tdairy(f,y)     
total dairy animals

 tdairy2(f,y)
sold female calf constraint
 tcull(f,y)      
total culled dairy animals

 tbeef1(f,y)     total male calves up to one year on farm
 tbeef2(f,y)     total beef animals 12-18 m on the farm

 tbeef3(f,y)     total beef animals 18-24 m on the farm

 tbeef4(f,y)     constraint on sold beef animals

 tsheep1(f,y)
lamb constraint
 tsheep2(f,y)
ewe constraint

 tsheep3(f,y)
sold ewe constraint

 tsheep4(f,y)
sold lamb constraint

 inicrp(f,c)
initial crop land
 inicrp2(f,y)
total arable crop land
 crpland(f,y)
constraint to let arable land to transfer to grassland

 setaside(f,y)
minimum set aside 

 setaside2(f,y)
maximum set aside

 feeden(f,a,y)     energy constraint

 feedp(f,a,y)      protein constraint
 feedi(f,a,y)      feed intake constraint
 feedt(f,a,y)      total feed constraint

 feedg(f,y)      
total fresh grass for grazing  dairy and beef
 feedgs(f,y)
total fresh grass for sheep
 feedsil(f,y)      total grass silage 

 feeds(f,a,y)
minimum level of grass silage required on farm 

 feedc(f,a,y)     minimum level of concentrate feed required on farm

 tmilk0(f)
initialising milk quota at the base year

 tmilk1(f,y)     constraint on total quota available
 tmilk2(f,y)     quota constraint on total milk produced
 tmilk3(f,y)     animal constraint on total milk produced
 tmilk4(f,y)
leased out quota less than 25% of total quota owned
 tmilk5(f,y)
rent in quota on a farm equals to leased out quota by other

farms
 tmilk6(y)
total milk produced in a region remains same as produced in

the base year

 lab1(f,a,y)     
lab requirement for livestock in hr

 tlab2(f,y)      
total labour required in hr
 tlab3(f,y)
total labour available 
in hr
 lcost(f,y)      
total lab costs

dgm(f,y)        
gross margin for dairy enterprise

bgm(f,y)        
gross margin for beef enterprise
beefpay1(f,y)   special beef payments at 10 months age
beefpay2(f,y)   special beef payment at 22 months age
sgm(f,y)
gross margin for sheep enterprise

cgm(f,y)
gross margin for arable crop enterprise
;

******* land constraints********************************

 land01(f)..     gland(f,'y0') =e= O_LAND(f);

 land02(f)..     lland(f,'y0') =e= 0;

 land03(f)..     rland(f,'y0') =e= 0;

 land1(f,y)..    gland(f,y) =e= O_LAND(f) + rland(f,y) - lland(f,y)+ alland(f,y);

 land2(f,y)..    sum(a5, totani(f,a5,y)*au(a5)) =l= gland(f,y)*STR1(f) ;

 land3(f,y)..    sum(a4, totani(f,a4,y)*au(a4)) =l= (pgrass(f) +

gland(f,y)*x(f))*STR2(f);

 land4(f,y)..    lland(f,y) =l= (O_LAND(f)+ alland(f,y))*0.1;

 land5(f,y)..    rland(f,y) =l= sum(ff$(ord(ff) ne ord(f)) ,lland(ff,y));

 land6(f,y)..    gland(f,y) =e= gfland(f,y)+ gsland(f,y) ;

 land7(f,y)..    gsland(f,y)=l= 0.5*gland(f,y);

 land8(y)..     sum(f, rland(f,y)) =e= sum( f, lland(f,y));

******************************************************************

******animal constraint*******************************************

******************************************************************

 tani(f,a)..              totani(f,a,"y0") =e= ANI(f,a);

 tani2(f,y)..             totani(f,'abs',y) =l= ANI(f,'abs');

***** dairy******************************************************

tfcalf(f,y)$(ord(y)>1 and ord(f)le 3 )..     totani(f,"ac",y) =e= totani(f,"ad",y-

      1)*0.5*survrate*calrate

                                                                   + bfcalf(f,y)-  sfcalf(f,y) ;  # total female calf equals to half of inborn calf plus bought calf minus sold calves

 theif(f,y)$(ord(y)>1 and ord(f)le 3)..      totani(f,"ah",y) =e=  totani(f,"ac",y-1)+ buyheif(f,y)- sheif(f,y)  ; # total heifer is total calves in the previous yeat plus bought and minus sold heifers

 tdairy(f,y)$(ord(y)>1 and ord(f)le 3)..     totani(f,"ad",y) =e=  totani(f,"ah",y-1)+ totani(f,"ad",y-1) -  culldairy(f,y);  # total dairy animals is total heifers and dairy in prev year minus culled dairy

 tdairy2(f,y)..                  sfcalf(f,y) =l= totani(f,"ac",y);

 tcull(f,y)$(ord(f)le 3)..       culldairy(f,y) =e=  totani(f,"ad",y)*0.2; # culled dairy at 20% replacement rate

*****beef********************************************************

 tbeef1(f,y)$(ord(y)>1)..      totani(f,"aw",y) =e= totani(f,'abs',y-1)*survrate*calrate+ bmcalf(f,"aw",y);#  ;

 tbeef2(f,y)$(ord(y)>1)..      totani(f,"ay",y) =e= totani(f,"aw",y-1)+ bmcalf(f,"ay",y);#- sncalf(f,"aw",y-1)  ;

 tbeef3(f,y)$(ord(y)>1)..      totani(f,"ab",y) =e= totani(f,"ay",y);#- sncalf(f,"ay",y-1);

 tbeef4(f,y)..                 sbeef(f,y) =e= totani(f,"ab",y);

*****sheep**********************************************************

 tsheep1(f,y)$(ord(y)>1)..     totani(f,"al",y) =e=  totani(f,"as",y-1)*lambrate*survrate + blamb(f,y)- slamb(f,y) ;

 tsheep2(f,y)$(ord(y)>1)..     totani(f,"as", y) =e= totani(f,"al", y-1)+ bewe(f,y);

 tsheep3(f,y)..                ssheep(f,y) =e= totani(f,"as",y);

 tsheep4(f,y)..                slamb(f,y) =l= totani(f,"as",y)*lambrate*survrate ;

*****arable crops*****************************************************

 inicrp(f,c)..                 acrop(f,c,"y0") =e=  cropland(f,c);

 inicrp2(f,y)..                aland(f,y) =e=  sum(c, acrop(f,c,y)) ;

 crpland(f,y)..                aland(f,y) =e= aland(f,'y0') - alland(f,y);

setaside(f,y)..               acrop(f,"sa",y) =g= 0.05*aland(f,y);  # set aside restrictions
 setaside2(f,y)..              acrop(f,"sa",y) =l= 0.25*aland(f,y);  #  """"
****feed*************************************************************

 feeden(f,a,y)..   totani(f,a,y)*ENREQ(a)*1000 =l= sum(b, feed(f,a,y,b)*ENFEED(b)*DMFRAC(b)) ; #energy req per animal is less than energy content in available feed

 feedp(f,a,y)..    totani(f,a,y)*PREQ(a) =l= sum (b, feed(f,a,y,b)*PRFEED(b)*DMFRAC(b)) ;   # "" for protein requirement

 feedi(f,a,y)..    totani(f,a,y)*DMI(a) =l= sum (b, feed(f,a,y,b)*DMFRAC(b)) ;              # """"" for  dry matter intake

 feedt(f,a,y)..    sum(b, feed(f,a,y,b)) =l= feed(f,a,y,"fg") + feed(f,a,y,"gsil") +  feed(f,a,y,"conc") ; # total feed required >> fresh grass 'fg' for all animals 

 silage and concentrate feeds for dairy and beef only

 feedg(f,y)..      sum(a5, feed(f,a5,y,"fg")) =l= gfland(f,y)*GYIELD*1000 + gsland(f,y)*2000 ;  # fresh grass availabel for dairy and beef (from temp pasture +

silage land)

 feedgs(f,y)..     sum(a4, feed(f,a4,y,"fg")) =l= pgrass(f)*0.5*GYIELD*1000; 

# fresh grass available for sheep (from permanent pasture)

 feedsil(f,y)..    sum(a, feed(f,a,y,"gsil")) =l= gsland(f,y)*SILYIELD*1000; 

# silage from silage land

 feeds(f,a,y)..    totani(f,a,y)*SIL_LEV(f,a)*1000 =l= feed(f,a,y,"gsil");   

 # silage requirement per animals

 feedc(f,a,y)..   feed(f,a,y,"conc") =g=  totani(f,a,y)*CONC_LEV(f,a)*1000 ; 

# concnetrate requirement per animal

*****milk************************************************************
 tmilk0(f)$(ord(f)le 3)..      ownquot(f,'y0') =e= totquot(f)*1000;      

 #initial value for the total quota available

 tmilk1(f,y)$(ord(f)le 3)..    ownquot(f,y) =e= ownquot(f,'y0')+ rentquot(f,y) ;           

# each year total quota owned equals to base year quota minus any quota leased out

 tmilk2(f,y)$(ord(f)le 3)..    totmilk(f,y) =e= ownquot(f,y)- leasquot(f,y) ;              

# total milk produced should be restricted to total quota owned plus any quota rented in

 tmilk3(f,y)$(ord(f)le 3)..    totmilk(f,y) =e= totani(f,"ad",y) * milk_yield(f) ;       

# total milk poduced restricted to milk yield of dairy animals on the farm

 tmilk4(f,y)$(ord(f)le 3)..    leasquot(f,y) =l= ownquot(f,'y0')*0.25;                     

# a farm cannot lease out more than 25% of owned quota (assumption)

 tmilk5(f,y)$(ord(f)le 3)..    rentquot(f,y) =l= sum(ff$(ord(ff) ne ord(f)and ord(ff)le 2) ,leasquot(ff,y)); # a farm can rent in quota if other farms within that region lease out

 tmilk6(y)..      sum(f$(ord(f)le 3), totmilk(f,y)) =l= sum(f$(ord(f)le 3), ownquot(f,'y0'));

****lab*********************************************************************

 lab1(f,a,y)..     livlab(f,a,y)=e= totani(f,a,y) * lab(a)*8;                     

#labour requirement for each animal in hrs

tlab2(f,y)..      tlab(f,y) =e= sum(a,livlab(f,a,y));                          # total labour hrs used
 tlab3(f,y)..    (flab(f) + plab(f,y))*1800 =g= tlab(f,y);

* total labour hours available per labour unit = 225d*8 hr  =1800 hr

****margins*********************************************************************

 margin..           z             =e= sum((fd,y), dairygm(fd,y)) + sum((f,y), (beefgm(f,y)+sheepgm(f,y)+ cropgm(f,y)))

                                    - sum((f,y), gfland(f,y)*94.43)

                                    - sum((f,y), totani(f,'ab',y)*bcy*B_SWITCH(f))- sum((f,a1,y), totani(f,a1,y)*bcy2*D_SWITCH(f))

                                    - sum((f,y), tlabcost(f,y))- sum((f,y), (rland(f,y)*LANDRENT_PRICE(f,y)- lland(f,y)*LANDLET_PRICE(f,y)))

                                       ;

# fertilizer cost for grassland @ €94.43 /ha (source Farm Management book 2002 pp65)

dgm(f,y)..      dairygm(f,y) =e= totmilk(f,y)*milk_price(f,y)+

sfcalf(f,y)*FCALF_price(f,y)

                                    
+ culldairy(f,y)*(heif_sprice(f,y)+SLAP)

· bfcalf(f,y)*FCALF_price(f,y)-

buyheif(f,y)*heif_price(f,y)

                                    
 - sum(a1, totani(f,a1,y)*LIV_VAR(f,a1,y))

                                     
+ comp(f,y)

                                    
- sum((aa1), (feed(f,aa1,y,"conc")*conc_price(f,y)

                                     
+ feed(f,aa1,y,"gsil")* 0.0772))

                                    
+ leasquot(f,y)*lquotprice(f,y)

                                    
- rentquot(f,y)*rquotprice(f,y) ;

*cost of silage production @ €77.19/tDM (source Farm Management book 02 pp65)

 beefpay1(f,y).. sbp10(f,y)   =e= totani(f,"aw",y)*SPBEEF ;

 beefpay2(f,y).. sbp22(f,y)   =e= totani(f,"ab",y)*SPBEEF;

  bgm(f,y)..      beefgm(f,y)  =e= sbeef(f,y)*(beef_price(f,y)+ SLAP + EXTPREM*

EXT_PAY(f)) + sbp10(f,y)+ sbp22(f,y)

- sum(a2, totani(f,a2,y)*LIV_VAR(f,a2,y) *

liv_switch(f,a2))

                                    
- sum(a3, bmcalf(f,a3,y)*MCALF_Bprice(f,a3,y))

                                    
+ totani(f,'abs',y)*(SUCPREM + EXT_PAY(f))

                                    
- sum(aa2, (feed(f,aa2,y,"conc")*conc_price(f,y)

                                    
 + feed(f,aa2,y,"gsil")*0.0772)) ;

 sgm(f,y)..     sheepgm(f,y) =e= ssheep(f,y)*(ewe_sprice(f,y)+ eweprem) +

slamb(f,y)*lamb_sprice(f,y)

-blamb(f,y)*lamb_bprice(f,y) - sum(a4, totani(f,a4,y)*

LIV_VAR(f,a4,y))

-bewe(f,y)*ewe_bprice(f,y)- sum(a4,

(feed(f,a4,y,"conc")*conc_price(f,y)

                                     
+ feed(f,a4,y,"gsil")*0.0772))

                                   ;

 cgm(f,y)..     cropgm(f,y)  =e= sum(c, (acrop(f,c,y)*(crprev(c,y)+crpaid(c)-

crpcost(c)-cvarcost(c) )))

                                             - sum(c, (arable*A_SWITCH(f)*acrop(f,c,y)))

                                  ;

lcost(f,y)..   tlabcost(f,y)=e= plab(f,y)*lab_cost(f,y)*1800;

MODEL Dairy /all/;

 SOLVE Dairy using LP maximizing z;

********************************************************************

*******following statement to initiate building cost constraint on animals once their ********************numbers exceeds baseline number********************

*******************************************************************

 if ( sum((f,y),totani.l(f,'ab',y)) > sum((f),(totani.l(f,'ab',"y0"))),

    bcy = 465 ;

 else

  bcy  = 0;

 );

 if ( sum((f,a1,y),totani.l(f,a1 ,y)) > sum((f,a1),totani.l(f,a1,"y0")),

    bcy2 = 580 ;

 else

  bcy2  = 0;

 );

 SOLVE Dairy using LP maximizing z;

*********************************************************************

***** EXPORTING MODEL RESULTS FROM GAMS TO EXCEL ************ *********************************************************************

 PARAMETER RESULT(*,*,*);

 RESULT(f,a,y) = totani.L(f,a,y);

 execute_unload "Reg1.gdx" RESULT

 EXECUTE 'gdxxrw.exe Reg1.gdx par=RESULT rng=MODELRESULTS!A3'

 PARAMETER RESULT1(*,*,*);

 RESULT1('SOLDFCALF',f,y) = sfcalf.l(f,y);

 RESULT1('BUYCLF',f,y) = bfcalf.l(f,y);

 RESULT1('SOLDBEEF',f,y) = sbeef.l(f,y);

 RESULT1('CULLDAIRY',f,y) = culldairy.l(f,y);

 RESULT1('BUYHEIFER',f,y) = buyheif.l(f,y);

 RESULT1('SELLHEIFER',f,y) = sheif.l(f,y);

 RESULT1('BUYLAMB',f,y) = blamb.l(f,y);

 RESULT1('SOLDLAMB',f,y) = slamb.l(f,y);

 RESULT1('BUYEWE',f,y) = bewe.l(f,y);

 RESULT1('SOLDEWE',f,y) = ssheep.l(f,y);

 execute_unload "Reg1.gdx" RESULT1

 EXECUTE 'gdxxrw.exe Reg1.gdx par=RESULT1 rng=ANI_TRANSFER!A3'

 PARAMETER RESULT2(*,*,*);

 RESULT2('ANNUALGM',f,y)= (dairygm.l(f,y) + beefgm.l(f,y) + sheepgm.l(f,y) +

cropgm.l(f,y) - tlabcost.l(f,y)- gfland.l(f,y)*45-

rland.l(f,y)*landrent_PRICE(f,y) +

land.l(f,y)*landlet_PRICE(f,y))*DISFACT(y);

 RESULT2('DAIRYGM',f,y)= dairygm.l(f,y);

 RESULT2('BEEFGM',f,y)= beefgm.l(f,y);

 RESULT2('CROPGM',f,y)= cropgm.l(f,y);

 RESULT2('SHEEPGM',f,y)= sheepgm.l(f,y);

 RESULT2('TOTLAB',f,y) = tlab.l(f,y);

 RESULT2('labour',f,y) = plab.l(f,y);

 RESULT2('LABCOSTS',f,y) = tlabcost.l(f,y);

 RESULT2('BPAY1',f,y) = sbp10.l(f,y);

 RESULT2('BPAY2',f,y) = sbp22.l(f,y);

 execute_unload "Reg1.gdx" Result2

 EXECUTE 'gdxxrw.exe Reg1.gdx par=Result2 rng=GROSSMARGIN!A3'

 PARAMETER RESULT3(*,*,*);

 RESULT3('GRASS_LAND',f,y)= gfland.l(f,y);

 RESULT3('SIL_LAND',f,y)= gsland.l(f,y);

 RESULT3('ARABLE_LAND',f,y)= aland.l(f,y);

 RESULT3('RENT_LAND',f,y)= rland.l(f,y);

 RESULT3('LET_LAND',f,y)= lland.l(f,y);

 RESULT3('RENT_LAND_MARG',f,y)= rland.m(f,y);

 RESULT3('LET_LAND_MARG',f,y)= lland.m(f,y);

 execute_unload "Reg1.gdx" Result3

 EXECUTE 'gdxxrw.exe Reg1.gdx par=Result3 rng=LAND!A3'

 PARAMETER RESULT4(*,*,*);

 RESULT4('MILK',f,y) = totmilk.l(f,y);

 RESULT4('RENT_QUOTA',f,y) = rentquot.l(f,y);

 RESULT4('LEASE_QUOTA',f,y) = leasquot.l(f,y);

 RESULT4('RENT_Q_MARG',f,y) = rentquot.m(f,y);

 RESULT4('LEASE_Q_MARG',f,y) = leasquot.m(f,y);

 execute_unload "Reg1.gdx" Result4

 EXECUTE 'gdxxrw.exe Reg1.gdx par=Result4 rng=MILK!A3'

 PARAMETER RESULT5(*,*,*,*);

  RESULT5('conc',f,a,y) = feed.l(f,a,y,'conc');

 RESULT5('sil',f,a,y) = feed.l(f,a,y,'gsil');

 RESULT5('grass',f,a,y) = feed.l(f,a,y,'fg');

 RESULT5('BUYMCLF',f,a3,y) = bmcalf.l(f,a3,y);

 RESULT5('crops',f,c,y) = acrop.l(f,c,y);

 execute_unload "Reg1.gdx" Result5

EXECUTE 'gdxxrw.exe Reg1.gdx par=Result5 rng=FEED!A3'

AGRISP
(Agricultural Regional Integrated Simulation Package) - Model for Agricultural Policy Measures

Filippo Arfini, Marco Zuppiroli and Michele Donati

Introduction 

This is description of the principal characteristics of a model that aims to estimate the effects of agricultural policy measures at sub-regional, regional and national levels. This model is based on the use of “positive” information contained in two different databases, FADN and IACS (Integrated Administrative and Control System), and theoretical tools, such as PMP (Positive Mathematical Programming), able to reproduce and properly simulate the entrepreneurial behaviour present in each region. 

