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ABSTRACT. The aim of the research was to measure the efficiency of agricultural activities 
in European Union countries with the use of various measures of efficiency. The analysis 
covered the years 2009-2019. The calculated efficiency was relative and the starting material 
for its estimation were aggregated Färe-Primont productivity indices. Based on the maximum 
possible level of productivity in a given period, the level of relative efficiency of TFPE was 
estimated. The analysed countries were grouped, on the basis of this efficiency, into four 
groups differentiated in terms of level. Then, the TFPE index was decomposed into several 
separate measures of efficiency, which were further analysed. The analysis showed that there 
are differences in the level of efficiency between individual countries. It has been shown that 
agriculture in European Union countries can be considered technically efficient. The efficiency 
of scale is also high. The greatest variation between countries is in the case of residual efficiency.

INTRODUCTION

Agriculture in the European Union is a sector in which many analyses are performed 
in terms of productivity and efficiency. The nature of these studies, context and methods 
have changed over time, as noted in the work by Jerzy Marzec et al. [2019]. It is a result of 
changes in economic and social conditions in Europe and the world. Under the influence of 
these changes, the European Union has introduced various reforms and strategies over the 
years under the Common Agricultural Policy (CAP). Instruments such as “Agenda 2000”, 
“Mid Term Reform”, “Health Check”, the system of direct and indirect payments, as well 
as the linking of payments in relations to non-market (mainly environmental) objectives and 
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the possibilities of implementing the concept of sustainable intensification of IS, as noted by 
Andrzej Czyżewski and Jakub Staniszewski [2018], aimed at adjusting production to new 
conditions. The implementation of these programmes has had an impact on the efficiency 
and productivity of farms as well as risk of operation and possibility of development. 
Considerations on this subject can be found in works by Subal Kumbhakar and Gudbrand 
Lien [2010], Xuequin Zhu and Alfons Oude-Lansink [2010], Johan Swinnen and Liesbet 
Vranken [2010] and Sonia Quiroga et al. [2017]. The currently dominant policy of sustainable 
development of the European Union assumes, on the one hand, the de-intensification of 
outlays and, on the other hand, increasing efficiency through technological progress and 
innovation. Despite such assumptions and greater responsibility for the environment, the CAP 
must be competitive, and this competitiveness is ensured by efficient and effective agricultural 
production [Quiroga et al. 2017]. This policy also assumes levelling out differences in the 
level of development of individual regions. As long as such differences exist, financial 
resources allocated to support for agriculture should be distributed and absorbed on the basis 
of an analysis of differences in the efficiency of input and resource use.

The DEA (Data Envelopment Analysis) method is often used to test the efficiency 
of agriculture. The studies found in various types of revisions cover approaches from 
various perspectives, from economic, through environmental protection, to social. They 
are conducted at a level of farms, countries and regions. They focus on different types of 
farms, crops, sizes, etc. In Science Direct databases, there are several hundred references 
in the last 10-year search results including the terms “agriculture, efficiency, DEA”.  
On the other hand, research focused on European Union countries is not common [Martinho 
2017]. The dominant methods here are non-parametric methods, mainly the DEA method. 
Examples include studies conducted by: Olalekan Akande [2012], Joanna Baran [2016], 
Lajos Baráth and Imre Fertő [2016], Lucyna Błażejczyk-Majka [2011, 2017], Štefan 
Bojnec et al. [2014], Murat Cankurt et al. [2013], Abdullahi Iliyasu et al. [2016], Marta 
Guth and Katarzyna Smędzik-Ambroży [2019], Beata Gavurová et al. [2019], Malgorzata 
Kołodziejczak [2015], Anna Nowak et al. [2015], Jakub Staniszewski [2018], Pierluigi 
Toma et al. [2017], which include the measurement of efficiency with the use of various 
models and different sets of variables. 

A smaller part of the research uses parametric methods, whereby, firstly, the efficiency 
curve is estimated, which at a later stage forms the basis for comparisons of real objects. 
The methods that use SFM (Stochastic Frontier Models), stochastic models dominate and 
usually apply to a specific country or region and a specific type of production (for example, 
studies by: Lukas Cechura [2014], Subal Kumbhakar and Gudbrand Lien [2010], Tamara 
Rudinskaya et al. [2019] and Sonia Quiroga et al. [2017]).

