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Abstract 

This paper investigates the effects of the Common Agricultural Policy (CAP) 

payments in European countries (2005–2017). A two-stage Data Envelopment Analysis 

(DEA) is employed to measure economic efficiency and, following the Simar and Wilson 

(2007) procedure, in what measure direct payments have influenced firms’ 

performance. The findings reveal that the effect on economic efficiency is positive for 

all types of payments (i.e., total, coupled and decoupled). Notably, the findings showed 

a mixed effect of the stock of agricultural products on economic efficiency, which also 

may depend on socio-economic and geographical settings.  

Keywords: CAP payments; decoupled payments; coupled payments; panel data; DEA; 

post-DEA.  
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1. Introduction 

In the European Union (EU), since the early 1960s, the Common Agricultural Policy 

(CAP) has been implemented. Approximately 38% of the EU’s annual budget is spent 

on CAP measures (Błażejczyk-Majka, 2017). The objective is not only to support 

farmers and improve agricultural productivity, but also to guarantee a more stable 

supply within a shorter supply chain.  

Significant was the impact of Fischler’s Reform, issued in 2003, which had the aim of 

supporting farmers' incomes for the achievement of food safety and quality, 

environmental protection and animal welfare. Following the 2003 CAP reform, as a 

rule, the link between the receipt of a direct subsidy and the production of a specific 

product was progressively removed (‘decoupling’). However, EU members may 

continue to couple a limited amount of payments to certain products, with the objective 

of maintaining the level of production within regions, or within sectors, that experience 

specific difficulties. The share of direct payments that EU countries can allocate to 

voluntary coupled supportis generally limited to 8%, although a few exceptions are also 

allowed (European Commission, 2017).  

Under the CAP measures, the EU adopted three main payment schemes of 

implementing the Single Payment Scheme (SPS): the historical model (H), the regional 

model (R) and the hybrid model (Hy) (Ciaian et al., 2014; Espinosa et al., 2020). Under 
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the H model, in a reference-span time, the firms were given payment entitlements based 

on their eligible hectares. In the R model, farmers received a uniform hectare payment 

based on average references within the region. The hybrid is a combination of the two 

models, and it can be either static (SHy) or dynamic (DHy) in time. The SHy reflects 

that the structure of the farm and the allocation of land do not change in different 

scenarios, while the DHy model reflects a transition scheme from the historical model 

to a regional flat-rate scheme (European Commission, 2019). Due to lack of historical 

reference, eastern EU countries (i.e., Bulgaria, Cyprus, Czech Republic, Estonia, 

Hungary, Latvia, Lithuania, Poland, Romania, Slovak Republic) were entitled to adopt 

a Single Area Payment Scheme (SAPS), where the payment level is uniform and 

measured ‘by dividing the direct payment envelope by the base area or, where it is 

bigger, the claimed area maintained in good agricultural conditions in 2003’ (European 

Commission, 2019, pp.13–14).  

Within the 2013 reform, there have been stronger linkages between CAP payments and 

agricultural actions to the climate and environmental and risk mitigation (Coppola et 

al., 2020). The so-called CAP-greening criteria made the payment of 30% of direct-

income payments dependent on compliance with specific environmental requirements 

and farming status (Ciaian et al., 2014; Alons, 2017; Greer, 2017; Ilic et al., 2017). As 

De Fazio (2016) remarked, one of the goals of the new CAP is also to promote the 

organisation of the food-supply chain, in terms of quality assurance schemes, risk 

management, a better integration of the primary supply chain, the promotion of local 

products (short supply chain) and the promotion of producers’ associations and inter-

professional organisation.  

The 2013 reform also modified the previous payment schemes to provide payment 

homogeneity among EU countries, as follows: a full convergence (FC15) implies the 

same unit value of per-hectare payment entitlement by 2015; a full convergence by 

2019 (FC19) implies the same unit value of per-hectare payment entitlement by 2019; 

and a partial-convergence scheme (PC) implies differences between the values of the 

basic-payment entitlement received by farmers (European Parliament, 2015; Espinosa 

et al., 2020; for further details on each EU country-payment scheme, please see Table 

A.1 included as extra material). 

