
76 B. CZYŻEWSKI, A. MATUSZCZAK, A. GRZELAK, M. GUTH, A. MAJCHRZAK    
ANNALS OF THE POLISH ASSOCIATION   

OF AGRICULTURAL AND AGRIBUSINESS ECONOMISTS    

DOI: 10.5604/01.3001.0013.5134

Annals PAAAE • 2019 • Vol. XXI • No. (4)  received: 01.07.2019
acceptance: 26.09.2019
published: 15.12.2019
JEL codes: O13, Q01, Q51, Q58

BAZYLI CZYŻEWSKI, ANNA MATUSZCZAK, ALEKSANDER GRZELAK,  
MARTA GUTH, ADAM MAJCHRZAK

Poznań University of Economics and Business, Poland

ENVIRONMENTAL SUSTAINABLE VALUE IN AGRICULTURE 
REVISITED: HOW INVESTMENT SUBSIDIES FOSTER  

ECO-EFFICIENCY1

Key words: sustainable agriculture, Environmental Sustainable Value, eco-efficiency,  
agricultural policy, CAP

ABSTRACT. Many researchers and policy makers argue that CAP should support small farms mainly 
through environmental subsidies contributing by this mean to sustainable agriculture. This study offers 
a methodological contribution to the value-based sustainability approach, consisting of a computing 
indicator of environmental sustainable value (ESV). In this study, the authors have attempted to combine 
the value-oriented approach with DEA frontier benchmarking. In the next step, the authors test how 
investment subsidies contribute to ESV using a long-term panel of FADN region-representative farms in 
2004-2015 with regards to other policy measures and factor endowments. The seminal within-between 
specification was employed to the control time variant and time in-variant space heterogeneity of Eu-
ropean regions. The articles main finding is that higher investment support is beneficial for ESV. Other 
payments exert a negative effect on ESV besides the cross-sectional impact of environmental subsidies. 
When it comes to factor endowment influence, there is a positive impact of the capital-labor ratio and 
negative impact of the capital-land ratio.

INTRODUCTION 

A commonly used approach to sustainability at a farm level consists of testing whether 
environmental impacts decrease or increase as the value of economic output is maintained 
[Picazo-Tadeo et al. 2011, Bleischwitz, Hennicke, 2004]. The eco-efficiency approach 
is very well advocated in sustainable agriculture literature. In most cases, authors use 
the DEA method to measure eco-efficiency levels at a farm level. The most recent of 
these are Andrés Picazo-Tadeo et al. [2011], Yiorgos Gadanakis et al. [2015] and Andrea 
Bonfiglio et al. [2017]. In this study, the authors attempt to combine a value-oriented 
approach (i.e. the environmental sustainable value (ESV)) with frontier benchmarking. 
The core research problem of this study lies in the question of how investment subsidies 
impact eco-efficiency with regard to other policy measures and factor endowments. The 

1	 This article was funded by the National Science Centre in Poland (Grant No 2017/25/B/HS4/00011).
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aim of the paper is to attempt to answer the above question. There is a commonly known 
point of view that small, poor of capital and labor-intensive farms guarantee a higher ESV 
than capital-intensive ones [C. Burja, V. Burja, 2016, Czyżewski et al. 2018]. Under this 
assumption, many researchers and policy makers argue that CAP should support them 
mainly through environmental subsidies, thus contributing by this mean to sustainable 
agriculture. On the other hand, stimulating capital endowment under CAP fosters industrial 
farming and may lead to allocative inefficiency, i.e. over-investment [Rizov et al. 2013]. 

Usually researchers look for a method, by applying a synthetic indicator, which will 
provide an overview of the overall performance of agricultural holdings. There is vast 
literature body in this field in different scopes, at a farm and local level: Hayo Van der 
Werf and Jean Petitt [2002], Steven Van Passel et al. [2006], Camelia Burja and Vasil 
Burja [2016], Dan Rigby et al. [2001], Jan Klaas Van Calker et al. [2006], Fritz Hani et 
al. [2003], Nora Van Cauwenbergh et.al. [2007], at a regional level: David Niemeijer and 
Rudolf de Groot [2008] and at a national level Vesela Veleva and Michael Ellenbecker 
[2000], Frank Figge and Tobias Hahn [2005]. 