There are few studies using two or more methods (for example: Viet-Ngu Hoang and 
Thanh Trung [2013], Kristuna Kočišová [2015], Jerzy Marzec et al. [2019] or George 
Vlontzos et al. [2017]).
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However, there are no studies that analyse the level of efficiency estimated on the basis 
of the decomposition o aggregate TFP productivity indices. Indices of this type proposed 
in the papers by Christopher O’Donnell [2010, 2012a, 2012b] or Viet-Ngu Hoang [2011] 
can be decomposed into various measures of efficiency. The aim of the research presented 
in this study was an attempt to use the effects of this decomposition to assess the efficiency 
level of European agriculture. As in most studies with a regional and national cross-section, 
an effects-oriented model was used for the study. 

MATERIAL AND METHODS

In a one-dimensional situation, the total factor productivity (TFP) of an object can be 
defined as the quotient of the effect and the input. When the analysed technology is more 
complicated, i.e. it assumes many inputs and TFP effects, we can define it as the quotient 
of the aggregated effects vector to the aggregated vector of inputs. The knowledge of 
price relations allows for trouble-free estimation of productivity indicators. When we 
do not know these relations, we must use an alternative approach. Such an approach 
is the estimation of productivity indicators based on relations between objects. Then 
we are dealing with relative productivity, i.e. in relation to other objects. Färe-Primont 
total factor productivity (TFP) indices used in the presented analysis were proposed by 
Christopher O’Donnell [2008] and measure the relationship of aggregated effects and 
inputs between analysed objects. For the measurement, aggregated distance functions are 
used, calculated with the use of linear programming methods (LP) and the assumptions 
of the Data Envelopment Analysis (DEA) method.

The total productivity of a multidimensional object i in period t can be estimated as 
the ration of aggregated effects to aggregated inputs [O’Donnell 2011a, p. 5]:

      
(1)𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖

𝑋𝑋𝑖𝑖𝑖𝑖
   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  

 

 

 

 

 

0,500

0,600

0,700

0,800

0,900

1,000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TF
PE

Grupa I Grupa II Grupa III Grupa IV
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𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 
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 is the aggregate effect, 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
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𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
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𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
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𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
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𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 
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is the aggregated input,  
Q(.) and X(.) are non-decreasing, non-negative, linearly homogenous functions, while  

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 
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𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 
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𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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 are input and effect vectors. 

To measure the level of productivity as well as changes in productivity, you can use 
indices that show the relationship of the TFP of one object to the TFP of the reference 
object. For example, the productivity index measuring the relation of an i object’s TFP in 
period t to the TFP of the h object in period s, can be represented by the equation:

(2)

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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90 ROBERT RUSIELIK

Assuming that D0(.) and DI(.) are aggregate distance functions of effects and inputs, 
and assuming that 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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 for which q0, x0 are 
the vectors of effects and inputs and t0 is the reference period, the Färe-Primont (FP) index 
used in this study is presented by the equation:

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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(3)

The Färe-Primont index presented in equation (3) is based on distance functions. This 
type of index can be estimated and decomposed using the assumptions of the DEA method. 
More information and a detailed description of the estimation of unknown parameters can 
be found, for example in the work by Christopher O’Donnell [2011b].

TFP indices in the form of (2) can be used to compose various measures of performance. 
For example, if we take, as a reference point, an object with a technology ensuring the 
maximum level of TFP in a given t period, then the efficiency of object i in period t can 
be mathematically written as:

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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(4)

where 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 
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 denotes the maximum TFP obtainable in period t. In turn, 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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 and 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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represent a combination of aggregate effects and TFP maximizing inputs.