The document is divided in 3 sections: the first analyses the characteristics of the FADN and IACS data banks and the type of processing that can be carried out using the base data, the second analyses the characteristics of the PMP model and the third illustrates the structure of the constraints that link the various regional models. 

The mathematical programming models used for agricultural policy analysis

The idea of evaluating the effects of the agricultural policy measures using mathematical programming models is not new and, a majority of such models have similar structure in that they take a microeconomic view of agricultural policy problems.  The unit of anlayis is usually the farm, the farmer-entrepreneur or the family farm, and their ability to adapt to different agricultural policies or to different market conditions.

These models can be classified according to first, the number of farms, or aggregates of farms, that constitute the sample and second, according to the methodology used to solve the policy problem. As regards the “dimension” of the model, it is possible to distinguish between farm models, regional models and sector models. On the basis of the methodology, it is possible to distinguish between Linear Programming (LP), Linear Programming associated with econometric estimation and Positive Mathematical Programming (PMP). In order to provide a context to the development of AGRISP, PMP is introduced briefly, which has characterised the development of the model. 

Positive Mathematical Programming and regional models

To enable linear programming to represent farmers’ production choices realistically, some theoretical and methodological aspects of mathematical programming have been developed. the normative “best” solution has been replaced by the positive type model, where the main objective is to reproduce the observed production choices precisely in order to be able to simulate farmers’ behaviour in response to  agricultural policy interventions.
This path began with the work of Heady (1964, 1978) and Howitt (1995) and continued thanks to the work of Paris and Arfini (1995) and Paris and Howitt (1998) who, precisely as a result of the stimuli from the development of EU agricultural policy problems, created a new type of model called “Positive Mathematical Programming” (PMP). In particular, thanks to PMP it has been possible to reduce the research phase concerning the estimation of technical coefficients allowing for the possibility to directly use the data contained in the agricultural accountancy databanks (such as the European or the UK FBS) without any kind of manipulation or estimation that could, among other things, imply in some cases the subjective evaluation by the researchers. Since 1995 many works using PMP have been available, analysing the effects of the Common Agricultural Policy (CAP) reform at sub-regional, regional, national and European level. The success of this methodology is confirmed by the fact that two European Union-financed research projects (CAPRI and EUROTOOLS; CAPRI and EUROTOOLS are acronyms relating to two research projects. The first (Common Agriculture Policy Regionalised Impact Analysis) coordinated by the University of Bonn, and the second (Tools for Evaluating EU Agricultural Policies at Different Division Level), coordinated by the University of Bologna.) use PMP to develop CAP analysis models.

These models, which use the same basic PMP methodology and the same FADN databank, show in reality some differences, stemming from the different ways of “interpreting” the PMP as developed in the initial works by Howitt and Paris. Among the works developed using PMP we should mention: 

· The model developed by INRA in Nancy (Barkaoui, Butault, Ruosselle, 1999) based on FADN data for 12 EU countries subdivided by region (NUTS2) and by TEO class. Also in this case we find an “average” representative farm whose production specialisation is described using the TEO class. This model allows for the simulation of the land use policies and considers a technical progress function;

· The model developed by the University of Madrid (Judez et al, 1998, 1999 and 2000) uses the FADN data and is based on the construction of a “representative” farm with the main production orientation of a given region. The data is taken from the mean of those farms with the same production (TEO) present in the FADN sample of the region;

· The model developed by the University of Galway (Garvey and Steele, 1998), which applies fully the PMP and Maximum Entropy procedure to single representative farms chosen according to technical orientation (TEO) and physical size. 

· The model developed by the University of Bonn as part of the CAPRI project (Heckelei and Britz, 1997; Loehe Heckelei, Britz and Loehe, 1998; Heckelei and Britz, 1998; Heckelei and Britz, 1999, Hackeley and Britz, 2000) in which, using PMP they aimed to develop a regional supply model for each EU member state based on expected prices where, in contrast to Howitt and Paris’ initial structure, they use an historic series of observations providing a stronger statistical base for the estimation of the parameters that constitute the technical matrix and the cost function.

· The FAL model (Kleinhanss, 2002) for regional estimation, based on the use of the FADN database to define the representative farms in each single TEO at regional level, 

· The model developed by Paris and Arfini for the Emilia Romagna region, also based on the use of FADN and the identification of farms that are “representative” of each TEO present in the region. In contrast to the above models, the “average” farms are replaced by “total” farms, inserting a “self-selection” function for the processes that the farms can implement according to economic convenience.

· The CAPSET model developed by Paris, Arfini and Donati, based on the FADN data for crop production farms, aimed at estimating the effects of the agricultural policy measures, including the suspension of the set-aside and the effects of the Mid Term Review. The main characteristic of this model is the estimation of the farm totals and the inclusion of an output supply function separated from the land demand function, offering the possibility for the model to identify the optimum production volume according to economic convenience. 
As can be seen, all the models have the common characteristic of using the FADN as the sole source of data, and of constructing models by region and farm type. The farm type is made from an average farm, “representative” of a group of farms with the same production orientation and reproduced using PMP models; or rather, a model for each type considered. It is only in the work of Paris and Arfini (1999 and 2000), thanks to the “self-selection” approach, that the behaviour of every single farm present in the same TEO class is reproduced in all its specificities, adding greater value to the information concerning the characteristics of the farms included in the FADN sample.

The biggest problem common to all the models described is however their representativeness with respect to the regional universe and, the fact that this is strictly linked to how representativite the FADN sample itself is. The latter should be guaranteed at regional level for each TEO, but is obviously reduced when passing from level NUTS2 to NUTS3, and further reduced if a further subdivision of the farms is made, such as for example, size class. The biggest risk is therefore that of using models that do not provide a correct picture of the real situation, by reproducing instead a blurred image of the effects of the agricultural policy measures for a whole region.

The AGRISP model

According to the above picture, we need to develop a model able to simulate possible agricultural policy scenarios at regional level, guaranteeing on one hand, good statistical representativity, and on the other hand methodological correctness in describing the behaviour of the farmers. For these reasons the objective of the model is to overcome some limits which stem from the separate use of different sources of data (such as the FADN and IACS databanks), increasing the potential of the PMP to estimate and reproduce the cost function for each farm type in every single region, obtaining an agricultural policy tool that is at the same time flexible and complete. 

Concretely, the creation of the proposed regional and national model of agricultural policy (called AGRISP – Agricultural Regional Integrated Simulation Package) requires a specific database able to unite and integrate different statistical sources, and a methodology able to estimate the cost functions of the farms, calibrate the models with respect to the observed reality and carry out agricultural policy analysis at regional level.

More specifically, the statistical sources used are the IACS and FADN databanks, integrated between them using a procedure of aggregation (known as PMP Input Procedure – PIP), which foresee: a) the extraction of the data from two databases; b) the control of the data quality; c) the organisation of a new integrated database; d) the organisation of the input data in an adequate form for the PMP software model (fig.1). On the other hand, the methodology used to estimate the cost function, the calibration and the simulation of the agricultural policy scenarios is represented by the PMP in accordance with the approach used by Paris and Howitt (1998).

Fig. 1: AGRISP model Structure
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In contrast to the models described above, the AGRISP model does not need an extension to the universe, allowing a direct evaluation at regional level of the effects of the different agricultural policy measures. This result, as illustrated in more detail in the following paragraphs, is achieved by subdividing a region into many sub-regions, and then developing a PMP model able to estimate the cost function of the farm types present for each one of these, and to calibrate them with respect to the observed reality.

Schematically, each sub-region is defined by splitting the regional territory into: a) administrative provinces, b) altimetric levels and c) macro-farms. The latter are defined by aggregating all the farms registered under Regulation 1251/99 (and registered in the IACS database) according to size. In this model we considered 10 farm size classes (0-5 ha; 5-10 ha; 10-20 ha, 20-30 ha; 30-40 ha; 40-50 ha; 50-70 ha; 70-100 ha; 100-300 Ha; > 300 ha), each of which constitutes a “macro-farm” containing all the production and economic data relating to the processes actually present in the territory in question. These farm types will then be further aggregated in “IN-franchise” farms, meaning they are excluded from the modulation, and “OUT-franchise” farms, which are obliged to apply the modulation to the volume of received aid.

Within each macro-farm identified in each homogeneous area, all processes present will be considered once they have been organised – for the sake of simplicity – into the following groups of processes: a) COP crops: cereal, corn, split and waxed corn, protein cereals and flax; b) Other open field crops: horticultural, industrial crops, tobacco; c) Fodder: alfalfa, fodder plants, grass meadows; Animal production (cows, beef, sheep). 

Essentially, the AGRISP model refers to 10 types of farms (T=10), each representing one “virtual” farm with a maximum of 15 activities (J=15), where: a) FADN supplies yields, output price and input cost; IACS provide surfaces and number of heads. This model is also integrated with other data concerning the level of subsidies, such as the compensatory payments for each individual process the farm has the right to, or any possible measures for production reduction, such as set-aside.

The following phase of agricultural policy evaluation is done by gathering together every calibrated sub-regional model into a single regional or national model, where the objective function is the sum of the objective function of every single sub-region, linked to the connected sub-regional technical matrices. The maximisation process of the aggregated objective function provides us with an “optimal” solution for the entire model, which is also “local optimal” for each sub-region. Organised in this way, in the policy scenario analysis phase the AGRISP model will lead to an overall representation of the behaviour of the farmers represented in the individual types of farms present in the region.

The characteristics of each databank, the means of aggregation and control, and the formulation of models are all described in the following paragraphs.

The FADN, IACS integrated database

As argued in the previous paragraphs, behind the regional simulation models there must be a set of data able to guarantee a suitable level of coverage of the information with respect to the needs of the model, and of representativity with respect to the observed reality. However the data needed cannot always be found in one single database, and when this happens, as in the case of FADN, a suitable level of representativity cannot always be guaranteed. From here, we need to use different statistical sources, using the information that is best suited to both the construction of the model and the policy objectives followed.

In particular, in this research two different databanks that operate at regional level, the FADN and the IACS, have been used. Obviously each databank introduces characteristics that influence or limit their use. For this reason the main characteristics of both are illustrated in the following paragraphs.

The FADN databank

FADN represents the most important source of information on the structural, economical and productive characteristics of European agriculture. This databank has the great merit of recording, for each farm, information that links it to the Farm Type, to the Economical size (Class of ESU), the physical size (Class of UAA) and to the region in which the firm is located (Furhter information may be found at the Websites: http://europa.u.int/comm/agriculture/rica/index and http://www.inea.it/index.html). For every farm all the information relating to the use of the land, productivity, production cost and income is also recorded. From a theoretical point of view, FADN is “the ideal” instrument for all researchers, because it contains all the necessary information for the construction of an agricultural policy analysis model. Unfortunately, from a practical point of view, FADN in fact presents great limits that influence its use (The most important limits are: a) the sample cannot be considered representative at sub-regional level; b) the variable costs related to single processes are not recorded; and, c) the amounts of inputs related to single process are not recorded).
In detail, the FADN information considered for the construction of the AGRISP model for each farm process and type (represented by the macro-farm) present in each sub-region, are those that best reflect the behaviour of the farmer, including:

1) The value of the yield for each process;

2) The unit output prices for the goods sold on the market; and ,
3) The unit cost (per hectare) of the inputs used for each process.

The data processing procedure (using a series of algorithms in PIP).includes a phase for the processing and quality control of the data, and in particular:

1. the yield is calculated for each crop at individual macro-farm level using weighted averages with respect to production volumes. The yield is therefore based on the ratio between the production of each crop and the relative cultivated area;

2. the prices are calculated as the ratio between the output value of a given crop and the relative quantity produced at individual macro-farm level; and,
3. the costs are calculated as the ratio between the value of the total variable costs for a given crop and the relative surfaces used at individual macro-farm level.

The control procedure adopted eliminates from the database all the farms where the individual observations (yield, prices, costs) show an absolute deviation value of 30% with respect to the mean value of the region.

A particularly delicate step in preparing the data is the identification of the sold output processes and the processes destined for use within the farm as animal feed for the farm’s livestock. This step allows the model to consider the livestock production by relating it to fodder needs.

The IACS databank

The IACS databank is considered an administrative databank, because its function is to record the characteristics of the farmers who join the Common Market Organisations foreseen under the CAP. These data banks are created with a twofold objective, to facilitate the bureaucratic aspects for the farmers and to facilitate the control of the data and the payment of subsidies for the public bodies (mainly the Regions). 

With reference to the AGRISP model, the specific administrative data bank IACS collects all the data related to the farmers who are registered in the Reg. 1251/99. In other words the information contained in the IACS databank have the characteristic of being: 

· Reliable, because the farmers are obliged to tell the truth;

· Detailed, because they are contain precise details of the farms’ land use practices;

· Statistically correct, because based on surveys of all the farmers universe;

· Timely, because they are updated annually. 

A significant example is given by the comparison of the IACS databanks for 1999 for Italy and the ISTAT data (the national institute of statistics) for the same year (Table 1). From this simple analysis we can see how annual crops that are mostly involved with the land use CMO (cereals, oil seed and beet), show a level of representativity that is close to, if not greater than, the observed universe. The discrepancy with respect to the ISTAT data should be read as greater precision with respect to ISTAT, which is carried out on a sample basis.

Table 1: Spread of soil use according to the IACS database and ISTAT (values in ha, year 1999)

	Crop
	National survey  

ISTAT 
	IACS-Agea 

database 
	% variation 

	Cereals
	3,959,132 
	4,028,678 
	101.8

	Annual fodder crops
	2,306,114 
	1,071,119 
	46.4

	Permanent fodder crops
	4,409,971 
	827,467 
	18.8

	Sugar beet
	283,025 
	232,657 
	82.2

	Oilseeds
	507,818 
	558,707 
	110.0

	Tobacco
	46,265 
	21,221 
	45.9

	Oil
	1,174,135 
	131,824 
	11.2

	Vineyards
	908,229 
	201,552 
	22.2

	Fruits
	490,085 
	92,307 
	18.8

	Vegetables
	470,322 
	124,922 
	26.6

	Citruses
	181,660 
	9,394 
	5.2


For these peculiar characteristics, the IACS databank can be useful for overcoming the main gap of the FADN: the low level of representativity of the farm typologies at sub-regional level and especially of the land use between different crops.

The IACS databank therefore has the important task of providing the AGRISP model with the data of the surfaces of each activity. In other words, thanks to this reliable databank it is possible to obtain a reliable image, at sub-regional and (by combining the data) national level of the use of the soil between different crops.

The use of the information in the IACS databank requires specific software able to elaborate all the records related to every farmer for all sub-regions and for the whole of Italy. For reasons of privacy it is not possible to recognise the single farmers. On the other hand, it is possible to know the physical size of the farm and to aggregate this in homogeneous size classes on the basis of the total UAA. The maximum level of the sub-regional desegregation is represented by the municipality, while the number of farm types can be selected at the discretion of the researchers, on the basis of the objectives of the analysis. In this case a subdivision into 10 classes has been chosen. The result of this operation is to create "macro-farms" (as show before, 10) at municipal level, where the surfaces used by every process are recorded.

It should be underlined that the data contained in the database comes from the paper forms filled in by the farmers when presenting their applications, and provides a detailed description of the size (in Ha) of the crop processes actually practiced at the farm, and assigns a code to them.

The main characteristic of the IACS databank is at the same time also its main limit, because it does not provide any indication of crop yields, prices and costs.

Combining the FADN and IACS databanks provides more complete information on the characteristics of the macro-farms, supplying precise information on the participation in European programmes with the estimation of the overall compensatory payments received. Furthermore these farms can be considered to be those with the greatest awareness of the agricultural policy measures involved in the individual sub-regions, simply because they have taken part in the Community programmes.

Within the same sub-region, the integration of information between the two databanks is carried out at macro-farm level, thanks to the presence of the common variable represented by the crop process identification code used in FADN and IACS.

The AGRISP databank

The final result of the union of the two databanks is the construction of a single database able to produce input matrices in the form required by the PMP model. More precisely, the type of matrix used in the two databanks and generated through the process of combining the databanks can be schematised as follows (table 2):

Table 2 – Type of matrix used and generated by the AGRISP model

	N.
	
Data Input for crop
	Source
	Unit of measure
	Operation
	Data Output for crop
	Unit of measure

	St
	Land use and livestock structure 
	IACS
	Ha / Head
	
	Structure
	Ha / Head

	Y
	Yields 
	FADN
	t./Ha 
	St * Y
	Total output
	t.

	Op
	Output prices
	FADN
	Euro / t.
	
	Unit prices
	Euro/t

	Ip
	Input prices
	FADN
	Euro / ha
	
	Unit cost
	Euro/ha

	Sub
	Subsidy 
	IACS
	Euro / ha
	
	Unit subsidy
	Euro/ha


It should be noted that the AGRISP databank pays great attention during the construction phase to solving the problem of the “missing values” of yield, price and cost referred to processes that are not in the FADN database but are present in the IACS database. For this reason, two databanks have been constructed: a) refers to the sub-region under examination containing the information on the area of specific interest, and b) a “support” referring to the Administrative Region to which the sub-region of specific interest belongs. The function of this second databank is to provide the missing value in the area of specific interest. The values are obtained from FADN and are shown as mean values of yield, output price and cost of each process in the administrative region to which the area of specific interest belongs.

The result of this information processing is a series of matrices of N, J size (where N is the macro-farm and J are the processes), which represent the input matrices for the PMP model. Each matrix includes the data relative to a variable for all the considered processes present in the different macro-farms. More precisely, for each sub-region we will have the following series of matrices:
1) Matrix of the surfaces covered by crops destined for sale;

2) Matrix of the surfaces covered by crops destined for re-use;

3) Matrix of the number of head of each species;

4) Matrix of the production of processes destined for sale;

5) Matrix of the production of processes destined for re-use;

6) Matrix of livestock production;

7) Matrix of the prices of vegetable products; 

8) Matrix of the prices of livestock; 

9) Matrix of the costs of sold processes;

10) Matrix of the costs of reused processes; 

11) Matrix of the costs of reused processes; 

12) Matrix of the costs of livestock processes; 

13) Matrix of the compensation for sold processes;

14) Matrix of the compensation for reused processes; and,
15) Matrix of the compensation for livestock processes;

Despite contributing to the requirements of the model in a suitable manner, the AGRISP databank still has some limits. The greatest advantage is that it provides a much more realistic picture of the agricultural system, and above all allows for a more precise evaluation of the effects that the agricultural policy measures could have on the territory in terms of farms, the market and the costs of the policies.

On the other hand, its limits can be summarised in the following aspects:

· It requires an appropriate data-warehouse and software to decode and organise the original farm-records. 

· The structure of the data records may differ over the years. 

· Every IACS databank information record relates to only one measure (in this case only annual crops) and therefore the observed sample does not represent the universe of the farms present in the region.

· The destination of re-used fodder on the farm is not considered. 

For these reasons the AGRISP databank can be considered a very good policy analysis tool only as far as annual crops and animal production is concerned, but needs to be further developed in order to be able to consider also other types of production. 

The mathematical structure of the AGRISP model

As mentioned above, the AGRISP model uses the PMP methodology described in the works of Paris and Howitt (1998) and Paris and Arfini (2002), as a mathematical process to analyse the behaviour of the farmers, therefore considering at the same time the presence of N-farms in a data sample, giving them the opportunity to not carry out processes that are not economically convenient thanks to the self-selection technique. Briefly, the PMP methodology consists of three steps. 

