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1. INTRODUCTION

The restoration of  Estonia’s independence and the subsequent period 
of  transition, and accession to the European Unit (EU) had significant 
impacts on rural economy. Accession to the EU brought a lot of  
changes at institutional, economic, and technical levels. As a result, there 
has been a considerable change in the structure of  farms, the production 
technology used, the availability of  input, as well as management. 
Regional development has likewise undergone significant changes – 
decrease in agricultural employment, urbanisation, emigration, and 
commuting, as well as the general regional policy, changes in the local 
government funding model and the consolidation of  local governments 
have left their mark on rural areas.

Agricultural markets are characterised by perfect competition, with many 
well-informed competitors, homogeneous products, and producers who 
are price takers. As competition is intense, there is a constant pressure 
to improve productivity and efficiency to stay competitive. At the same 
time, it must be borne in mind that natural resources are limited and must 
be used sustainably. Agricultural production puts a strain on the natural 
environment and it is therefore important that its negative externalities 
are reduced and complemented by as many positive economic effects as 
possible.

Income of  municipalities is closely related to the number of  inhabitants 
because part of  the personal income tax is transferred to the budgets of  
local municipalities. Depopulation of  rural areas increases the scarcity 
of  financial resources for rural municipalities. At the same time it is 
necessary to provide quality services and ensure a living environment that 
meets the expectations of  the residents. This suggests that in a way, rural 
municipalities are faced with similar challenge as agricultural producers. 
In order to maintain the level of  services, they need to become more 
productive and efficient. 

The agriculture and rural economy have been widely researched by 
various authors due to the multitude of  changes that have taken place 
in these sectors (Emrouznejad et al. 2008; Narbón-Perpiñá & De Witte 
2018a, b). Changes in both the internal and external environment 
have had an effect on the productivity and efficiency of  farms and 
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municipalities. Productivity is essentially a ratio between the volume of  
output and the volume of  input used to characterise how much input is 
required for producing a given output. Efficiency can be briefly defined 
as the achieved compared to what can be achieved (Rasmussen, 2013). 
By knowing the characteristics of  efficient units and the causes of  
inefficiency, it is possible to make decisions that lead to a better use of  
production inputs.

In this doctoral thesis, technical efficiency (TE) is measured using the 
nonparametric DEA (Data Envelopment Analysis). The DEA is a 
benchmarking tool that allows comparing similar units and identifying 
the units with the most efficient resource use. In the TE assessment, it is 
possible to choose between two principal approaches – output-oriented 
(output is maximised while maintaining the input constant) or input-
oriented (input is minimised while maintaining the output constant). 
Efficient units serve as benchmarks to the rest of  the units and allow 
calculating the relative efficiency of  inefficient units. According to the 
DEA analysis, benchmarks are the ones that produce the most output 
with fixed input or that produce fixed output with the lowest input. 
DEA has many advantages. It doesn’t need to explicitly specify a 
mathematical form for the production function; it allows to use multiple 
outputs measured in several different units; it doesn’t need information 
on prices. The method has also some disadvantages: it is sensitive to 
measurement errors; doesn’t explain the reasons for inefficiency. As an 
alternative, the parametric Stochastic Frontier Analysis (SFA) method 
could be used, but given the advantages of  the DEA method, using 
DEA is more appropriate in this case. 

Several authors have proposed solutions to increase the reliability of  
DEA results. Daraio et al. (2018) provided a new central limit theorem 
(CLT) for conditional efficiency estimators, allowing to estimate 
confidence intervals for mean conditional efficiency or to compare mean 
conditional efficiency across groups of  producers. According to Daraio 
et al. (2018), the assumption of  separability must be tested empirically 
before proceeding to a second-stage regression. It is important to 
evaluate whether the second stage explanatory factors are only related to 
a variation of  efficiency and do not affect the location of  the production 
frontier. If  the test rejects separability, conditional efficiency estimators 
should be used instead of  unconditional estimators. 
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Given that the assessment of  TE provides information about the 
relative efficiency but does not explain the factors affecting efficiency, 
it is common for efficiency analyses to be used in combination with 
second-stage analyses. The most common ones are the Tobit regression 
model (Hansson & Ohlmer 2008; Allendorf  & Wettemann 2015), the 
Ordinary Least Squares (Schulte et al. 2018), Fractional Regression 
Models (Raheli et al. 2017), Classification and Regression Trees (Keizer 
& Emvalomatis 2014). This study uses the Ordinary Least Squares 
(OLS) in paper III, Fractional Regression Models (FRM) in papers I 
and V, and Classification and Regression Trees (CART) in paper II.

Milk production sector is one of  the most important agricultural sectors 
in Estonia (Viira et al. 2015). For decades, milk has accounted for 1/4 of  
the value of  agricultural output (Statistics Estonia). Estonia has been self-
sufficient in milk for decades and the level of  self-sufficiency has been 
increasing, which has enabled to increase the export of  milk and dairy 
products. The milk production has undergone major changes during the 
last decades, farms are bigger, and technology has been modernised. 
Inputs have changed and output has increased; therefore, an influence 
on dairy farms productivity and TE is to be expected (I–III). The grain 
sector is just as important as milk production, which is one of  the largest 
sectors in terms of  the value of  agricultural production and, in addition, 
has been a historically important sector in Estonia (Statistics Estonia). 
The grain sector has undergone similar changes as the dairy sector. 
All these changes have increased the grain yield. Therefore, changes 
in the TE are also expected. The grain sector’s TE has been evaluated 
immediately after Estonia’s accession to the EU (IV).

Today, the issues of  regional development are more important than ever 
as Estonia is facing urbanisation and emigration problems, especially 
in rural areas. Some municipalities are managing their resources better 
than others and are more efficient. All municipalities are operating 
within the same political and economic context and cultural space, 
which means that they should provide services to their inhabitants in a 
relatively homogenous way. Therefore, it is crucial to identify the causes 
of  inefficiency and improve upon the TE in rural municipalities. The 
TE evaluation of  Estonian rural municipalities provides an overview of  
their performance (V).
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Assessing the TE of  farms and municipalities provides sufficient data to 
determine their TE and identify the factors influencing it. These results 
provide the assessed units with information that enables them to find 
possibilities to improve their TE. Furthermore, regional and agricultural 
policymakers can use the results of  TE assessment to direct public 
resources in a more effective and efficient way. Therefore, this thesis 
along with original articles fills the research gap.
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2. REVIEW OF THE LITERATURE

2.1. Fundamentals of  production economics 

Firms participate in a production process in which materials (inputs) 
are transformed into goods and services (outputs). Most firms use 
several inputs to produce several outputs. To measure the efficiency 
of  processes, all inputs should be combined into one meaningful 
input aggregate (e.g. costs), and all outputs into one meaningful output 
aggregate (e.g. revenue). 

The transformation of  inputs into outputs is affected by controllable 
and non-controllable variables as well as non-observable skills and 
efforts in the firm (Figure 1) (Bogetoft & Otto 2011). Ideally, we would 
consider all the variables, but it complicates the evaluation. Therefore, 
the accountable inputs and outputs are taken into consideration to 
evaluate productivity and efficiency. 

Figure 1. Production process with systemic view (Bogetoft & Otto 2011).

The terms ‘productivity’ and ‘efficiency’ are used interchangeably, 
but they are not precisely the same thing. Productivity can be briefly 
defined as production (output) divided by input, and, as mentioned 
above, efficiency can be briefly defined as the achieved compared to 
what can be achieved (Rasmussen, 2013). Let us consider a production 
process in which a single input (x) is used to produce a single output (y) 
(Figure 2). The line 0F’ represents a production frontier which defines 

Process 
Resources 
(Inputs) 

Products 
(Outputs) 

Management 
Effort/Ability 

Exogenous factors 
(Non-discreationary resources or products) 
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the relationships between input and output. The frontier represents 
the maximum output attainable from each input level. Firms operating 
on that frontier are technically efficient and firms beneath the frontier 
are technically inefficient. Points B and C represent efficiency and A 
represents inefficiency. A firm operating at point A is inefficient because 
technically, it could increase output without requiring more input (as 
indicated by point B). Point C is the point of  technically optimal scale, 
demonstrating maximum possible productivity. Operation at any other 
point on the production frontier results in lower productivity. Therefore, 
a firm might be technically efficient but may still be able to improve its 
productivity by exploiting the economies of  scale. (Coelli et al. 2005)

Figure 2. Productivity, technical efficiency and scale economies (Coelli et al. 2005).

Figure 3. An ideal evaluation of  efficiency (Bogetoft & Otto 2011).
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The evaluations of  efficiency could be explained by using the cost 
function, which shows the lowest possible costs of  providing different 
output levels. According to the cost function, the evaluated firm has been 
inefficient due to its higher actual costs (Figure 3). The cost function 
shows that it is possible to produce the same output at a lower cost. 
(Bogetoft & Otto 2011)

The relative inefficiency could be measured by:

The relative efficiency could be measured as the ratio of  minimal cost 
to actual costs:

Managers are interested in evaluating the efficiency of  processes with 
respect to multiple performance measures. Such evaluation is also an 
important improvement tool for remaining competitive and driving 
the firm to evolve and improve in order to survive in competition. 
Performance evaluation helps firms to become more productive and 
efficient. Eliminating or improving inefficient operations decreases 
costs and increases productivity (Zhu 2009). 

DEA is a tool for efficiency research based on production economics. It 
seeks the best performances based on firms’ input-output ratios. DEA 
is by nature a benchmarking study that compares input-output ratios 
on a relative scale. Since firms are evaluated against each other, they are 
assumed to be homogeneous in inputs, outputs, and technology. The 
DEA analysis shows how inputs are used to produce output. 

2.2. Factors determining efficiency scores in agriculture

The input and output variables must describe the production resources 
and production outcome in the best possible way. The selection of  
variables depends on the inputs used, the outputs produced, and the 
type of  farms analysed. Looking at previous efficiency analyses, some 
trends can be observed in the choice of  variables. DEA papers dealing 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝑐𝑐𝑐𝑐𝐴𝐴 − 𝑀𝑀𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝐴𝐴𝐴𝐴 𝐼𝐼𝑐𝑐𝑐𝑐𝐴𝐴

𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝑐𝑐𝑐𝑐𝐴𝐴
                              (1) 

 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑀𝑀𝐸𝐸𝐸𝐸𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐
𝐴𝐴𝐸𝐸𝑐𝑐𝐴𝐴𝑀𝑀𝑀𝑀 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐

 = 1 − 𝐼𝐼𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸                       (2) 
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with the efficiency analysis of  farms have used relatively similar input 
and output variables. It is common for output variables to be expressed 
in monetary value of  production or in volume of  production. The three 
main countable resources known from economics – land, labour and 
capital – are generally used as inputs. Therefore, the most often used 
inputs are the area of  agricultural land, annual working hours or units, 
and capital costs (e.g. Davidova and Latruffe 2007; Rasmussen 2010; 
Latruffe et al. 2012; Keizer & Emvalomatis 2014). The other inputs 
used in the analysis depend on the type of  production and the purpose 
of  the assessment. 

A number of  previous efficiency analyses have focused on one 
specific type of  farm, e.g. dairy (Hansson & Ohlmer 2008; Cabrera et 
al. 2010; Allendorf  & Wettemann 2015), crop (Baráth & Fertő 2015), 
and livestock farms (Ozden & Armagan 2014), and been even more 
specific, e.g. looking at the efficiency of  transhumance sheep and goat 
farms (Galanopoulos et al. 2011) and the eco-efficiency of  olive farms 
(Gómez-Limón et al. 2012). There are several reasons for choosing and 
analysing certain types of  farms. First, there are methodological reasons 
for analysing homogeneous units that allow accurate and reliable results 
to be obtained. It makes sense to evaluate similar units because their 
inputs used, and outputs produced are relatively similar and measurable in 
the same units. Secondly, there are various specific reasons for choosing 
a particular type of  production, such as the economic importance of  
the industry. For instance, the dairy sector, which enjoys a greater level 
of  economic importance, has been studied from different angles in 
Europe (Steine et al. 2008; Cabrera et al. 2010; Allendorf  & Wettemann 
2015). Despite the widespread approach of  evaluating farms that have 
the same type of  production, there are also some studies that compare 
the efficiency of  different types of  farms (Mathijs and Vranken 2001; 
Latruffe et al. 2004; Latruffe et al. 2005; Latruffe et al. 2012). These 
types of  analyses provide a general overview of  the relative superiority 
of  different types of  production.

Agricultural land is a parameter of  farm size. The size variable has been 
used widely in dairy and crop farm efficiency analyses (Lawson et al. 
2004a; Latruffe et al. 2005; Tauer & Mishra 2006; Vasiliev et al. 2008; 
Kimura & Sauer 2015). The growth of  farms and the intensification of  
production are the main keywords characterising farms both in Estonia 
and in the EU. Production intensity variables (e.g. milk yield per cow; 
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feed per cow) have also been used in efficiency analyses (Alvarez et 
al. 2008; Cabrera et al. 2010; Keizer & Emvalomatis 2014). One of  
the reasons for the growth and intensification of  farms is the need to 
minimise unit costs, which can be done through economies of  scale. 
Maximising the use of  fixed inputs for production will reduce unit costs. 
This is the reason why bigger farms tend to be more efficient compared 
to smaller farms. 