Hence, there is a growing interest in how CAP payments may influence growth and 

survival rates for farm businesses, how agricultural policy affects income and welfare 

(Boulanger and Philippidis, 2015; Espinosa et al., 2020) and farmers’ risk behaviour 

(Bartolini et al., 2015). Government programmes can alter the expected return to 

farmland (Giannakis et al., 2014) as well as farmers' aversion towards risk (Enjolras, 

2012; Weltin et al., 2017). Since direct payments represent a high quota of farm income, 

the high dependence on this type of public subsidy may affect farmers’ economic 

viability (Loughrey et al., 2015).  

To investigate the impact of CAP on farmers, the European Union has developed an 

annual survey called the Farm Accountancy Data Network (FADN). The objective of 

FADN is to ensure compulsory annual reports to the European Commission, as well as 

to provide a harmonised tool for domestic and comparable agrarian policies. FADN is 

an important tool for individual agricultural producers, as well as scientific research in 

the agricultural sector (Bojcevski et al., 2016; Kovacevic et al., 2017). Notably, most 

of the empirical research has been based on data obtained from FADN (Ratinger et al., 

2015; Latruffe and Desjeux, 2016; Błażejczyk-Majka, 2017; Abel et al., 2017; 

Záhorský and Pokrivák, 2017; Galluzzo, 2018; Galluzzo, 2018; Coppola et al., 2020).  

To date, there is still rather mixed evidence on the effect of public intervention on 
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agriculture-sector efficiency, and several studies have assessed a negative effect. Roe 

(2015) has shown that farmers who receive government subsidies are not significantly 

different in risk tolerance from farmers who do not have such financial support. Latruffe 

and Desjeux (2016) investigated the effects of subsidies on the technical efficiency of 

crop, dairy and beef cattle in French farms, and showed that efficiency univocally 

decreased after Fischler’s reform. Minviel and Latruffe (2016) also found that farmers’ 

efforts in farming activities may decrease if a higher quota of income is subsidised. 

These findings stimulate questions about how farm programmes shape the underlying 

distribution of farmers’ risk attitudes. Income stabilisation resulting from subsidies may 

distort farmers’ incentives to produce efficiently (Minviel and Latruffe, 2016). Marzec 

and Pisulewski (2017) conducted an econometric efficiency analysis on a large group 

of Polish dairy farms (2004–2011) and found a negative effect of subsidies on technical 

efficiency.  

Mixed evidence also relates to the geographical location of the farms. Zhu and Lansink 

(2010) found that subsidies have a negative impact on technical efficiency in Germany 

and the Netherlands, while having a positive impact in Sweden. Latruffe et al. (2018) 

evaluated the association between agricultural subsidies and dairy-farm technical 

efficiency in the European Union. The authors showed that the effect of subsidies on 

technical efficiency may be positive, null or negative, depending on the country 

analysed. Also, Ratinger et al. (2015) found significant effects of public intervention in 

terms of production expansion and gross value added in the Czech Republic (2007–

2013). Błażejczyk-Majka (2017) assessed that, in 18 out of 28 EU countries, 

agricultural production had been run efficiently on a macro level.  

2. Aim of the Paper 

Based on a typical Cobb-Douglas framework, a two-step empirical analysis is 

conducted. A data envelopment analysis (DEA) is run to elicit firms’ economic 

efficiency, in each country, with respect to their peers as well as their own performance 

over time (e.g. Galluzzo, 2017). As a second step, a Simar-Wilson (2007) bootstrapping 

procedure is applied to analyse in what measure CAP payments influence firms’ 

efficiency. Within the present framework, this paper analyses the effects of CAP in the 

EU and adds new evidence on the policy impact reflecting each of the EU payment 

schemes before and after the 2013 reform. The research question is whether different 

types of public intervention exert systematic and homogenous effects on firms’ 

efficiency within the standard production process. Moreover, in the post-DEA, total 

subsidies are disentangled into ‘coupled subsidies’; that is, subsidies linked to the 

production, and ‘decoupled subsidies’; that is, subsidies unlinked to the actual 

production (Marzec and Pisulewski, 2017), and three distinct models are run 

accordingly. All EU countries but Malta, because of missing data, included in a panel 

over a 13-year time span (2005–2017). The effect of the stock of agricultural products 

on technical efficiency is used as a further control. 