The first is defined by N linear programming (LP) models, one for each macro-farm, and by an additional LP model for the entire sub-region. The n-th individual macro-farm model (n=1…,N), uses all the available information pertaining to the n-th farm in order to derive the vector of shadow prices of the limiting allocable inputs, y, and the differential marginal cost vector corresponding to the vector of realized output levels, ( . The n-th farm LP model has the following structure:

(1)



subject to

(2)



(3)


,
for  

,



where pn is the vector of output prices faced by the 

-th farm, cn  is its vector of accounting costs per unit of output, An  is the matrix of fixed technical coefficients involving limiting allocable inputs, bn  is the vector of availability of limiting allocable inputs, and 

is the vector of realised output levels. The vector xRn  is nonnegative. Each farm exhibits I allocable inputs and Jn products. The vector of realised land allocation decisions is indicated by HRn. In this study, land is the only limiting input. The 

-th matrix An of technical coefficients is defined as An=[anij], where anij=hRni /xRnJn.

Constraints (2) are called structural constraints while constraints (3) are called calibration constraints.  The vector of shadow prices, yn, is associated to the allocable input constraints (2). The vector of differential marginal costs, n, corresponds to the calibration constraints (3). It is important to recall that the sole purpose of this first stage of the PMP methodology is to obtain an accurate and consistent measure of the marginal cost associated with the vector of realised level of activities, xRn. From the above specification of primal and dual LP models, the marginal cost vector of the 

-th farm is given by (n +cn), while the marginal cost vector for the entire sample is 

. 

The second step of the PMP approach deals with the reconstruction of the marginal cost function using a specification that is linear in the parameters.  The linearity aspect of the model becomes important when the number of farms is large. The integration of the marginal cost function with respect to the output variables within the admissible domain will produce the desired total variable cost function. 

As shown by Paris and Howitt (1998), the cost function is assumed to be a quadratic functional form in output quantities (input prices are not available from the farm survey and are assumed to be fixed): 

, where the Q matrix is symmetric and positive semi-definite. Given the LP specification discussed above, the associated marginal cost function for the FT can be represented as 

. 

The requirement that the Q matrix of the quadratic cost function be symmetric positive semi-definite is achieved using the Cholesky factorisation:
(4)         


where L is a unit lower triangular matrix, L’ is its transpose, and D is a diagonal matrix whose elements are nonnegative. It can be shown that LDL’ is a positive semi-definite matrix if and only if all the diagonal elements of D are nonnegative (Lau, 1978).  In order to recover the marginal cost function is used the approach base on the maximum entropy principle.

Whether using the estimates of Q derived from either the least-squares or the maximum entropy specifications, the third step of the PMP methodology consists in assembling a non-linear model that uses the recovered variable cost function and is capable of reproducing the primal and dual solutions of the first stage LP models. There are 

 quadratic programming models, 

, one for each macro-farm in the sub-region. For the entire sub-region the following quadratic programming model will reproduce the total output and allocation decisions:

(5)
 


subject to 

(6)


 
This model exactly reproduces the base period allocation and output decision of the 

-th macro-farm and of the entire sub-region.  That is, the primal and dual solutions of this quadratic programming models is exactly equal to the primal and dual solution of the initial LP model which, in turn, reproduces the realised results of the base period.  This is the meaning of calibration within the PMP methodology. This model is analogous to the model specification and selection of econometric studies. The prediction step of PMP exploits the calibrated model to generate responses in the endogenous variables induced by the variation of some relevant parameters, assimilated to the exogenous variables of econometric models and can be used for analysing various scenarios of agricultural policy with changes in output prices, and limiting resource availability. 

The PMP procedure used in AGRISP model may be able to face the problems of the animal farms, where the (Jv) marketed crop processes are considered together with the (Jr) feeding crops re-used for breeding and (Jz) animal processes such as meat and milk production. Starting from the AGRISP database, the PMP model in the first step, corresponding to the linear programming (LP) model, is structured as follows:
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that is a constrained maximisation problem where the function (8) is the profit function to be maximised under the constraints (7a)-(7h). The notation is the following: 

v:
is the index for the process of marketed crop production;

r:
is the index for the process of crop production re-used for breeding;

z:
is the index for the process of animal (milk and meat) production;

x (v,r,z):
are the unknown quantities for each process;

xH(v,r): 
are the unknown surfaces for marketed processes and re-used feeding crops;

xNa:

is the unknown number of animal heads for species, expressed in livestock units (LU)

xR(v,r,z):
are the known outputs for each process; 

p (v,z):
is the known vector of prices;

c (v,r,z): 
is the known vector of costs;

s (v,r,z): 
is the vector of compensatory payments according to EC-Regulation 1765/92

sa (v,r): 
is the vector of compensatory payments for Set-aside 

A (v,r): 
are the matrices of the technical coefficient for the marketed and re-used crop (Hv/xRv and Hr/xRr)

A (z): 
are the matrix of the technical coefficient for feeding crops consumption (xRr / xRz)

DA(z): 
is the matrix of the technical  coefficient for the animal production (LU / xRz)

The model has the same methodological structure described by Howitt and Paris (1998) and the Maximum Entropy formulation is used to obtain the estimation of the Total Variable Cost matrix “QR” (three in this model, one for each process typology: marketed, reused, animal production), allowing first the model calibration and then the agricultural policy analysis.

Regional aggregation of PMP models

The AGRISP model is therefore a regional model in which information on the farms is aggregated at sub-regional level and, using the PMP procedure, held in a simulation phase in order to provide responses to agricultural policy change that are as representative as possible of the characteristics of each sub-region and the farms within it.

From a methodological point of view, the particularity of this model lies in the means of aggregation of the single sub-regional models and the way in which the problem of maximisation is resolved during simulation: each simulation is carried out simultaneously for all sub-regions, allowing for the introduction of constraints at regional level.

In many regional models based on the use of PMP for which literature is available, as previously examined, the simulation process involved the resolution of a problem of optimisation for each single sub-region, without therefore considering the complex constraints set at regional level and the profitability expressed by the other sub-regions within the same region. In the AGRISP model, on the other hand, the simulation phase includes the maximisation of an objective function aggregated by group of sub-regions that comprise the region under examination.

For this reason, the AGRISP model appears as a “concatenated” model, a model in which during the policy scenario simulation phase, the decisions taken by each sub-region are linked to the decisions taken by the bordering sub-regions through the definition of a problem of simultaneous optimisation. The AGRISP model described in this study is constructed on a regional base, but there is no reason why it could not be based on a national model, including in the system all the national sub-regions constructed by the size classes in the different provincial altimetric areas.

In the phase concerning the reproduction of the effects of the agricultural policy measures at regional level, the relevant aspects of the AGRISP model are therefore the aggregation of the cost functions into a single regional model, and the construction of a suitable set of constraints able to correctly simulate the policies for the whole region.

As illustrated in the previous section, the estimation of the cost function for each sub-region has the specific aim of estimating the parameters comprising the matrix 
[image: image178.wmf]Q

, which incorporates all the information concerning the relations of substitution and complementarity between the processes, and represents the total cost function of the sub-region. Very concisely, we can express the 
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 matrix in the following way:

(9)
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where, as shown by Paris and Howitt (1998), the parameters of the 
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 matrix are estimated through the distribution of probability 
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In the second phase of the PMP procedure the AGRISP model will therefore estimate the same number of cost functions as there are sub-regions in the referred region. Estimated in this way, the cost functions will represent the specific economic structure of each homogeneous area and will be used during the agricultural policy measure simulation phase. More precisely, the cost functions area aggregated among themselves using a specific aggregation routine that can be summarised according to the following diagram (Fig. 2.)

Figure 2: Aggregation of the cost matrices Q in the sub-regions
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As can be seen, the information on the estimated cost functions using Maximum Entropy (MAXENT) are gathered in a parameter indicated by 
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, which joins the single 
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 matrices in one single vector. The same aggregation procedure is developed also for the other information needed for the construction of the policy model, such as output price, yield and compensatory payments.

The information reorganised into vectors is included in the regional model and allows for an efficient definition of the problem of maximisation, as the overall group of vectors joins all the components concerning the objective functions of the n sub-regions in the referred region in one single matrix. The aim of the regional model is therefore to reproduce the initial production situation for the entire referred region without any calibration constraints, then to calibrate the model once more.

More precisely, the objective function of the regional model sums the single objective functions of each sub-region, maximising the overall gross income for the region.

(10)
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where 
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 represents the gross regional income, while 
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 represents the gross income of each sub-region.

Given that the structure of the constraints of each sub-region is independent from the others, the maximisation of the gross regional income is the result of the maximisation of the gross income of each sub-region, 
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, obtaining an optimum solution at regional level that is equally optimum al sub-regional level. 

The maximisation of the regional objective function is subject to a series of constraints that, for each sub-region, fix the structural characteristics (the surface) and reproduce the agricultural policy scenarios. Specifically, the structural constraint (11) on the available resources obliges the land used for produce sold, 
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and the non-productive cultivated land respecting good agronomic practice 
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, to be at least equal to the total land availability at sub-regional level, 
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The structure of (11) allows us to determine the set-aside due to the variable
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, (set-aside surface), which is also present in the constraint (12) concerning the sub-region set-aside:

(12) 
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where 
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 is the set-aside level of the sub-region n-ma that multiplies the surface destined for COP.

As well as the structural constraint of available land, there is another constraint (13) that defines the relation between the livestock activities and the farm surface, linking the forage needs 
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As well as the structural constraints linked to land use, the model also includes other constraints, in respect of the CMO, concerning the production of some processes at sub-regional level: milk, beet and industrial tomatoes. For example, the milk production constraint is linked to the presumed referred quota equal to the observed level in the start year. If the base quota is exceeded, a fine corresponding to the excess collection is due, in accordance with the milk CMO regulations.

(14)        
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where 
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 is the quantity of milk in the objective function, 
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 are respectively the quantity of the quota and the quantity of the excess milk produced, on which the excess collection is applied, and finally, 
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 is the observed milk quota in the calibration year for the relative sub-region.

In the same way constraints have been added for beet and tomato crops. Also in this case the production by sub-region has been divided into two quotas, the first relating to the quantity produced during the year of observation and the second the excess production with respect to the quota upon which the output price penalty is to be applied (15). 

(15) 
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where 
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 is the variable associated to the production level of horticultural crops (ORT), while the other symbols have the same meaning as those used for the milk quota constraints.

For both the milk quota constraints and the horticultural crop constraints there is an objective function for each sub-region, 
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, introducing a negative income component for the part of the production that exceeds the quota.

This procedure can be replicated from regional to national level, replacing the sub-regional constraints with a single constraint that functions on national level. This process (which has not been used in this study) could allow for the introduction of agricultural policy system, such as the “Maximum Guaranteed Surface”, maintaining the production particularities of each single sub-region thanks to the gathered information. This last aspect could represent a highly useful element for agricultural policy analyses, which are increasingly having to consider the technological, structural, production and economic characteristics of the individual European sub-regions.

Agricultural policy application

The AGRISP model can be applied to many contexts for the evaluation of agricultural policy and the changes in the market variables that affect the farmers’ choice of production. The recent proposal to review the Common Agricultural Policy offers many interesting ideas for the implementation of the AGRISP model. In fact, the new agricultural support mechanisms that make the Mid Term Review (MTR) a real aid system reform, can be integrated within the model through the formulation of suitable policy constraints. To this end, the main agricultural intervention tools – the principle of decoupling farm aid and dynamic modulation, have been introduced in the AGRISP model.

In order to reproduce the main reform elements contained in the MTR, in particular modulation of aids and decoupling, specific sets of constraints have been added that operate at macro-farm level.

As far as the dynamic modulation (involving those farms that exceed an overall amount of aid of more than 5,000 Euros being subject to a reduction in the single payment), the simulation model has been integrated with specific constraints.

(16)
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 represents the specific process aid, while 
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 and 
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 are respectively the aid for the hectares of set-aside and that for the surface allocated to good agronomic practice; 
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and 
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 are the number of rights used to receive the single farm payment according to the new decoupled aid mechanism. The value of the rights calculated on the historical farm payment 
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 is, on the other hand, the number of farms in the group that effectively comprise the sub-region. Finally, 
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is the mean unit aid received by individual farms within the different macro-farms. The relation expressed in (16) aims to calculate the mean aid per farm received within each sub-region. This data is important as it allows us to identify the part of the aid subject to reduction according to the modulation levels foreseen in the MTR; the MTR identifies three ceilings for the application of the farm aid reduction: up to 5,000 Euros; no reduction of the single payment, for aid between 5,000 and 50,000 Euros the reduction rate is set at 12.5% (standard MTR), while for the part exceeding 50,000 Euros at a maximum rate of 19%. 

In order to calculate the aid reduction, we need to establish the application interval of the reduction, in the following way:

(17)
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In the first relation in (17) the single mean farm payment 
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is split into two parts, the 
[image: image225.wmf]n

Aaid

 part representing the interval of aid up to 5,000 Euros, as can be seen in the second relation in (17), and the 
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 part above 5,000 Euros. The variable 
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contained in the third relation in (17) identifies the overall reduction of aid to be applied to the different macro-farms. The relations (16) and (17) can be used to apply the policy scenarios that foresee aid modulation according to the indications of the MTR. 

The MTR foresees the provision of aid to farmers who have historically benefited from direct support in the form of a single payment not bound to specific crops, which can be destined to all productive farm processes and is therefore independent from any allocational choice made by the farmer. As far as the decoupling of farm aid is concerned, this is subordinate to the existence of admissible agricultural surfaces to which the due payment is linked (theoretically the number of hectares admissible for aid could be lower than the number of rights held by the farm). The AGRISP model takes this intervention mechanism into account through the formulation of the following constraints:

(18)
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where 
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is the number of rights calculated by the sum of all the hectares benefiting from the specific aid during the year of calibration, including all the forage land; 
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 is the deviation variable relating to the land admissible for aid but exceeding 
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that will not receive any payment even although it is entitled to. The first constraint of (18) expresses the condition in which the number of hectares that can benefit from the single payment, 
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, must not exceed the number of rights acquired by the farm. The second constraint, on the other hand, establishes the equivalence between the land admissible for aid and the surface allocated to farm processes, including the set-aside and fallow surfaces in accordance with the good agronomic practice. In the aid decoupling policy scenario the variable 
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 benefits from a bonus, 
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, equal to the value of the right calculated according to the instructions in the Mid Term Review proposal. The single payment is part of the dynamic modulation process expressed in the system of the relations (16)-(17).
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The PROMAPA.G Model

L. Júdez, R. de Andrés, M. Ibañez, J.M. de Miguel, E. Urzainqui
Introduction
The model introduced here is a new version of the PROMAPA (Spanish acronym for “PROgramación Matemática para el Análisis de Políticas Agrarias”) model, whose earliest versions date from the second half of the nineteen nineties. 
The results obtained with PROMAPA on the effects of the various CAP reforms on representative Spanish farm holdings have been published, presented at congresses and been the subject of reports to the Spanish Ministry of Agriculture.

This mathematical programming model compares the results of representative holdings for a base year with the results obtained assuming a new scenario with different market conditions and agricultural policy measures. The representative holdings used in the model are the ones defined in Spain’s Farm Accountancy Data Network (FADN).

The target function is a non-linear function estimated in a manner such that the solution provided by the model in the base year reproduces the existing level of activities (crop specific areas and head of livestock) on the farm modelled.

The calibration procedure is based on Positive Mathematical Programming (PMP) methods
, whose exceptional development over the last few years are documented in a recent review of PMP-based models by Heckelei and Britz (2005). 
As explained below, the PROMAPA.G model can be calibrated with PMP using both standard and maximum entropy techniques. The first phase of PMP may be partially or wholly by-passed in the calibration process by entering certain exogenous opportunity costs. 
The chief characteristics of PROMAPA.G are introduced in the present paper. The data used and their sources are described in the first section and farm typology in the next section, the model (variables, constraints and economic function) is explained in the penultimate section and, the calibration procedures are set out in the final section.

Crops and livestock: data and data sources

The crops entered in the model account for over 90% of the area farmed in Spain. A distinction is drawn in PROMAPA.G between non irrigated and irrigated crops, in light of the relevance of differentiating between these two categories in the context of Spanish agriculture. Indeed, in 2000
, approximately 22.5% of the 10,178,381 ha of herbaceous crops were irrigated, where wheat yield figures, for instance, were 1.5 times higher nation-wide than for non irrigated farming. This gap was even wider in certain regions of the country (in Aragon, for example, where cereals account for a large share of the area devoted to herbaceous crops, irrigated wheat yields were almost three-fold higher than the respective non irrigated crop yields). The importance of differentiating between non irrigated and irrigated farming is also endorsed by the fact that the reference yield for area payments in Spain as a whole, in non irrigated farming, is 2.4 t/ha, whereas the figure for irrigated crops is 5.3 t/ha. In other words, CAP payments for irrigated land are over twice the rate paid for non irrigated land.

The model considers both non-irrigated and irrigated COP, non-COP and forage crops. Some of these crops have only one possible use: marketing or feeding, whereas others can be endogenously earmarked for either purpose. Livestock feed purchased on the market is also included.

The livestock activities present in the model are: dairy cattle, rearing cattle, dairy sheep and non dairy sheep. Non-farmland-dependent livestock raising conducted on highly specialized holdings (e.g., poultry or pigs or cattle for fattening) are not included. A list of all the crops and animal activities modelled is in Annex 1, which also contains other activities addressed in the model. 
A matrix is generated for each farm type, selecting, from among all the possible items covered by PROMAPA.G, the crops and livestock existing in the base year, according to Spanish FADN results for that year.

The data for each of these productive activities entered into the model are, essentially: level of activities in the base year, prices, yields, costs per unit of activity, food components (energy, proteins, dry matter) from livestock feed and the nutritional requirements of the different types of livestock. To run PROMAPA.G, in addition to these data, agricultural policy scenarios for the base and simulation years and assumptions on price variation between the two must be defined.

The sources of the data associated with crops and livestock, as well as a few of the options provided for in PROMAPA.G in this regard are given below.

Level of activities in the base year

The area for the different crops and the herd size in each farm type in the base year are taken from the FADN for that year.

Prices

Crop prices can be obtained for each farm type from the FADN by dividing the total value of the production by the volume produced; the same procedure is followed to obtain the price of cow and sheep milk.

The price of animals and forage purchased on the market are obtained from information furnished by experts.

Yields

Yield figures for crops by farm type can be obtained from the FADN by dividing the crop yield in quantity by the area farmed. Milk yields, in turn, are found by dividing production by the number of milk-producing animals.

FADN data are missing for some types of forage. In this case, the data sources are the Ministry of Agriculture, Fisheries and Food’s agrifood statistical yearbook and the information provided by experts. The latter is used likewise for data on non-dairy livestock products.

Unit costs

Standard costs per ha have been established for each of the crops considered on the basis of information provided by the literature and expert opinion. PROMAPA.G can use such costs or calculate cost per hectare from these figures and the total proportional costs (seed, fertilizer, phytosanitary products, water and other crop costs) given in the FADN for each farm type as follows:
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where

Cfi = estimated cost per ha for crop i in farm f.

Cf = total proportional costs for farm f.

Ci = standard cost per ha for crop i.

Sfi = hectares of farm f used to grow crop i.

The unit costs for animals are based on expert estimates.

Food components of feed

The food components of feed were determined on the basis of the INRA manual on food composition.

Animal nutritional requirements
Animals’ nutritional requirements were established on the grounds of their energy and protein needs and intake capacity, as defined by Daza (2004).

The methodology proposed in that work estimates demand and intake capacity from a series of parameters. This procedure can be applied in other countries, providing the parameters required are known.

The following is an example of the calculation of a dairy cow’s protein demand in grams of digestible nitrogen (DN)
:
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PVV =


cow weight, in kg.
F =


annual fertility (%).

PLT =


production per lactation period, in kg.
PVT =


stallion bull weight, in kg.

(T / V) =
stallion / cow ratio.

PVN =


average heifer weight, in kg.
DR =


duration of growth period, in days.
TR =


annual replacement ratio (%).

PVNC =


average heifer weight during the first pregnancy.