The use of  modern capital is associated with higher capital costs, whilst 
it also helps to achieve better economic results. Therefore, technology 
has a significant effect of  farm TE. The technology used by each 
individual farm is largely determined by farm size (Baráth & Fertő 
2015; Luik & Viira 2016). Larger dairy farms use new milking parlours 
and robot milking facilities, whereas smaller dairy farms use older 
pipeline or bucket milking systems (Luik & Viira 2016). As production 
processes are more intensive than ever before, it is crucial to consider 
capital costs next to the labour variable (measured in annual working 
units and hours). In highly capitalised farms, labour use has decreased 
remarkably in recent years. The capital is measured by monetary value 
and it is common to take into account the depreciation. Studies using 
the Farm Accountancy Data Network (FADN) data often consider 
intermediate consumption to describe production costs. Variable costs 
(e.g. intermediate consumption) describe the direct production inputs, 
their quantity and quality at the same time. 

Milk production efficiency has been analysed using specific inputs from 
dairy farms: the number of  dairy cows, livestock units, feed (in feed 
units or feed costs), milk production or milk yield (Stokes et al. 2007; 
Sipiläinen et al. 2009; Rasmussen 2010; Latruffe et al. 2012; Keizer & 
Emvalomatis 2014). 

Only a few other authors have analysed the efficiency and productivity of  
agriculture in Estonia. Vasiliev et al. (2008) investigated the efficiency of  
Estonian grain farms in 2000–2004; Kimura & Sauer (2015) researched 
the dynamics of  dairy farm productivity growth in a cross-country 
comparison. 
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2.3. Factors explaining efficiency in agriculture

Based on previous research, a number of  indicators explaining the 
efficiency of  agricultural holdings have been used. At the same time, 
a number of  production type-specific indicators have been used as 
factors affecting efficiency. Several authors have analysed the correlation 
between farm size and efficiency and found important links between 
these variables (Lawson et al. 2004a; Latruffe et al. 2005; Tauer & Mishra 
2006; Vasiliev et al. 2008; Kimura & Sauer 2015). The relationship 
between farm size and its efficiency can be explained by the scale effect. 
Lawson et al. (2004a) and Tauer & Mishra (2006) found that a larger 
farm size has a positive effect on efficiency thanks to increased cost-
efficiency. Kimura and Sauer (2015) found that farm size has a positive 
effect on the growth of  productivity. Baráth & Fertő (2015) pointed out 
that in the case of  Hungarian crop farms, it is impossible to increase 
the crop sector efficiency through increasing the size of  farms if  the 
technology used remains unchanged.

Various authors have studied whether the age of  the farm manager 
and the efficiency of  the farm are connected (Lawson et al. 2004a,b; 
Tauer & Mishra 2006; Hansson 2008; Sipilainen et al. 2009). Younger 
managers tend to be more willing to take risks and their farms have 
higher capital investments. As a result, they have the potential possibility 
of  increasing the efficiency of  their farm through the use of  modern 
technology. Furthermore, younger managers are generally more open 
to innovation and new knowledge, which both also contribute towards 
increasing efficiency. Several authors have discovered that companies 
with younger managers are more efficient (Lawson et al. 2004a,b; Tauer 
& Mishra 2006; Hansson 2008). Sipilainen et al. (2009) pointed out that 
the increasing age of  the farm manager increases inefficiency, due to 
decreased investments in both physical and human assets.

Many authors have researched the impact of  intensity on efficiency 
and productivity (Alvarez et al. 2008; Cabrera et al. 2010; Keizer & 
Emvalomatis 2014). Different land, work, capital and feed intensity 
indicators such as cows per hectare, milk per cow, feed per cow (Alvarez 
et al. 2008) were used to analyse the impact of  intensity. Keizer & 
Emvalomatis (2014) used the number of  dairy cows per hectare to 
classify farms by intensity, and found positive links between intensive 
dairy farming and efficiency. Cabrera et al. (2010) also found a positive 
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correlation between intensive production and efficiency. Alvarez et 
al. (2008) found that intensive farms were closer to their cost frontier 
than extensive ones. As land resources are limited and expensive, this 
is the reason for the growth trend of  intensive production. Therefore, 
increasing production has led to investment in high-yielding varieties, 
breeding and precision farming in order to get more output per unit of  
production.

In addition to general efficiency factors, the impact of  specific factors 
on the efficiency of  certain types of  production has been assessed. The 
following is an overview of  the factors that determine the efficiency of  
dairy farms. 

Many authors have concluded that higher milk yield1 has a positive 
effect on efficiency (Alvarez et al. 2008; Allendorf  & Wettemann 2015). 
Lifetime milk yield per cow (kg/day) is a valuable variable for analysing 
farm efficiency; it expresses lifetime milk production, taking into account 
days of  life, but it also summarizes the age at first calving, calving 
intervals, dry periods and successful inseminations. Higher lifetime milk 
yield per cow refers to well-timed insemination, optimal age at first 
calving, higher milk yield per cow per year, and optimal calving and dry 
period. Roibas & Alvarez (2012) described how a higher milk fat content 
enables farms to receive a higher milk price and thereby improve their 
economic performance. Allendorf  & Wettemann (2015) concluded that 
fat content has a significant influence on farm efficiency. They explained 
that improved efficiency is related to milk price premiums. Therefore, 
milk solids2 potentially affect TE. 

Feed costs are the largest expense item for dairy farmers, forming 
approximately half  of  total production costs. We can assume that 
having lower costs per production unit ensures higher cost efficiency 
and thus also higher TE. Alvarez et al. (2008) estimated cost frontiers 
for extensive and intensive farms; they found that intensive farms 
produced at a lower average total cost (€/L) and presented greater 
levels of  efficiency than extensive farms. Cabrera et al. (2010) found 
that the ratio of  feed purchased per cow on the farm had a negative 
and statistically significant impact on efficiency, and that increased feed 

1 Milk production per cow per year, usually measured in kilograms.
2 Fat and protein content of  milk, measured in kilograms or tonnes expressed as a 

share of  milk yield.
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costs per cow did not increase the efficiency. At the same time, the total 
mixed feeding system did increase efficiency (Cabrera et al. 2010). It 
should be mentioned that it is important to differentiate feed cost per 
produced milk (€/L) and feed cost per cow (€/cow). The share of  own 
feed could also be associated with TE, which in turn links to farm size 
and technology used. 

Some dairy breeds have higher milk yields than others – for instance, 
Holstein cows have a considerably higher milk yield compared to 
other breeds. The proportion of  Holstein cows in a herd determines 
the average milk yield in that the higher the share of  Holstein cows, 
the higher the average milk yield. Breeding3 is increasingly important 
in modern dairy farming for several economic reasons. As the main 
purpose of  breeding programmes is to improve milk yield, milk fat and 
protein content, herd health and fertility, and achieve a smooth lactation 
curve, it is increasingly important in the selection of  breeding material. 
Since dairy farms’ sales revenue depends on milk volume rather than its 
fat and protein content in Baltic countries, the most important breeding 
parameter is the breeding value for milk. Ramsbottom et al. (2012) found 
that higher herd economic breeding index can be linked with higher 
economic results. Steine et al. (2008) found that seven breeding goals 
out of  ten (milk, meat, mastitis resistance, fertility, udder, temperament 
and legs) had a significant positive effect on farm profits which were 
measured as the value of  milk, meat and subsidies minus the costs of  
forage and concentrates. Ramsbottom et al. (2012) observed that the 
herd economic breeding index was positively related to the net margin 
and gross revenue per cow and per litre of  milk. Roibas & Alvarez 
(2010) found that a herd’s genetic potential contributes significantly to 
the profitability of  dairy farms measured by milk sales minus variable 
costs. Therefore, the animals’ level of  genetic potential should affect the 
efficiency. 

According to Froidmont et al. (2013), the optimal age at first calving4 
is 22–26 months. The results of  the research by Nilforooshan & Edriss 

3 “Dairy cattle breeding is the process of  selecting and mating individuals in 
accordance with breeding goals, with the aim of  changing genetic merit of  future 
generations and bringing about an improvement in economic efficiency.” Miglior 
F., Loker S., Shanks R.D. 2013 Dairy Cattle Breeding. In: Christou P., Savin R., 
Costa-Pierce B.A., Misztal I., Whitelaw C.B.A. (eds) Sustainable Food Production. 
Springer, New York, NY.

4 The age of  the cow at first calving in months or days.
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(2004) revealed that the age of  24 months at first calving could be an 
effective management practice. They found that an age of  less than 24 
months at first calving had a negative effect on milk yield and milk fat. 
If  the cow’s age at first calving is, on the other hand, too high, she is 
unproductive for a longer time and her lifetime daily milk yield could 
decrease, thus potentially affecting the farm’s TE. Steinbock et al. (2003) 
pointed out that excessively early calving could lead to difficult calving 
or even stillbirths. Remmik et al. (2020) analysed the impact of  calving 
interval on milk yield and longevity of  Estonian Holstein cows. They 
found that milk yield was higher in cows whose calving interval was 14 
to 16 months compared to cows whose calving interval was shorter than 
12 months.

The optimal culling rate5 should be in the range of  25–27% (De Vries 
2017). A higher culling rate leads to higher costs. The highest cost related 
to culling is the replacement cost of  heifers, wherefore it is important 
that healthy heifers reach the production herd. It is better to have more 
replacement heifers than needed since this allows for choosing the best 
animals among the dairy cattle. Culling rate has increased as a result of  
increased milk yield due to the fact that high-yielding dairy cows are more 
receptive to udder and feet diseases, and their fertility is lower. Having 
analysed culling reasons and risk factors in Estonian dairy cows, Rilanto 
et al. (2020) have pointed out that more attention should be paid to the 
prevention of  feet/claw disorders and mastitis, because they accounted 
for roughly half  of  the reported culling reasons. Consequently, a lower 
rate of  culling is important in order to reach a higher level of  TE.

Culling rate correlates with the productive period6. A shorter productive 
period indicates a higher culling rate. Grandl et al. (2019) concluded 
that increasing the productive period is a potential way of  improving 
profitability. Additionally, they found that a longer productive period 
helps to reduce the climate impact per unit of  product, which is related 
to decreasing greenhouse gas (GHG) emissions.

The common length of dry period7 is 6–8 weeks (42–56 days). Many 
authors have researched the impact of  the length of  the dry period 
on milk yield, mainly focusing on a shortened length of  dry period or 
5 The share of  dairy cows removed from the herd annually.
6 Period from first calving to culling.
7 The last stage of  lactation cycle, the time between no milking and calving (period 

of  rest is necessary to prepare the body for a new milking period).
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omitted dry period (Steeneveld et al. 2013; Watters 2008). Steeneveld 
et al. (2013) have pointed out that the minimum dry period should be 
35 days as it ensures higher milk yield during the next lactation. A dry 
period longer than 8 weeks is not economically rational and does not 
provide any advantage to gaining a higher milk yield.

Udder health, milk quality, and composition are characterized by the 
number of  somatic cells (SCC8) in raw milk (Cinar et al. 2015). High 
level of  SCC is an indicator of  mastitis and refers to reduced animal 
health (Özkan Gülzari et al. 2018; Telldahl et al. 2019). Mastitis treatment 
is the largest source of  treatment costs and the main cause of  milk losses 
(Hadrich et al. 2018). The relationship between SCC and efficiency has 
been extensively studied. Allendorf  & Wettemann (2015) reached the 
conclusion that lower SCC is related to higher efficiency. Archer et al. 
(2013) found that higher SCC during the first lactation is related to a 
lower lifetime milk yield. Lawson et al. (2004a) found that farms where 
milk fever is less frequent tend to be more efficient. Therefore, it is 
crucial to implement preventive activities to reduce mastitis, thus helping 
to increase lifetime milk yield and TE. 

All the above-mentioned factors influence the TE of  dairy production 
farms. The extent and nature of  these effects can be determined using 
the DEA and second-stage analyses.

2.4. Factors determining efficiency scores in municipalities

Assessing the TE of  municipalities has become increasingly popular 
during recent decades. When evaluating municipalities, one important 
issue is the size of  municipalities and their amalgamation into one larger 
unit, and another issue is the quantity and quality of  services provided by 
municipalities. Due to urbanisation, the budgets of  rural municipalities 
are decreasing, and it is difficult to guarantee the quantity and quality of  
services. The amalgamation of  municipalities is expected to ensure better 
access to services and improve their quality, and is therefore considered 
to be one possible way to improve the status of  rural municipalities.

Previous literature shows that there are two main types of  approaches 
to evaluate the TE of  municipalities. One could evaluate the efficiency 

8 The SCC is the number of  somatic cells present in milk, measured in thousands of  
cells per ml of  milk.
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of  the provision of  a specific service or the municipalities as a whole, in 
terms of  all the offered inputs and outputs (Narbón-Perpiñá & De Witte 
2018a, b). The most frequently assessed services under the responsibility 
of  local governments are the following: education; environmental 
protection, housing and communal services; refuse collection and street 
cleaning; healthcare; social security; leisure and culture (Seroa da Motta 
& Moreira 2009; Valeira et al. 2010; De Witte & Geys 2011; Rogge 
& De Jaeger 2012; Alper et al. 2015; Iparraquirre & Ma 2015). DEA 
and SFA are extensively used techniques for the efficiency analysis of  
municipalities (Afonso & Fernandes 2008; Cuadrado-Ballesteros et al. 
2013; Charles & Zagarra 2014; Cruz & Marques 2014; Doumpos & 
Cohen 2014; Asatryan & De Witte 2015; Drew et al. 2015; Horta et al. 
2016; Storto 2016; D’Inverno et al. 2018).

