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This paper investigates how the various changes in the policy supporting agriculture in the European Union, the Common Agricultural Policy (CAP) and various types of subsidies, have affected farms' technical efficiency in France between 1990 and 2006. Several efficiency scores are computed: using the Free Disposal Hull (FDH) method; using Data Envelopment Analysis (DEA) under constant (CRS) and variable returns to scale (VRS); scale efficiency scores calculated with DEA; and DEA technical efficiency scores corrected for bias both under CRS and VRS with the bootstrap method. We consider four periods: 1) 1990-1994 is the benchmark period; 2) 1995-1999 is the period where the effect of the first CAP reform is investigated 3) 2000-2005 represents the period following the second CAP reform; 4) 2006 is the first year of implementation of the latest CAP reform in France. Three types of farmingfield crop, dairy and beef cattle -are considered. Graphs and t-tests indicate a significant reduction in efficiency in the period following the first CAP reform compared to the benchmark period. Econometric regressions do not reveal unambiguous findings, as the effect of a particular type of subsidies was found to be negative or positive depending on the efficiency variable and depending on the type of farming considered.

INTRODUCTION

This paper aims at contributing to the literature about the impact of public support on farmers' decision making, and in particular on their technical efficiency. More specifically, it investigates how the various changes in the policy supporting agriculture in the European Union (EU), the Common Agricultural Policy (CAP) and the different farm subsidies, have affected farms' technical efficiency in France. Over the past two decades the CAP has undergone major changes. Three main reforms have taken place, all with the objective of modifying the way European farms benefit from public support. Firstly, there has been a gradual shift from 'coupled' support, that is to say support given per unit of output, to more 'decoupled' support, that is to say support not related to production but given on an area or livestock head basis. The first decoupled subsidies, namely area and livestock direct payments were introduced in the first CAP reform in 1992. However, these payments were still linked to production decisions, as they concerned only some land sown with specific cultures or some specific livestock type. Within the next reform in 2000, the socalled Agenda 2000, more types of land and livestock could benefit from the direct payments. And the latest reform of 2003 introduced a more decoupled support instrument, the Single Farm Payment (SFP), provided per hectare of land under any type of production or even without production. Secondly, the reforms have modified the total amount of subsidies received by farms, as more and more land was being concerned by payments, and support was redistributed among farms. For example, support to farms in less favoured areas (LFA) was introduced; also, farmers could benefit from increased subsidies if they satisfied, on a voluntary basis, to environmental criteria, the so-called agrienvironmental schemes. Several papers have analysed econometrically how the level of agricultural subsidies alters the farming sector's technical efficiency, and in general concluded that the effect was negative, due to reduced effort by farmers or preservation of inefficient farms within the sector (e.g. [START_REF] Giannakas | Technical efficiency, technological change and output growth of wheat farms in Saskatchewan[END_REF][START_REF] Zhu | Competitiveness of Dairy Farms in Three Countries: The Role of CAP Subsidies[END_REF][START_REF] Latruffe | The Role of Public Subsidies on Farms' Managerial Efficiency: An Application of a Five-Stage Approach to France[END_REF]. Some papers have also compared farms' technical efficiency evolution across several periods differing in terms of agricultural policy (e.g. [START_REF] Paul | Efficiency of New Zealand sheep and beef farming: the impact of regulatory reform[END_REF][START_REF] Coelli | CAP Reforms and Total Factor Productivity Growth in Belgian Agriculture: A Malmquist Index Approach[END_REF][START_REF] Carroll | Productivity and the Determinants of Efficiency in Irish Agriculture[END_REF]. In this paper both methods -an econometric approach and the comparison of periods -are used to analyse the effects of the changes in CAP on French farms' technical efficiency between 1990 and 2006. We consider four periods: 1) 1990-1994 is the benchmark period; 2) 1995-1999 is the period where the effect of the first CAP reform is investigated; the reform was decided in 1992 but its full implementation in France was finished only in 1995; 3) 2000-2005 represents the period following the second CAP reform, namely Agenda 2000; 4) 2006 is the first year of implementation of the 2003 CAP reform in France. The paper is structured as follows. The second section explains the methodology and the third section describes the data used. The fourth section presents the results, and the last section concludes.