ΔPG1 =


average weight increase during the first pregnancy, in kg / day.
Farm typology

The PROMAPA.G model uses the farm types considered in theADN, where they are defined as combinations of different strata of the following variables: farm size, geographic location and type of farming
. These variables are broken down into the following strata:

Size stratification
Economic size, expressed in European Size Units (ESU): <4 ESU, 4 to <8 ESU, 8 to <16 ESU, 16 to <40 ESU, 40 to <10 ESU and ≥100 ESU.

Geographic stratification
The strata used correspond to European level II of Statistical Territorial Units (NUTS II), which in Spain concur with the country’s seventeen autonomous regions: Galicia (01), Asturias (02), Cantabria (03), Basque Country (04), Navarre (05), Rioja (06), Aragon (07), Catalonia (08), Balearic Isles (09), Castile and Leon (10), Madrid (11), Castile-La Mancha (12), Valencia (13), Murcia (14), Extremadura (15), Andalusia (16) and Canary Islands (17).
Type of farming stratification
The strata considered in the results of the Spanish FADN for 2001 are given in Table 1, which also shows the equivalent types of farming (TF) listed in Commission Decisions 85/377/EEC and 2003/369/EC.

The following TFs will not be addressed in the assessment of the effects of new CAP reform: Specialist Horticulture, Specialist Permanent Crops and Specialist Granivores. The activities covered by the PROMAPA.G model for each farm type are the ones defined in the model and they exist on the holding in question.

The advantages to using the FADN farm typology are, on the one hand, that the farm types considered are well represented and on the other, they are the types that furnish the most accurate estimates of comparable levels of aggregation.
A detailed study of the relative importance of the various types of farming in Spain’s seventeen autonomous regions can be found in Júdez et al. (1999).
The model

The matrix. variables and constraints

Briefly, the variables addressed in the model are:

· Total non irrigated and irrigated farming area for the different crops and the breakdown into area intended for marketing and area intended for feeding, as appropriate.
· Area set aside either as a requisite to receive area payments for COP crops, or voluntarily.
· Quantity of dry matter of the different livestock feed, whether grown on the holding or bought on the market.
· Different types of animals under the dairy cattle, rearing cattle, dairy sheep and non dairy sheep categories.
· CAP payments for crops and livestock.

Table 1: Types of farming (TF) listed in the Spanish FADN and EU TF equivalents.

	TF (Spanish FADN)
	TF (Commission Decisions 85/377/EEC and 2003/369/EC)

	 SPECIALIST FIELD CROPS
	 
	 
	 
	 
	 
	 
	 
	 

	1310
	Specialist cereals (other than rice) oilseeds and protein crops
	131
	
	
	
	
	
	
	 

	1320
	Specialist rice
	132
	
	
	
	
	
	
	 

	1330
	Cereals, oilseeds, protein crops and rice combined
	133
	
	
	
	
	
	
	 

	1410
	Specialist root crops
	141
	
	
	
	
	
	
	 

	1420
	Cereals, and roots crops combined
	142
	
	
	
	
	
	
	 

	1430
	Specialist field vegetables
	143
	
	
	
	
	
	
	 

	1441
	Specialist tobacco
	1441
	
	
	
	
	
	
	 

	1442
	Specialist cotton
	1442
	
	
	
	
	
	
	 

	1443
	Various field crops combined
	1443
	
	
	
	
	
	
	 

	 SPECIALIST HORTICULTURE
	 
	 
	 
	 
	 
	 
	 
	 

	2011
	Specialist market garden vegetables-outdoor
	2011
	
	
	
	
	
	
	 

	2012
	Specialist market garden vegetables-under glass
	2012
	
	
	
	
	
	
	 

	2020
	Specialist flowers and ornamentals
	2021,
	2022,
	2023
	
	
	
	
	 

	 SPECIALIST PERMANENT CROPS
	 
	 
	 
	 
	 
	 
	 
	 

	3110
	Specialist quality wine
	311
	
	
	
	
	
	
	 

	3150
	Vineyards producing other wines
	312,
	313
	
	
	
	
	
	 

	3140
	Vineyards for various types of production
	3141,
	3142,
	3143
	
	
	
	
	 

	3211
	Specialist fresh fruits (other than citrus)
	3211
	
	
	
	
	
	
	 

	3212
	Specialist nuts
	3212
	
	
	
	
	
	
	 

	3213
	Fresh fruit (other than citrus) and nuts combined
	3213
	
	
	
	
	
	
	 

	3220
	Specialist citrus fruit
	322
	
	
	
	
	
	
	 

	3230
	Fruit and citrus fruit combined
	323
	
	
	
	
	
	
	 

	3300
	Specialist olives
	330
	
	
	
	
	
	
	 

	3400
	Various permanent crops combined
	340
	 
	 
	 
	 
	 
	 
	 

	 SPECIALIST  GRAZING LIVESTOCK
	 
	 
	 
	 
	 
	 
	 
	 

	4100
	Specialist dairying
	411,
	412
	
	
	
	
	
	 

	4210
	Specialist cattle-mainly rearing
	421
	
	
	
	
	
	
	 

	4220
	Specialist cattle-mainly fattening
	422
	
	
	
	
	
	
	 

	4300
	Cattle-dairying, rearing and fattening combined
	431,
	432
	
	
	
	
	
	 

	4410
	Specialist sheep
	441
	
	
	
	
	
	
	 

	4450
	Sheep, goat and cattle combined
	442,
	443,
	444
	 
	 
	 
	 
	 

	 SPECIALIST GRANIVORES
	 
	 
	 
	 
	 
	 
	 
	 

	5011
	Specialist pig rearing
	5011
	
	
	
	
	
	
	 

	5012
	Specialist pig fattening
	5012
	
	
	
	
	
	
	 

	5013
	Pig rearing and fattening combined
	5013
	
	
	
	
	
	
	 

	5022
	Specialist poultry-meat
	5022
	
	
	
	
	
	
	 

	5030
	Various granivores combined
	5031,
	5032
	 
	 
	 
	 
	 
	 

	 MIXED CROPPING
	 
	 
	 
	 
	 
	 
	 
	 

	6000
	Mixed cropping
	601,
	602,
	603,
	604,
	605,
	6061,
	6062
	 

	 MIXED LIVESTOCK HOLDINGS
	 
	 
	 
	 
	 
	 
	 
	 

	7000
	Mixed livestock holdings
	711,
	712,
	721,
	722,
	723
	 
	 
	 

	 MIXED CROPS-LIVESTOCK
	 
	 
	 
	 
	 
	 
	 
	 

	8000
	Mixed crops-livestock
	811,
	812,
	813,
	814,
	821,
	822,
	8231,
	8232


The equations that inter-relate these variables in the model can be divided into six groups:

· Constraints that limit the total non-irrigated and irrigated farming area to the farm’s non-irrigated and irrigated UAA, including the constraints that divide the crop specific area into area intended for marketing and area intended for feeding.

· Relationships between the COP crop specific area used for marketing, the area receiving compensatory payments and compulsory and voluntary set-asides.
· Relationships between feeding crops production and the type of feed into which it is transformed (e.g., consumed fresh or in the form of hay, or silage).
· Constraints ensuring the balance between the various animal activities addressed in the model (adult animals, young animals of different ages for sale, replacement animals).
· Relationships between the supply of feed, whether produced on the farm or bought, and animal nutritional requirements. These constraints are established for dry matter, energy and proteins and can take into account the intake capacity of animals.

· Constraints linking animal activities and livestock premiums. These include the relationships between premiums for rearing cattle and livestock density on the holding.

See Annex 1 for a full list of activities and constraints.

The mathematical formulation of the most prominent constraints in the model is presented below. Some of these constraints are original or seldom used in the context of farm models. In particular we will mention: equations (17)-(22) below, which relate cattle rearing premiums to different livestock densities, and constraints (2) that, jointly with the calibration procedure, provide for calibrating existing crop areas simultaneously with their breakdown into various activities.

Relevant aspects in the formulation of crop constraints and CAP measures for herbaceous crops

The following definitions are used:

Xi =
total ha of crop i;
XSi  =
ha of crop i for the market;
XFi =
ha of crop i for feeding;
XRSi = 
ha of crop i receiving payments under the simplified scheme;
XRGi = ha of crop i receiving payments under the general scheme;
XRS =
total ha receiving payments under the simplified scheme;
XRG =
total ha receiving payments under the general scheme;
XCS =
ha of compulsory set-asid;
XVS =
ha of voluntary set-aside;
XG = 
general producer scheme ( 1 = yes, 0 = no);
XS = 
simplified scheme ( 1 =yes, 0 =no);
A =
area of farmholding;
b1 =
compulsory set-aside rate;
b2 =
maximum set-aside rate (compulsory + voluntary);
M =
sufficiently large real number;
QS =
production ceiling (in t) under the simplified producer scheme; and,
r =
reference yield (in t/ha) in the region where the farmholding is located.

In addition, the crop set I, is considered as union of four mutually exclusive subsets:
I1 =
non-COP crops for marketing only;
I2 =
COP crops for marketing only;
I3 =
COP crops for market or feeding; and, 
I4 =
non-COP crops (essentially, forage crops) for marketing or feeding, 

and subsets T1 and T2 are defined as: 
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Briefly, the most important constraints associated with these variables can be formulated as follows:
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To simplify the above formulation no distinction is drawn between non-irrigated and irrigated areas and crops, although this differentiation does exist in the PROMAPA.G
 model.

Constraint (2) provides for calibrating the hectares of crop i (Xi) existing in the base year and allows for the endogenous division in both the base and the simulation years into the portion devoted to feeding and the portion intended for marketing. In the event of forage unfit for marketing, the latter is defined to be the non-used hectares.

The choice between general producers’ scheme payments for COP crops, which entails the compulsory set-aside of land, and the simplified scheme where set-asides are not required, is provided for in binary variables XS and XG. Equation (8) allows for adhering to one or neither of these two schemes.

Finally, equation (11) limits the farm area that can qualify for payments under the simplified scheme. This limitation is established on the basis of the maximum production established in the CAP (QS) and the farm’s reference yield (r), i.e. the reference value for the region where it is located.

Formulation of livestock feeding and the balance between the various types of animals

The following definitions are used:

Zk =
number of head of adult female type k livestock (k= 1: rearing cattle; k= 2: dairy cattle; k= 3: dairy sheep; and k= 4: non dairy sheep);
Zkhl =
number of head of age group l, sex h (h= 1 if female or, h=2 if male) in type k livestock;
XQijk =
kg of dry matter in foodstuff j from crop i for type k livestock;
XBgk =
kg of dry matter in product g purchased to feed type k livestock;
XDMk =
kg of total dry matter consumed by type k livestock.

yi =
crop i yield in kg per ha;
dij =
proportion of dry matter in foodstuff j contained in one kg of fresh product from crop I;
tkh =
rate of sex h animals produced per type k livestock female;
aije =
supply of food component e per kg of dry matter in foodstuff j from crop i;
age =
supply of food component e per kg of dry matter in purchased product g;
nke=
demand for food component e per head of adult female type k livestock;
nkhle =
demand for food component e per head of age group l, sex h, type k livestock; and,
mk =
maximum proportion of dry matter from forage to be taken in by type k livestock.

G1 is the forage subset in set G of purchased foodstuffs.

The essential equations related to these variables are:

(12)
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In this formulation, a separate activity is included for each foodstuff (whether produced on the farm or purchased) consumed by each of the existing types of livestock. At first sight, many of these activities may be regarded to be redundant since, for instance, the forage produced on the farm could be entered directly from the XFi family of variables, with no need to create other activities. However, the formulation described, in addition to furnishing direct information on the production of each crop earmarked for feeding each type of livestock, makes provision for limiting their intake of dry matter from certain types of foodstuffs – equation (16).
Relevant issues in the formulation of CAP measures for livestock
This section contains a description of modelling for agricultural policy measures on cattle rearing, inasmuch as this, of all the animal production measures addressed in PROMAPA.G, is the area most fully developed.

The following definitions are used:

XFD =
hectares declared as forage area;
XPG1 =
number of suckler cows eligible for premiums under the general scheme;
XPE1=
number of suckler cows eligible for premiums under the extensification scheme;
XRG =
general scheme premium (1= yes, 0= no);
XRE =
extensification scheme premium (1= yes, 0= no);
Z1=
number of suckler cows;
uk=
livestock units per head of adult female type k livestock;
ukhl =
livestock units per head of age group 1, sex h, type k livestock;
c1 =
maximum livestock density per ha to be eligible for general scheme premiums;
c2 =
maximum livestock density per ha to be eligible for extensification scheme premiums; and,
M =
sufficiently large real value.

The equations inter-relating these variables in the model are as follows:

(17)
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Equation (17) expresses the livestock density requirement to be met by the holding to be eligible for standard scheme payments. Eligibility for payments under the extensification scheme is contained in constraint (18).

Constraint (19) limits the number of premiums to the number of existing suckler cows and constraints (20), (21) and (22) permit the endogenous choice between the general and extensification scheme payments when the qualifications for applying for these schemes are met. The number of cows entitled to premiums may also be limited   –with expression (23)– when the holding’s cow quota is known.

Herd size may be increased or decreased and premiums bought or sold in the simulation year.

The first of these options is contained in the constraint:

(24)
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where 
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 is the number of suckler cows in the base year, 
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The coefficients corresponding to 
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 in the economic function represent the annuities allocated to the purchase and sale of cows, respectively.

The increase or decrease in the farm holding’s premiums is reflected in the following constraint:

(25)
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where NP1 and SP1 are the number of premiums bought and sold, respectively. Their coefficients in the economic functions are the annuities attributed to the purchase and sale of premiums.

The economic function

The economic function in the model consists in maximizing the holding’s gross margin, including revenues from premiums and payments. Costs are represented as a quadratic function.

Briefly, the economic function in PROMAPA.G is:
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where: r is an n-dimensional vector whose components are revenues per unit of activity, x is the vector representing the level of the n activities concerned and Q is a symmetrical definite positive matrix whose components are estimated in such a way that model calibration yields activity levels (crop specific areas and number of animals) that concur with the levels observed for the holding in the base year.

The values of the Q components depend on the calibration procedure chosen. The options provided in PROMAPA.G are described in the following section.

Calibration

Problem and solution

Let x be a vector with n components representing the levels of the farmholding’s different activities b = (b1, b2,…, bi, ..., bm)T the vector representing the availability of resources and A = [aij]  the m(n  matrix of technical coefficients in which aij represents the needs for resource i per unit of activity j.
Briefly, the calibration problem is to obtain a non-linear concave target function f(x) such that given a level of activities 
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Problem 1

max f(x)

x

subject to:


Ax ≤ b

x > 0
Solution to the calibration problem
Let λ* be a positive n-dimensional vector such that:

(26)
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The calibration problem is solved by any function f(x) fulfilling the following conditions:

(28)
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Proof of this result can be found in Júdez et al (1998)
 where it is proposed for its application for the direct calibration of models, i.e. by-passing the so-called first phase of PMP (use of a linear program with calibration constraints to estimate λi). It is interesting to note in this regard that Heckelei and Wolff (2003) propose the Kuhn and Tucker first order conditions –which for linear constraints are essentially (26)-(28) indicated above– as the basis for an alternative to PMP.

The application of the solution to the calibration problem set out above entails having i) a vector λ that satisfies (26) and (27); and ii) specification of f(x) as a function of certain parameters that can be estimated in a manner that satisfies (28).

Determining λ*

One of the options for estimating λ* is to use the procedures described above or others set out in the Heckelei and Britz (2005) review cited earlier, which highlights the various methods for by-passing the first phase of PMP.

The other option is the now classic use of the first phase of PMP, which consists in associating λ* with the opportunity costs of constraints Ax ≤ b in the optimal solution of the linear program:

Problem 2
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where cj is the unit cost of activity j and ε is a n-dimensional vector of small positive real numbers. Pursuant to the so-called calibration equations, 
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 is the dual value associated with the j-th calibration constraint, the following equation holds:
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Substituting 
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(29)
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which gives the calibration conditions when the first phase of PMP is used.

Specification of f(x) and determination of parameters
The following is a discussion of the two alternative approaches to f(x) specification contained in PROMAPA.G. In both, as may be deduced from (29), the use of the ancillary linear program to determine λ* entails considering the variables that Howitt (1995) calls marginal (i.e., in which 
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) in another, in the calibration procedure. The two types of variables can be treated similarly if 
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In the PROMAPA.G model, the 
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 may be obtained either empirically or with the first phase PMP ancillary linear program. In practice, given the many constraints in the model, vector λ* is always obtained via Problem 2. Subsequently, if the necessary a priori information is available to estimate opportunity costs, some (ultimately even all) of the components of λ* can be changed to fit λi according to that information. If only some of the dual values for resources obtained from the linear model are changed into exogenous values, the latter must be smaller to prevent the appearance of negative unit costs for some activities.

Specification 1 (excluding off-diagonal elements of Q.


[image: image292.wmf]j

n

j

j

j

j

x

x

q

r

f

å

=

÷

ø

ö

ç

è

æ

-

=

1

2

1

)

(

x


Applying equation (28), the value of qj that calibrate the model is:
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If the
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 are obtained from the first phase of PMP, the expression for qj can be obtained from equation (29):
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Specification 2 (considering all elements of Q)

In this case the cost function in f(x) is:
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where Q is a positive definite symmetrical matrix of order n whose entries fulfil the condition qjk = qkj for all (k, j).

Consequently, the target function is:

(30)
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The number of parameters to be estimated to calibrate the model is equal to the number of elements in matrix Q which, given that its symmetry is: n (n +1) / 2. 
In this case, the relationships that guarantee calibration – equations (28) ‑ are:

(31)
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which becomes:

(32)
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if the 
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 dual values are the ones resulting from Problem 2.

Systems (31) and (32) are underdetermined, since in both the number of equations is smaller than the number of parameters qjk, that need to be estimated to calibrate the model. The estimation of these parameters would necessitate adding n(n-1)/2 equations.

Paris and Howitt (1998) proposed the following procedure to solve the problem:

1. To ensure that Q is a positive definite matrix, it is defined such that it must satisfy the following Cholesky decomposition:

Q = TDTT
where T is a lower triangular matrix in which the diagonal elements are equal to 1 and D is a positive definite diagonal matrix.

The nonzero elements in row j and column k of matrix T is defined as E(tjk), i.e. as the mathematical expectations of parameter tjk, with possible values tjkl (
[image: image301.wmf]l

= 1, 2, ..., L). Similarly, the nonzero entries of matrix D are defined as the mathematical expectations of parameters dj, with possible values djl. Parameters tjkl and djl are called support points.

Defining
P(tjkl) = Probability that the value of tjk is tjkl.

P(djl) = Probability that the value dj is djl.
the expressions for E(tjk) and E(dj) are:
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2. Values tjkl and djl are obtained from the following base tjk and dj values:

(33)
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Note that this is the expression used to determine the parameters qj that calibrate the model when the target function is specified to have a single unknown parameter per activity (see specification 1).

Multiplying expression (33) by weights 
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 yields the support points tjkl and djl:
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3. Probabilities P(tjkl) and P(djl) are estimated by maximizing entropy H – see Golan et al. (1996) – in the following problem:

(34)
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subject to:

(35)
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Equation (34) represents inertia; equations (35) and (36) define the elements of matrices Q and D, respectively, equations (37) correspond to equations (32) above, which guarantee calibration of the non-linear model and equations (38) and (39) provide that the sums of the probabilities of the different values that can be taken by tjk and dj, respectively, equal 1. Finally, equations (40) and (41) ensure that all the probabilities are greater than zero so their logarithms are not infinite.

Note that the parameters in economic function (30) are estimated from the system (34)-(41) using the first phase of PMP. This phase can be by-passed by simply substituting 
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 for the right hand member of equations (37) and estimating 
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.