3. Methodology 

 The objective of a firm is to maximise its profits and minimise its costs or, 

alternatively, to maximise its revenues, given the technological constraints faced. The 

production function can be expressed as follows: 

Yi,t =Ā F(Li,tKi,t, Ti,t,)              (1) 

where Y = output (value); Ā = fixed technology; L = labour; K = capital stock; T = 

natural resources (i.e., land) t = time dimension; I = country/region. All the variables 

are expressed in logarithms. 
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On this basis, DEA is an approach that allows for the construction of a nonparametric 

frontier on a sample of decision-making units (DMUs) and assesses their economic 

efficiency (Hayami, 1970; Bergstrom, 1998; Biddle, 2011). DEA models can be 

constructed under either constant returns to scale (CRS) or variable returns to scale 

(VRS) (Coelli et al., 2005). The overall technical efficiency (TE) is computed under 

CRS, while, under VRS, TE can be further decomposed into scale efficiency and pure 

technical efficiency (PTE). Within the production process, PTE reflects that managers 

can save input for producing a given amount of output, or vice versa. A statistical test 

is run to assess whether the DMUs are mostly characterised by either CRS or VRS 

(Bogetoft and Otto, 2011).  

In DEA, typical statistical tests are not applicable, and the drives of inefficiency cannot 

be detected. A Simar and Wilson (2007) procedure explores the factors that influence 

economic (in)efficiency and the bootstrapping avoids correlation issues in the DEA 

efficiency scores:  

θit = Zit + it ≥ 1         i= 1, …, n  t=1…. T    (2) 

where θit (<1) is the DMU’s (i) (in)efficiency score at time t; Zit contains variables that 

are assumed to influence the DMUs’ (in)efficiency; β is the vector of parameters, where 

a negative coefficient implies that the variable has a positive impact on efficiency (the 

alternative hypothesis holds for a positive sign); ɛit is the residual assumed to be white 

noise.  

4. Data Collection and Case Study 

The empirical data are retrieved from FADN. The construction of the input and 

output indicators is based on other recent studies on farms, in which FADN data were 

used (Emvalomatis et al., 2011; Marzec and Pisulewski, 2017; Galluzzo, 2017; 2018). 

Specifically, a proxy of firms’ production generated throughout the year is employed 

(i.e., SE131 in FADN). This variable is defined as the total output of crops, crop 

products, livestock and livestock products. Among the inputs, labour (SE010) is 

expressed as the number of full-time employees working on a farm. Land, as a further 

factor of production, is expressed as total utilised agricultural area in hectares (SE025). 

Moreover, total assets (SE436) are defined as the monetary value of all fixed and 

current assets. As input indicators, the model also includes buildings (SE450) and 

machinery (SE455).  

In the post-DEA, the construction of the explanatory variables, which detect possible 

systematic differences in efficiency levels, are based on works such as by Zhu and 

Lansink (2012) and Marzec and Pisulewski (2017), respectively. According to the 

mentioned studies, the analysis includes the total subsidies (SE605), rural-developed 

support and other current subsidies. Coupled and decoupled payments (SE630) are also 

considered further indicators. Coupled payments are linked to the production of a 

certain crop or a specific type of livestock, while decoupling is unlinked to the 

production of a specific product. All the economic variables are expressed in real terms. 

The inflation rate for each of the EU countries is collected from the World Bank 

website.  