Efficiency defined in this way can be decomposed into several other measures of 
efficiency. For effect-oriented models, for example, the following measures of efficiency 
can be calculated:

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖 ≡ 𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

   

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑄𝑄(𝑞𝑞𝑖𝑖𝑖𝑖) 

𝑋𝑋𝑖𝑖𝑖𝑖 = 𝑋𝑋(𝑥𝑥𝑖𝑖𝑖𝑖) 

(𝑥𝑥1𝑖𝑖𝑖𝑖, . . . , 𝑥𝑥𝐾𝐾𝑖𝑖𝑖𝑖)′ and 𝑞𝑞𝑖𝑖𝑖𝑖 = (𝑞𝑞1𝑖𝑖𝑖𝑖, . . . , 𝑞𝑞𝐽𝐽𝑖𝑖𝑖𝑖)′ 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖 ≡ 𝑇𝑇𝑇𝑇𝑇𝑇  𝑖𝑖𝑖𝑖
 

𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑠𝑠
= 𝑄𝑄𝑖𝑖𝑖𝑖 𝑋𝑋𝑖𝑖𝑖𝑖⁄

𝑄𝑄ℎ𝑠𝑠 𝑋𝑋ℎ𝑠𝑠⁄ = 𝑄𝑄ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑋𝑋ℎ𝑠𝑠,𝑖𝑖𝑖𝑖

  

𝐷𝐷𝑂𝑂(. ), 𝐷𝐷𝐼𝐼(. ) 

𝑄𝑄(𝑞𝑞) = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞, 𝑡𝑡0) and 𝑋𝑋(𝑥𝑥) = 𝐷𝐷𝐼𝐼(𝑥𝑥, 𝑞𝑞0, 𝑡𝑡0) 

𝑇𝑇𝑇𝑇𝑃𝑃ℎ𝑠𝑠,𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇 = 𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞𝑖𝑖𝑖𝑖, 𝑡𝑡0)

𝐷𝐷𝑂𝑂(𝑥𝑥0, 𝑞𝑞ℎ𝑠𝑠, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥ℎ𝑠𝑠, 𝑞𝑞0, 𝑡𝑡0)
𝐷𝐷𝐼𝐼(𝑥𝑥𝑖𝑖𝑖𝑖, 𝑞𝑞0, 𝑡𝑡0)  

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖

∗ =
𝑄𝑄𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖
𝑄𝑄𝑖𝑖𝑖𝑖

∗

𝑋𝑋𝑖𝑖𝑖𝑖
∗

≤ 1 

𝑇𝑇𝑇𝑇𝑃𝑃𝑖𝑖
∗ , 

 𝑄𝑄𝑖𝑖
∗ and 𝑋𝑋𝑖𝑖

∗ 

𝑇𝑇𝑇𝑇𝑃𝑃𝑇𝑇𝑖𝑖 = 𝑂𝑂𝑇𝑇𝑇𝑇𝑖𝑖 × 𝑂𝑂𝑂𝑂𝑇𝑇𝑖𝑖 × 𝑅𝑅𝑅𝑅𝑇𝑇𝑖𝑖  
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     (5)

where: OTE – denotes the technical efficiency of production assuming variable effects 
of scale (VRS). It measures the maximum TFP that can be achieved with the same 
proportion of inputs and outputs. OSE – means the production scale efficiency, which 
is calculated as the ration between OTE achieved assuming constant effects of scale 
(CRS) and variable effects of scale (VRS). It reflects the difference between the TFP 
for a technically efficient facility and the maximum TFP that can be obtained when 
operating on an optimum scale related to the production curve (CRS). RME – is the 
residual efficiency of the mix type, which reflects the difference between the TFP 
of the facility located on the board of CRS production and maximum achievable 
productivity (𝑇𝐹𝑃*).

Due to editorial requirements, the study presents the synthetic results of analyses of 
individual measures of efficiency.



91AGRICULTURAL EFFICIENCY AND ITS COMPONENTS IN EUROPEAN UNION...

The research used data on agriculture in European Union countries from the 
EUROSTAT database. The data covers the years 2009-2019. Based on an analysis of 
literature, a model was built including the basic factors of production in agriculture, i.e. 
land, capital and labour. The data has been grouped into a set of variables, the combination 
of which reflects the technology of agricultural production. The following set of variables 
was adopted: (y1) agricultural production (EUR million), (x1) agricultural area (thousand 
ha), (x2) labour (thousand AWU), (x3) direct costs (EUR million), (x4) general economic 
costs (EUR million) and (x5) depreciation (EUR million). Direct costs (x3) include: seeds 
and seed potatoes, fertilizers, protection, veterinary medicine and feed. The costs that 
include the variable (x4) include: energy, materials, building maintenance, agricultural 
services and other indirect costs.