There is some research that analyses different aspects of  Estonian 
counties or municipalities: the impact of  merging municipalities and 
cities; waste management; the quality of  public services; the capability 
of  municipalities (Uudelepp et al. 2009; Reiljan et al. 2013; Põldnurk 
2015; Noorkõiv & Ristmäe 2016). None of  this research, however, uses 
the TE appraoch. There is some research dealing with TE analysis in 
Estonian counties and public sector. The quality of  life in Estonian 
counties has been studied using the DEA-PCA method (Põldaru & Roots 
2014). Puolakainen (2018) carried out public agencies’ performance 
benchmarking in the case of  demand uncertainty with application to 
Estonian, Finnish and Swedish fire and rescue services. Kanep (2006) 
evaluated TE in the field of  education based on the example of  Estonian 
upper secondary schools. Thus far, there are no papers analysing the TE 
of  rural municipalities in Estonia. 

The choice of  inputs and outputs variables in DEA model depends on 
the evaluation approach. Before selecting variables, it is crucial to first 
review the function of  local governments. According to § 6 of  the Local 
Government Organisation Act, the functions are (The parliament of  
Estonia 1993):

1. The organisation of  social assistance and services, welfare services 
for the elderly, youth work, housing and utilities, the supply of  
water and sewerage, the provision of  public services and amenities, 
waste management, spatial planning, public transportation, and the 
maintenance of  rural municipality roads and city streets unless such 
functions are assigned by law to other persons.
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2. The maintenance of  pre-school child care institutions, basic 
schools, secondary schools, hobby schools, libraries, community 
centres, museums, sports facilities, shelters, care homes, health 
care institutions and other local agencies if  such agencies are in the 
ownership of  the local government. 

Consequently, municipalities must provide services to local residents 
and ensure the existence of  infrastructure in the area. Several studies 
assessing the efficiency of  a municipality use the total cost as an input, 
and the number of  residents and the surface area of  the municipality as 
outputs (Balaguer‐Coll et al. 2007; Bönisch et al. 2011; Cruz & Marques 
2014; Storto 2016; Narbón-Perpiñá & De Witte 2018a, b).

Assessing the technical efficiency of  municipalities, the services are used 
as inputs, more precisely the costs of  the following services: education; 
environmental protection, housing and communal service; social 
security; leisure, culture and religious costs. The number of  residents 
and the surface area of  the municipality are the output variables.

2.5. Factors explaining efficiency in municipalities

Benchmarking municipalities and identifying the reasons of  TE at a 
local level provides necessary information to reorganise services in those 
municipalities that experience problems with the provision of  services.

Several studies have focused on the size of  municipalities (Slack & 
Bird 2013a; Narbón-Perpiñá & De Witte 2018a, b). Analysing the size 
effect of  the surface area of  municipalities, Doumpos & Cohen (2014) 
concluded that smaller municipalities tend to be more inefficient. The 
inefficiency of  smaller municipalities is mainly due to the inefficient 
use of  costs. This is the reason why mergers have recently been the 
most important issues for local governments. Many countries have gone 
through considerable reforms of  municipal structures and mergers in 
the recent decades (Bönish et al. 2011). The main goals of  the mergers 
of  local governments have been to improve the quality of  the services 
provided, and to improve cost efficiency and management. Various 
studies have been conducted to analyse whether the desired goals have 
been achieved. Several studies have been carried out on the effect that the 
merger of  municipalities has on financial sustainability in the context 
of  providing public services (Slack & Bird 2013b; Allers & Geertsema 
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2014). Nakazawa (2013) found that merging municipalities increases 
administrative costs, and that there is no expected cost efficiency. The 
study by Slack and Bird (2013b) showed that scale effect does not occur 
when it comes to providing services, but it can occur when providing a 
physical infrastructure to a higher number of  users. Drew et al. (2015) 
noted that the number of  inhabitants is a factor that does not increase 
the efficiency of  municipalities. Therefore, the merging of  municipalities 
is complex and may have bidirectional results.

Population density is one of  the factors that can be related to efficiency. 
In less populated municipalities, it is difficult to offer services as 
efficiently as in densely populated municipalities. The ability of  creating 
new jobs in sparsely populated municipalities is limited, which leads to 
both short- and long-term decreases of  the revenue base. The more 
peripheral municipalities whose distance from the capital is greater, 
have a lower population density, a higher share of  elderly people and 
a lower share of  residents with a higher education, resulting in lower 
wage as well. Cruz & Marques (2014) found association between the 
education level of  the population and the efficiency of  the municipality, 
explaining that less educated populations need more municipal staff  and 
lack in the use of  infrastructure (social, and cultural). Nakazawa (2013) 
found that increase in the number of  elderly people leads to increased 
costs. It is important to acknowledge that Estonia’s population is aging, 
and rural municipalities are facing a situation where the revenue base is 
decreasing whilst the number of  people who need social assistance is 
increasing. The solution and alleviation of  this situation is government 
subsidies. Therefore, one can conclude that in the near future, peripheral 
rural municipalities will become increasingly dependent on government 
subsidies. 

Several authors have found that independence from state subsidies 
improves efficiency in some countries (Bönish et al. 2011; Doumpos & 
Cohen 2014; Drew et al. 2015) and reduces it in others (Balaguer-Colla et 
al. 2007; Cruz & Marques 2014). The impact of  subsidies on efficiency 
depends on the specifics and policies of  each country. Thus, it cannot 
be concluded from the literature whether the share of  government 
subsidies in the local government budget is related to TE positively or 
negatively. 
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The effect of  the size of  agricultural land and the quality of  
agricultural land are important to consider as the study focuses on 
rural municipalities. The quality of  agricultural land characterises the 
soil fertility of  the municipality and indicates a higher yield. Larger 
agricultural land and higher yields are related to a better economic 
performance of  farms, which in turn can be positively correlated to the 
efficiency of  municipalities. At the same time, larger agricultural land 
may also refer to the dominance of  agriculture in the municipality, and 
due to low incomes and a lack of  jobs in the agricultural sector, it may 
be negatively linked to the efficiency of  the municipality. 

Efficiency studies related to the efficiency of  municipalities analyse the 
length of  roads extensively (Narbón-Perpiñá & De Witte 2018a). Drew 
et al. (2015) found a positive relationship between the length of  roads 
and efficiency. The length of  roads describes the municipality in several 
ways, referring to the size of  the municipality, implying higher costs for 
road maintenance and at the same time a better infrastructure, which 
could reflect efficiency in several ways. 
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3. AIMS AND HYPOTHESES OF THE STUDY

The aims of  this doctoral thesis are to assess the TE of  agricultural 
enterprises and rural municipalities, and to identify the factors that affect 
the TE. Among agricultural enterprises, the study looked at dairy and 
grain farms. Among municipalities, the focus of  the analysis was on 
rural municipalities.

The DEA, FRM and CART were used to assess the TE of  dairy farms 
and the factors affecting it, based on data from 2012 (I, II). In addition, 
an evaluation was carried out on the TE of  dairy farms during the 
period preceding the EU accession and immediately following it, so as to 
assess the effect of  the common agricultural policy on the productivity 
of  Estonian dairy producers (III). The TE of  grain farms was evaluated 
during the period immediately after the EU accession, from 2005–
2007 (IV). To analyse the regional differences between Estonian rural 
municipalities and assess their TE, the researcher used data from 2013, 
which means that the analysis looks at the TE of  municipalities before 
the large-scale administrative reform of  2017 and the resulting merger 
of  municipalities.

The thesis is founded on the following propositions: larger units are 
more efficient, both in the context of  agricultural enterprises and local 
municipalities; dairy producers’ TE is influenced by the quality of  both 
input and output; and the TE of  municipalities is affected by their 
location and access to subsidies. Four hypotheses were established on 
the basis of  these propositions. 

H1. The size of  the farm has a positive effect on the technical efficiency. 
(I, II, III, IV)

H2. The breeding value and milk quality of  dairy herds have a positive 
effect on the technical efficiency of  dairy farms. (I, II)

H3. Municipalities with higher number of  residents have higher technical 
efficiency. (V)

H4. The share of  subsidies in the budget and the distance from the capital 
are negatively related to the technical efficiency of  municipalities. (V)
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4. MATERIAL AND METHODS 

4.1. Data sources

The data used in the current thesis and original papers originate from 
three main sources (Table 1). For analysing agricultural enterprises, farm 
level data from Estonian Farm Accountancy Data Network (FADN) 
and Estonian Livestock Performance Recording (EPJ) were used. The 
performance of  rural municipalities was evaluated at municipality level 
using data from Statistics Estonia.

Table 1. The data sources and analysed period in the articles

Article

Data source/
period I II III IV V

FADN + + + +
EPJ + +
Statistics Estonia +
Analysed period 2012 2012 2000–2006 2005–2007 2013

In the EU, the best source of  data for analysing agricultural enterprises and 
their performance is FADN. The FADN dataset provides information 
on production outputs, labour and capital inputs, variable and fixed 
costs, agricultural area, number of  animals, and other relevant farm 
figures. Farm accounts data are often used to choose input and output 
measures to determine the efficiency scores with DEA (Latruffe et al. 
2012; Keizer & Emvalomatis 2014). In some studies, additional variables 
are gathered via additional surveys for using these in the second-stage 
analysis (Allendorf  & Wettemann 2015).

The annual farm level data used in articles I–IV are from FADN. The 
farm level breeding values, milk production and quality data, as well as 
replacement statistics were available for all Estonian dairy farms that 
participated in milk recording. Milk recording data are collected by EPJ. 
Articles focusing on the TE of  milk production (I, II) use the EPJ data.
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The evaluation of  TE in rural areas is based on the Statistics Estonia 
data on spendings, population and area at municipal level. Characteristics 
from the Statistics Estonia are also used to evaluate the factors affecting 
the TE.

4.2. Variables used in the DEA analyses of  agriculture

Input variables differ slightly in the original papers (Table 2), but the 
main distribution of  production inputs is the same (land, labour, capital, 
and some other relevant inputs depending on the type of  production). 
The land input is measured in hectares both in the umbrella part of  
the thesis and in the original papers (I, II, IV). The labour input is 
usually measured in hours, annual working units, or labour costs. The 
labour is measured in hours (I, II, IV) and in annual working units9 
(III). The capital variable includes costs related to capital, capital costs 
are considered in different ways (I–IV). The intermediate consumption 
variable (based on the FADN approach) characterises production costs 
very well and is therefore used in articles I, III, IV. Several other relevant 
factors describing milk production inputs (feed costs, number of  cows) 
are used as well. 

Output variables are the sales revenue (I, II), value of  total output (III), 
and production volume (IV). Where available, the variable’s FADN code 
is given in parentheses (e.g. Total output (SE131)). All the input and 
output variables are taken from FADN (I–IV).

9  Annual work unit (1 AWU) = 2200 working hours per person per year. FADN Farm Return. 
2018. Drafted by: Aamisepp, M., Varendi, A., Järvis, A., Persitski, H., Kaio, U., Matveev, E. 
& Kärner M. Põllumajandusuuringute Keskus. Saku. pp. 1–113.
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4.3. Variables explaining technical efficiency of  agriculture in the 
second stage analysis

The DEA provides an efficiency score for each farm, but this score does 
not explain which factors affect the efficiency and how. Previous studies 
have used different data and methods for the second stage analysis to 
identify the factors that affect the efficiency or causes for inefficiency 
(Hansson & Ohlmer 2008; Allendorf  & Wettemann 2015, Schulte et al. 
2018). 

In studies dealing with milk production efficiency, the following second 
stage methods are used: FRM (I), CART (II), and OLS (III). The result 
of  a DEA analysis, i.e. the TE score (Malmquist Productivity Index, MPI) 
is a dependent variable in second stage analyses, and factors that could 
affect the efficiency are considered as independent variables. As such, 
TE score (I, II) and cumulative MPI (III) (Table 3) are the dependent 
variables in second stage analyses. All independent variables characterise 
milk production and variables that potentially affect it. There are nine 
independent variables in article I, thirteen in article II, and six in article 
III. Some independent variables are the same (e.g. SCC in articles I, II) 
or similar (e.g. the number of  animals in articles I–III).

In the FRM, the factors that affect the TE scores are divided into 
two groups (I): (i) herd related factors (difference in total RBV, cow’s 
productive period, lifetime daily milk production per cow, number of  
dairy cows, farm manager’s age, purchased feed); (ii) milk quality related 
factors (SCC, milk fat, and protein content).

The following variables are chosen as predictors in CART (II): milk yield 
and variables connected with it (milk yield per cow’s lifetime; milk yield 
per cow per year; milk solids; relative breeding value for milk); SCC; 
managerial decisions (share of  own feed, age at first calving, number of  
cows, share of  EHF, feed costs per milk kg); herd related factors (culling 
rate; productive period); and farm manager’s age.

The selected independent variables for OLS are (III): farm size (livestock 
units); land use intensity (land and LU ratio); capital intensity (total assets 
and LU ratio); labour use efficiency (LU and annual working unit ratio); 
variable cost indicator (intermediate consumption and LU ratio); and 
annual milk yield per cow.
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4.4. Variables used in the DEA analysis of  municipalities

The TE analyses of  rural municipalities differ from the TE analyses 
of  agricultural enterprises. It is ambiguous what should be considered 
as input and output variables when analysing the TE of  municipalities. 
There is a variety of  different approaches. In this study, it was considered 
that municipalities’ spendings are targeted to provide services to residents 
and maintain the area (Table 4). Therefore, spendings were considered 
as inputs, and residents and surface area as outputs. Inputs (expenses) 
are divided into four groups: education costs; environmental protection 
and housing and communal service costs; social security costs; leisure, 
culture, and religious costs (V). Output variables are the number of  
residents and the surface area of  the municipality (V). 