The construction of a composite measure of environmental pressure in agriculture is 
a problematic issue. Katie Reytar et al., [2014] identifies 25 various indicators related 
to environmental sustainability. The variables that are of key significance refer to water 
consumption, agricultural subsidies, climate change, agricultural production, ecosystem 
biodiversity, and land use. The OECD [2001], in turn, argues that environmental indica-
tors for agriculture should include water and soil quality, biodiversity, greenhouse gas 
emissions, land conservation, wildlife habitats, and the landscape. Other approaches point 
to issues of pesticide, herbicide, and fungicide use in agricultural production, the use of 
organic fertilizers, the use of synthetic fertilizers and plant protection products or crop 
rotation [Saltiel et al. 1994, Hayati et al. 1996, Czyżewski et al. 2018].

MATERIAL AND METHODS

In research, we use FADN data at a regional level for 25 EU member countries, exclud-
ing Cyprus and Malta as they were outliers. The time range of research applies to the years 
2004-2015. In the first step, the environmental sustainable value (ESV) for the aforemen-
tioned scope was calculated. This method originates from the value-oriented approach to 
sustainability. Sustainable Value is calculated in five steps according to Andrea Liesen et 
al. [2009] and Camelia Burja and Vasil Burja [2016]: (1) defining resource efficiency, (2) 
determining benchmark resource efficiency, (3) calculating opportunity costs, (4) determin-
ing value contributions, and (5) computing SV . The following indicators of environmental 
pressure were engaged in our study [FADN database FADN codes in brackets]:
1)	 stock density per ha (SE120);
2)	 mineral fertilizer use (SE295);
3)	 plant protection products (SE300);
4)	 total use of energy (SE345);
5)	 UAA minus woodland area (SE075).

This set of variables fits in with the discussion on the environmental sustainability 
of agriculture and is well advocated in the literature [Latruffe et al. 2016]. The proposal 



78 B. CZYŻEWSKI, A. MATUSZCZAK, A. GRZELAK, M. GUTH, A. MAJCHRZAK

was put forward to engage the DEA technique to identify a benchmark unit for ESV, 
which is an original contribution here. Hence, ESV calculated in this study extends the 
DEA analyses primarily used to identify the so-called benchmark units ybij and rbij. The 
calculation formula for determining the ESV of farms in regions is as follows:

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 = 1
𝑚𝑚 ∑ 𝑟𝑟𝑖𝑖𝑖𝑖 (

𝑦𝑦𝑖𝑖𝑖𝑖
𝑟𝑟𝑖𝑖𝑖𝑖

−
𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖
𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖

)
𝑚𝑚

𝑗𝑗=1
 

 

𝑦𝑦𝑐𝑐,𝑡𝑡 =∝  + 𝛽𝛽(𝑥𝑥𝑐𝑐,𝑡𝑡 − 𝑥̅𝑥𝑐𝑐) + 𝛾𝛾𝑥̅𝑥𝑐𝑐 + (𝜀𝜀𝑐𝑐 + 𝑒𝑒𝑐𝑐,𝑡𝑡) 

	
 			 

where: ESVi is the sustainable value afferent to a farm from region i; rij and rbij  
respectively represent the polluting capital (input) used of type j and region/farm i, 
and of the farm considered as the reference (benchmark) system identified in the DEA 
analysis as an average of input in farms located on the frontier (with 1 score); yij and 
ybij are the return of resources (output) of the analyzed and benchmark farm identified 
in the DEA analysis as an average of output in farms located on the frontier (with 1 
score); i = 1 ... n is the region and j = 1 ... m is the type of analyzed capital (resource).

If the ESV has a minus sign, it indicates a value of “clean production” (obtained without 
additional input of polluting capital) which ought to be provided by a farm to achieve the 
benchmark eco-efficiency level. If it has a plus sign, it indicates clean production exceed-
ing the average eco-efficiency of farms on the frontier.  

In the second step, a regression model, where ESV (in real prices 2004 = 100) is the 
dependent variable and CAP Subsidies on investments (SE406) stand for the explanatory 
variable, was estimated. Meanwhile, step-by-step, different types of CAP subsidies were 
introduced to the model as well as factor endowments as control variables to prove that 
the effect of investment subsidies is stable and robust despite modification in specification. 
Then, investment subsidy effects on the influence of other significant policy measures 
and factor endowments were compared.