According to the assumptions of the DEA method, the technologies of the tested objects 
should be consistent. Therefore, a preliminary analysis of variables and the analysis of TFP 
index measurement results were performed. As a result, three countries were excluded from 
the study, i.e. Cyprus, Luxembourg and Malta. The system of variables in these countries 
was not sufficiently consistent with the analysed group. The group thus formed was 
designated as the EU-25. Table 1 presents the basic descriptive statistics of the variables 
adopted for the model. Statistics are calculated on the basis of the average for 2009-2019.

Comparing the statistics of variables in 2009 and 2019, it can be concluded that the 
level of agricultural production increased in the EU-25 countries and, with it, the level 

Table 1. Descriptive statistics of variables in 2009 and 2019
Variable Year Average Minimum Maximum Standard 

deviation

y1 – agricultural production  
       [EUR million]

2009 13,241.7 524.6 61,851.4 16,461.3
2019 17,188.3 979.4 74,676.1 20,554.2

x1 – agricultural land [thousand ha]
2009 7,491.8 468.5 35,177.8 8,628.0
2019 7,190.4 479.8 29,024.2 7,857.5

x2 – work [thousand AWU]
2009 448.2 29.3 2,213.8 599.2
2019 360.2 18.9 1,675.8 449.6

x3 – direct costs [EUR million]
2009 4,784.9 266.7 25,132.5 6,091.8
2019 5,777.0 385.3 25,012.3 6,738.3

x4 – general economic costs  
      [EUR million]

2009 3,396.2 121.3 15,510.5 4,026.0
2019 4,273.2 237.8 19,397.0 4,919.2

x5 – depreciation [EUR million]
2009 2,169.5 82.5 10,263.4 3,028.1
2019 2,522.3 146.2 10,807.2 3,319.1

Source: own research based on the EUROSTAT database
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of individual inputs. The exception is labour input (AWU), which decreased compared 
to the initial period. It can be hypothesised that human work, along with progress, has 
been replaced by more effective technologies. However, this requires separate studies, as 
it should be noted that the analyses were carried out at current prices and the increase in 
the value of inputs and effects could have been caused by their changes.

RESULTS OF STUDIES

In the first stage of the research, the Färe-
Primont productivity index (TFP) in 2009-
2019 was calculated for 25 European Union 
countries (EU-25) accepted for analysis. The 
synthetic results for the entire analysed group 
are presented in Table 2. 

The average level of TFP productivity 
indices in the analysed period shows an 
upward trend. Only in 2011, 2016 and 2018 
were there periodical drops of this level. 

In the next stage of the research, TFPE 
efficiency indicators were calculated in 
accordance with the equation (4). In this 
case, the countries with technology ensuring 
a maximum TFP* level in a given year were 
used as a reference point for calculating 
the efficiency level. Detailed results of the 
calculations for individual countries are 
presented in Table 3. The average level of 
the efficiency indicator for the entire analysed sample increased in the analysed period 
from 0.743 in 2009 to 0.820 in 2019. Based on the level of TFPE efficiency in individual 
countries, a division into groups was made based on quartile analysis. The analysis 
consisted of assigning the location of each country in each analysed year to one of four 
groups. Group I consists of countries with the lowest level of efficiency. Group II includes 
countries with efficiency below the median. Group III are countries above the median 
efficiency, while group IV are countries with the highest level of efficiency. The final 
allocation of a country to a given group was determined by a weighted average, where 
higher weights were assigned to TFPE indicators from recent years. Grouping effects are 
presented in Table 4. 