Table 4. Variables in DEA analysis in municipalities (V)

Outputs
Inhabitants Y1 - Population (inhabitants) of  municipality
Area Y2 - Surface area of  the municipality territory (km²)
Inputs

Costs

X1 - Spending on education (€) 
X2 - Spending on environmental protection (€)
X3 - Spending on social care (€)
X4 - Spending on culture, recreational activities and sport (€)

It is reasonable to assume that some municipalities manage public 
money better than others. Therefore, it is important to find out which 
municipalities are efficient and which factors characterise effective rural 
municipalities. 

4.5. Variables explaining the technical efficiency of  
municipalities in the second stage analysis

To find out which factors characterise an effective rural municipality, 
it was necessary to use a second-stage analysis, and FRM was chosen 
for that purpose. The dependent variable in FRM is the TE score of  a 
municipality, and factors that potentially affect the TE are independent 
variables (Table 5). 
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Table 5. Variables in the second stage analysis (V)

Dependent variable in FRM Technical efficiency (score )

Independent variables in FRM

Z1 - Population with higher education (%)
Z2 - Roads (km)
Z3 - Agricultural land (ha)
Z4 - Subsidies (% of  total income)
Z5 - Distance from capital (km)
Z6 - Quality of  land (points)
Z7 - Elderly people (%)
Z8 - Wage (€)

Based on previous studies (Bönish et al.  2011; Nakazawa 2013; Doumpos 
& Cohen 2014; Drew et al. 2015; Storto 2016), eight independent variables 
were chosen to identify the factors that affect the TE of  municipalities: 
the share of  residents with a higher education, length of  roads, size of  
agricultural land, share of  subsidies in the municipal budget, distance 
from the capital, quality of  land, share of  elderly residents, and average 
wage (V). All independent variables potentially affect TE, and the aim of  
the second stage analysis is to find out which are the factors that affect 
the TE and in which way they affect it. 

4.6. Methods

A number of  authors have studied the efficiency of  agricultural 
enterprises and municipalities, using different efficiency analyses. Either 
the parametric Stochastic Frontier Analysis (SFA) (Lawson et al. 2004a,b; 
Cabrera et al. 2010), the nonparametric DEA (Fraser & Cordina 1999; 
Fandel 2003; Latruffe et al. 2005; Stokes et al. 2007; Hansson & Ohlmer 
2008; Keizer & Emvalomatis 2014; Allendorf  & Wettemann 2015; Atici 
& Podinovski 2015), or both (SFA and DEA) (Brümmer 2001; Bojnec 
& Latruffe 2009; Sipiläinen et al. 2009) can be used for the estimation 
of  production frontiers. Among parametric methods, it is possible 
to choose between the regression analysis that does not evaluate the 
production frontier, and the stochastic frontier analysis (SFA) that does 
evaluate the production frontier. A non-parametric DEA evaluate the 
production frontier, which is determined by the assessed enterprises that 
are efficient, i.e. who have the maximum input-output ratio, considering 
all used inputs and produced outputs.
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The DEA method has several advantages over other methods used to 
evaluate efficiency. DEA allows the use of  multiple inputs and outputs 
without determining any functional form on data. Inputs and outputs can 
be measured in different units (in monetary terms, in kilograms, hours, 
etc.). The method makes it possible to compare similar decision making 
units (DMU) with other efficient units, and provides the efficiency score 
for every single unit (farm, municipality). The disadvantage of  the DEA 
method is that it is sensitive to measurement errors and extreme values. 
The DEA method is used for evaluating a group of  similar decision 
making units that employ several similar inputs for producing similar 
outputs. Efficiency is defined as follows in the DEA method: a DMU is 
to be rated as fully efficient (on the basis of  available evidence) if  and 
only if  the performances of  other DMUs do not show that some of  its 
inputs or outputs can be improved without worsening some of  the rated 
DMU’s other inputs or outputs (Cooper et al. 2011). The maximum 
efficiency score is 1 (100%), whereas the inefficiency of  other compared 
enterprises is calculated in relation to the efficient enterprises. Inefficient 
units’ results are always below one, i.e. lower than 100%. 

When opting for the DEA method, it is important to consider that the 
assessed units must be relatively similar. Dairy producers included in 
this study utilize relatively similar production inputs and their output 
is homogeneous. Cereal producers also produce similar outputs using 
similar inputs. Local municipalities use their budgetary possibilities 
to offer services to local residents and to ensure the existence of  
infrastructure. Therefore, it emerges that both dairy and cereal producers, 
as well as local municipalities fulfil the abovementioned condition with 
respect to inputs and outputs.

Two alternative approaches – input-oriented and output-oriented – 
are available in the DEA. The following DEA model (3) describes the 
input-oriented model where inputs are minimised, and outputs are kept 
at their current levels:



37

subject to

where xio and yro are the ith input and rth output for DMUo. DMUo 
represents one of  the n DMUs under evaluation. θ is scalar and the λ 
is vector describing the contribution of  the benchmark DMU to the 
virtual one on the frontier. Using the variables λ and θ, the model is 
solved once for each farm by looking for the largest radial contraction 
of  the input vector xi within the technology set. If  θ * = 1, the current 
input levels cannot be reduced (proportionally), indicating that DMUo is 
on the frontier. Otherwise, if  θ* < 1, DMUo is dominated by the frontier 
(Coelli et al. 2005; Zhu 2009). 

The example of  a common DEA model is given in Figure 4. There are 
five DMUs and the piecewise linear frontier. Let us assume that all these 
DMUs produce the same amount of  output, but input varies. DMUs 
1–4 are on the frontier, whereas the DMU 5 is away from frontier and is 
therefore inefficient. DMU 5 uses too much input compared to DMUs 
1–4. The benchmarking unit for DMU 5 is DMU 2, and it suggests that 
DMU 5 should decrease input usage by 50% to become efficient.

Using the previous model (3) for DMU 4, we obtain  indicating that 
DMU 4 is on the frontier. According to Fig. 4, we can observe that 
DMU 4 can still reduce its input 2 to reach DMU 3. Such individual 
input reduction is called input slack. (Zhu 2009)

𝜃𝜃∗ = min 𝜃𝜃 
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The following linear programming model is used to determine the 
possible non-zero slacks after (3) is solved:

subject to

where 𝑚𝑚𝑚𝑚𝑚𝑚 � 𝑠𝑠�
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 and are input and output slacks. (Zhu 2009)
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Figure 4. The input-oriented envelopment model with one output and two inputs. 
(Zhu 2009)
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Models (3) and (4) represent a two-stage DEA process involved in the 
following input-oriented variable returns to scale DEA model:

subject to

The ℇ in model (5) allows the minimisation over θ to preempt the 
optimisation involving the slacks. Model (5) is calculated in a two-stage 
process with maximal reduction of  inputs at first, via the optimal θ* in 
model (3); in the second stage, movement onto the efficient frontier is 
achieved via optimising slack variables in model (4). (Zhu 2009)

Figure 5 illustrates four different firms (A, B, C, D) with a different 
input-output usage. The efficiency of  firms lying on the CRS frontier 
(Constant Returns to Scale) is called technical efficiency; the CRS does 
not presuppose the existence of  economies of  scale. The efficiency of  
firms lying on the VRS frontier (Variable Returns to Scale) is called pure 
technical efficiency; the VRS assumes the existence of  economies of  
scale. According to CRS, only firm B is effective, as it is located on the 
best practice frontier. According to VRS, firms A, B, and C are efficient 
– these firms determined the best practice line. Firm D is technically 
inefficient according to CRS and VRS as it uses too much input. Firm D 
should be efficient if  it used less input, and should lie on the VRS line 
(D’’) or on the CRS line (D’). Firm D is in the area of  increasing returns 
to scale (IRS), which means that if  the firm increases input usage by 1 
per cent, output increases by to scale (DRS) characterises an area with a 
declining scale effect.

𝑚𝑚𝑚𝑚𝑚𝑚 𝜃𝜃 −  𝜀𝜀(� 𝑠𝑠�
� +

�

���

 � 𝑠𝑠�
�

�

���

)                     

 

� 𝑥𝑥��𝜆𝜆� + 𝑠𝑠�
�

�

���

= 𝜃𝜃∗ 𝑥𝑥��    𝑖𝑖 = 1, 2, … , 𝑚𝑚;                                                 (5) 

� 𝑦𝑦��𝜆𝜆� − 𝑠𝑠�
�

�

���

=  𝑦𝑦��       𝑟𝑟 = 1, 2, … , 𝑠𝑠; 

� 𝜆𝜆� = 1 
�

���

 

𝜆𝜆� ≥ 0                                   𝑗𝑗 = 1, 2, … , 𝑛𝑛.  
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Figure 5. The constant returns to scale (CRS), variable returns to scale (VRS), 
increasing (IRS) and decreasing returns to scale (DRS); scale and technical inefficiency.

To analyse the change in efficiency over time, the study uses the Malmquist 
productivity index, which represents the total factor productivity (TFP) 
growth of  a DMU. It reflects progress or regress in efficiency along with 
progress or regress of  the frontier technology between two periods. 
(Cooper et al. 2007)

Some authors have used bootstrapping for DEA scores (Brümmer 
2001; Hansson 2007; Latruffe et al. 2008; Odeck 2009, Latruffe et al. 
2012). Bootstrap is a general computer-based statistical method for 
calculating the accuracy of  statistical estimates. The idea of  bootstrap 
is to sample observations with replacements from one’s data set and 
create a new ‘random’ data set of  the same size as the original. Using 
the new ‘random’ data set, one can calculate the necessary statistics 
(replicates). The process is repeated to create a sample of replicates. The 
idea of  the bootstrap method is that if  the empirical distribution of  the 
bootstrap sample (xb) corresponds more or less to the true distribution 
of  the original sample (x), then the empirical distribution of  t(xb) will 
correspond more or less to the true distribution of  t(x). It allows to use 
the empirical distribution of t(xb) as the true but unknown distribution 
of  t(x). (Bogetoft & Otto 2011) The bootsrapping method is used in 
paper III.
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In the second stage analysis, the regressions OLS (III) and FRM (I, V), 
as well as the regression tree CART (II) are used to analyse the factors 
characterising TE. The most well-known and widely used method is 
the OLS, used to evaluate the effect of  independent variables on the 
dependent variable. The OLS is suitable for cases where the dependent 
variable is not constrained. The TE score is given in the range of  0–1, 
which means that the OLS is not applicable to this condition. The MPI 
is not limited, and therefore the OLS is applicable for analysing factors 
that could affect the MPI. The OLS is applied to analyse the factors that 
may affect the dairy farms’ cumulative MPI, efficiency change (EffCh), 
and technical change (TechCh) before and after the EU accession (III). 
Since the TE score is limited (max TE = 1 and min TE = 0), the most 
appropriate method for regression analysis is used. The TE’s limitations 
are taken into account in the FRM which is applied in articles I and IV. 
The FRM enables to analyse one- and two-part models.  In the first 
part of  the two-part model, observations (farms and municipalities) 
were divided into two groups based on their efficiency score: efficient 
(TE = 1) and inefficient (TE < 1), and the parameters are found for 
factors that affect achieving full TE. The second stage of  the two-stage 
model assesses how the explanatory variables affect TE of  inefficient 
farms (TE < 1). The FRM analysis based on the cloglog model, which 
was not rejected by any of  the specification tests and had the highest R² 
value (I). The cauchit model was used in paper V. The third method for 
the second stage analysis is the CART, which enables to identify the most 
important factors that affect TE, and to work out the rules that break 
up the impure heterogeneous root node into binary nodes or groups 
which are more homogeneous than the root node. The regression tree 
is applied in article II.
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5. RESULTS

5.1. Results of  technical efficiency in agriculture

5.1.1. Technical efficiency in agriculture

The TE score shows whether the farm is efficient or not. If  the TE 
score value is equal to 1 (100%) the farm is technically efficient and is 
producing maximum outputs per given inputs (I, III) or using minimum 
inputs per given outputs (II, IV). If  the TE score value is below 1, it 
indicates some shortcoming in production. The TE can be evaluated 
assuming variable returns to scale (VRS TE) production (I, II, IV, V) or 
constant returns to scale (CRS TE) production (IV). The scale efficiency 
shows whether the farm operates at an optimal scale (SE = 1) or not 
(SE < 1) (IV). The MPI shows whether there are changes in productivity 
between the analysed periods. A value of  MPI greater than 1 denotes 
productivity growth, while a value below 1 indicates productivity decline, 
and a value equal to 1 corresponds to stagnation.

The efficiency of  dairy farms 

The output-oriented variable returns to scale DEA model was used 
to analyse the TE of  106 dairy farms in 2012 (I). The output-oriented 
approach, which holds inputs fixed, was used because farms’ inputs are 
relatively fixed in a short-term period. According to the VRS model, 35 
of  the 106 dairy farms under evaluation (33%) were technically efficient. 
Those farms have the optimal input usage and they act as benchmarks 
to other farms. The average VRS TE score of  dairy farms was 0.863 
(86.3%), which means that on average, these farms should increase the 
output value by 15.9% while using the same level of  inputs. 

The input-oriented VRS model was used to evaluate the TE of  147 
dairy farms in 2012 (II). The analysis revealed that 43 farms (29%) are 
operating efficiently. The average VRS TE score of  dairy farms was 
0.879 (87.9%), which means that on average, these farms should decrease 
inputs by 12.1% to achieve TE. 