Calibration in the PROMAPA.G model

The calibration procedures that can presently be used in PROMAPA.G are as follows:

1. Specification 1 with the first phase of PMP.

2. Specification 1 wholly or partially by-passing the first phase of PMP, assigning exogenous values to all of part of the resources.

3. Maximum entropy with the first phase of PMP.

4. Maximum entropy, establishing all or part of the opportunity costs of resources exogenously.

In practice it is difficult, not to say impossible, to have realistic exogenous opportunity costs for all the PROMAPA.G constraints in the different types of holdings addressed in the context of the GENEDEC project. Therefore, calibrations 1 or 3 will be used in most cases. Nonetheless, calibration will be also programmed to be able to consider exogenous dual values for non irrigated and irrigated land, using the first phase of PMP to determine the dual values of constraints other than land.
Final remarks

The structure of the model as it is to be used in the GENEDEC project is now complete. Work is currently underway on software which on the one hand will generate the matrix and the model’s economic function for each farm type, and on the other retrieve the results obtained with GAMS, for reporting. This functionality should enhance the efficiency of PROMAPA.G use.
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ANNEX 1

PROMAPA.G Model Activities and Constraints

VARIABLES

Non COP crops

GBS: Non –irrigated chickpea (ha).

ALS: Non – irrigated almond orchards (ha).

ALR: Irrigated almond orchards (ha).

UVMS: Non-irrigated table grape vineyards (ha).

UVMR: Irrigated table grape vineyards (ha).

UVCS: Non-irrigated quality wine vineyards (ha).

UVCR: Irrigated quality wine vineyards (ha).

UVNCS: Non-irrigated other wine vineyards (ha).

UVNCR: Irrigated other wine vineyards (ha).

OAMS: Non-irrigated table olive groves (ha).

OAMR: Irrigated table olive groves (ha).

OAAS: Non-irrigated table olive oil groves (ha).

OAAR: Irrigated olive oil groves (ha).

ARR: Irrigated rice (ha).

REMAZR: Irrigated sugar beet (ha).

ALGR: Irrigated cotton (ha).

PIMPIR: Irrigated paprika pepper (ha).

PTR: Irrigated late season potato (ha).

PTER: Irrigated general season potato(ha).

PMER: Irrigated late season potato (ha).

COLR: Irrigated cabbage (ha).

ESPR: Irrigated asparagus (ha).

LECR: Irrigated lettuce (ha).

MELR: Irrigated melon (ha).

TOMR: Irrigated tomato (ha).

PIMR: Irrigated pepper (ha).

ALCR: Irrigated artichoke (ha).

CLFR: Irrigated cauliflower (ha).

AJOR: Irrigated garlic(ha).

CEBOR: Irrigated onion (ha).

JUVR: Irrigated green bean (ha).

GUVR: Irrigated green pea (ha).

HAVR: Irrigated field bean (ha).

NAR: Irrigated orange orchards (ha).

MAR: Irrigated mandarin orange orchards (ha).

MANZR: Irrigated apple orchards  (ha).

PER: Irrigated pear orchards (ha).

MER: Irrigated peach orchards (ha).

CAP Arable crops

SRGCERS: Non- irrigated cereal area receiving area payments under CAP general scheme (other than durum wheat) (ha).

SRSCERS: Non-irrigated cereal area receiving area payments under CAP simplified scheme (other than durum wheat) (ha).

SRGTDS: Non-irrigated durum wheat area receiving payments under CAP general scheme (ha).

SRSTDS: Non-irrigated durum wheat area receiving payments under CAP simplified scheme (ha).

SUPTDS: Non-irrigated durum wheat area receiving supplement payment (ha).

SRGOLES: Non-irrigated oilseed area receiving payments under CAP general scheme (ha).

SRSOLES: Non-irrigated oilseed area receiving payments under CAP simplified scheme (ha).

ROBS: Non-irrigated compulsory set-aside (ha).

RVOS: Non-irrigated voluntary set-aside (ha).
SRGS: Non-irrigated arable crop area receiving payments under CAP general scheme (ha).

SRSS: Non-irrigated arable crop area receiving area payments under CAP simplified scheme (ha).

SRGCERR: Irrigated cereal area receiving area payments under CAP general scheme (other than durum wheat and grain maize) (ha).
SRSCERR: Irrigated cereal area receiving area payments under CAP simplified scheme (other than durum wheat and grain maize) (ha).
SRGTDR: Irrigated durum wheat area receiving payments under CAP general scheme (ha).

SRSTDR: Irrigated durum wheat area receiving payments under CAP simplified scheme.

SUPTDR: Irrigated durum wheat area receiving supplement payments (ha).

SRGMZR: Irrigated grain maize area receiving payments under CAP general scheme (ha).

SRSMZR: Irrigated grain maize area receiving payments under CAP simplified scheme (ha).

SRGPROR: Irrigated protein crop area receiving payments under CAP general scheme (ha).

SRSPROR: Irrigated protein crop area receiving payments under CAP simplified scheme (ha).

SRGOLER: Irrigated oilseed area receiving payments under CAP general scheme (ha).

SRSOLER: Irrigated oilseed area receiving payments under CAP simplified scheme (ha).

ROBR: Irrigated compulsory set-aside (ha).

SRGR: Irrigated arable crop area receiving area payments under CAP general scheme (ha).

SRSR: Irrigated arable crop area receiving area payments under CAP simplified scheme (ha).

RGA: General scheme (binary variable).

RS: Simplified scheme (binary variable).

COP crops for marketing
COLZR:  Irrigated rape (ha).

GSR: Irrigated pea(ha).

TDS: Non- irrigated durum wheat (ha).

TDR: Irrigated durum wheat (ha).

COP crops, forage and grassland for marketing or feeding

TBS: Non-irrigated common wheat (ha).

ATBS: Non-irrigated common wheat for feeding (ha).

VTBS: Non-irrigated common wheat for marketing (ha).

TBR: Irrigated common wheat (ha).

ATBR: Irrigated common wheat for feeding (ha).

VTBR: Irrigated common wheat for marketing (ha).

CENS: Non-irrigated rye (ha).

ACENS: Non-irrigated rye for feeding (ha).
VCENS: Non-irrigated rye for marketing (ha).
CENR: Irrigated rye (ha).

ACENR: Irrigated rye for feeding (ha).
VCENR: Irrigated rye for marketing (ha).
CEBS: Non-irrigated barley (ha).

ACEBS: Non-irrigated barley for feeding (ha).

VCEBS: Non-irrigated barley for marketing (ha).

CEBR: Irrigated barley (ha).

ACEBR: Irrigated barley for feeding (ha).

VCEBR: Irrigated barley for marketing (ha).

AVS: Non-irrigated oats (ha).

AAVS: Non-irrigated oats for feeding (ha).

VAVS: Non-irrigated oats for marketing (ha).

AVR: Irrigated oats (ha).

AAVR: Irrigated oats for feeding (ha).

VAVR: Irrigated oats for marketing (ha).

MZS: Non-irrigated grain maize (ha).

AMZS: Non-irrigated grain maize for feeding  (ha).

VMZS: Non-irrigated grain maize for marketing (ha).

MZR: Irrigated grain maize (ha).

AMZR: Irrigated grain maize (ha) for feeding.

VMZR: Irrigated grain maize (ha) for marketing.

GIRS: Non-irrigated sunflower (ha).

AGIRS: Non-irrigated sunflower for feeding (ha).

VGIRS: Non-irrigated sunflower for marketing (ha).

GIRR: Irrigated sunflower (ha).

AGIRR: Irrigated sunflower for feeding (ha).

VGIRR: Irrigated sunflower for marketing (ha).

VEZS: Non-irrigated vetch (ha).

AVEZS: Non-irrigated vetch for feeding (ha).

VVEZS: Non-irrigated vetch for marketing (ha).

BARS: Non-irrigated fallow land (ha).

ABARS: Non-irrigated fallow land for feeding (ha).

VBARS: Non-irrigated, non-used fallow land n (ha).

ALFS: Non-irrigated alfalfa (ha).

AALFS: Non-irrigated alfalfa for feeding (ha).

VALFS: Non-irrigated alfalfa for marketing (ha).

ALFR: Irrigated alfalfa (ha).

AALFR: Irrigated alfalfa for feeding (ha).

VALFR: Irrigated alfalfa for marketing (ha).

CINFS: Non-irrigated winter forage cereals (ha).

ACINFS: Non-irrigated winter forage cereals for feeding (ha).

VCINFS: Non-irrigated winter forage cereals for marketing (ha).

CINFR: Irrigated winter forage cereals (ha).

ACINFR: Irrigated winter forage cereals for feeding (ha).

VCINFR: Irrigated winter forage cereals for marketing (ha).

MZFS: Non-irrigated forage maize (ha).

AMZFS: Non-irrigated forage maize for feeding (ha).

VMZFS: Non-irrigated forage maize for marketing (ha).

MZFR: Irrigated forage maize (ha).
AMZFR: Irrigated forage maize for feeding (ha).

VMZFR: Irrigated forage maize for marketing (ha).

PTEMS: Non-irrigated temporary grassland (ha).

APTEMS: Non-irrigated temporary grassland for feeding (ha).

VPTEMS: Non-irrigated, non-used temporary grassland (ha).

PTEMR: Irrigated temporary grassland (ha).

APTEMR: Irrigated temporary grassland for feeding (ha).

VPTEMR: Irrigated, non-used temporary grassland (ha).

PPERS: Non-irrigated permanent grassland (ha).

APPERS: Non-irrigated permanent grassland for feeding (ha).

VPPERS: Non-irrigated, non-used permanent grassland (ha).

PPERR: Irrigated permanent grassland (ha).

APPERR: Irrigated permanent grassland for feeding (ha).

VPPERR: Irrigated, non-used permanent grassland (ha).

ERS: Non-irrigated uncultivated land (ha).

AERS: Non-irrigated uncultivated land for feeding (ha).

VERS: Non-irrigated, non-used uncultivated land (ha).

SFD: Declared pasture area (ha)

Feed for dairy cattle
BLPA: Straw for dairy cattle (100 kg DM).

BLPTB: Common wheat for dairy cattle (100 kg DM).

BLPCEN: Rye for dairy cattle (100 kg DM).

BLPCEB: Barley for dairy cattle (100 kg DM).

BLPAV: Oats for dairy cattle (100 kg DM).

BLPMZ: Grain maize for dairy cattle (100 kg DM).

BLGIR: Sunflower for dairy cattle (100 kg DM).

BLHALF: Alfalfa hay for dairy cattle (100 kg DM).

BLHCINF: Winter cereal hay for dairy cattle (100 kg DM).

BLSMZF: Forage maize silage for dairy cattle (100 kg DM).

BLHPTEM: Temporary grassland hay for dairy cattle (100 kg DM).

BLSPPER: Permanent grassland silage for dairy cattle (100 kg DM).

BLCPCEB: Purchased barley for dairy cattle (100 kg DM).

BLCPMZ: Purchased grain maize for dairy cattle (100 kg DM).

BLCHALF: Purchased alfalfa hay for dairy cattle (100 kg DM).

BLCALFD: Purchased dehydrated alfalfa for dairy cattle(100 kg DM).

BLCON: Concentrated feed for dairy cattle(100 kg DM).

BLMST: Total dry matter for dairy cattle (100 kg DM).

Rearing cattle feed
BCPA: Straw for rearing cattle (100 kg DM).

BCPTB: Common wheat for rearing cattle (100 kg DM).

BCPCEN: Rye for rearing cattle (100 kg DM).

BCPCEB: Barley for rearing cattle (100 kg DM).

BCPMZ: Grain maize for rearing cattle (100 kg DM).

BCBAR: Fallow land for rearing cattle (100 kg DM).

BCHALF: Alfalfa hay for rearing cattle (100 kg DM).

BCHCINF: Winter forage cereal hay for rearing cattle (100 kg DM).

BCSMZF: Forage maize silage for rearing cattle (100 kg DM).

BCPTEMV: Green temporary grassland for rearing cattle (100 kg DM).

BCHPTEM: Temporary grassland hay for rearing cattle (100 kg DM).

BCPPERV: Green permanent grassland for rearing cattle (100 kg DM).

BCSPPER: Permanent grassland silage for rearing cattle (100 kg DM).

BCER: Uncultivated land for rearing cattle (100 kg DM).

BCCPA: Purchased straw for rearing cattle (100 kg DM).

BCCPCEB: Purchased barley for rearing cattle (100 kg DM).

BCCPMZ: Purchased grain maize for rearing cattle (100 kg DM).

BCCHALF: Purchased alfalfa hay for rearing cattle (100 kg DM).

BCCALFD: Purchased dehydrated alfalfa for rearing cattle (100 kg DM).

BCCON: Concentrated feed for rearing cattle (100 kg DM).

BCMST: Total dry matter for rearing cattle (100 kg DM).

Feed for sheep
OVPA: Straw for sheep (100 kg DM).

OVPTB: Common wheat for sheep (100 kg DM).

OVPCEN: Rye for sheep (100 kg DM).

OVPCEB: Barley for sheep (100 kg DM).

OVPAV: Oats for sheep (100 kg DM).

OVPMZ: Grain maize for sheep (100 kg DM).

OVGIR: Sunflower for sheep (100 kg DM).

OVVEZ: Vetch for sheep (100 kg DM).

OVBAR: Fallow land for sheep(100 kg DM).

OVHALF: Alfalfa hay for sheep (100 kg DM).

OVHCINF: Winter cereal hay for sheep (100 kg DM).

OVSMZF: Forage maize silage for sheep (100 kg DM).

OVPTEMV: Green temporary grassland for sheep (100 kg DM).

OVHPTEM: Temporary grassland hay for sheep (100 kg DM).

OVPPERV: Green permanent grassland for sheep (100 kg DM).

OVSPPER: Permanent grassland silage for sheep (100 kg DM).

OVER: Uncultivated land for sheep (100 kg DM).

OVCPA: Purchased straw for sheep (100 kg DM).

OVCPCEB: Purchased barley  for sheep (100 kg DM).

OVCPMZ: Purchased grain maize for sheep (100 kg DM).

OVCHALF: Purchased alfalfa hay for sheep (100 kg DM).

OVCALFD: Purchased dehydrated alfalfa for sheep (100 kg DM).

OVCON: Concentrated feed for sheep (100 kg DM).

OVMST: Total dry matter for sheep (100 kg DM).

Dairy cattle
VLECH: Dairy cows (number of animals).

VLTD: Waste dairy cows (Income not proportional to milk production).

VLH: Young females (<1 month old) (number of animals)

VLM: Young males (<1 month old) (number of animals)

VLR: Replacement dairy cows (number of animals)
Rearing cattle

VNOD: Suckler cow (number of animals)

BOM608M: Young male animals (6-8 months old) (number of animals)

BOH608M: Young female animals (6-8 months old) (number of animals)
BOH22M: 22 month-old replacement cows (number of animals).

Rearing cattle premiums and CAP schemes

RG: General scheme payments (binary variable).

RE: Extensiification scheme payments (binary variable).

PGVNOD: General suckler cow premiums (number of animals).

PEVNOD: Extensifications suckler cow premiums (number of animals).

Sheep

OVLI: Dairy sheep (number of animals)

OVPE: Adult non dairy sheep (number of animals)

OVLIR: Adult dairy replacement sheep (number of animals)

OVPER: Adult non dairy replacement sheep (number of animals)

OVLEC: Lamb from dairy sheep(number of animals).

OVCOR: Lamb from non dairy sheep (number of animals).

Sheep premiums
POVLI: Dairy sheep premiums (number of animals).

POVPE: Non dairy sheep premiums (number of animals).

CONSTRAINTS 

Equilibrium crops-area available 
SUPS: Non-irrigated area (ha).

SUPR: Irrigated area (ha).

Equilibrium production-marketing-feeding
DTBS: Non-irrigated common-wheat area distribution (ha).

DTBR: Irrigated common-wheat area distribution (ha).

DCENS: Non-irrigated rye area distribution (ha).

DCENR: Irrigated rye area distribution (ha).

DCEBS: Non-irrigated barley area distribution (ha).

DCEBR: Irrigated barley area distribution (ha).

DAVS: Non-irrigated oat area distribution (ha).

DAVR: Irrigated barley area distribution (ha).

DMZS: Non-irrigated grain maize area distribution (ha).

DMZR: Irrigated grain maize area distribution (ha).

DGIRS: Non-irrigated sunflower area distribution (ha).

DGIRR: Irrigated sunflower area distribution (ha).

DVEZS: Non-irrigated vetch area distribution (ha).

DBARS:. Non-irrigated fallow land area distribution (ha).

DALFS:. Non-irrigated alfalfa area distribution (ha).

DALFR: Irrigated alfalfa area distribution (ha).

DCINFS: Non-irrigated winter forage cereal area distribution (ha).
DCINFR: Irrigated winter forage cereal area distribution (ha).
DMZFS: Non-irrigated forage  maize area distribution (ha). 
DMZFR: Irrigated forage  maize area distribution (ha).
DPTEMS: Non-irrigated temporary grassland area distribution (ha).
DPTEMR: Irrigated temporary grassland area distribution (ha).
DPPERS: Non-irrigated permanent grassland area distribution (ha).
DPPERR: Irrigated permanent grassland area distribution (ha).

Constraints on arable crops CAP

LSPCCERS: Allocation of non-irrigated grain cereal area (others than durum wheat) between general and simplified scheme (ha).

LTDS: Allocation of non-irrigated durum wheat area between general and simplified scheme (ha).
LSTDS1: Maximum non-irrigated durum wheat area receiving CAP area payments (ha).

LSTDS2: Maximum non-irrigated durum wheat area receiving supplement payments (ha).

LSPCOLES: Allocation of non-irrigated oilseed area between general and simplified scheme (ha).
LSPCCERR: Allocation of irrigated grain cereal area (other than durum wheat, grain maize and rice) between general and simplified scheme (ha).

LTDR: Allocation of irrigated durum wheat area between general and simplified scheme (ha).
LTDR1: Maximum durum wheat irrigated area receiving CAP area payments (ha).

LTDR2: Maximum durum wheat irrigated area receiving supplement payments (ha).

LMZR: Allocation of irrigated grain maize area between general and simplified scheme (ha).
LSPCPROR: Allocation of irrigated protein crop area between general and simplified scheme (ha).

LSPCOLER: Allocation of irrigated oilseed area between general and simplified scheme (ha).
DFSRGS: Definition of non-irrigated area applied to general scheme (ha).

DFSRGR: Definition of irrigated area applied to general scheme (ha).

DFSRSS: Definition of non-irrigated area applied to simplified scheme (ha)

DFSRSR: Definition of irrigated area applied to simplified scheme (ha).

DFROBS: Definition of non-irrigated compulsory set-aside area (ha). 

DFROBR: Definition of irrigated compulsory set-aside area (ha).

DFROBRM: Minimum irrigated compulsory set-aside area (ha).

ELREG: CAP Scheme choice in COP crops. 

LRG: Permission to adhere to general scheme.

LRS: Permission to adhere to simplified scheme.

CONDRS: Requisite for small agricultural producer status (metric ton).
Allocation of feed production between dairy cattle, rearing cattle and sheep
RPA: Straw constraint (100 kg FM).

RTB: Common wheat constraint (100 kg FM).

RCEN: Rye constraint (100 kg FM).

RCEB: Barley constraint (100 kg FM).

RAV: Oat constraint (100 kg FM).

RMZ: Grain maize constraint (100 kg FM).

RGIR: Sunflower constraint (100 kg FM).

RVEZ: Vetch constraint(100 kg FM).

RBAR: Fallow land constraint (100 kg FM).

RALF: Alfalfa constraint (100 kg FM).

RCINF: Winter forage cereal constraint (100 kg FM).