Table 2. Productivity (TFP) of agriculture 
in EU-25 countries in 2009-2019
Year Productivity (TFP)

average minimum maximum
2009 0.593 0.482 0.798
2010 0.630 0.508 0.828
2011 0.573 0.468 0.769
2012 0.617 0.464 0.766
2013 0.631 0.499 0.812
2014 0.643 0.515 0.794
2015 0.644 0.494 0.832
2016 0.637 0.489 0.820
2017 0.672 0.509 0.832
2018 0.652 0.501 0.826
2019 0.667 0.527 0.814

Source: own study
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The average level of TFPE performance indicators for group I was 0.688 in the analysed 
period; for group II it was 0.743; for group III 0.781; while for group IV it was 0.906. 
Graphically, the level of the TFPE indicator for individual groups is shown in Figure 1. It 
can be noticed that the average level of efficiency in individual periods fluctuates, while 
these fluctuations in individual groups are consistent, i.e. they usually follow the same 
direction. On the other hand, it can also be noticed that in group I, throughout the analysed 
period, there is a growing trend in the level of efficiency, while in the remaining groups, 
from 2021, the fluctuations oscillate at the same level. 

Table 4. Grouping the EU-25 countries according to the TFPE efficiency level of agriculture 

Group I Group II

Belgium, Croatia, Estonia, Finland, 
Latvia, Lithuania, Slovenia

Czech Republic, Denmark, 
Germany, Ireland, Romania

Group III Group IV

Austria, Hungary, Poland, 
Slovakia, Sweden

Bulgaria, France, Greece, Italy, 
Netherlands, Portugal, Spain, Great Britain 

Source: own study

Figure 1. Agricultural efficiency (TFPE) in the analysed EU-25 groups in 2009-2019
Source: own study
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Figure 2. OTE, OSE and RME of agriculture in groups of EU-25 countries in 2009-2019
Source: own study
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As previously noted, the calculated TFPE efficiency can be decomposed into several 
other measures of efficiency. In this study, the efficiency measures estimated in accordance 
with equation (5) will be analysed. The size of the technical efficiency (OTE), scale 
efficiency (OSE) and residual efficiency (RME) indicators are presented in Table 5 and 
illustrated in Figure 2. 

Analysis of agricultural efficiency showed that most countries are technically efficient 
(OTE). Several countries showed some level of inefficiency. In group I, these were Finland 
and Lithuania. In group II, the Czech Republic, Ireland and Romania. In group III, Austria, 
Hungary and Sweden, while in group IV, Portugal. In group I, the average level of technical 
efficiency (OTE) was about 0.950. It can be concluded that the level of technical efficiency 
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Figure 2. Countinuation

in this group slightly decreased in the analysed years. In groups II and III, the level of 
technical efficiency was similar. After a fairly large upward fluctuation in 2012 to around 
0.950, a slight downward trend in the efficiency level can be observed. In recent years, in 
these groups, the average level of the OTE index was around 0.925. On the other hand, 
in group IV, i.e. countries with the highest level of TFPE efficiency, the OTE index was 
high. Apart from Portugal, all countries in this group were technically efficient and the 
level of this efficiency was close to or equal to 1.0. The scale efficiency analysis (OSE), 
which shows differences between the technical efficiency obtained with the assumption 
of constant scale effects (CRS) and variable effects of scale (VRS), shows that in the 
countries with the lowest level of efficiency (group I) these differences were the largest. 
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Most of the countries in this group, despite high technical efficiency, do not operate on an 
optimal scale. Smaller differences occurred in groups II and III. The average efficiency 
index of the scale oscillated around 0.975. On the other hand, in group IV, most countries 
operated on an optimal scale, where the OSE index was 1.0 or very close to this value. 

The analysis also shows that the level of TFPE efficiency in the analysed groups 
was determined, to the greatest extent, by a low level of efficiency of the RME type. In 
the countries from group I and II, the greatest differences were between the maximum 
possible TFP in a given period and TFP assuming constant economies of scale. In both 
groups, these differences were at a similar level, they had a decreasing tendency, and the 
value of the index ranged from approximately 0.780 to 0.850. In the countries of group 
III, no clear trend of changes was observed and the indicator oscillated between 0.850 and 
0.900. In group I, an upward trend was also observed, and the value of the RME index 
increased from 0.890 to 0.950.

SUMMARY AND CONCLUSIONS

For 25 European Union countries, total productivity (TFP) was calculated in the years 
2009-2019. For this purpose, aggregated Färe-Primont productivity indices were used. 
It can be concluded that the average productivity level in the analysed period shows an 
upward trend with periodic fluctuations. 