The MPI was used to evaluate the 63 dairy farms’ productivity growth 
before and after the EU accession (III). Productivity growth was 
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negative for both periods and decline was even more marked after 
accession to the EU. The mean annual growth rate of  MPI was -0.7% in 
2001–2003 and -2.6% in 2004–2006. During the pre-accession period, 
productivity decline was mainly induced by the technical component and 
during the after-accession period by the efficiency component. Technical 
component refers to the change in output-input ratios, while efficiency 
component refers to the change in relative efficiency between different 
periods. Efficiency change was positive in the first period, with an annual 
growth rate of  2.9%. Decline in technical change stopped in 2004–2006.

The efficiency of  grain farms 

The input-oriented CRS and VRS DEA models were used to analyse grain 
farms’ TE in 2005–2007. Additionally, the scale efficiency was evaluated. 
The analysis was not based on panel data. The total number of  analysed 
grain farms was 348 in the analysed period. The results showed that the 
CRS TE was in the range of  0.723–0.747 (72.3–74.7%), the VRS TE in 
the range of  0.807–0.816 (80.7–81.6%), and the SE value in the range of  
0.887–0.915 (88.7–91.5%) during the analysed period. According to the 
CRS results, the inputs on these farms should be reduced by 25.3–27.7% 
to achieve TE. According to the VRS results, the inputs on these farms 
should be reduced by 18.4–19.3% to achieve TE.

5.1.2. Technical efficiency and MPI of  dairy farms in efficiency 
groups

For a better overview of  efficient and inefficient farms, farms are grouped 
and analysed according to TE. In the analysis of  106 dairy farms in 2012 
(I), the farms are divided into six groups according to their TE scores 
(Table 6). In the second article (II), 147 dairy farms studied in 2012 are 
divided into three groups according to their TE scores (Table 7). The 
analysis revealed that there are some remarkable differences between 
efficient and inefficient farms (I, II). Farms in the most efficient group 
have the highest average number of  dairy cows (I, II) – it is four times 
higher than on the least efficient farms (I).

More efficient farms are characterised by a higher sales revenue per dairy 
cow. Sales revenue is 1.5 times higher in the most efficient group than in 
the inefficient group of  farms (I). Comparing the sales revenue of  milk 
and dairy products per dairy cow in efficient and inefficient farms, the 
same trend appears – their sales revenue differs 1.3 times (II).
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Table 6. Distribution of  TE scores in the VRS model and descriptive statistics of  
output and inputs per dairy cow (I)

VRS TE

Variables 1.00
0.9–
0.99

0.8–0.89
0.7–
0.79

0.6–
0.69

< 0.59

Farms, No. (%)
35 
(33.0)

21 
(19.8)

16 
(15.1)

21 
(19.8)

7      
(6.6)

6     
(5.7)

Total sales revenue, 
euro/cow

3,216 3,083 2,507 2,364 1,965 2,188

Land, ha/cow 2.8 2.9 3 3.4 3 4.7
Labour, hours/cow 135.6 126.1 140.1 161.2 114.7 155.7
Purchased feed costs, 
euro/cow

632.9 679.7 510.9 518.6 617.6 595.4

Total intermediate 
consumption, euro/
cow

2,464 2,323 1,963 2,139 1,855 2,734

Costs of  the capital, 
euro/cow

418.9 530.4 416.1 485.1 417.7 501

Average milk yield, kg/
cow

7,658 7,843 7,141 6,857 6,602 6,171

Cows, No. 267 223 143 160 98 67

The analysis of  TE groups showed that efficient farms use less 
agricultural land and labour per dairy cow (I, II). The lower ratio of  
agricultural land and labour to dairy cows indicates intensive production, 
which means that intensive use of  resources provides an advantage to 
achieve TE. Purchased feed (concentrates) costs per dairy cow were 
higher in the most efficient groups of  farms, which is realated to a 
higher milk yield per dairy cow. The intermediate consumption per dairy 
cow is highest in the most efficient group of  farms and in the least 
efficient group of  farms (I). Efficient farms have also the most efficient 
use of  feed, demonstrated by the lowest feed cost per kg of  milk (II). 
Higher capital cost per dairy cow refers to higher investments in modern 
technology. It gives the advantage to earn a higher sales revenue (higher 
milk yield and milk price) and produce higher quality milk (lower SCC, 
larger share of  milk marketed) (II). Efficient farms have the lowest age 
at first calving (857 days, i.e. approximately 28.6 months). The average 
age at first calving in inefficient farms is considerably higher, namely 927 
days (approximately 30.9 months) (II). The share of  EHF has increased 
during later years and efficient farms have the highest share of  EHF 
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(79%), while the farms whose TE is lower, have the share of  EHF below 
70% (II).

Table 7. The average values of  DEA model outputs and inputs and CART variables 
in three different efficiency groups (II)

Variables TE ≥ 0.900 TE 0.810     
– 0.899 TE ≤ 0.809

Variables in DEA
Sales revenue of  milk and dairy 
products, euro/cow 2,136 1,792 1,609

Sales revenue of  animals and other 
agricultural products, euro/cow 991 843 589

Land, ha/cow 3.5 4.1 4.5
Labour, hours/cow 159 154 171
Feed costs, euro/cow 1,351 1,208 1,317
Other production costs, euro/cow 1,292 1,278 1,147
Costs of  the capital, euro/cow 1,035 924 868
Variables in CART
Milk yield per cow’s lifetime, kg/day 11.7 11 9.6
Milk production, kg/year 7,877 6,997 6,398
Milk solids, kg/year 584 525 481
RBV milk, points -1.4 -2.5 -3.8
Share of  own feed, % 62 73 73
Feed costs, euro/kg 0.171 0.174 0.207
Age at first calving, day 857 880 927
Somatic cell count, 1,000 cells/ml 312 366 411
Culling rate, % 27 28 26
Productive period, months 42.4 46.1 46.5
Dairy cows, No. 235 153 196
Share of  EHF, % 79 68 62
Age of  manager, years 49.5 54.5 53.9
Other relevant variables
Milk price, euro/kg 0.291 0.288 0.285
Share of  milk marketed, % 94 92 91
Share of  grassland, % 68 71 72
Farms, no. 81 27 39
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Intensive production has led to some negative aspects as well for dairy 
farms. There has been an increase in the culling rate, and a decrease 
in the productive period. Efficient farms with the highest milk yield 
have higher culling rates (27%) and the lowest productive period (42.4 
months). It is also worth noting that the most efficient group of  farms 
has the youngest managers. (II) Milk yield breeding value is an economic 
trait that has always been important for farmers as it leads to increased 
milk production. The relative breeding value for milk (RBV) is higher in 
efficient farms (II). 

The MPI is one of  the methods of  analysing dairy farms’ productivity 
change (III). For the purposes of  this analysis, farms were divided into 
four groups based on their cumulative MPI. Dairy farms with the highest 
cumulative MPI are innovators and their proportion was 19% (paper 
III, Table 4). Innovators had the lowest initial DEA efficiency score and 
its highest value in 2006. There are some substantial differences between 
innovators and others. Innovators had the highest annual change in milk 
yield and the highest milk yield in 2006. They are considerably large 
(according to LU), as well as land, labour and capital intensive.

5.1.3. Technical efficiency of  grain farms in size groups

Grain farms’ empirical results from the DEA showed some considerable 
differences between size groups and years (IV). The sample’s average 
TE score according to the VRS DEA model was 0.813 (81.3%) in 2005, 
0.816 (81.6%) in 2006, and 0.807 (80.7%) in 2007. The CRS DEA 
models gave the following results: 0.741 (74.1%) in 2005, 0.747 (74.7%) 
in 2006, and 0.723 (72.3%) in 2007.

In 2005–2007, the CRS TE score revealed that the largest farms (larger 
than 300 ha) are the most efficient. The VRS TE score also showed that 
in the analysed period, the most efficient farms were in the size group 
of  300–500 ha.

Of  all grain farms, 29.6% operate at the most productive scale size 
(MPSS), which means that these farms cannot reduce their inputs by 
change of  scale and are therefore scale efficient (Khodabakhshi 2009). 
The average scale efficiency of  the entire sample was 0.909 (90.9%) in 
2005, 0.915 (91.5%) in 2006, and 0.887 (88.7%) in 2007. 
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According to scale efficiency, it is possible to conclude that farms with 
a high SE (SE > 0.95) are close to the optimal size. According to our 
results, the optimal land size is 200–600 ha.

5.2. Factors explaining technical efficiency in agriculture based 
on the second stage analyses

5.2.1. Factors explaining technical efficiency of  dairy farms 
according to the FRM analysis

The FRM results of  dairy farms are presented in Table 8. The TE 
score is the dependent variable in the FRM analysis, and nine factors 
potentially influencing TE are the independent variables (I). Both one-
part and two-part FRM models are used. 

In the one-part model, 6 factors resulted statistically significant. There 
are three variables which are positively and statistically significantly 
associated with the farm TE: milk production per day of  a cow’s lifetime 
(Milk_day) (P < 0.05), milk fat content (Milk_fat) (P < 0.10), and size 
of  the farm (number of  cows) (P < 0.10). Three variables are negatively 
and statistically significantly associated with the farm TE: productive 
period (Prod_per) (P < 0.10), somatic cell count (SCC) (P < 0.01), and 
cost of  purchased feed (concentrates) per kg of  produced milk (Purch_
feed) (P < 0.05). 

There are some differences in significant variables in the two-part FRM 
models compared to the one-part FRM model. In the first part of  the 
two-part model, only the efficient farms (TE = 1) are considered. The 
total RBV was significantly (P < 0.05) and positivelt related on the TE. In 
addition, the number of  cows was positively and statistically significantly 
associated with the farm TE (P < 0.05). The SCC was negatively and 
statistically significantly related to the farm TE (P < 0.001), as was 
the cost of  purchased feed (concentrates) per kg of  produced milk  
(P < 0.01).

In the second part of  the two-part model, only inefficient farms  
(TE < 1) are considered. Two variables that are significant in the one-
part model are also significant in the two-part model (Milk_day, Milk_
fat).  In addition, milk protein is another positive and significant (P < 
0.05) variable determining TE.
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5.2.2. Factors predicting technical efficiency of  dairy farms 
according to CART analysis

The regression tree is used to identify predictors of  the TE of  dairy 
farms. In the regression tree, the TE score is the target value and 13 
variables are selected for analysis as potential factors predicting the TE. 
The visual result of  the CART is a tree with nodes (paper II, Figure 2). 

The regression tree has one root node and ten terminal nodes. Each 
terminal node has information about the average TE in the group and 
the number of  farms in the group. The most important predictors of  
TE according to the results of  relative importance of  factors are: milk 
yield per cow’s lifetime (100%), feed costs per kg of  milk (34%), somatic 
cell count (29%), cow’s productive period (23%), the number of  cows 
(18%), milk yield (18%), age at first calving (15%), and relative breeding 
value for milk (14%). These eight predicting factors out of  the initial 
thirteen are presented in the tree.

All terminal nodes have their own rules. We can interpret the terminal 
nodes by moving from the root node to the terminal nodes. The analysis 
states that if  milk yield per cow’s lifetime is lower than or equal to 11.47 
kg per cow per day on the farm and feed costs per kg of  milk are lower 
than or equal to 0.12 €/kg, the farm is predicted to be highly efficient 
(paper II, Figure 2, Terminal Node 1). Terminal Node 1 has seven farms 
and its average TE is 0.990.

The rule for Terminal Node 10 (N = 58, average TE = 0.957) is the 
following: if  the farm milk yield per cow’s lifetime is higher than 11.47 
kg per cow per day and milk yield is higher than 6,912.5 kg per year, the 
farm is predicted to be highly efficient (paper II, Figure 2, Terminal 
Node 10). This reveals that milk yield is an important factor predicting 
TE.

Terminal Nodes 3, 4 and 5 have the same first four predictors, but the 
fifth is different and it divides farms according to the score of  SCC. 
Farms whose SCC is lower than 308.5 are efficient (N = 19, average 
TE = 0.914), and those whose SCC is higher than 308.5 are divided 
into two groups according to the RBV. It appears that these groups’ TE 
is considerably lower (N = 16, TE = 0.840 and N = 13, TE = 0.737), 
meaning that SCC is a crucial factor in predicting TE. 
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In total, four nodes out of  ten include high TE farms (N = 87, 
TE ≥ 0.900), two nodes contain average TE farms (N = 27, TE 0.800–
0.900), and four nodes have inefficient farms (N = 33, TE ≤ 0.800).

Higher milk yield per cow’s lifetime is the most important variable 
predicting higher TE. Higher milk yield indicates intensive production, 
which has a positive effect on TE. The CART analysis revealed that a 
higher SCC score predicts inefficiency, and lower age at first calving is 
another considerable factor in predicting higher TE.

5.2.3. Factors explaining productivity change of  dairy farms

The OLS regression was used to analyse the possible determinants 
of  changes in MPI and its components (paper III, Table 5). The 
dependent variable(s) is/are the cumulative MPI (and its components). 
The independent variables are the factors that should affect productivity 
change.