Our specification refers to the production function in agriculture but the effect of 
resources on ESV is assumed. Having ESV computed for region-representative farms in 
the years 2004-2015, it is possible to employ one of the panel data methods. However, 
most panel data methods do not allow to separately model the consequences of changes 
to that phenomenon over time, or the effects of its heterogeneity in space. To account 
for this, there is quite a new approach called “the seminal within-between specification” 
recently advocated by Andrew Bell and Kelvyn Jones [2015] that solves this problem. 
This specification was employed and written in the following general form as follows: 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 = 1
𝑚𝑚 ∑ 𝑟𝑟𝑖𝑖𝑖𝑖 (

𝑦𝑦𝑖𝑖𝑖𝑖
𝑟𝑟𝑖𝑖𝑖𝑖

−
𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖
𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖

)
𝑚𝑚

𝑗𝑗=1
 

 

𝑦𝑦𝑐𝑐,𝑡𝑡 =∝  + 𝛽𝛽(𝑥𝑥𝑐𝑐,𝑡𝑡 − 𝑥̅𝑥𝑐𝑐) + 𝛾𝛾𝑥̅𝑥𝑐𝑐 + (𝜀𝜀𝑐𝑐 + 𝑒𝑒𝑐𝑐,𝑡𝑡) 

where xc,t is a set of time-variant variables, xc  consists of xc,t means calculated for 
each region j (which by definition are time-invariant). The error term presented in 
brackets consists of two parts: a time-invariant element εc that reflects the unobserved 
heterogeneity of regions and an idiosyncratic disturbance ec,t for each observation. 
The parameter β reflects the within effect, while ϒ captures the between effect which 
can be interpreted as the impact of a unitary difference in xc,t among FADN regions 
on the dependent variable. 
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The within-between specification can be treated as a variant of a random effects model, 
but where explanatory variables are divided into time and varying cross-region parts. The 
seminal within-between model solves the endogeneity problems found in RE modelling. 

RESULTS

Descriptive statistics of the dependent variable can be found in table 1. In the period 
under examination (2004-2015), ESV levels were characterized by considerable vari-
ability. It is worth stressing that the value of this variable is expressed in EURO, not in 
relative units of distance, which means that there are more possibilities of interpretation 
and in this way, the truncated data bias is avoided. At the same time, the moderate upward 
trend of this indicator was noted. This trend means that there was an improvement in the 
eco-efficiency of farms at a regional level. At the same time, the data presented in Table 
1 indicate that ESV might potentially be improved. 

The model’s adjustment to empirical data is quite good: R2 = 0.7, within R2 = 0.08, 
VIF for each variable lower than 5. First of all, it was observed that changes in investment 
subsidies have a positive and stable effect on ESV regardless of what kind of different 
subsidies or factor endowments are added to the model, cf. Table 2. On the other hand, 
no significant cross-sectional influence of investment subsidies (“between” variable) was 
noted. Other payments exert a negative effect on ESV besides the cross-sectional impact of 
environmental subsidies as might be expected. When it comes to factor endowment influ-

Table 1. Descriptive statistics for ESV (2004-2015) in regions of the EU

Variable Year n Panel mean Min. Max. SD

ESV [EUR] 
real prices 
2004 = 100

2004 114 -9,570 -233,593 83,788 36,721
2005 114 -13,084 -266,580 74,896 40,385
2006 114 -10,920 -238,650 79,330 40,413
2007 127 -3,246 -152,258 91,189 32,922
2008 128 -8,776 -206,047 103,269 37,067
2009 128 -17,770 -344,827 89,189 50,435
2010 128 -8,880 -425,523 120,428 51,469
2011 128 -8,052 -574,292 133,978 62,188
2012 128 -2,003 -484,280 150,745 55,586
2013 128 -3,394 -218,230 149,568 41,099
2014 128 -6,101 -531,579 178,875 60,063
2015 128 -4,695 -495,735 177,217 59,550

Note: the illustrative interpretation of ESV, says that e.g. -13,084 indicates a value of “clean 
production” (obtained without the additional input of polluting capital) which ought to be provided 
by an average farm in the region to achieve the benchmark eco-efficiency level, or, if it has a plus 
sign, indicates clean production exceeding the average eco-efficiency of farms on the frontier.
Source: own calculations based on FADN data
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ence, there is a positive impact of 
the capital-labor ratio and nega-
tive impact of the capital-land 
ratio in terms of its time effect. 
When comparing the marginal 
effects of different subsidies 
on ESV, it is visible that invest-
ment payments have an almost 
three-fold stronger effect than 
decoupled ones and production 
subsidies slightly weaker than 
LFA and environmental schemes.