The geographical variable, used as a control, takes the value of 1 if it represents a 

historical country (i.e., Austria, Belgium, Denmark, Finland, France, Germany, Greece, 

Ireland, Italy, Luxemburg, the Netherlands, Portugal, Spain, Sweden, the United 

Kingdom) and 0 otherwise. Notably, the latter group (i.e., Bulgaria; Croatia; Cyprus; 

Czech Republic; Estonia; Hungary; Latvia; Lithuania; Poland; Romania; Slovakia; 

Slovenia) was included as part of the EU from 1 May 2005 onwards (European Union, 
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2019). Finally, the stock of agricultural products (SE475) is accounted for and treated 

as a further control. This variable is defined as the value at closing valuation of all crop 

and livestock products (except young plantations). The relevant descriptive statistics of 

all the economic indicators of interest are reported in Table A.2. as extra material.  

5. Empirical Results 

5.1. Application of DEA 

At a macro level, a comparison of efficiency is provided among all the EU, over a 

time span of 13 years (2005–2017). The preliminary test in the DEA suggests that the 

technology is VRS. The null hypothesis of CRS cannot be accepted at the 1% level of 

significance (full results on CRS and VRS are reported in Table A.3 as extra material). 

The kernel distribution of TE and PTE is also presented, pooling all years and countries 

for the EU (Figure 1). 

 

 
 

 

Fig.1. Kernel distribution of PTE under VRS, and TE under CRS; trend (2005-2017) 

 

The DMUs are relatively more efficient the closer the score is to the value of 1. Under 

CRS, on the left, the EU shows a bimodal distribution, while under VRS, the DMUs 

present a unimodal and skewed distribution with the concentration of mass in the upper 

tail. The scatter diagram, presented in Figure 2 (EU), compares the DMUs’ economic 

efficiency both in terms of trend performance, across the whole-time span, and the 

economic efficiency achieved in the last year under investigation (i.e., 2017). Quadrant 

I (high–high) depicts those countries and regions that have an efficiency score higher 

than both the trend (as an average) and the average score in 2017. Conversely, Quadrant 

IV (low–low), on the bottom left, contains those DMUs with the relatively worst 

performance. Quadrant II (low–high), on the top left, includes those DMUs that show 

a better economic performance over the whole time span than the average, but in the 

last year present a score less than the average. Quadrant III (high–low), on the bottom 

right, shows those DMUs that in 2017 had an economic performance higher than 
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average, but lower than the trend.  

Figure 2 indicates that 37% of the countries (namely Belgium, Bulgaria, Estonia, 

Finland, Germany, Greece, Latvia, Portugal, Spain and the UK) belong to the relatively 

‘high–high’ cluster (Quadrant I). Germany is just above the EU-27 trend, while Greece, 

Bulgaria and Portugal denote the highest scores in the last year, and Belgium and 

Bulgaria show the relatively highest scores both in terms of trend and in 2017. Another 

37% of the EU countries (namely Denmark, Cyprus, France, Hungary, Italy, Lithuania, 

the Netherlands, Romania, Slovak Republic and Sweden) belong to the ‘low–high’ 

cluster (Quadrant II). Among the others, Lithuania is rather close to the EU trend, while 

France, the Netherlands and the Slovak Republic lagged in the last year. Czech 

Republic, Croatia, Ireland, Luxembourg and Slovenia belong to the ‘high–low’ cluster, 

which accounts for 18.5% of the sample (Quadrant III). Among these countries, Ireland 

presents the relatively best performance, while Slovenia presents the relatively worst 

performance with the lowest scores both in terms of trend and in 2017. Finally, only 

two countries (namely Austria and Poland) are included in the ‘low–low’ cluster, which 

represents 7.5% of the sample. 
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Notes: Pre-reform 2013: H= Historical model; SHy = Static Hybrid model; DHy= Dynamic Hybrid 

model; R= Regional model; Post-reform 2013: PC =Partial Convergence; FC15 = Flat Rate by 2015; 

FC19= Flat Rate by 2019; SAPS= Single Area Payment Scheme. 