The initial TE score had a negative and significant impact on the change 
in productivity. While there was a considerable regress among dairy 
farms whose initial TE was greater, the previously most inefficient farms 
were the most efficient by the end of  the analysed period. Capitalisation 
(Assets/LU) is positively and significantly related to cumulative technical 
change, but negatively and insignificantly associated with MPI and 
efficiency change. Investments into assets have grown in 2000–2006, 
but milk and crop yields were still quite low in 2006. The reasons for 
low yields are farm-level operational decisions (feeding, grassland 
fertilisation, timing of  the works, etc.). As a result, assets per LU have 
a negative impact on the productivity change. This may be also be due 
to unbalanced investments and management decisions. Investments in 
modernisation of  dairy farms (e.g. building new barns and equipping 
these) take often more than one year. In that time, the focus of  farm 
managers is on the investment execution. Since the new technology 
will be in place, less effort is made to improve the productivity of  the 
herd that is still kept with the old technology. One could argue that the 
productivity growth will appear only after a number of  years since the 
new technology is in place. Also, productivity might be initially lower 
also due to adjustment costs. Effective use of  labour, expressed in 
livestock units per annual work unit, has been another important success 
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factor for productivity and efficiency change. Milk yield has a significant 
positive relation with all three cumulative indices.

5.3. Results of  technical efficiency in municipalities

5.3.1. Technical efficiency in municipalities

The output-oriented DEA analysis looked at 170 Estonian rural 
municipalities, 48 (28%) of  which are efficient. The average TE is 0.762 
(76.2%), which means that in average, rural municipalities could serve 
a 31.2% bigger population and surface area using the same amount of  
inputs (expenses) they have used so far. 

Location-based analysis shows that efficient municipalities are in North 
and Central Estonia, and inefficient ones in South Estonia. In general, 
municipalities closer to the capital are relatively more efficient (paper V 
Figure 1).

5.3.2. Technical efficiency of  municipalities in efficiency and size 
groups

For a more detailed analysis, municipalities have been divided into five 
groups based on their TE score and number of  residents (paper V Tables 
2, 3 and 4). An analysis of  the size and TE of  municipalities shows that 
there are significant differences within the groups when it comes to the 
following indicators: total cost per resident, average salary, and the share 
of  subsidies out of  total revenue. 

Different variables are analysed to give a more detailed insight to 
municipalities according to the TE and size groups. It appears that if  
the number of  residents in municipalities is higher, the average costs per 
resident are lower (paper V Table 2). Municipalities with more residents 
are relatively more efficient, having on average 14% lower expenses. 
Average salary is 11.8% higher in large municipalities (Group 5) than in 
small municipalities (Group 1) (paper V Table 3). Residents of  efficient 
and large municipalities have the highest wage (Group 5, I). The share 
of  subsidies in the municipality budget in efficient and less efficient 
municipalities varies from 37.0% to 43.2% on average (paper V Table 
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4). The lower the TE of  a municipality, the higher the dependence on 
state support. 

5.4. Factors explaining technical efficiency in municipalities 
based on the second stage analysis

The FRM was used to analyse factors that characterise TE. The TE 
score is the dependent variable, and eight factors that describe the TE 
are independent variables.

In the one-part model, four factors resulted statistically significant, of  
which the share of  subsidies (SUB) (P < 0.05), the share of  population 
with a higher education (HEDU) (P < 0.05), the share of  elderly residents 
(ELD) (P < 0.05), and the size of  agricultural land (AGR) (P < 0.1) are 
the most important (paper V Table 5). The size of  agricultural land, 
higher education and share of  elderly people were positively assiociated 
with the TE. The share of  subsidies (SUB) was negatively related to 
TE. Higher share of  subsidies in a municipality’s budget results in a 
decline in TE. The share of  people with a higher education (HEDU) in 
municipalities affects TE positively, as does the increase of  the share of  
elderly residents (ELD). 

Some differences emerged when comparing the two-part FRM model 
to the one-part FRM model. In the first part of  the two-part model, the 
factors affecting TE negatively are the distance from capital (DCAP) and 
wage (WAGE). The share of  people with a higher education (HEDU), 
on the other hand, has a positive effect on TE. 

The second part of  the two-part model focused on municipalities with 
lower TE (PTE < 1). The three variables that are significant in the one-
part model are also significant in the two-part model (AGR, SUB, and 
ELD). In the 2nd part of  the model, the quality of  land (QOL) appears 
to be a significant negative factor. In rural municipalities whose quality 
of  land rating is higher, agriculture dominates local economy. These 
municipalities have suffered from a higher loss of  population in recent 
decades, which is related to a decrease in the TE of  municipalities.
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6. DISCUSSION

6.1. Factors affecting technical efficiency in agriculture

An analysis of  dairy farms revealed a number of  factors that are related 
to the TE of  farms. All analysed factors on the TE of  dairy farms and 
the statistical significance of  these factors is presented in Table 9 (I, II, 
III). 

The results of  the analysis showed that the total relative breeding 
value is related to higher TE, and the positive effect was clear among 
efficient dairy farms (I) whose milk yield was also highest. In paper II, 
the comparative analysis of  the TE groups of  dairy farms showed that 
milk RBV is higher in more efficient dairy farms. It also revealed that 
if  farms had a higher SCC and a shorter productive period, higher milk 
yield RBV predicted lower TE (II). As higher TE is related to better 
economic results, the positive effect of  breeding value is also apparent 
in economic results. Studies conducted by Ramsbottom et al. (2012) and 
Steine et al. (2008) confirm these results.

The Estonian national level average relative breeding value (RBV) for 
milk increased by an average of  1.7% per annum in EHF cows (dairy 
cows born in 2000 compared to those born in 2016). Therefore, one can 
assume that the positive trend in breeding value will continue and expect 
it to demonstrate a continuous positive effect on TE. 

The average productive period of  Estonian dairy cows decreased from 
37.9 to 35 months in 2011–2018 (Estonian Livestock Performance 
Recording Ltd. 2012, 2019). The reason for the drop in productive period 
is related to a higher milk yield and large-scale production. Results of  the 
study showed that a longer productive period of  dairy cows is related 
to lower TE (I, II), and it could be linked to smaller herds with a lower 
milk production. Meanwhile, large herds with a high milk yield tend to 
be more efficient despite the problems that intensive production entails 
(lower productive period, foot diseases, increased culling rate, etc.). In 
larger dairy farms where the aim is higher milk yield, cows are quickly 
removed from the herd in the event of  decreased production or health 
problems. Culling rate increased from 27.4 to 34.4% between 2000 and 
2018 in Estonia.
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Increased milk yield per cow has influenced farms’ financial 
performance and TE. Higher annual milk yield relates to higher TE 
(II, III). Paper II revealed that higher milk yield predicts higher TE, 
in addition to having a positive effect on cumulative MPI, cumulative 
efficiency change, and cumulative technical change (III). Higher milk 
yield reflects intensive production, which affects efficiency positively 
(Alvarez et al. 2008; Cabrera et al.  2010; Keizer & Emvalomatis 
2014; Allendorf  & Wettemann 2015). Additionally, higher milk yield is 
associated with high-yielding breeds, e.g. Estonian Holstein. The share 
of  Estonian Holstein breed is higher in the efficient farms (II). Hansson 
& Öhlmér (2008) argued that changes in breeding practices can affect 
efficiency, even if  the regression results suggested that breeds do not 
have any effect on efficiency.

Results of  the study demonstrated that higher milk yield per day of  a 
cow’s lifetime relates to higher TE (I, II). Milk production per day of  
a cow’s lifetime is an indicator that contains a lot of  information such 
as a cow’s average yield, age at first calving, calving interval, lactation 
curve, age when culled, etc., and is also the most important variable for 
predicting the TE (II). The CART analysis revealed that if  milk yield 
per cow’s lifetime is higher than 11.47 kg, the farm is predicted to be 
efficient (II). Therefore, it should be the prime variable to include in the 
TE analyses. 

The Estonian average dairy cow’s relative content of fat and protein in 
milk has changed between 2000–2018. The percentage of  fat in milk has 
decreased from 4.29 to 3.91%; and the percentage of  protein in milk has 
increased from 3.28 to 3.39% (Estonian Livestock Performance Recording 
Ltd. 2019). As the average milk yield has increased, the amount of  fat 
and protein has also increased on average in milk production. Higher fat 
and protein content could predict economic advantage through increased 
revenue. Higher value of  milk fat and protein content also is positively 
associated with the TE (I). Roibas & Alvarez (2012) have explained that 
higher milk fat content enables farms to receive a higher price for their 
milk, thereby improving their economic performance. The value of  milk 
solids in kilograms does not appear to be important for predicting the TE 
(paper II, figure 2), and there could be several reasons for this. Milk solids 
value in kilograms is strongly connected with milk yield, which in turn is 
an important variable for predicting TE. Therefore, it should be concluded 
that the effect of  one variable has eliminated the importance of  another.
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High SCC in milk reduces TE (I, II), and decline in milk quality leads 
to a lower milk price. Furthermore, milk fever treatment costs increase 
total costs, and milk losses in turn decrease milk revenue. Hadrich et 
al. (2018) have pointed out that milk fever is the main source of  milk 
losses. Lawson et al. (2004a) and Allendorf  & Wettemann (2015) found 
that higher efficiency is associated with a lower frequency of  milk fever 
(lower SCC). Archer et al. (2013) concluded that higher SCC in the first 
lactation is related to lower lifetime milk yield.

Between 2000–2018, the nationwide average SCC decreased from 
402 SCC × 103/ml to 270 SCC × 103/ml (Estonian Livestock 
Performance Recording Ltd. 2018). The decline in SCC can be attributed 
to the widespread introduction of  modern technology and improved 
housing conditions. Another reason is the decrease in the number of  
small and very small farms that used mainly tied housing and pipeline 
milking systems, which could be associated with poorer hygiene. 

High SCC refers to poorer milk hygiene, which could be an indicator 
of  the farm manager’s lower managerial competence. Lower SCC is 
crucial to achieve TE. Therefore, it is essential to keep the SCC as low 
as possible and to avoid mastitis, especially chronic mastitis. This means 
that preventive activities are essential since they help to reduce SCC and 
avoid milk losses, thus helping to increase lifetime milk yield in the long 
term.

Breeding is also found to be an important factor. Roibas & Alvarez 
(2010, 2012) found genetics clearly influence the protein and fat content 
of  milk. For instance, good genetics contribute to producing more 
valuable raw milk. Higher milk fat and protein content enables farms 
to receive higher milk prices, and increased milk yield resulting from a 
higher genetic index enables to reach higher productivity and TE. Roibas 
& Alvarez (2012) concluded that if  milk prices are to remain low in the 
future, farmers need to use improved genetic breeds in order to retain 
profitability. 

Farm size had a statistically significant positive impact on TE (I), and 
positive but not statistically significant impact on TE changes (III). The 
positive relationship between farm size and TE can be explained by the 
scale effect – as a farm increases in size, its use of  resources becomes 
more efficient. Several studies have reached the same conclusion (Lawson 
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et al. 2004a; Tauer & Mishra 2006; Galanopoulos et al. 2011). The TE 
differences in smaller and larger farms could also be observed in paper 
IV, which suggested that larger farms tend to be more efficient. Vasiliev 
et al. (2008) identified differences in efficiency in large and small farms 
in Estonia. The size has an important effect on productivity growth. 
Kimura & Sauer (2015) found that the total factor productivity growth 
was higher in larger Estonian dairy farms. The cumulative MPI change 
was higher in farms where the number of  livestock units was highest 
(III). The results showed that a smaller number of  dairy cows (smaller 
farm size) predicts higher TE (II), but only among those farms where 
milk production per day of  a cow’s lifetime is lower than 11.47 kg and 
feed costs are higher than 0.12 €/kg (N = 3). Therefore, it cannot be 
generalised for the entire sample that a smaller number of  dairy cows 
predicts inefficiency.

Purchased feed costs (i.e. mainly concentrated feed costs) per kg milk 
is a significant factor affecting TE – its higher value affects TE negatively 
(I). This suggests that increase in the cost (and consumption) of  feed 
concentrates is not accompanied by equivalent, let alone higher increase 
in the output, and farms should seek to reduce their purchased feed 
costs in order to improve their TE.  When both purchased and home-
grown feed costs are considered, it appears that lower value of  feed costs 
per kg milk predicts higher TE (II). Cows with a better breeding value 
and higher milk yield tend to use feed more efficiently to produce milk. 
As found by Hansson (2008), feeding practices also have an important 
effect on efficiency – the cheapest combination of  inputs had the most 
positive effect on long-term allocative efficiency.

The growing age of  the farm manager increases inefficiency due to 
diminished investments in both physical and human assets (Sipilainen 
et al. 2009). The current study reached the same result that the farm 
manager’s age is negatively related to farm TE (I), but its effect was 
statistically insignificant. However, in the first part of  the two-part 
model where efficient farms are considered, the farm manager’s age 
was positively but statistically insignificantly associated with farm TE 
(I). Several other studies have similarly shown that younger farmers are 
more efficient (Lawson et al. 2004a,b; Tauer & Mishra 2006). This is 
due to the fact that younger managers are more willing to take risks and 
invest in capital, and consequently, their farms are more efficient thanks 
to size effect and modernisation.
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In Estonia, the average age at first calving was 25.6 months in 2018 
according to Estonian Livestock Performance Recording Ltd. (2019). 
The average age at first calving has decreased significantly since 2000 
when it was 30.3 months (Estonian Livestock Performance Recording 
Ltd. 2001). This change is positive and economically important, as it 
reduces the number of  feeding days without milking. The average age at 
first calving in Estonia (25.6 months) is close to the maximum optimal 
value (26 months), confirming that farms could be more efficient by 
achieving a lower age at first calving. According to Froidmont et al. 
(2013), the optimal age at first calving is 22–26 months (660–780 days). 
Higher age at first calving predicts inefficiency (II). The average age at 
first calving is remarkably high, approximately 28.6 months, i.e. 857 days 
among efficient farms (II). All dairy farmers could potentially improve 
their farms’ TE by decreasing the age at first calving since it helps to 
increase the productive period and milk yield per cow’s lifetime.