The results are, to some ex-
tent, in line with other stud-
ies of eco-efficiency. There is 
evidence that the participation 
of farms in agri-environmental 
schemes affects their pro-eco-
logical orientation [Bonfiglio et 
al. 2017]. Research carried out 
by Y. Gadanakis et al., [2015] 
indicates that medium and small 
farms are more eco-efficient 
than large farms, and environ-
mental payments have a posi-
tive and statistically significant 
impact on the improvement of 
eco-efficiency. However, some 
contradictory findings prove that 
direct payments can also be posi-
tively related to environmentally 
friendly production [Kleinhanß 
et al. 2007]. On the other hand, 
subsidies do not necessarily 
have a positive impact on the 
technical efficiency of farms, as 
demonstrated by the example of 
Hungary, the Czech Republic, 
Slovenia or Romania [Latruffe 
et al. 2008]. At the same time, it 
should be pointed out that there 
is a lack of research regarding the 
direct impact of investment sub-
sidies on the ESV or ecological B
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effectiveness of farms. This approach is, however, extremely important due to the upcoming 
challenges for agriculture in the area of increasing the productivity of agricultural land, 
in line with the growing demand for food and fiber [Keating et al. 2010].

CONCLUSIONS

In the context of the results of our research, investments that are ecofriendly should be 
supported in the future CAP perspective. Particular attention should also be paid to large 
differences between farms from different EU regions in terms of ESV creation, which 
should be a reason for greater diversification of CAP instruments between regions. This 
should concern both a greater diversification of payments between farms, as well as invest-
ment support due to size. Instruments supporting the internalization of costs and benefits 
related to externalities in agriculture, and thus a reduction of soil erosion and water and 
air pollution, while supporting biodiversity and techniques of better management of water 
resources should be further developed. In addition, the removal of some exemptions related 
to the application of compulsory practices to take account of different territorial contexts 
could increase the effectiveness of the CAP. In light of the above, it would be advisable 
to continue supporting investments in the next budget perspective of the CAP, especially 
those that are more environmentally friendly and of lower energy intensity. Thus, the pro-
investment direction of the CAP would be correct from an ESV perspective, despite the 
fact that it is challenged by policy makers in Western Europe. However, environmental 
pressure should be considered at the level of regions, scale of production and production 
types of farms. This is a particularly important issue due to the threats resulting from climate 
change as well as the growing demand for food on the global market.
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ZRÓWNOWAŻENIE ŚRODOWISKOWE W ROLNICTWIE: W JAKI SPOSÓB 
SUBSYDIA INWESTYCYJNE SPRZYJAJĄ EKOEFEKTYWNOŚCI

Słowa kluczowe: rolnictwo zrównoważone, wartość zrównoważenie środowiskowego, 
ekoefektywność, polityka rolna, WPR

ABSTRAKT

Wielu badaczy i polityków Unii Europejskiej stoi na stanowisku, że Wspólna Polityka Rolna 
(WPR) powinna wspierać małe gospodarstwa, głównie przez subsydia środowiskowe jako swoistych 
strażników krajobrazu, przyczyniając się w ten sposób do większego zrównoważenia rolnictwa. W 
badaniach zastosowano podejście wartościowe (tzw. value-base approach – VBA) do określenia poziomu 
ekoefektywności gospodarstw w regionach FADN, obliczając wartość zrównoważenia środowiskowego. 
Podjęto próbę zintegrowania wartościowego ujęcia zrównoważenia ze wzorcem ustalonym metodą 
DEA. Następnie oszacowano wpływ subsydiów inwestycyjnych na tak podejmowaną ekoefektywność 
w kontekście oddziaływania innych instrumentów WPR oraz relacji zasobowych, w latach 2004-2015, w 
gospodarstwach reprezentatywnych dla regionów FADN. Zastosowano specyfikację within-between dla 
danych panelowych, aby uwzględnić heterogeniczność czasową i przestrzenną gospodarstw rolnych w 
regionach FADN. Jednym z głównych wniosków jest pokazanie pozytywnego oddziaływania subsydiów 
inwestycyjnych na ESV. Pozostałe płatności WPR wywierają negatywny wpływ na ESV, z wyjątkiem 
przekrojowego oddziaływania dopłat środowiskowych. W odniesieniu do wpływu relacji zasobowych 
zidentyfikowano dodatnie oddziaływanie technicznego uzbrojenia pracy.
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