METHODOLOGY

The objective is to draw as robust as possible conclusions on the effect of CAP reforms and subsidies on French farms' technical efficiency, and for this reason we do not use a single efficiency score. Instead, several technical efficiency scores are calculated with non-parametric methods. Technical efficiency scores are computed using the Free Disposal Hull (FDH) method. Then, Data Envelopment Analysis (DEA) technical efficiency scores under constant returns to scale (CRS) and under variable returns to scale (VRS), and scale efficiency scores are computed. Finally, we use DEA technical efficiency scores corrected for bias, both under CRS and VRS, with the bootstrap method introduced by Simar and [START_REF] Simar | Sensitivity analysis of efficiency scores: How to bootstrap in nonparametric frontier models[END_REF][START_REF] Simar | Statistical inference in nonparametric frontier models: The state of the art[END_REF]. All scores are computed using the FEAR package developed by [START_REF] Wilson | FEAR: A software package for frontier efficiency analysis with R[END_REF][START_REF] Wilson | FEAR 1.12 Command Reference[END_REF] within the R Project (R Development Core Team, 2009). Prior to any efficiency calculation, inconsistent data were removed, and outliers were eliminated using the method introduced by [START_REF] Wilson | Detecting outliers in deterministic nonparametric frontier models with multiple outputs[END_REF] with the command available in FEAR. The DEA and FDH models are output-oriented and include one single output -the deflated value of the farm total output -, and four inputs: the farm UAA, the total labour used on farm, the deflated value of fixed assets, and the deflated value of intermediate consumption. Separate frontiers are constructed for different production orientation (see next section), and yearly frontiers are built. The impact of CAP reforms and subsidies is investigated in two ways: with a graphic illustration and with an econometric analysis. Firstly, graphs picturing the evolution of the samples' mean efficiency scores over the period are drawn. This enables to shed light on potential falls or increases of efficiency at Contributed paper in the 8th International Conference on DEA, Beirut, Lebanon, June 10-12th 2010 specific dates. In addition, the significance of the difference between efficiency means across the four different periods of CAP reforms (explained in the previous section) is tested with t-tests. Farms are separated in three size groups with the help of a clustering analysis. Secondly, econometric regressions are run using the various farms' individual efficiency scores as dependent variables. As the shares of farms on the frontier (that is to say with efficiency score of unity) are high in the case of FDH efficiency scores (between 36 and 49 percent of the sample), truncated regressions are used for this efficiency variable, while ordinary least squares are used for the other efficiency variables. The explanatory variables consist, in particular, of the level of various types of subsidies received by farms. They are incorporated in the regression models as ratios per hectare of UAA or livestock equivalent unit (depending on the production orientation) in order to avoid size effects. Other variables include a dummy indicating whether the farm is not located in a LFA, proxying the farms' agro-climatic conditions, an extensification dummy for farms specialised in livestock production (namely the number of hectares of land available per livestock unit), and two dummies classifying farms into size groups. Clustering techniques are used to categorize farms into three groups depending on their size proxied. In agriculture there is no consensus on a single indicator for farm size, as it depends on the productions on the farm. For this reason, clusters are created based on four size indicators: the utilised agricultural area (UAA), the total labour used on the farm, the number of livestock equivalent units on the farm, and the deflated value of fixed assets. Finally, regional dummies are included for control.

DATA

Farm-level data are used for the period 1990-2006. They are extracted from the EU Farm Accountancy Data Network (FADN) database. This database consists of yearly accounting data for professional farms, rotating over a five-year period. Each EU Member-State surveys its own farms and produces a national FADN database; it then provides to the European Commission a standardised database, that is to say including variables that are similarly constructed across all countries. In this paper we separate farms according to their production specialisation, for two reasons. Firstly, technology differs across specialisations (e.g. field crop farming vs. livestock farming), and thus separate efficiency frontiers are constructed. Secondly, the CAP modalities, in particular the types and amount of subsidies and the various reforms, are different depending on the farms' production specialisation. For example, it is notorious that field crop farming has always been among the most supported specialisation, but it also faced the greatest change in support policy over the period studied. We focus specifically on three groups of farms depending on their production specialisation, based on the EU standard classification of 'Type of Farming' (TF). The criterion for farms' classification in TF is that at least 75 percent of their gross margin must come from the specific production of the TF. Here the analyses are carried out for field crop farms (TF 1), dairy farms (TF 41) and cattle farms (TF 42). Table 1 presents descriptive statistics of the data used.