RMZF: Forage maize constraint (100 kg FM).

RPTEM: Temporary grassland constraint (100 kg FM).

RPPER: Permanent grassland constraint (100 kg FM).

RER: Uncultivated land constraint (100 kg FM).

Nutritional supply-demand equilibrium in dairy cattle

BLLIMC: Maximum dairy cow intake capacity (100 BU).

BLMS: Dry matter, dairy cow (100 kg DM).

BLMAXMS: Upper dry matter limit, dairy cow (100 kg DM).

BLMINMS: Lower dry matter limit, dairy cow (100 kg DM).

BLMSF: Dry matter from forage, dairy cow (100 kg DM).

BLNE: Dairy cow energy requirements (100 FU).

BLNP: Dairy cow protein requirements (kg Digestible Nitrogen).

Nutritional supply-demand equilibrium in rearing cattle

BCLIMC: Maximum rearing cattle intake capacity (100 BU).

BCMS: Dry matter, rearing cattle (100 kg DM).

BCMAXMS: Upper dry matter limit, rearing cattle (100 kg DM).

BCMINMS: Lower dry matter limit, rearing cattle (100 kg DM).

BCMSF: Dry matter from forage, rearing cattle (100 kg DM).

BCNE: Rearing cattle energy requirements (100 FU).

BCNP: Rearing cattle protein requirements (kg Digestible Nitrogen).

Nutritional supply-demand equilibrium in sheep

OVLIMC: Maximum sheep intake capacity (100 BU).

OVMS: Maximum dry matter, sheep (100 kg DM).

OVMAXMS: Upper dry matter limit, sheep (100 kg DM).

OVMINMS: Lower dry matter limit, sheep (100 kg DM).

OVMSF: Dry matter from forage, sheep (100 kg DM).

OVNE: . Sheep energy requirements (100 FU).

OVNP: Sheep protein requirements (kg digestible nitrogen).

Dairy cattle equilibrium

EQBLM: Male equilibrium (number of animals)

EQBLH: Female equilibrium (number of animals)

EQBLR: Replacement equilibrium (number of animals)

Rearing cattle equilibrium

EQBOM: Male cattle equilibrium (number of animals).

EQBOH: Female cattle equilibrium (number of animals).

REVNOD: Suckler cow replacement equilibrium (number of animals)

Policy measures in rearing cattle

RGE: General scheme-extensification scheme choice.

ELRG: General scheme premium condition.

LPRGVNOD: Suckler cows-premium equilibrium (number of animals).

PERMRG: Permission for General Scheme premium.

CARRE: Extensification scheme premium requisite.

PERMRE: Permission for Extensification Scheme premium.

CUOVNOD: Suckler cow quota (number of animals).

Sheep equilibrium

EQOVLI: Dairy sheep-lamb equilibrium (number of animals)
REOVLI: Dairy sheep replacement  (number of animals)

EQOVPE: Non dairy sheep-lamb equilibrium (number of animals)

REOVPE: Non dairy sheep replacement equilibrium (number of animals)

Policy premiums for sheep
PROVLI: Dairy sheep-premium equilibrium (number of animals).

PROVPE: Non dairy sheep-premium equilibrium (number of animals) 
Reading’s Dynamic Resource Allocation Model - DREAD

Chris Yates, Philip Jones, Tahir Rehman

An overview of the modelling approach

This linear programming model reflects the supply response of agriculture in England and Wales to changes in policy and market conditions and developments. When the GENEDEC project commenced the ‘single farm’ aggregate model, LUAM, then in use at Reading did not conform to other partners’ farm-type models. At the Madrid meeting, therefore, it was agreed that in Reading’s case the main ‘modification’ constitutes building a farm-type model, specifically to meet the requirements of GENEDEC, that is, to assess the impact of coupling of agricultural support payments on land use and supply of agricultural commodities. The DREAD is a comparative static model, dealing with only annual cropping and livestock activities; forestry and permanent horticultural crops are not included in its current version. The model uses the national FADN dataset and other published farm management data sources.

Decision-making on farms is modelled within a multi-objective programming framework, whereby a production strategy is selected using the weighted sum of a set of quantifiable objectives. The objectives are not chosen a priori; instead, they are derived empirically by using a positive estimation procedure which uses past observations of production decisions over several years (Yates 2005). In addition, included in the objective function are quadratic calibration terms for each activity. This approach is flexible as it allows the constraint structure of the model to be predefined; although, it is possible to test the effectiveness of certain constraints, if needed, to improve the model. The method should also reduce the size of the constraint set as no artificial constraints are needed to keep the model within realistic bounds. Any number of objectives can be operationalised. Initially, however, profit maximisation (Gross Margin), labour utilisation (the aim being to maximize leisure and off-farm working opportunities) and minimisation of risk have been modelled.

General characteristics of the model

Data sources

The data required by the model are derived from a number of sources. The input-output coefficient matrix Ak, for each farm type k, is largely derived from the national FADN data. The data are derived from a 3-year average of the harvest years 2001-2003, i.e., the reference year is 2002. A three year average is taken to smooth out variations due to any unusual weather and market conditions. All financial values are deflated to a 2002 base. National FADN data-set was obtained from the UK ESRC Data Archive, which is based on an annual survey of around 3,500 farms. It was preferred to the Eurostat version of the same, as fewer confidentiality restrictions apply, i.e., summary statistics can be generated from smaller sub-sample sizes, requiring fewer farm type aggregations. This data-set provides, for each farm, crop and grass areas, livestock numbers, yields of livestock products, yields and sales volumes of crops products, crop and livestock prices, aid and subsidy payments and labour use. Input costs are generally accounted for at the farm-level, although in a few cases enterprises-specific costs are available, for example, pig and poultry feeds. Consequently, enterprise variable costs are derived from published farm management sources, such as Soffe’s Agricultural Notebook (1995) and Nix’s Farm Management Pocketbook
. Various other published official sources are used for specific data requirements
.
Farm types

The model consists of up to 108 separate ‘farms’ distinguished on the basis of (i) region, (ii) farm size and (iii) predominant enterprise. 

Region

The land area of England and Wales is divided into 9 regions, based at NUTS I (in the UK known as Government Office Regions), excluding greater London (see Figure 1).  
Size class

Size implies economic scale, with two size classes, based on ESU measurement: ‘Small’ is 39 ESU or less and ‘Large’ is 40 ESU or larger. This classification reflects average farm sizes in the UK and the need to ensure sufficient numbers in the ‘Small’ category.

Figure 1
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Farm type classification

There are 6 farm types as defined in the UK national FADN classification:
Specialist cereals

Dairy

General cropping

Mixed (livestock and arable)

Lowland livestock

Upland livestock
These types are taken directly from the Defra ‘Robust Farm Type’ classification. In fact, there are 10 Robust Farm Types, but the ‘Pigs’, ‘Poultry’, ‘Horticulture’ and ‘Other‘ farm types have been dropped. This classification itself is derived from the FADN farm types as shown in Table 1.

Potentially, the total number of farm types in the model is (8 x 6 x 2 ) 108, however, some cells in the ‘region x farm-type x size’ matrix are empty, i.e., not all farm types are represented in each of the 9 NUTS I regions of England and Wales. The model therefore includes only those farm types that are present in a region in the reference year (2002). The model does not allow farm types to ‘appear’ in regions where they did not exist in the reference run, neither does it allow farms to disappear, i.e., be allocated no land.

Table 1:  Comparison of Defra Robust Farm Types with EC farm types

	Defra Robust Farm Types
	Constituent EC farm types

	Cereals
	1312

	General cropping
	1412, 142, 143, 1443, 602, 603, 604, 6052

	Horticulture
	3211, 2012, 2022, 2032, 3401, 2011, 2013, 2021, 2023, 2031, 2033, 2034, 311, 312, 313, 314, 3402, 601, 6061, 6062

	Specialist pigs
	5011, 5012, 5013

	Specialist poultry
	5021, 5022, 5023

	Dairy
	411, 412, 411, 412

	LFA grazing livestock
	441, 421, 422, 431, 432, 442, 443, 4443, 4444, 442, (DA & SDA)

	Lowland grazing livestock
	421, 422, 431, 432, 441, 442, 443, 4443, 4444 (non-LFA)

	Mixed
	811, 812, 8132, 8142, 821, 821, 8232, 5031, 5032, 711, 7122, 721, 722, 723

	Other 
	1311, 1411, 1444, 4442, 6051, 7121, 8131, 8141, 4441, 91, 92


Note: EC farm type codes that do not appear in this table represent farm types that do not occur in the UK.

The model structure

Agricultural activities

A range of agricultural activities can be carried out on each farm type, which is limited to the situation that existed on that farm in the reference year (2002) These activities are from the complete list in Table 2.
Table 2:  Agricultural activities in the DREAD model

	Crop activities
	Livestock activities

	Wheat
	Dairy

	Barley
	Beef

	Oats
	Sheep lowland

	Other cereals
	Sheep upland

	Peas and beans (field-scale for livestock feeds)
	Pigs

	Sugar beet
	Poultry

	Potatoes
	

	Oilseeds (rape and linseed)
	

	Set aside (compulsory)
	


Revenues for each activity are generated from sales of outputs, aid and subsidy payments, while the costs are ‘variable’ as they are specific to an activity and vary directly with its scale. The following table itemises both the costs and revenue streams for each activity of the model. The subsidy and other similar income related to any activity uses the rates and levels applicable for the reference year, but they are adjusted according to the assumptions that constitute a particular scenario for different runs of the model. The table below provides a list of all the items involved in revenue and cost calculations.
Table 3:  Revenues and cost items for agricultural activities in DREAD

	Agricultural activity
	Revenue item
	Cost item

	Wheat, barley, oats, other cereals
	Sale of grain

Area aid payments
	Seeds

Sprays

Fertilizers

	Peas and beans, oilseeds
	Sales of seeds

Area aid payments
	Seeds

Sprays

Fertilizers

	Potatoes, sugar beet
	Sale of roots/ tubers
	Seeds 

Sprays

Fertilizers

Packaging and transport

Casual labour

	Set aside
	Set aside payments
	Seeds

Contract costs

	
	
	

	Dairy
	Milk sales

Calf sales

Live animal sales

Culls and casualties

Dairy premium payments

Lease out of milk quota
	Concentrate feeds

Coarse fodder

Vet and medicine

Calf purchase and replacements

Quota leasing

Grassland variable cost supplement

	Beef
	Finished animal sales

Calf sales

Culls and casualties

Special Beef Premium (SBP)

Suckler Cow Premium (SCP)
	Concentrate feeds

Coarse fodder

Vet and medicine

Calf purchase and replacements

	Lowland sheep
	Wool sales

Lamb sales

Ewe Premium
	Concentrate feeds

Coarse fodder

Vet and medicine

Lambs and replacements

	Upland sheep (LFA)
	Wool sales

Lamb sales

Ewe sales

Ewe Premium

Hill Farm Allowance payments (replaces Hill Livestock Compensatory Amounts) 
	Concentrate feeds

Coarse fodder

Vet and medicine

Lambs and replacements

	Pigs
	Sale of finished pigs
	Feeds

Vet and medicines

Replacements

	Poultry
	Eggs

Sale of table birds
	Feeds

Vet and medicines

Chicks


In addition to the ‘variable’ costs listed above, a number of other costs are specified which cannot be linked directly to specific enterprises. These ‘additional’ costs are necessary to ensure the correct functioning of the model, but their inclusion does mean that the financial component of the model’s objective function does not strictly reflect a Gross Margin measure. One such additional non-enterprise-specific cost is the expenditure incurred on upkeep of grassland. Some additional such costs are levied directly against the dairy activity, reflecting the higher intensity of dairy production. 

Land

The land resource in the model is three types: arable, ley, permanent pasture and rough grazing. Leys (temporary grass) are sown grasses under 5 years old and are almost entirely part of the arable rotation; therefore, no distinction is drawn between these types of land in terms of their permitted uses and transfer between the two does not incur any cost. The availability of any type of land is limited to the reference year levels.
Land Transfer activities

The model can vary the relative mix of each land type through enterprise choice and by transfer of land. Within farms, land can be transferred between arable/ley and permanent pasture and back again using land transfer activities. Transfers from permanent pasture to arable are costed in the objective function, reflecting fertility and possibly soil structure improvements. Transfers from arable to permanent pasture are also costed, reflecting re-seeding and fencing.

Crop and grassland yields

Yields for each crop (t/ha) are taken directly from the UK FADN data for each farm type/size category. Grassland yields are estimated in the following way. 

1. The total annual metabolizeable energy requirement, in MJ, of all animals on each farm is calculated (published data provide the ME requirement of each class and age of animal and these are multiplied by the numbers of animals in each of these classes on each farm). 

2. A whole-farm metabolizeable energy availability is estimated. This is achieved by applying published ME
 values(Soffe, 1995; MAFF 1984) to the areas of each type of grassland, fodder crops, other crops used for on-farm feed, together with the volumes of concentrate livestock feeds and coarse fodder imported onto the farm.

3. The whole-farm ME requirement is compared to the whole farm ME availability and the difference between the two is used to calibrate the published ‘yield’ estimates (in ME terms) of the grassland and fodder crops, such that the total ME requirement and availability on each farm balances. 

Livestock 

Each unit of the six livestock types is represented in the model as 1 LSU (rather than 1 head of a particular livestock type). No distinction is made between different types of animal within a breed, therefore these LSU are composites, representing not only more than one animal, but more than one class of animal, depending upon the mix of animals found within a breed on each farm type/size combination. Accordingly, the outputs (i.e., revenues) and costs associated with each LSU (together with feed requirements) also vary according to the mix of animals on which it is based. The model is therefore forced to maintain the same mix of animals within breed in scenario runs as existed on each farm type in the reference year.

Livestock stocking rates

The grazing livestock activities are not constrained to operate at fixed stocking rates, rather, these can be varied by the use of more or less livestock, more or less grassland and more or less purchased feeds. Each source of livestock feed contributes to a ME availability pool for each farm. The model varies the ME availability as necessary to support the required number of livestock. 

There is no upper constraint on stocking rates, but at stocking rates above 2 LSU/ha, headage payments (or Single Farm Payment equilvalent) received by the livestock activities are withdrawn.

Intermediate products

The current version of the model is not set up to account for intermediate products. All home produced livestock feed, except grass are ‘traded’ items. For instance, feeding barley even if home-grown for animal feed is ‘sold’ and then ‘bought’ for feeding.
Purchased feeds

Purchased feeds can be either coarse fodder (ie, various kinds of conserved grasses and some fodder crops), or concentrates, based on cereals, fish meal, soya, etc. These are priced in the objective function at a discount to the full published market price, reflecting the fact that in the model fixed costs are not accounted for in the cost of home-produced grasses and fodder but are reflected in the purchase costs of feeds brought on to the farm. Without this the model would thus be pre-disposed to use home-produced feeds in preference to purchased feeds. The discount reflects the removal of a fixed cost element from market prices. 

Rotations

The model includes constraints on the relative proportions of cereals and oilseeds to break crops (eg, root vegetables, peas and beans etc), reflecting rotational practice. These proportions are derived from actual practice observed in the UK FADN data for the reference year.

CAP policies

Set aside

In the calibration run the model reflects the requirement that, as part of the Arable Area Payments Scheme (AAPS), 10% (the set aside rate in the reference year which can be varied according to future scenario conditions) of the eligible arable area on each farm can be committed to set aside in order to qualify for Arable Area Aid payments (AAA). The eligible arable area on each farm type is derived from the UK FADN data and included in the model. The model is not constrained to set aside 10% of this area, in that it can set aside less, but AAA payments are lost by so doing. Area payment claims in excess of the registered eligible arable area are not permitted.
Headage payments

Dairy premium payments are made to adult dairy animals. The value of these per dairy LSU is proportional to the fraction of the composite dairy LSU represented by eligible animals. Payment is withdrawn if stocking rates (accounting for all grazing livestock) exceed 2 LSU per forage ha.

Special Beef and Suckler cow Premia 

The composite beef LSU may contain animals that are eligible for both of these support payments. The UK FADN data is used to calculate a weighted combined payment per beef LSU on each farm type/size class, based on the demographics of the beef herd on each farm. Payment is withdrawn if stocking rates exceed 2 LSU per forage ha
.

Ewe premia

The UK FADN data is used to calculate a weighted Ewe Premia payment per composite sheep LSU on each farm type/size class, based on the demographics of the sheep flock on each farm. Payment is withdrawn if stocking rates exceed 2 LSU per forage ha. A HFA supplement is added to sheep LSUs on livestock farms in LFA regions.

Modulation

All support payments are scaled back at the prevailing modulation rate for the reference year, in this case 3%.

Labour

Existing farm labour is not costed in the model, but its availability is used as a constraint. Published Standard Labour Requirements data is used, in conjunction with data on the actual activities present on farms in the reference year (derived from the UK FADN data), to estimate the labour available on the farm in the reference year. This is then given to the model. As each activity is deployed in the model, it draws on the pool of available labour for that farm and uses this freely until the reference year amount is reached. After this point new labour has to be hired at casual labour payment rates for the reference year.

Data calibration
A subset of the parameter estimates are calibrated before entry into the model. This process is invoked where there is some doubt about the reliability of estimates, for example due to bias in the national FADN data,  and where a reasonable calibration methodology is possible. For example, the yields (energy produced) estimated for various types of grassland are calibrated by reference to the feeding requirements of livestock and availability of feed sources on the farm (see crops and grassland yields section above).
Milk quotas

Milk quotas are tradeable through the use of leasing in and leasing out activities. 
Mathematical structure of the model

Generation of objective function calibration terms: the estimation phase

This section outlines the estimation of the objective function calibration terms. As this work was still ongoing at the time of writing, the method is illustrated with an example drawn from previous work (see Yates 2005). The approach can be partitioned into the estimation phase and the modelling phase. The estimation phase is analogous to the building of statistical or econometric model where different constraints and objectives are tested using an approach similar to backward or forward recursion method used in multiple regression analysis. The modelling phase is to construct the final working version of the model.

The introduction to the proposed approach is derived from the Howitt (1995) paper. To facilitate explanation, consider the following calibration procedure:
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where
Uj  are a set of unity values for each activity j;


xj represents the level of activity j;


aji represent a matrix of technical coefficients;


bi are a set of resource endowments;


xobs,j are the observed level of activity j; and,


(l and (u are small perturbations.

Gross margins are not used in the above formulation as this is the estimation phase and should be considered as independent of economic logic, as any values may be used here in the objective function without making and difference to the results. The purpose is to derive a set of partial derivatives, which are later used to derive the weights of the multiple objective functions. This phase should be considered analogous to a least squares estimation in multiple regression, which is off course independent of the variables or situation modelled.

From the solution to problem (1) the vector (i of dual values are obtained. The following set of values (j are calculated such that:
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Next choose an arbitrary set of values (j that satisfy:
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Then calculate a set of values (j such that
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Using the first-order Kuhn-Tucker conditions for the following problem (5) it is trivial to show that the solution to this problem is xj = xobs,j.

Max 
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This procedure allows for the calculation of any number of possible quadratic functions that would exactly reproduce the observed results. In the next phase the above methodology is exploited to facilitate the estimation of weights for a MOP using several sets of past observations, and, to provide a suitable calibration procedure. The generalised objective function can be specified as:
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where


xj is the level of activity j;

Wi is the weight associated with objective function i as a linear function of the activities;


Pij is the standardised value of the ith linear objective function associated with activity j;

Vk is the weight associated with objective function k as a quadratic function of the activities;


Qkj is the standardised value of the kth quadratic objective associated with activity j; and,


Cj is the calibration term associated with activity j.

Thus the objective function weights for each of the objectives such as profit or risk and also provides a calibration term. One objective of this work is to be able to compare the relative importance of the objectives. Given that objectives will have different units, for example labour and profit, it is important to standardise the parameter values. Thus:
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where xi are the observations and yi the standardized values.