Culling rate is slightly higher in efficienct farms (II), averaging out 
at 27% for efficient farms and at 26% for inefficient farms. De Vries 
(2017) estimates that optimal culling rate is in the range of  25–27%. The 
culling rate should be lower in the case of  this study in order to reach 
a higher level of  TE. According to the results of  this study, efficient 
farms remain efficient despite a high culling rate thanks to the higher 
production compensating it.

Feed costs (I, II) and intermediate costs per livestock unit (III) are 
related to farm efficiency. Cost efficiency in paper III is measured as 
a ratio of  intermediate costs and livestock unit. Intermediate costs are 
largely made up of  feed costs. The use of  more inputs (higher feed 
costs) per livestock unit affects cumulative technical change positively 
(III). Lower unit costs give farms the opportunity to be more efficient, 
as revealed in papers I and II. 

It has been found that an initial higher efficiency score in a time-
trend analysis does not necessarily predict efficiency at the end of  the 
period. Odeck (2009) found a reverse relation between initial efficiency 
and Malmquist index in Norwegian grain farms.  The initial efficiency 
score of  dairy farms had negative impact on cumulative MPI, efficiency 
change and technical change (III).
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6.2. Factors affecting technical efficiency in municipalities

The share of  subsidies in municipality budget is negatively associated 
with the TE of  rural municipalities (V). The share of  subsidies is higher in 
municipalities with a relatively lower income from taxes, which also have 
relatively fewer residents and are located in remote areas. Balaguer-Colla 
et al. (2007) and Cruz & Marques (2014) reached the same conclusion 
that a higher share of  subsidies indicates decreased efficiency. Other 
researchers found that independence from state subsidies improves 
efficiency (Bönish et al. 2011; Doumpos & Cohen 2014; Drew et 
al. 2015). It can hence be concluded that the role of  subsidies is not 
uniform, it varies from region to region and depends on economic and 
political context.

Doumpos & Cohen (2014) concluded that smaller municipalities tend 
to be more inefficient. According to the current analysis, municipalities 
with a smaller population also tend to be inefficient. A parallel can be 
drawn with cost-efficiency – municipalities with a larger number of  
residents have lower unit-costs per resident and achieve an advantage 
through that. In 2013, there were 213 municipalities in Estonia. As a 
result of  administrative reform in 2017, only 79 municipalities remain. 
It can be assumed that the larger municipalities created as a result of  the 
merger will be more efficient.

The share of  people with higher education in municipalities affects TE 
positively. The results are in agreement with other authors (De Borger & 
Kerstens 1996; Loikkanen & Susiluoto 2005). In general, educated people 
earn higher salaries, which in turn has a positive effect on municipalities’ 
tax revenue. Põder et al. (2017) found that Estonian rural municipalities 
where income of  population was higher, had higher firm entry and exit 
rates, i.e. had more entrepreneurial population. According to Cruz & 
Marques (2014), less educated populations require more municipal staff  
and use less infrastructure. 

The research revealed that a higher proportion of  elderly people is 
associated with higher TE of  municipalities. Nakazawa (2013), on the 
other hand, has pointed out that an increase in the number of  elderly 
residents will lead to increased costs in local governments. Consequently, 
an increase in costs together with a decrease in tax revenue reduces the 
TE of  municipalities. Thus, it can be argued that a positive correlation 
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between elderly people and the TE exists in the short run, whereas in 
the long run, the trend is opposite. Hence, as pointed out by Cruz and 
Marques (2014), the proportion of  older people and the size of  the 
municipality are indicators that the government must take into account 
when allocating resources between municipal budgets in order to ensure 
the sustainability of  these areas.

Considering rural municipalities whose TE is lower than 1, the research 
reveals that if  the size of  agricultural land is bigger, municipalities tend 
to be more efficient. On the other hand, it turned out that if  the quality 
of  municipal agricultural land is better, the TE of  the municipality is 
lower. It could be explained by the number of  people and the number 
of  jobs in those municipalities where the quality of  land is higher. These 
municipalities are clearly agricultural, with lower incomes and deficits 
from other sectors of  the economy.

Distance from the capital is one of  the characteristics that is associated 
with lower TE. Peripheral municipalities tend to be less efficient, which 
can be attributed to a smaller population with lower salaries, and thus the 
municipalities’ income from tax revenues is lower.
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7. CONCLUSIONS

The DEA method was used to assess the TE of  farmers (I – IV) and 
rural municipalities (V), allowing to identify the best units and to find 
the relative efficiency of  all other assessed units on the basis of  the best 
ones. In the second stage of  the analysis, different analytical methods 
(FRM, CART, OLS) were used to determine the factors influencing (I, 
III, V) or predicting (II) TE. 

The size of  the farm was positively related with TE, as revealed by the 
assessment of  the factors influencing the TE (I, III), as well as by the 
grouping and analysis of  farms according to the TE (I, II, III, IV). 
Efficient farms have a higher land use (IV) and a higher number of  dairy 
cows (I, II) or livestock units (III). The FRM analysis showed that the 
number of  dairy cows was positively related to the TE of  the farm – as 
the number of  dairy cows in the farm increases, the TE also increases 
(I). In enterprises with more livestock units, the cumulative growth of  
MPI was faster (III), which suggests that TE gains are more intense 
in larger farms. Hypothesis 1, which stated that the size of  the farm is 
positively related to TE, was thus confirmed.

One important indicator of  the TE of  dairy farms is milk production 
per cow’s lifetime (kg/day), which includes information such as cow’s 
average milk yield, age at first calving, calving interval, age at culling, 
etc. The CART analysis showed that if  the milk production per cow’s 
lifetime (kg/day) in the herd is higher than 11.47 kg, the farm is likely to 
be more efficient (II). The FRM analysis revealed that milk production 
per cow’s lifetime (kg/day) was positively associated with farm TE – the 
higher the milk production per cow ‘s lifetime, the higher the TE of  the 
farm (I). The analysis of  OLS showed that milk yield was significantly 
positively related to the cumulative Malmquist productivity index, the 
cumulative efficiency change, and the cumulative technical change (III).

The quality of  milk is characterised by fat and protein content of  the 
milk. In addition to milk yield, the TE of  the farm is also related to the 
fat and protein content of  the milk. Higher fat content of  milk was 
a significantly positively related to the TE of  the farm (I). The FRM 
analysis showed that in the group of  inefficient farms, farms with higher 
average fat and protein content were more technically efficient (I). The 
analysis of  milk dry matter production (fat and protein, kg/milk yield) in 
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TE groups indicated that more efficient farms have a significantly higher 
dry matter production per cow (II).

Among the factors characterising milk quality, the number of  milk 
somatic cells had a statistically significant negative correlation with the 
TE of  the farm – the higher the SCC, the lower the TE of  the farm 
(I). The CART analysis showed that a higher SCC score predicts lower 
farm TE (II). Lower SCC refers to better on-farm milk hygiene, which 
helps to achieve relatively higher milk production (especially the amount 
of  milk sold), which in turn leads to greater TE. Therefore, mastitis 
prevention activities are an important factor in increasing the amount of  
milk sold and in reducing treatment costs.

The analysis of  the two-part FRM revealed that total RBV was 
significantly positively related to the TE of  technically efficient farms (I). 
The results of  the one-part FRM model showed that the average total 
RBV of  the herd was positively but statistically insignificantly related 
to TE (I). Analysing the RBV value of  milk in the TE groups, it was 
found that the relative breeding value of  milk is higher in more efficient 
farms (II). The RBV contains important information about the farm 
(herd’s productivity potential) and the farm manager (knowledge and 
skills in selecting breeding material). Through better and well-thought 
out breeding, it is possible to increase the TE of  the farm. Thus, it can 
be argued that Hypothesis 2 was confirmed, as the results showed that 
the breeding value and milk quality of  dairy herds were positively related 
to the TE of  dairy farms.

In addition to farm size, milk quality and breeding value, farm TE is 
related to a number of  other factors. Lower feed costs help to achieve 
higher TE (I, II). The cost of  purchased feed (concentrates) per kg of  
milk produced was significantly negatively related to the farm TE (I). 
More efficient farms have lower feed costs per kg of  milk produced 
(purchased and home-grown feed) (II). Furthermore, the CART analysis 
revealed that a situation where milk production per cow’s lifetime (kg/
day) is less than 11.47 kg, but at the same time feed costs are lower than 
0.12 €/kg, predicts higher TE for the farm.

Higher age at first calving predicts lower TE (II). The age of  the cow at 
first calving largely depends on management decisions, thus the key to 
increasing the TE of  the farm is to reduce the age at first calving to an 
optimal level.
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The results of  the analysis of  the TE of  dairy farms show that the 
following factors have the strongest relation with the TE or best predict 
it: higher lifetime milk yield (I, II), better milk hygiene (lower SCC) (I, 
II), relative breeding value (I), age at first calving (II), feed costs (I, II), 
farm size (I, II, III). In order to achieve higher TE, it is crucial for the 
herd to have a higher relative breeding value, better milk hygiene (lower 
SCC), and optimal age at first calving. These factors contribute to higher 
lifetime milk yield, which is the key factor for achieving TE.

The analysis of  Estonian rural municipalities shows that there are 
significant differences between the TE and size groups (V). The DEA 
results allow to deduct that municipalities whose population is bigger 
are more cost-efficient, and on average, smaller units are more likely 
to be inefficient. Rural municipalities with a larger population are more 
efficient. This confirms Hypothesis 3 which states that the TE of  
municipalities depends on the number of  residents. Based on the above, 
it can be concluded that merging municipalities into one larger entity can 
increase their TE.

The analysis of  the TE factors revealed that the share of  subsidies 
is negatively related to the TE of  municipalities (V). Dependence on 
subsidies is a sign of  inefficiency for municipalities, and a greater need 
for additional subsidises increases the inefficiency of  rural municipalities. 
The distance from the capital is negatively correlated to the TE of  the 
municipality (V). The farther the rural municipality is from the capital, 
the greater its inefficiency. The obtained results confirm Hypothesis 4 
which states that the TE of  rural municipalities depends on the share of  
subsidies in the budget and the distance from the capital.

The share of  population with a higher education increases the TE of  
municipalities (V). The positive impact of  higher education on the 
TE is to be expected since it points to higher salaries, which in turn 
increase the revenue base of  municipalities. The share of  elderly people 
is positively related to the TE of  municipalities (V). The positive effect 
of  a higher share of  elderly people on the TE can be short-term; in the 
long-term, policy-makers need to be aware that the higher the share 
of  elderly people, the more input is needed to provide different public 
services. Moreover, the aging of  the population leads to a decline in tax 
revenue.
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Policy recommendations

• The results of  this thesis confirmed that farms with younger 
managers tend to have higher TE. Therefore, it is important to 
incentivise the renewal of  generations in agriculture in order to 
ensure sustainable development.

• Dairy farmers need to pay more attention to the quality of  production 
factors, as well as product quality. It is important to pay attention to 
the breeding value of  dairy cows. In addition to milk yield, which is 
currently a priority, higher milk solids content is also important. It is 
also important that the cows stay in the herd longer and give more 
offspring. Awareness of  genetic selection and good herd health are 
essential to achieve these goals. 

• The state should provide dairy farmers incentives to improve herd 
health and employ a well-functioning agricultural knowledge and 
innovation system to increase the awareness of  dairy farmers about 
the factors of  herd health and the choice of  genetic material.

• Municipalities cannot reduce the share of  elderly people or decrease 
the distance from capital to increase TE. Here, it is the task of  the 
government to help increase the TE of  the municipality through 
various support programmes. By knowing the factors that cause 
inefficiency, it is possible to pay attention to them and make decisions 
that help to reduce inefficiency.

Future research

• The analysis included assessment of  the TE of  rural municipalities 
before the merger of  municipalities. The next step could be to 
analyse whether the merger of  municipalities and the formation of  
larger entities increased the TE as policymakers hoped and promised 
to the people. 

• To further develop the methodology, future similar research should 
use tests that allow inferences about mean conditional efficiency 
(Kneip et al. 2016; Daraio et al. 2018). Additionally, the assumption 
of  separability should be tested empirically before proceeding to a 
second-stage regression (Daraio et al. 2018).
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SUMMARY IN ESTONIAN

EESTI PÕLLUMAJANDUSETTEVÕTETE JA 
MAAPIIRKONNA KOHALIKE OMAVALITSUSTE 

TEHNILISE EFEKTIIVSUSE HINDAMINE ANDMERAJA 
ANALÜÜSIGA

Sissejuhatus

Eesti maamajandus on olnud pidevas muutuste keerises. Eesti 
taasiseseisvumine ja sellele järgnenud liitumine Euroopa Liiduga (EL) 
tõid kaasa palju muudatusi nii institutsioonilisel, majanduslikul kui 
ka tehnilisel tasandil. Muudatuste tulemusena on ümber kujunenud 
põllumajandustootjate struktuur, kasutatav tootmistehnoloogia, 
sisendite kättesaadavus ning ettevõtete juhtimine. Põllumajandustootjate 
turul on palju hästi informeeritud konkurente, homogeenseid tooteid ja 
tootjaid, kellel puudub võimalus hinda mõjutada. Seega on konkurents 
väga tihe ning tootjatel lasub pidev surve tootlikkuse ja efektiivsuse 
suurendamiseks. Efektiivsuse suurendamise kõrval tuleb arvestada 
ka ressursside piiratuse ja loodusressursside säästliku kasutamisega. 
Põllumajandustootmine koormab looduskeskkonda ja seetõttu on tähtis, 
et selle negatiivseid välismõjusid vähendataks ja täiendataks võimalikult 
paljude positiivsete majanduslike mõjudega.