RESULTS

Table 2 presents the efficiency averages over the whole period, while Figure 1 illustrates the yearly evolution of efficiency and Table 3 the efficiency averages during the four periods and the results of the t-tests. All efficiency variables indicate that the field crop sample had the highest efficiency on average in the benchmark period that is to say before any CAP reform was implemented (1990-1994), followed by a decrease in efficiency and the lowest efficiency on average in the latest 2003 CAP reform implementation (2006). This is confirmed by Figure 1. The figure shows, by contrast, that the efficiency evolution following the first 1992 reform implementation was hatch-backed for both livestock samples. For both dairy and beef cattle farm samples, the efficiency decreased on average following the first CAP reform implementation, and then increased after the second CAP reform (Agenda 2000); the effect of the most recent reform is negative for the dairy sample but not significant for the beef cattle sample. Table 4 presents the results of the second-stage econometric regressions on each of the six efficiency variables in turn for all three samples. Several subsidy variables were tested and the best fitted models were retained for the final specifications. Results indicate that, for all three samples, farms not located in LFA were more efficient than farms in LFA, suggesting the negative effect of poor agroclimatic conditions on farms' performance. For both livestock samples, being extensive (that is to say having a large UAA per livestock unit) does not favour efficiency. The coefficients for the size clusters clearly indicate that larger farms are more efficient in terms of operational scale, while smaller farms are more efficient in terms of management practices. As for subsidies, results do not show unambiguous effects. Investment subsidies have a positive impact on field crop farms' efficiency, but the impact on scale efficiency for the dairy sample is negative, and no significant effect is found for the beef cattle sample. The total subsidies on crops had a positive impact on dairy farms' efficiency and on beef cattle farm's technical efficiency under CRS assumption and scale efficiency; by contrast, for the latter sample, the effect was negative on technical efficiency under VRS assumption. Among the crop subsidies, the crop area payments and the set aside premiums had a negative effect on the field crop farms' efficiency, except for FDH on which crop area payments had a positive effect. As regard the livestock subsidies, they had a negative impact on the field crop farms' efficiency. For dairy farms, subsidies on dairying had a positive effect on efficiency except for scale and FDH efficiency on which the effect was negative. A negative effect is also found for subsidies on beef for the dairy sample, and for the beef cattle sample except for technical efficiency under CRS and scale efficiency for which the effect is found to be positive. Environmental subsidies have a negative effect on efficiency for the field crop farms except for scale efficiency where the effect is positive, on FDH efficiency for the dairy farms (but a positive effect on technical efficiency under CRS for this sample) and on all efficiencies for the beef cattle farms. As for LFA subsidies, they have a negative effect on all efficiencies for the beef cattle farms, and on technical efficiency under CRS and scale efficiency for the dairy sample, but a positive effect on technical efficiency under VRS for this sample. Finally, decoupled payments (included SFP) have a negative effect on field crop farms' efficiency except when FDH is concerned (the effect is positive), and a positive effect on dairy farms' technical efficiency under CRS and scale efficiency.

CONCLUSION

On a methodological point of view, our analysis has shown that the effects of explanatory variables identified in the secondstage regression of DEA efficiency scores under CRS or VRS assumptions, were confirmed in the regression of DEA scores under CRS or VRS corrected for bias with bootstrapping, suggesting that the sampling error problem was not substantial in our samples. In addition, the regression results pointed out that the impact of explanatory variables was often opposite between pure technical efficiency and scale efficiency, suggesting that analyses based on total technical efficiency (under CRS assumption) may lead to incorrect policy recommendations. Moreover, impacts that are provided evidence for a specific production orientation sample may be opposite for other orientations, suggesting that conclusions drawn from analyses on the whole farming sector may not be generalised to all types of farming. The main results arising from our analyses are that efficiency for the three samples considered (field cropping, dairying, and beef cattle farming) has decreased following the first CAP reform implementation (1992 reform). As for the effect of subsidies, econometric results did not show unambiguous findings, as the effect of a particular type of subsidies was found to be negative or positive for the same type of farming (depending on the efficiency variable), or depending on the type of farming. 
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 1 Figure 1: Yearly efficiency averages Panel 1a: Field crop farms (TF 1)

Table1: Descriptive statistics of the data used; whole period 1990-2006 Field crop farms (TF 1)

  