 

Fig.2. Scatter diagram of Pure Technical Efficiency (Trend_2005_2017; year 2017) 

and payment schemes before and after the 2013 reform 

 

As a novel interpretation of these empirical findings, these outcomes are further read in 

light of the payment schemes adopted by the EU-27 countries. The results on efficiency 

are further disentangled in terms of payment systems, issued before and after the 2013 

PAC reform (Figure 1). Overall, those countries that adopted a historical model (H) 

seem to denote a good performance, during the span time under consideration, within 

their typical production process. A similar conclusion seems to be reached for the SAPS 

model for most of the eastern EU countries, with the only exception for Poland, which 

presented one of the worst performances. Interestingly, those countries that 

implemented a dynamic hybrid (DHy) scheme (i.e., Finland, Germany and the UK) 

before 2013 seemed to have performed consistently better than those countries that 

adopted a static-hybrid model (i.e., Denmark, Sweden and Luxembourg).  
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5.2. Simar-Wilson bootstrapping  

As a further step of the investigation, a Simar and Wilson (2007) bootstrapping 

procedure is applied. To this aim, the Robust DEA (rDEA) for the statistical package 

R, developed by Wilson (2007), is used. This approach implements Simar and Wilson’s 

(2007) second algorithm for bias-correction of efficiency scores in input- and output-

oriented DEA models. Computations are done in terms of distance function; that is, the 

reciprocal of efficiency score, with the range from one to infinity. Three models are run 

for the EU countries. Expanding Equation (2), the specification can be expressed as 

follows: 

θit = 1 + D + 2 Sit + (Sit * D) + 3 STit +it……..i= 1, …, N‧‧ t=1…. T‧‧‧(3) 

where θit is the DMU’s (i) (in)efficiency score at time t; alternatively, in the three 

models, Sit includes either the total subsidies (Model 1), the coupled payments (Model 

2) or the decoupled payments (Model 3); and β1…β3 are the parameters to be estimated. 

In this specification, D is the dummy variable and, as already stated, accounts for in 

what measure socio-economic and geographical characteristics influence efficiency. 

The control variable D takes the value of 1 if a historical EU country and 0 otherwise. 

Hence,  is the parameter of the shift intercept, while  is the parameter of the shift 

slope. Finally, the stock of agricultural products (ST) is accounted for and treated as a 

further control, and ɛit is the residual assumed to be white noise.  
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Tab. 1. Post-DEA: Simar Wilson double bootstrapping 

 

 
 

Notes: Statistical significance: ***p < 0.01; ^ Geographical dummy: for EU, 1 if belong to the 

historical EU countries (Austria, Belgium, Denmark, Finland, France, Germany, Greece, 

Ireland, Italy, Luxemburg, Netherlands, Portugal, Spain, Sweden, United Kingdom) and 0 

otherwise. 

In all three models, the findings show that total subsidies and coupled and decoupled 

payments have a strong and positive impact on economic efficiency. However, the 

coefficient of the interaction variable denotes a negative effect on economic efficiency. 

Specifically, the historical EU countries that obtain a public subsidy – either total, 

coupled or decoupled – tend to be less efficient than the joint-control group.  

As a further outcome, the empirical results show a mixed effect of the stock of 

agricultural products on EU countries. In general, high levels of inventories adversely 

tend to affect cash flow, leading to reduced efficiency, effectiveness and biased 

functionality (Agu et al., 2016). As Kroes (2018) remarked, having (an amount of) stock 

is costly and can cause various additional risks. Stocks are expensive because of the 

costs of tied-up capital, warehousing, protection, deterioration, loss, insurance, 
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packaging and administration (Roni and Djumahir, 2016). However, a high level of 

inventory, if adequately monitored and controlled, can act as a buffer against volatility 

and order fluctuations, especially due to more common adverse climate conditions that 

can alter production and relative prices (Jangga et al., 2015). Notably, in further 

experiments, all the above-mentioned results are also confirmed without the stock (ST), 

treated as a control covariate. This result supports the robustness of analysis in terms of 

signs, magnitude and statistical significance of the coefficients in all three main models 

(full results can be provided upon request). 