An illustrative example

In the following example two linear objectives of maximising gross margins and minimising the labour requirements are used together with a quadratic objective of minimising the annual variation in gross margins.

The example chosen is to allocate crops on a typical farm in the North East of England. The example uses data on crop areas taken from Defra’s June Agricultural Census, together with data taken from the annually published agricultural handbook (Nix 1996 to 2003) on labour requirements and gross margins. The farm modelled represents the average farm in the North East of England (averaged across all crop production in that area). In total ten cropping activities are included in the model. For clarity livestock activities are excluded in this example.

An important consideration must also be made before modelling. The aim is to replicate the decisions made, therefore, it is only permitted to use data that was actually available at the time of the decision-making within the model. In this example, the farmer plants crops in either autumn or spring for harvest in the following autumn. It is therefore not permitted to use the gross margins recorded for those crops in that year, we must use data recorded from the previous years. In this example all data was taken as the average over the previous five years (this also takes into account that farmers are likely to change production patterns according to long term changes in the market rather than short term fluctuations). The data and standardised data are shown in Table 4.

The formulation of the estimation phase of the modelling procedure is:
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subject to


[image: image341.wmf]jt

j

jt

G

LAB

W

GM

W

=

-

2

1






[image: image342.wmf]t

j

,

"





(10)

[image: image343.wmf]0

=

-

+

+

-

+

-

jt

jt

t

jt

jt

jt

jt

jt

em

ep

F

G

X

H

k

g




[image: image344.wmf]t

j

,

"




(11)

[image: image345.wmf]0

3

=

-

+

jt

j

j

H

VAR

W

C




[image: image346.wmf]t

j

,

"







(12)

[image: image347.wmf]å

=

i

i

W

1











(13)

[image: image348.wmf]jt

jt

jt

t

G

F

g

k

-

-

³





[image: image349.wmf]t

j

,

"







(14)
where

GMjt = average standardised gross margin of activity j in period t over the last five years;

LABj = standardised labour requirements of activity j;
VARj = average standardised annual variation of gross margin associated with activity j over the last five years; and,

W1, W2 and W3 are weight associated with gross margin, labour and variance of gross margin respectively.

The only restraint is upon land usage, thus:
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where Lt is the total land available in year t.

Thus (jt = 0 for all activities in all periods. The estimated parameters (using the formulation shown in equations (9) to (14) are:

W1 = 0.739

C1 = 0.000

(1 = 1.457


W2 = 0. 236

C2 = 0.562

(2 = 2.026


W3 = 0.025

C3 = 1.337

(3 = 2.446





C4 = 7.359







C5 = 67.046







C6 = 10.501





C7 = 6.046





C8 = 0.000





C9 = 0.776





C10 = 0.000
Generation of final model: the modelling phase

Following the estimation phase the final estimated model can be constructed. The final model is:

Max
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Subject to
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The model was used to predict the areas of cropping enterprises for the three years, the fitted results are shown in Table 4.

The parameter estimates show that the most important objective is that of maximising total gross margin, with minimisation of labour being the next most important. Minimising variation in gross margins did not appear to be very significant. However, relatively high calibration factors for some crops, most notably potatoes (in reality farmers must adhere to a potato quota which would limit production), suggest that the model is inadequate. This does not mean that the methodology itself is incorrect, rather that other objectives should be tried to improve the performance of the model or other ‘real’ restraints should be imposed. This inadequacy is also shown by the zero calibration terms for other activities. The fitted values appear to be quite close to the observed values.
Table 4:
Areas, gross margins, labour requirements, variation in gross margins and standardised values(*) for simple farm type example

	Crop
	Year
	Area
	Gross Margins (£/ha)
	Labour (hrs/ha)
	Variation in gross margins over past five years (£/ha)

	Wheat
	2002
	11.35
	639.01 (16.22)
	10 (11.98)
	166.63 (26.81)

	
	2001
	9.65
	697.86 (17.72)
	
	162.47 (26.14)

	
	2000
	13.82
	731.49 (18.57)
	
	136.37 (21.94)

	Winter barley
	2002
	4.93
	523.03 (13.28)
	10 (11.98)
	89.79 (14.45)

	
	2001
	4.27
	565.08 (14.35)
	
	95.23 (15.32)

	
	2000
	5.95
	585.41 (14.86)
	
	78.86 (12.69)

	Spring barley
	2002
	2.01
	499.98 (12.69)
	8.5 (10.18)
	70.30 (11.31)

	
	2001
	3.66
	531.49 (13.49)
	
	79.00 (12.71)

	
	2000
	1.81
	545.67 (13.85)
	
	68.82 (11.07)

	Oats
	2002
	0.88
	615.20 (15.62)
	10 (11.98)
	98.38 (15.83)

	
	2001
	0.79
	662.75 (16.83)
	
	96.64 (15.55)

	
	2000
	0.8
	687.55 (17.46)
	
	78.14 (12.57)

	Other cereals
	2002
	0.08
	542.15 (13.76)
	10 (11.98)
	83.56 (13.45)

	
	2001
	0.06
	577.65 (14.67)
	
	75.23 (12.11)

	
	2000
	0.08
	596.15 (15.13)
	
	63.33 (10.19)

	Potatoes
	2002
	0.36
	1495.50 (37.97)
	74 (28.66)
	292.55 (47.08)

	
	2001
	0.41
	1577.00 (40.04)
	
	236.73 (38.09)

	
	2000
	0.59
	1599.50 (40.61)
	
	198.69 (31.97)

	Field beans
	2002
	0.74
	508.70 (12.91)
	8.1 (9.70)
	83.13 (13.38)

	
	2001
	0.90
	537.30 (13.64)
	
	74.75 (12.03)

	
	2000
	0.61
	560.80 (14.24)
	
	43.57 (7.01)

	Peas
	2002
	0.06
	471.68 (11.97)
	25.4 (30.43)
	91.73 (14.76)

	
	2001
	0.08
	503.25 (12.78)
	
	71.33 (11.48)

	
	2000
	0.08
	523.55 (13.29)
	
	40.68 (6.55)

	Oilseed rape
	2002
	2.89
	508.00 (12.90)
	12.4 (14.86)
	72.32 (11.64)

	
	2001
	3.34
	519.50 (13.19)
	
	66.09 (10.63)

	
	2000
	2.95
	519.75 (13.20)
	
	65.87 (10.60)

	Linseed
	2002
	0.02
	323.30 (8.21)
	12.4 (14.86)
	52.27 (8.41)

	
	2001
	0..06
	348.58 (8.85)
	
	49.95 (8.04)

	
	2000
	0.16
	357.33 (9.07)
	
	50.80 (8.17)


(*)Standardised values are multiplied by 100 and shown in parentheses

Table 5:
Fitted values from solution to simple farm type example

	
	2002
	2001
	2000

	
	Actual
	Fitted
	Actual
	Fitted
	Actual
	Fitted

	Wheat
	11.35
	10.0
	9.65
	10.7
	13.82
	13.5

	Winter barley
	4.93
	4.9
	4.27
	4.8
	5.95
	5.3

	Spring barley
	2.01
	2.8
	3.66
	2.6
	1.81
	2.7

	Oats
	0.88
	0.8
	0.79
	0.8
	0.80
	0.9

	Other cereals
	0.08
	0.1
	0.06
	0.1
	0.08
	0.1

	Potatoes
	0.36
	0.4
	0.41
	0.5
	0.59
	0.5

	Field beans
	0.74
	0.8
	0.90
	0.7
	0.61
	0.8

	Peas
	0.06
	0.1
	0.08
	0.1
	0.08
	0.1

	Oilseed rape
	2.89
	3.3
	3.34
	2.8
	2.95
	2.7

	Linseed
	0.02
	0.1
	0.06
	0.1
	0.16
	0.1


On closer inspection however the model does not always capture the changes in cropping areas from year to year. Again this is evidence that either more objectives should be tried or that the restraint structure is failing to capture the reality of the situation. Both of these points are likely to be the case as some land will not be suitable for certain crops and that considering gross margins alone does not explicitly take into consideration subsidies, costs and yields, also certain crops require investment in expensive specialised machinery. However, it is evident from this example that the methodology is easy to apply and is potentially very useful, not only for reproducing the decision-making process, but of understanding the underlying reasons for those decisions.

Final remarks
From this example it is clear that additional objective terms can be introduced (or removed) from the model. This report does not present a formal method for doing so (such as methods developed for multiple regression analysis). An intuitive approach is to examine the differences in sums of squares and the closeness of fit from adding/removing objectives during the estimation phase. The modeller can then decide, using these criteria, whether or not the newly added term has improved the fit of the model. In this example for instance, the sum of squares from fitting just the gross margin objective is 107.6, with the addition of labour it is reduced to 19.6. However, adding variation of gross margins instead of labour only reduces the sum of squares to 103.4. Adding all three together gives a sum of squares of 17.9, which would suggest that a model using only gross margins and labour would be sufficient.

Other considerations include the use of data to represent an objective. In the above example the average gross margin over the last five years was used. The aim of this approach is to reproduce the farmer-decision making process via a weighted composite multiple objective function. Therefore, the gross margin received cannot be used, as the farmer cannot possibly know this when the decisions are made. As such ‘estimates’ of possible gross margins must be used such as the average over the past few years, it is important in applying this approach not to use data to construct the objective function that is not available to the farmer.

The calibration terms act both as calibration and also represent non-linear changes in response to increasing activity levels. For instance a very common phenomenon in agriculture is the reduction in crop yields from increased planting which can be represented by a quadratic objective function with profits decreasing per area with an increase in area planted. With a reduction in yield comes a reduction in gross margin. Therefore, if gross margin is a significant contributor to the multiple objective functions, derived from the estimation phase, then it is clear that the calibration term is in part representing this phenomenon. However, it may also be representing an increase in cost per hectare or other trait that is significant to the multiple objective functions. As such it is not possible to attribute the calibration terms to any given physical or economic phenomena (unlike PMP); rather they are representative of diminishing returns to the composite multiple objective function.

This approach explained above is quite distinct from the PMP method despite mathematical similarities between the two. PMP assumes profit maximisation and then a model is calibrated to observed results for a single period by assuming further a diminishing yield, increasing cost function or other such physical or economic phenomena. However, as many researchers have pointed out it is possible to calibrate any number of functions to reproduce the observed results. Various techniques have been developed to utilise maximum entropy to provide more reliable estimates of the calibration functions (see Heckelei and Britz (2005) for a recent review. However, the problem of estimating parameters from a single observation remains, as does the a-priori assumption about farmer behaviour. The only assumption used in the new approach is that an aggregate farmer is efficient. The calibrated objective function is estimated by finding the ‘best’ curve that can be fitted through several observations. The differences in the two approaches are illustrated in Figure 2 below. Using an example of two activities the PMP approach fits an objective function through the observed production levels whilst the DREAD model approach is to find the best objective function that is ‘close’ to the production levels over a number of years.
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Figure 2: An illustrative example of the differences between PMP and the proposed approach to the DREAD model
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Appendix  GAMS specification for the DREAD model

$title An LP Farm Type model of England and Wales agriculture (Calibration run version)

$ontext

Model created by Philip Jones & Chris Yates, Centre for Agricultural Strategy, The University of Reading

Last updated 30 July 2005

$offtext

SETS

i farm type / cereals, dairy, gencrop, lowlive, mixed, lfalive /

j farm size / large, small /

k region /ne, nw, yh, em, wm, ee, se, sw, wa /

  up(i) / lfalive /

;

SCALARS

Wprice “wheat price in £ per tonne” / 75 /

Baprice “barley price in £ per tonne” / 68 /

oaprice “Oats price in £ per tonne” / 68 /

ocprice “Other cereals price in £ per tonne” / 75 /

Beprice “beans for stockfeed price in £ per tonne” / 88 /

suprice “sugar beet price in £ per tonne” / 30 /

poprice “potatoes price in £ per tonne” / 90 /

oiprice “oilseeds price in £ per tonne” / 125 /

dairvar “dairy variable costs, £ per LSU (incl 15 fert premium for grassland)” / 150 /

beefvar “beef variable costs, £ per LSU” / 87 /

leyfert “fertilizer, seed and sprays costs for leys, £ per ha” / 75 /

perfert “fertilizer, and sprays costs for perm pasture, £ per ha” / 63 /

sa_cvar “Set aside variable costs, £ per ha” / 15 /

nlabcst “cost of hiring 1 hour of new labour” / 4.1  /

;

PARAMETERS

Wheatv(i,j,k) “output value of wheat, £ per ha”
barlyv(i,j,k) “output value of barley, £ per ha”
oatsv(i,j,k) “output value of oats, £ per ha”
ocerev(i,j,k) “output value of other cereals, £ per ha”
beansv(i,j,k) “output value of beans, £ per ha”
sugarv(i,j,k) “output value of sugar beet, £ per ha”
potsv(i,j,k) “output value of potatoes, £ per ha”
oilsv(i,j,k) “output value of oilseeds, £ per ha”
dairyv(i,j,k) “output value of dairy, £ per LSU”
beefv(i,j,k) “output value of beef, £ per LSU”
sheev(i,j,k) “output value of sheep, £ per LSU”
pigsv(i,j,k) “output value of pigs, £ per LSU”
poulv(i,j,k) “output value of sheep, £ per LSU”
Wheatgm(i,j,k) “Gross margin of wheat, £ per ha”
barlygm(i,j,k) “Gross margin of barley, £ per ha”
oatsgm(i,j,k)  “Gross margin of oats,£ per ha”
oceregm(i,j,k) “Gross margin of other cereals,£ per ha”
beansgm(i,j,k) “Gross margin of beans,£ per ha”
sugargm(i,j,k) “Gross margin of sugar beet,£ per ha”
potsgm(i,j,k) “Gross margin of potatoes,£ per ha”
oilsgm(i,j,k) “Gross margin of oilseeds,£ per ha”
sa_cgm(i,j,k) “gross margin of compulsory Set Aside”
dairgm(i,j,k) “ Gross margin of dairy, £ per LSU”
beefgm(i,j,k) “Gross margin of beef, £ per LSU”
sheegm(i,j,k) “Gross margin of sheep, £ per LSU”
pigsgm(i,j,k) “Gross margin of pigs, £ per LSU”
poulgm(i,j,k) “Gross margin of poultry, £ per LSU”
;

Wheatv(i,j,k) = wheay(i,j,k)*wprice ;

barlyv(i,j,k) = barly(i,j,k)*baprice ;

oatsv(i,j,k)  = oatsy(i,j,k)*oaprice;

ocerev(i,j,k)  = ocery(i,j,k)*ocprice;

beansv(i,j,k) = beany(i,j,k)*beprice ;

sugarv(i,j,k) = sugay(i,j,k)*suprice;

potsv(i,j,k) = potay(i,j,k)*poprice;

oilsv(i,j,k) = oilsy(i,j,k)*oiprice;

dairyv(i,j,k) = (milkyld(i,j,k)*(milkpri(i,j,k)/100))+dcalfv(i,j,k);

beefv(i,j,k) = beefout(i,j,k);

sheev(i,j,k) = sheepout(i,j,k)+woolout(i,j,k);

pigsv(i,j,k) = pigout(i,j,k);

poulv(i,j,k) = poulout(i,j,k);

Wheatgm(i,j,k) = wheatv(i,j,k)-(fertw(i,j,k)+spraw(i,j,k)+seedw(i,j,k)) ;

barlygm(i,j,k) = barlyv(i,j,k)-(fertba(i,j,k)+spraba(i,j,k)+seedba(i,j,k)) ;

oatsgm(i,j,k) = oatsv(i,j,k)-(fertoa(i,j,k)+spraoa(i,j,k)+seedoa(i,j,k)) ;

oceregm(i,j,k) = ocerev(i,j,k)-(fertoc(i,j,k)+spraoc(i,j,k)+seedoc(i,j,k)) ;

beansgm(i,j,k) = beansv(i,j,k)-(fertbea(i,j,k)+sprabea(i,j,k)+seedbea(i,j,k)) ;

potsgm(i,j,k) = potsv(i,j,k)-(fertpo(i,j,k)+sprapo(i,j,k)+seedpo(i,j,k)) ;

sugargm(i,j,k) = sugarv(i,j,k)-(fertsu(i,j,k)+sprasu(i,j,k)+seedsu(i,j,k)) ;

oilsgm(i,j,k) = oilsv(i,j,k)-(fertoi(i,j,k)+spraoi(i,j,k)+seedoi(i,j,k)) ;

sa_cgm(i,j,k) = sa_cpay(i,j,k)-sa_cvar;

dairgm(i,j,k) = dairyv(i,j,k)-dairvar;

beefgm(i,j,k) = beefv(i,j,k)-(beefvar+beefrepl(i,j,k));

sheegm(i,j,k) = sheev(i,j,k)-(sheevar(i,j,k)+sheerepl(i,j,k));

pigsgm(i,j,k) = pigout(i,j,k)-(pigrepl(i,j,k)+pifeed(i,j,k)+pigmisc(i,j,k));

poulgm(i,j,k) = poulout(i,j,k)-(pourepl(i,j,k)+poufeed(i,j,k)+poumisc(i,j,k));

VARIABLES

Wheata(i,j,k) “area of wheat produced”
Barlya(i,j,k) “area of barley produced”
oatsa(i,j,k) “area of oats produced”
ocerea(i,j,k) “area of other cereals”
beansa(i,j,k) “area of beans produced”
potsa(i,j,k) “area of potatoes produced”
sugara(i,j,k) “area of sugar beet produced”
oilsa(i,j,k) “area of oilseeds produced”
fodda(i,j,k) “area of fodder crops produced”
dairy(i,j,k) “Number of composite dairy LSU”
beef(i,j,k) “Number of composite beef LSU”
sheep(i,j,k) “Number of composite sheep LSU”
pigs(i,j,k) “Number of composite pigs LSU”
poult(i,j,k) “Number of composite poultry LSU”
ptoa(i,j,k) “
ransfers of p. pasture to arable”
atop(i,j,k) “transfers of arable to p.pasture”
asell(i,j,k) “sale of arable/ley land – to other farms”
psell(i,j,k) “sale of permanent pasture – to other farms”
abuy(i,j,k) “purchase of arable/ley land”
pbuy(i,j,k) “purchase of permanent pasture”
asel2(i,j,k) “sale of arable/ley land – out of ag.”
Psel2(i,j,k) “sale of permanent pasture – out of ag.”
Rsel2(i,j,k) “sale of rough grazing – out of ag.”
Pfeed(i,j,k) “purchase of grazing livestock feeds”
milqin(i,j,k) “purchase/lease of milk quota”
milqou(i,j,k) “sale/lease out of milk quota”
sa_c(i,j,k) “compulsory set aside – eligibility for area aid payments”
sa_s “SA payment scalar – accounts for overclaims”
beeqin(i,j,k) “purchase/lease in of beef premia rights”
beeqou(i,j,k) “sale/lease out of beef premia rights”
sheqin(i,j,k) “purchase/lease in of ewe premia rights”
sheqou(i,j,k) “sale/lease out of ewe premia rights”
newlab(i,j,k) “purchase of new hired labour”
Object “total GM of agriculture”
 ;

POSITIVE VARIABLES 

wheata, barlya, oatsa, ocerea, beansa, potsa, sugara, oilsa, fodda,

dairy, beef, sheep, pigs, poult, ptoa, atop, asell, psell, asel2, psel2, rsel2,

abuy, pbuy, pfeed, milqin, milqou, sa_c, beeqou, beeqin, sheqin, sheqou,                    newlab;