Using the maximum TFP achievable in a given period as a reference point, the TFPE 
performance indicators for each country were estimated. The analysis of these indicators 
made it possible to group the countries according to level of efficiency into four groups. 
Group I, i.e. countries with the lowest level of efficiency, includes Belgium, Croatia, 
Estonia, Finland, Latvia, Lithuania and Slovenia. Group II, i.e. countries with a higher 
level of efficiency, but below the median, includes the Czech Republic, Denmark, Germany, 
Ireland and Romania. Group III includes countries above the efficiency median, including 
Austria, Hungary, Poland, Slovakia and Sweden. In turn, group IV represents countries 
with the highest level of efficiency, i.e. Bulgaria, France, Greece, Italy, the Netherlands, 
Portugal, Spain and Great Britain.

In the next stage, the calculated performance indicators were decomposed into technical 
efficiency indicators (OTE), scale efficiency (OSE) and residual efficiency of the mix 
type (RME). 

Most of the analysed countries are technically efficient (OTE). Some countries showed 
a certain level of inefficiency. In group I, these were Finland and Lithuania. In group II, 
the Czech Republic, Ireland and Romania. Austria, Hungary and Sweden in group III, 
Portugal in group IV. The lowest level of technical efficiency was recorded in Finland 
and the Czech Republic. 
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Scale Efficiency Analysis (OSE) showed that there are slight differences in the level 
of efficiency depending on the scale of operation. The greatest impact on the level of 
efficiency was recorded in group I, especially in Estonia and Latvia. In the remaining 
groups, the average level of this type of efficiency ranged from 0.970 to 0.990. 

The residual efficiency of the mix type (RME) was the lowest among the analysed 
efficiency components. The lowest average level of this indicator was found in groups I 
and II, ranging from approximately 0.780 to 0.850. In group III, the level of this indictor 
ranged from 0.850 to 0.900. In turn, in group I, it was 0.890 to 0.950, respectively. The 
lowest level of this type of efficiency was recorded in Slovenia, Belgium, as well as 
Denmark and Germany. 

The analysis of various types of efficiency showed that the European Union countries 
are diversified in terms of the use of the level of applied inputs and engaged resources 
in agricultural activity. There are also differences in the level of agricultural productivity 
across countries. The agricultural policy of the European Union, implemented through 
regional and specific policies, should also be based on the best use of financial resources. 
Therefore, the use of financial instruments should also be based on the efficiency of 
agricultural activity in individual countries. Hence, the principles of redistribution of 
financial resources should also take aspects related to the efficiency of individual countries 
and regions into account.
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EFEKTYWNOŚĆ ROLNICTWA I JEJ KOMPONENTY  
W KRAJACH UNII EUROPEJSKIEJ W LATACH 2009-2019. 

ANALIZA Z WYKORZYSTANIEM ZAGREGOWANYCH INDEKSÓW 
PRODUKTYWNOŚCI FÄRE-PRIMONTA

Słowa kluczowe: rolnictwo, efektywność rolnictwa, indeksy produktywności  
całkowitej TFP, Data Envelopment Analysis, UE-25

ABSTRAKT

Celem przeprowadzonych badań był pomiar efektywności działalności rolniczej krajów 
Unii Europejskiej przy wykorzystaniu różnych miar efektywności. Analiza obejmowała lata 
2009-2019. Obliczona efektywność miała charakter względny, a materiał wyjściowy do jej 
oszacowania stanowiły zagregowane indeksy produktywności Färe-Primonta. Bazując na 
maksymalnym możliwym poziomie produktywności w danym okresie, oszacowano poziom 
efektywności względnej TFPE. Na podstawie tej efektywności wykonano grupowanie 
analizowanych krajów na cztery grupy zróżnicowane pod względem jej poziomu. Następnie 
wykonano dekompozycję wskaźnika TFPE na kilka odrębnych miar efektywności, które 
poddano dalszej analizie. Analiza wykazała, że istnieją różnice w poziomie efektywności 
pomiędzy poszczególnymi krajami. Wykazano, że rolnictwo krajów Unii Europejskiej 
można uznać za efektywne technicznie. Wysoka była również efektywność skali. Największe 
zróżnicowanie pomiędzy krajami występowało w przypadku efektywności rezydualnej. 
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