6. Discussion and Conclusions 

This paper has analysed the impact of CAP on economic efficiency in the European 

Union over a span of 13 years. Overall, the DEA, based on a typical production process, 

did not show remarkable differences between countries that adopted H model and the 

SAPS. However, the DEA revealed that those countries that adopted a DHy model 

outperformed those countries that implemented a SHy model within their standard 

production process.  

As a further investigation, based upon Simar-Wilson bootstrapping, the effect of public 

intervention was further analysed by running three separate models: total subsidies, 

decoupled subsidies and coupled subsidies (see also Marzec and Pisulewski, 2017). The 

parametric findings revealed that, in each of the three models, the historical EU 

countries consistently denoted relatively higher efficiency than the nonhistorical EU 

countries. This outcome further confirms the findings achieved in the first stage of the 

DEA, where 7 out of 10 best-performance countries belonged to the historical EU 

cluster (Cillero et al., 2017).  

The findings also highlighted a positive effect on the economic efficiency exerted by 

all three types of public intervention. From an economic-theory perspective, the present 

findings revealed that public intervention, either total, coupled or decoupled, exert a 

positive effect on firms’ efficiency. This outcome is in line with previous research and 

particularly with Kumbhakar and Lien (2010) for Danish, Finnish and Swedish dairy 

farms during 1997–2003, and Minviel and Latruffe (2016), who applied a meta-analysis 

with 195 observations extracted from a set of 68 studies that were carried out during 

the period 1986–2014.  

Moreover, decoupling is seen as a desirable measure, especially for its ability to return 

to the market, its function to determine prices, to improve transparency in public 

support and, therefore, to orient producers’ strategies in directions more responsive to 

the interests of the community. This public scheme is supposed to achieve a better 

matching between supply and demand, bringing a benefit to the producers who can take 

full advantage of the market opportunities. In this respect, the 2013 reform may give 

advantages, especially to younger farmers who are likely to innovate and be open to the 

international market. As remarked by Minviel and Latruffe (2016), total subsidies, 

which include rural-development support and other current subsidies, are aimed at 

improving technical efficiency if they are used to update the farm’s productive capacity. 

Also, public subsidies may enable farmers to achieve scale economies through 

investments. Critics of this public programme argue that even though such payments 

are not directly tied to production requirements or market conditions, they may still 

have important effects on production (Esposti, 2017) and, especially, on the quality of 

the environment (Lankoski and Thiem, 2020) as one of the mainstream policies in the 

novel Green Deal EU agenda 2030 (European Commission, 2020). However, the 

effects of public investments may not occur immediately, as there is a lag connected 

with adjustment costs (Dudu and Kristkova, 2017).  
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However, on an in-depth investigation, remarkable differences were revealed when 

controlling for geographical setting. The interaction variable systematically unveiled 

that the historical EU countries denote a relatively lower performance than the joint 

control cluster. In this respect, the present research confirmed previous studies that 

showed that the effect of public intervention in the agricultural sector also depends on 

the geographical and socio-economic setting (Latruffe et al., 2018).  

Since its beginning in 1962 for the EU, CAP has experienced continuous reshapes. 

While its initial objectives focussed on agricultural income support, policy objectives 

have been widened to embrace environmental sustainability, higher efficiency, 

effectiveness and equitability (Guesmi and Serra, 2015). Agricultural subsidies 

provided by CAP may preserve the prosperity of farming and the vitality of remote 

areas, which benefits society at large (Latruffe et al., 2018). The aim of this type of 

support is to maintain the level of production in regions and sectors undergoing 

difficulties but still able to exert positive externalities.  

As a limitation, the results presented in this research concerned only the relationship 

between CAP payments and economic efficiency but did not account for all the possible 

domains and various effects of the European agricultural support system. Future 

research should investigate the effects of public intervention on other goals promoted 

by the European Commission (2020), such as environmental protection and social 

cohesion and development. The post-reform, issued in 2013, seems to be exerting some 

positive effect, although it has not yet fully exerted its potential effects, within the spell 

of time under investigation, to offer a clearer picture of the reform. Monitoring is 

required in future research.  
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