			Dairy farms	Beef cattle
			(TF 41)	farms (TF 42)
	Number of observations	32,781	20,410	10,003
	Variables used in efficiency models (farm averages)			
	Total output (€)	108,829	86,915	52,696
	UAA (ha)	117.54	62.28	90.05
	Total labour input (AWU)	1.67	1.68	1.47
	Fixed assets (€)	148,960	147,500	165,441
	Intermediate consumption (€)	6,6208	50,830	35,589
	Other variables			
	Farm averages			
	1. Total subsidies on investments (€)	377	1,004	1,022
	2. Total operational subsidies (€)	29,829	9,244	21,825
	2.1. Total subsidies on crops (€)	26,646	4,340	2,297
	2.1.1. Crop area payments (€)	23,074	3,950	2,115
	2.1.2. Set aside premiums (€)	2,906	336	113
	2.2. Total subsidies on livestock (€)	998	1,961	1,4018
	2.2.1. Subsidies on dairying (€)	21	360	4
	2.2.2. Subsidies on beef cattle (€)	833	1,216	12,542
	2.3. Environmental subsidies (€)	285	740	1,873
	2.4. LFA subsidies (€)	36	686	1,256
	2.5 Decoupled payments (including SFP) (€)	1,523	700	749
	Livestock equivalent units	15.15	75.06	101.50
	UAA per livestock unit (ha)	29.86	0.88	0.94
	Dummy variables			
	Share of farms in LFA (%)	21.1	42.4	80.4
	Share of farms not in LFA (%)	78.9	57.6	19.6
	Share of farms in small-size cluster (%)	68.7	58.4	59.2
	Share of farms in medium-size cluster (%)	25.3	32.2	32.1
	Share of farms in large-size cluster (%)	6.1	9.4	8.7

UAA: utilised agricultural area. AWU: annual working units (1 AWU is equivalent to 2,200 hours labour per year). LFA: less favoured area. Livestock equivalent units: calculated with the standard EU coefficients applied to each type of livestock on the farm. All values are deflated.

Table2:

Descriptive statistics of the efficiency scores; averages over the whole period 1990-2006 Field crop farms (TF 1) Dairy farms (TF 41) Beef cattle farms (TF 42)

  

	Number of observations	32,781	20,410	10,003
	DEA_CRS	0.519	0.682	0.566
	DEA_VRS	0.708	0.788	0.756
	DEAB_CRS	0.485	0.651	0.523
	DEAB_VRS	0.674	0.758	0.717
	DEA_SCALE	0.748	0.875	0.762
	FDH	0.875	0.923	0.903
	DEA = score calculated with DEA; DEAB = score calculated with DEA and corrected from bias with bootstrap;
	_CRS and _VRS = DEA calculations under the assumptions of CRS and VRS respectively; DEA_SCALE = scale
	efficiency calculated with DEA; FDH = efficiency calculated with FDH.	

Table3:

Efficiency averages in the four periods, and t-tests of the significance of the difference between periods

  

		Average efficiency score in the period		t-test between	
		Period 1	Period 2	Period 3	Period 4	Periods Periods Periods
		1990-1994 1995-1999 2000-2005	2006	1 and 2	2 and 3	3 and 4
			Field crop farms (TF 1)			
	DEA_CRS	0.543	0.513	0.514	0.448	***	ns	***
	DEA_VRS	0.726	0.700	0.704	0.692	***	**	***
	DEAB_CRS	0.509	0.479	0.482	0.411	***	ns	***
	DEAB_VRS	0.692	0.664	0.671	0.662	***	***	**
	DEA_SCALE	0.759	0.747	0.749	0.685	***	ns	***
	FDH	0.879	0.870	0.879	0.861	***	***	***
			Dairy farms (TF 41)			
	DEA_CRS	0.683	0.655	0.703	0.676	***	***	***
	DEA_VRS	0.774	0.769	0.813	0.823	**	***	**
	DEAB_CRS	0.654	0.620	0.674	0.641	***	***	***
	DEAB_VRS	0.741	0.734	0.789	0.805	***	***	***
	DEA_SCALE	0.889	0.862	0.877	0.842	***	***	***
	FDH	0.914	0.918	0.934	0.941	**	***	**
			Beef cattle farms (TF 42)			
	DEA_CRS	0.597	0.548	0.557	0.560	***	**	ns
	DEA_VRS	0.753	0.745	0.763	0.773	**	***	ns
	DEAB_CRS	0.554	0.505	0.513	0.518	***	**	ns
	DEAB_VRS	0.712	0.708	0.725	0.736	ns	***	*
	DEA_SCALE	0.799	0.750	0.747	0.743	***	ns	ns
	FDH	0.906	0.885	0.911	0.927	***	***	***
	DEA = score calculated with DEA; DEAB = score calculated with DEA and corrected from bias with bootstrap;
	_CRS and _VRS = DEA calculations under the assumptions of CRS and VRS respectively; DEA_SCALE = scale
	efficiency calculated with DEA; FDH = efficiency calculated with FDH.			
	*, **, ***: difference significant at 10, 5, and 1 percent respectively. ns: difference not significant.	
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Table 4 : Second-stage regression results
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