EQUATIONS

Grossmargin “GM of agriculture”
Maxarle “restraint on use of arable/ley land per farm”
maxper “restraint on use of p. pasture per farm”
rotat1(i,j,k) “rotational restraint_break crops in cereals rotation”
labuse(i,j,k) “constraint on labour use per farm”
apool(k) “availability of arable land for purchase, region total”
ppool(k) “availability of permanent pasture land for purchase, region total”
sella(i,j,k) “calibration constraint on sale of arable”
sellp(i,j,k) calibration constraint on sale of permanent pasture”
sell2(k) “calibration constraint on sale of land out of ag.”
X1(i,j,k) “constraint on area transferable from p to arable/ley”
x1a(i,j,k) “calibration constraint on p to a transfers for 2002-2003”
x2a(i,j,k) “calibration constraint on a to p transfers for 2002-2003”
ME(i,j,k) “constrains livestock numbers to ME availability per farm”
Srlimit(i,j,k) “constraint on stocking rate”
miquota(i,j,k) “constraint on availability of milk quota”
mqpool “availability of milk quota for lease (national total)”
mqou(i,j,k) “calibration constraint on lease out of milk quota in 2003”
SA_clim(i,j,k) “Compulsory SA constraint, 10% of eligible crops+SA area”
sascale(i,j,k) “Prevents Aap claims in excess of eligible area”
behead(i,j,k) “constraint – availability of beef headage payments £ per farm”
bqpool “availability of beef headage premia for lease (national total)”
beqU “upper limit on lease out of beef premia rights”
shhead(i,j,k) “constraint – availability of beef headage payments £ per farm”
sqpool “availability of ewe premia for lease (national total)”
shqU “upper limit on lease out of ewe premia rights”
UplSR(i,j,k) “nonzero stocking rate on upland grazing (good ag condition requirement)”
NlabU(i,j,k) “constraint on purchase of new labour”
w_U(i,j,k) “constraint on area of wheat by farm type – calibration run”
ba_U(i,j,k) “constraint on area of barley by farm type – calibration run”
O_U(i,j,k) “constraint on area of oats by farm type – calibration run”
Oc_U(i,j,k) “constraint on area of other cereals by farm type – calibration run”
bea_U(i,j,k) “constraint on area of protein crops by farm type – calibration run”
po_U(i,j,k) “constraint on area of potatoes by farm type – calibration run”
sb_U(i,j,k) “constraint on area of sugar beet by farm type – calibration run”
oi_U(i,j,k) “constraint on area of oilseeds by farm type – calibration run”
fo_U(i,j,k) “constraint on area of fodder crops by farm type – calibration run”
da_U(i,j,k) “constraint on number of dairy animals by farm type – calibration run”
bee_U(i,j,k) “constraint on number of beef animals by farm type – calibration run”
sh_U(i,j,k) “constraint on number of sheep animals by farm type – calibration run”
pi_U(i,j,k) “constraint on number of pigs by farm type – calibration run”
pou_U(i,j,k) “constraint on number of poultry by farm type – calibration run”
;

sella(i,j,k) .. asell(i,j,k) =l= sell_a(i,j,k);

sellp(i,j,k) .. psell(i,j,k) =l= sell_p(i,j,k);

sell2(k) .. sum((i,j), asel2(i,j,k)+psel2(i,j,k)+rsel2(i,j,k)) =e= sell(k);

x1(i,j,k) .. ptoa(i,j,k) =l= 0.1*land3(i,j,k);

x1a(i,j,k) .. ptoa(i,j,k) =l= p2a(i,j,k);

x2a(i,j,k) .. atop(i,j,k) =l= a2p(i,j,k);

maxarle(i,j,k) .. wheata(i,j,k)+ barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)+ beansa(i,j,k)

                 +potsa(i,j,k)+sugara(i,j,k)+oilsa(i,j,k)+sa_c(i,j,k)+fodda(i,j,k)+asell(i,j,k)

                 +asel2(i,j,k)+atop(i,j,k) =l= land1(i,j,k)+ptoa(i,j,k)+abuy(i,j,k);

maxper(i,j,k) .. ptoa(i,j,k)+psell(i,j,k)+psel2(i,j,k) =l= land3(i,j,k)+pbuy(i,j,k)+atop(i,j,k);

apool(k) .. sum((i,j), abuy(i,j,k)-asell(i,j,k))=e= 0;

ppool(k) .. sum((i,j), pbuy(i,j,k)-psell(i,j,k))=e= 0;

rotat1(i,j,k) .. 0.15*(wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k))

                 =l= beansa(i,j,k)+oilsa(i,j,k)+potsa(i,j,k)+sugara(i,j,k)+fodda(i,j,k);

labuse(i,j,k) .. wheata(i,j,k)*labw(i,j,k) + barlya(i,j,k)*labba(i,j,k) +

                 oatsa(i,j,k)*laboa(i,j,k) + ocerea(i,j,k)*laboc(i,j,k) +

                 beansa(i,j,k)*labbea(i,j,k) + potsa(i,j,k)*labpot(i,j,k) +

                 sugara(i,j,k)*labsug(i,j,k) + oilsa(i,j,k)*laboil(i,j,k) +

                 dairy(i,j,k)*labdai(i,j,k) + beef(i,j,k)*labbef(i,j,k) +

                 sheep(i,j,k)*labshe(i,j,k) +

                 (((land1(i,j,k)+ptoa(i,j,k)+abuy(i,j,k))

                  -(wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)

                  +beansa(i,j,k)+oilsa(i,j,k)+asell(i,j,k)+atop(i,j,k)))*labley(i,j,k)) +

                 (((land3(i,j,k)+atop(i,j,k)+pbuy(i,j,k))-(ptoa(i,j,k)

                  +psell(i,j,k)))*labper(i,j,k)) +

                 ((land4(i,j,k)-rsel2(i,j,k))*labrou(i,j,k)) +

                 (sa_c(i,j,k)*3) + fodda(i,j,k)*labfod(i,j,k) +

                 pigs(i,j,k)*labpi(i,j,k)+ poult(i,j,k)*labpo(i,j,k)

                 =l= labavai(i,j,k)+newlab(i,j,k);

NlabU(i,j,k) .. newlab(i,j,k) =l= 1;

me(i,j,k) .. (dairy(i,j,k)+beef(i,j,k)+sheep(i,j,k))*83000 =l= (((land1(i,j,k)+ptoa(i,j,k)+abuy(i,j,k))  -(wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)+beansa(i,j,k)+oilsa(i,j,k)+sa_c(i,j,k)+atop(i,j,k)+asell(i,j,k)+asel2(i,j,k)))

             *leyME(i,j,k)) +

             ((land3(i,j,k)+atop(i,j,k)+pbuy(i,j,k)-ptoa(i,j,k)-psell(i,j,k)-psel2(i,j,k))*perME(i,j,k)) + ((land4(i,j,k)-rsel2(i,j,k))*rouME(i,j,k))

             + (fodda(i,j,k)*fodME(i,j,k)) + (pfeed(i,j,k)*11094);

Srlimit(i,j,k) .. (dairy(i,j,k)+beef(i,j,k)+sheep(i,j,k)) =l= ((land1(i,j,k)+land3(i,j,k)+land4(i,j,k)+fodda(i,j,k)+abuy(i,j,k)+pbuy(i,j,k))

               -(wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)+beansa(i,j,k)+oilsa(i,j,k)+sa_c(i,j,k)+

                asell(i,j,k)+psell(i,j,k)+asel2(i,j,k)+psel2(i,j,k)+rsel2(i,j,k)))*1.9;

UplSR(i,j,k)$(up(i)) .. (beef(i,j,k)+sheep(i,j,k))*10 =g= (land1(i,j,k)+land3(i,j,k)+land4(i,j,k)+fodda(i,j,k)+abuy(i,j,k)+pbuy(i,j,k))

               -(wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)+beansa(i,j,k)+oilsa(i,j,k)+sa_c(i,j,k)+

                asell(i,j,k)+psell(i,j,k)+asel2(i,j,k)+psel2(i,j,k)+rsel2(i,j,k));

miquota(i,j,k) .. (milkyld(i,j,k)*dairy(i,j,k))+milqou(i,j,k) =l= milkquo(i,j,k)+milqin(i,j,k);

mqpool .. sum((i,j,k), milqin(i,j,k)-milqou(i,j,k)) =e= 0;

mqou(i,j,k) .. milqou(i,j,k)- mlqout(i,j,k) =l= 0;

SA_Clim(i,j,k) .. sa_c(i,j,k) – ((wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)+beansa(i,j,k)

                  +oilsa(i,j,k)+sa_c(i,j,k))*0.1) =l= 0;

sascale(i,j,k) ..  sa_c(i,j,k) =l= (eligib(i,j,k)*0.1);

bqpool .. sum((i,j,k), beeqin(i,j,k)-beeqou(i,j,k)) =e= 0;

behead(i,j,k) .. (beef(i,j,k)*bepay(i,j,k))+beeqou(i,j,k) =l= bepayT(i,j,k)+beeqin(i,j,k);

beqU(i,j,k) .. beeqou(i,j,k) =l= beeqouU(i,j,k);

sqpool .. sum((i,j,k), sheqin(i,j,k)-sheqou(i,j,k)) =e= 0;

shhead(i,j,k) .. (sheep(i,j,k)*shpay(i,j,k))+sheqou(i,j,k) =l= shpayT(i,j,k)+sheqin(i,j,k);

shqU(i,j,k) .. sheqou(i,j,k) =l= sheqouU(i,j,k);

w_U(i,j,k) ..  wheata(i,j,k) =l= wheatU(i,j,k);

ba_U(i,j,k) ..  barlya(i,j,k) =l= barleyU(i,j,k);

O_U(i,j,k) ..  oatsa(i,j,k) =l= oatsU(i,j,k);

Oc_U(i,j,k) ..  ocerea(i,j,k) =l= ocereU(i,j,k);

bea_U(i,j,k) ..  beansa(i,j,k) =l= beansU(i,j,k);

po_U(i,j,k) ..  potsa(i,j,k) =l= potsU(i,j,k);

sb_U(i,j,k) ..  sugara(i,j,k) =l= sbU(i,j,k);

oi_U(i,j,k) ..  oilsa(i,j,k) =l= oiU(i,j,k);

fo_U(i,j,k) ..  fodda(i,j,k) =l= foU(i,j,k);

da_U(i,j,k) ..  dairy(i,j,k) =l= daU(i,j,k);

bee_U(i,j,k) ..  beef(i,j,k) =l= beeU(i,j,k);

sh_U(i,j,k) ..  sheep(i,j,k) =l= shU(i,j,k);

pi_U(i,j,k) ..  pigs(i,j,k) =l= piU(i,j,k);

pou_U(i,j,k) ..  poult(i,j,k) =l= poU(i,j,k);

Grossmargin .. object =e= sum((i,j,k), wheatgm(i,j,k)*wheata(i,j,k)) +

               sum((i,j,k), barlygm(i,j,k)*barlya(i,j,k)) +

               sum((i,j,k), oatsgm(i,j,k)*oatsa(i,j,k)) +

               sum((i,j,k), oceregm(i,j,k)*ocerea(i,j,k)) +

               sum((i,j,k), beansgm(i,j,k)*beansa(i,j,k)) +

               sum((i,j,k), potsgm(i,j,k)*potsa(i,j,k)) +

               sum((i,j,k), sugargm(i,j,k)*sugara(i,j,k)) +

               sum((i,j,k), oilsgm(i,j,k)*oilsa(i,j,k)) +

               sum((i,j,k), dairy(i,j,k)*dairgm(i,j,k)) +

               sum((i,j,k), beef(i,j,k)*(beefgm(i,j,k)+bepay(i,j,k))) +

               sum((i,j,k), sheep(i,j,k)*(sheegm(i,j,k)+shpay(i,j,k))) +

               sum((i,j,k), pigs(i,j,k)*pigsgm(i,j,k)) +

               sum((i,j,k), poult(i,j,k)*poulgm(i,j,k)) +

               sum((i,j,k), sa_c(i,j,k)*sa_cgm(i,j,k)) +

               sum((i,j,k), beeqou(i,j,k)*0.3) +

               sum((i,j,k), sheqou(i,j,k)*0.2) +

               sum((i,j,k), milqou(i,j,k)*0.017) +

               sum((i,j,k)$(up(i)),((land3(i,j,k)-ptoa(i,j,k)-psell(i,j,k)-psel2(i,j,k))+land4(i,j,k))*30) +

               sum((i,j,k), asel2(i,j,k)*120) +

               sum((i,j,k), psel2(i,j,k)*75) +

               sum((i,j,k), rsel2(i,j,k)*20) –
               sum((i,j,k), milqin(i,j,k)*0.017) –
               sum((i,j,k), pfeed(i,j,k)*38) –
               sum((i,j,k),((land1(i,j,k)+ptoa(i,j,k)+abuy(i,j,k))

                  -(wheata(i,j,k)+barlya(i,j,k)+oatsa(i,j,k)+ocerea(i,j,k)

                  +beansa(i,j,k)+oilsa(i,j,k)+asell(i,j,k)+asel2(i,j,k)+atop(i,j,k)))*leyfert) –
               sum((i,j,k),((land3(i,j,k)+atop(i,j,k)+pbuy(i,j,k))-(ptoa(i,j,k)

                  +psell(i,j,k)+psel2(i,j,k)))*perfert) –
               sum((i,j,k), beeqin(i,j,k)*0.3) –
               sum((i,j,k), sheqin(i,j,k)*0.2) –
               sum((i,j,k), fodda(i,j,k)*(fertfo(i,j,k)+sprafo(i,j,k)+seedfo(i,j,k))) –
               sum((i,j,k), newlab(i,j,k)*nlabcst) ;

MODEL ukfarms “UK farm type model” / all / ;

VII

Milestones and Provision of Information to Other Workpackages
To recapulate what was mentioned at the beginning of this report, the following deliverables and milestones were set by GENEDEC for WP2
 D2 :. Review of models, modifications and improvements necessary to achieve the objectives of the project

D3 :. Provision of data and information from all partners (shadow prices, trade in quotas and premiums) to WPs 3, 4, 5 and 6

Milestones and expected result 

M3 :. Reviewed, harmonised and calibrated models. 

M4 :. Provision of data and information to other WPs (3, 4, 5 and 6).

The completion and delivery of D2 and M3 are represented by parts III to VI of this report and all models are now at a stage where they are beginning to produce results on shadow prices for land, member state level quota and premia trade; this is particularly the case for France, Germany and Spain whilst Ireland, Italy and Reading are poised for the delivery of results to AROPAj as agreed in the Madrid meeting (see part IV of this report), which are planned to be discussed at the forthcoming meeting of GENEDEC in Crete on the 12th and the 13th of May 2006.
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Note: In all of these diagrams the vertical and horizontal axes represent two separate outputs








�The definition of a region differs between FADN and NUTS. See the map for a comparison of the levels of spatial disaggregation between FADN and NUTS II and for more information on the FADN dataset, visit: http://www.europa.eu.int/agriculture/rica/.


�Farm types may actually encompass more than one FADN type of farming and/or more than one elevation class depending on the number of sample farms and on their heterogeneity in a given region. Likewise, the grouping of sample farms may differs amostst regions; e.g. sample ’Specialist crops’ farms in FADNmay be aggregated with ’Mixed cropping systems’ in one region and modelled separately in another, again depending on the number of sample farms and their heterogeneity. The number of farm types per region thus varies from 1 to 15. 


�Note that the parameters, such as yields and variable costs, estimated from FADN are not changed during the calibration phase, the underlying assumption being that the corresponding information contained in the FADN dataset reflects the economic and technical characteristics of the farm types well. Discrepancies between �EMBED Equation.DSMT4��� and �EMBED Equation.DSMT4��� are thus assumed to be solely due to parameters for which information is lacking.


�Given the size of �EMBED Equation.DSMT4��� (approximately 500�EMBED Equation.DSMT4���1,000), only generic structure is given here for full details see De Cara and Jayet (2000) at: http://www.grignon.inra.fr/economie-publique/MIRAjE/model/detail.htm.


�A certain degree of freedom is nevertheless left to countries in the choice of country-specific emission factors and/or methods. But it comes with the obligation to document these choices by scientifically-sound studies.


�Methane emissions from rice cultivation, although a globally important source, are only a small proportion of GHGs in Europe. Other sources of GHG emissions from agriculture, included in the IPCC but not accounted for in the model, are: emissions from burning of savannas and agricultural residues: N�EMBED Equation.DSMT4���O emissions from sewage sludge application and from cultivation of organic soils, CO�EMBED Equation.DSMT4��� and CH�EMBED Equation.DSMT4��� emissions from agricultural soils. These sources are of minor importance in the European context.


�An overview of the methods and emission factors used in 2003 national communications can be found at http://unfccc.int/program/mis/ghg/sai2003.pdf. The detailed tables used in these computations are availble from the authors on request.


�To account for yield response to nitrogen inputs, some models retain a discrete set of fertiliser intensities, each being associated with different crop yield levels; for example, in ASM-GHG there are three levels of fertiliser use intensity: low, medium, and high. This is indeed more important for models that run at a regional resolution (such as ASM-GHG) than for farm-type based models. Farm-type models describe the behaviour of a larger number of farmers for the same geographic entity (e.g. region). As several farm types are modelled in each region and the fertiliser intensity differs from one farm type to another, the modelled spectrum is indeed often wider in farm-type based models when compared at the same geographic resolution.


� The agricultural economics literature on spatial disaggregation is not extensive, see: Howitt and Reynaud (2003), Kempen et al (2005) and You and Wood (2004).


� GENEDEC : � HYPERLINK "http://www.grignon.inra.fr/economie-publique/genedec/" ��http://www.grignon.inra.fr/economie-publique/genedec/�


� The farm-groups for FADN-2002 dataset are derived by cluster analysis using the procedure FASTCLUS in SAS. 


� Note that each observed individual farm in the FADN sample is associated with a FADN weight indicating its representativeness for the regional population. The weight of each individual farm that is included in a farm-group is aggregated with the others in the same group and used to extrapolate the results at the regional level.





� PMP was devised by Howitt(1995). It was first applied, however, before publication of this 1995 paper, in which the author refers to works dating from 1987.


� Data from the Anuario de Estadística Agroalimentaria 2001 (2001 agrifood statistical yearbook) published by the Ministry of Agriculture, Fisheries and Food.


� Demand is established to account for maintenance, pregnancy, lactation, stallion ratio and heifer replacement rate, for details see Daza (2004).


� The figures published for each farm type are the means of samples of at least ten holdings.


� In constraint (3) the crop ha considered are Xi if i Є I2 and XSi if i Є I3.


� To simplyify, two area payment variables (XRGi and XRSi) for each COP crop. In the PROMAPA. G model, crops receiving the same payment per ha are associated with the same payment variable.


� This result was later set out in in Júdez et al. (2001) and proved in greater detail in Júdez et al. (2002)


� In this case the support points tjkl and djl would be obtained by sustituting � EMBED Equation.3  ���for � EMBED Equation.3  ���in the expressions given above (point 2 of subsection Specification 2) to determine these parameters. 





� The Agricultural Notebook, 19th Edition, Oxford, Blackwell Sciences.


� Other sources include:


Index of the purchase prices of the means of agricultural production, Defra. 


Average earnings index - all employee jobs by industry (not seasonally adjusted) from � HYPERLINK "http://www.statistics.gov.uk" ��www.statistics.gov.uk�. 


Index of producer prices of agricultural products (UK), Defra. 


Index of Agricultural rental values, Defra available at � HYPERLINK "http://www.statistics.gov.uk/STATBASE/Expodata/Spreadsheets/D5611.xls" ��www.statistics.gov.uk/STATBASE/Expodata/Spreadsheets/D5611.xls�.)


� These calculations simply convert the various sources of nutrition available to farmers into a ‘common measure’ to permit substitution between sources and ME is a convenient measure for this purpose.


� Forage hectares include all grasses plus fodder crops.
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