Muutunud sise- ja väliskeskkond avaldab mõju põllumajandusettevõtete 
ja kohalike omavalitsuste tootlikkusele ning tehnilisele efektiivsusele, seda 
kinnitavad mitu mahukat kirjanduse ülevaadet põllu- ja maamajanduse 
efektiivsuse hindamisest (Emrouznejad jt 2008, Narbón-Perpiñá ja De 
Witte 2018a, b). Vastavate uuringute peamine eesmärk on välja selgitada 
tegurid, mis võimaldavad tootlikkust ja efektiivsust suurendada. Teades 
efektiivsete otsustusüksuste omadusi ja ebaefektiivsuse põhjuseid, on 
võimalik teha otsuseid, mis toovad kaasa tootmissisendite tõhusama 
kasutamise.

Vaatamata sellele, et tootlikkuse ja efektiivsuse mõistet kasutatakse 
sageli samas kontekstis, on need sisult siiski erinevad. Rasmussen (2013) 
defineerib tootlikkust kui väljundi ja sisendi suhet ning efektiivsust 
kui saavutatut võrreldes võimalikuga. Käesolevas doktoritöös 
hinnati ettevõtete ja kohalike omavalitsuste tehnilist efektiivsust (TE) 
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mitteparameetrilise andmeraja analüüsi meetodiga (DEA). TE näitab, 
kui hästi kasutatakse sisendeid väljundi tootmiseks.

Piimatootmine on Eesti üks tähtsamaid põllumajandussektoreid (Viira jt 
2015). Viimastel aastakümnetel on piimatoodangu väärtus moodustanud 
põllumajandustoodangu väärtusest ligikaudu 1/4 (Statistics Estonia). 
Eesti on olnud piimaga isevarustav riik ja see on aastatega kasvanud, 
mis on võimaldanud suurendada piima ja piimatoodete eksporti. Alates 
EL-iga liitumisest on piimatootmisettevõtted muutunud suuremaks ja 
tänapäevasemaks. Muutunud on nii kasutatavad sisendid (tehnoloogia, 
söödad, tootmisvõtted) kui ka väljundid (toodang lehma kohta, piima 
kvaliteet), mistõttu võib eeldada, et toimunu on mõjutanud tootlikkust 
ja TE-d. Tulenevalt eelnevast on rohkem uuritud piimatootmisettevõtete 
tehnilist efektiivsust (I–III). Piimatootmise kõrval on oluline ka 
teravilja- ja õlikultuuride kasvatamine, mis on samuti olnud ajalooliselt 
tähtis, moodustades põllumajandustoodangu väärtusest 30% (Statistics 
Estonia). Tootmistehnoloogia ajakohastamine ning ettevõtete 
laienemine iseloomustab ka teravilja- ja õlikultuuride kasvatamist. Kuna 
kasutatavate sisendite koguse suurenemine ja kvaliteedi paranemine on 
saagikust kasvatanud, siis võib eeldada, et TE on muutunud ka selles 
sektoris. Teravilja- ja õlikultuuride kasvatajate TE-d on hinnatud pärast 
Eesti ühinemist EL-iga (IV).

Suured muutused on toimunud ka regionaalarengus – linnastumine, 
emigratsioon ja pendelränne, üldine regionaalpoliitika, kohalike 
omavalitsuste rahastamismudeli muutumine ning omavalitsuste 
konsolideerimine on jätnud maapiirkondadele oma jälje. Kohalike 
omavalitsuste sissetulek on tihedalt seotud elanike arvuga, kuivõrd 
osa üksikisiku tulumaksust kantakse kohalike omavalitsuste eelarvesse. 
Maapiirkondade tühjenemise tõttu napib valdadel ühe rohkem 
rahalisi vahendeid. Samal ajal on vaja osutada kvaliteetseid teenuseid 
ja tagada elanike ootustele vastav elukeskkond. Selline olukord 
viitab, et see on valdadele mingil moel samasugune proovikivi nagu 
põllumajandustootjatele. Teenuste taseme säilitamiseks peavad need 
muutuma tootlikumaks ja tõhusamaks.

Maapiirkondade TE hindamiseks kasutatakse Eesti maaliste kohalike 
omavalitsuste andmeid omavalitsuse tasandil enne viimast suurt 
haldusreformi (V). Praegu on regionaalarengu küsimused tähtsamad 
kui kunagi varem, sest Eesti seisab silmitsi linnastumise ja väljarände 
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probleemidega, eriti maapiirkondades. Kuna kõik omavalitsused 
tegutsevad samas poliitilises ja majanduslikus kontekstis ning 
kultuuriruumis, siis peaksid nad pakkuma teenuseid suhteliselt ühtlaselt. 
Seetõttu on tähtis välja selgitada kohalike omavalitsuste ebaefektiivsuse 
põhjused ja seeläbi TE-d parandada.

Põllumajandusettevõtete ja maaliste kohalike omavalitsuste TE 
hindamine annab ülevaate nende TE tasemest ning ebaefektiivsuse 
põhjustest. Saadud tulemused annavad hinnatud üksustele teavet, kuidas 
neil on võimalik TE-d parendada. Lisaks saavad regionaalarengu ja 
põllumajanduspoliitika kujundajad kasutada TE hindamise tulemusi 
riiklike ressursside tõhusamaks kasutamiseks.

Eesmärk ja hüpoteesid

Doktoritöö eesmärk on hinnata põllumajandusettevõtete ja maapiirkonna 
kohalike omavalitsuste tehnilist efektiivsust ning välja selgitada tegurid, 
mis seda kujundavad. Töös analüüsiti põllumajandusettevõtetest 
piimatootmisettevõtteid ning teravilja- ja õlikultuure kasvatavaid 
ettevõtteid. Kohalikest omavalitsustest analüüsiti maapiirkonna 
omavalitsusüksusi.

Doktoritöös uuritakse propositsioone, et nii põllumajandustootjate kui 
ka kohalike omavalitsuste üksuste puhul on efektiivsemad suuremad 
üksused, piimatootjate tehnilist efektiivsust mõjutavad nii sisendite kui 
ka toodangu kvaliteet ning kohaliku omavalitsuse tehnilist efektiivsust 
mõjutab selle asukoht ja toetuste osakaal. Nendest propositsioonidest 
lähtuvalt püstitati neli hüpoteesi.

H1. Ettevõtte suurus on tehnilise efektiivsusega positiivselt seotud. (I, 
II, III, IV)

H2. Piimakarja aretusväärtus ja piima kvaliteet on ettevõtte tehnilise 
efektiivsusega positiivselt seotud. (I, II)

H3. Suurema elanike arvuga kohalikel omavalitsustel on parem tehniline 
efektiivsus. (V)

H4. Toetuste osakaal eelarves ja kaugus pealinnast on kohalike 
omavalitsuste tehnilise efektiivsusega negatiivselt seotud. (V)
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Andmed ja metoodika

Käesolevas töös kasutatud andmed pärinevad kolmest allikast. 
Põllumajandusettevõtete analüüsimiseks kasutati Eesti 
põllumajandusliku raamatupidamise andmebaasi (FADN) (I–IV) ja Eesti 
Põllumajandusloomade Jõudluskontrolli AS-st (EPJ) saadud andmeid 
(I, II). Maapiirkondade efektiivsust hinnati omavalitsuste tasandil, 
kasutades Eesti Statistikaameti andmeid (V).

EL-is on põllumajandusettevõtete ja nende tulemuslikkuse analüüsimiseks 
parim andmete allikas põllumajandusliku raamatupidamise andmebaas 
FADN. FADN-i andmekogum annab teavet tootmise, tööjõu ja kapitali 
sisendite, kulude, põllumajandusmaa, loomade arvu ning muude 
asjakohaste põllumajandusettevõtete näitajate kohta. Piimatootjate 
TE hindamiseks kasutati 2012. aasta FADN-i andmeid (I, II) ning 
tootlikkuse muutuse hindamiseks 2000.–2006. aasta FADN-i andmeid 
(III). Teravilja- ja õlikultuure kasvatavate ettevõtete TE-d hinnati 2005.–
2007. aasta FADN-i andmete alusel. EPJ andmeid, mis iseloomustavad 
piima kvaliteeti, piimalehmade praakimist, poegimist ning aretusväärtust, 
on kasutatud artiklites I ja II.

Eesti maapiirkonna kohalike omavalitsusüksuste regionaalsete erinevuste 
analüüsimiseks ja tehnilise efektiivsuse hindamiseks võeti aluseks 
kohalike omavalitsusüksuste andmed 2013. aasta kohta, seega analüüsiti 
omavalitsuste efektiivsust enne 2017. aasta suuremahulist haldusreformi, 
millega viidi läbi omavalitsusüksuste ühinemisprotsess.

Tehnilise efektiivsuse hindamiseks kasutatud DEA meetod on 
oma olemuselt võrdlusuuring, mis võimaldab võrrelda sarnaseid 
otsustusüksusi (DMU) ja tuvastada ressursside kõige tõhusama 
kasutusega üksused. TE hindamisel on võimalik valida kahe peamise 
lähenemise vahel – väljundile orienteeritud (maksimeeritakse väljundit, 
hoides sisendit konstantsena) või sisendile orienteeritud (minimeeritakse 
sisendit, hoides väljundit konstantsena). Analüüsi käigus kindlaks tehtud 
efektiivsed üksused on võrdlusbaasiks ülejäänud üksustele, võimaldades 
arvutada ebaefektiivsete üksuste suhtelist efektiivsust. DEA analüüsi 
kohaselt on efektiivsed need üksused, mis toodavad kõige rohkem 
väljundit fikseeritud sisendiga või väikseima sisendite hulgaga fikseeritud 
väljundit. TE väärtus jääb vahemikku 0–1, efektiivsete üksuste TE = 1 
ja ebaefektiivsete üksuste TE < 1. DEA meetodi eelised on mitme 
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väljundi ja sisendi kasutamise võimalus ühes mudelis ning sisendid ja 
väljundid võivad olla erinevates mõõtühikutes. DEA meetod võimaldab 
otsustusüksusi võrrelda teiste sarnaste, efektiivselt samas proportsioonis 
sisendeid kasutavate üksustega ning sisendeid ja väljundeid omavahel 
siduvat funktsionaalset kuju ei ole vaja ette määrata. Alternatiivina võiks 
kasutada parameetrilist stohhastilist piirianalüüsi (SFA), kuid DEA 
meetodi eeliseid arvestades on viimane antud juhul sobivam.

Arvestades, et TE hindab sisendite kasutamise efektiivsust, kuid ei selgita 
efektiivsust kujundavaid tegureid, siis täiendatakse efektiivsusanalüüse 
teise astme analüüsidega. Levinumad on Tobit regressioonimudel 
(Hansson ja Ohlmer 2008, Allendorf  ja Wettemann 2015), vähimruutude 
meetod (OLS) (Schulte jt 2018), murdregressioonimudel (FRM) (Raheli 
jt 2017) ning klassifikatsiooni- ja regressioonipuu (CART) (Keizer ja 
Emvalomatis 2014).

Käesoleva doktoritöö artiklites on analüüsi esimeses etapis kasutatud 
tehnilise efektiivsuse hindamiseks DEA meetodit (I–V) ja analüüsi 
teises etapis efektiivsust selgitavate tegurite hindamisel vähimruutude 
meetodit (III), murdregressioonimudelit (I, V) ning klassifikatsiooni- ja 
regressioonipuud (II).

Peamised tulemused ja järeldused

Põllumajandusettevõtte suurusel on positiivne seos tehnilise 
efektiivsusega, see selgus nii tehnilist efektiivsust kujundavate tegurite 
hindamisel (I, III) kui ka efektiivsusrühmade analüüsimisel (I, II, III, 
IV). Efektiivsetes ettevõtetes on suurem maakasutus (IV), rohkem 
piimalehmi (I, II) ja loomühikuid (III). Piimalehmade arv on TE-ga 
positiivselt seotud (I) – kui lüpsilehmade arv ettevõttes suureneb, 
suureneb ka TE (I). Ettevõtetes, kus oli rohkem loomühikuid, oli kiirem 
kumulatiivne tootlikkuse kasv (III), mis viitab sellele, et suuremates 
ettevõtetes on efektiivsuse kasv intensiivsem. Positiivne seos ettevõtte 
suuruse ja TE vahel on seletatav mastaabiefektiga – kui ettevõte laieneb, 
muutub selle ressursikasutus efektiivsemaks (Lawson jt 2004a, Tauer ja 
Mishra 2006, Galanopoulos jt 2011).

Piimatootmisettevõtete efektiivsuse hindamisel on tähtis näitaja lehma 
elupäeva piimatoodang (kg päevas), mis koondab endas järgmist 
teavet: lehma keskmine aastane piimatoodang, vanus esimesel poegimisel, 
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poegimisintervall, vanus praakimisel jm. FRMi analüüsist selgus, et 
elupäeva piimatoodang (kg päevas) oli positiivselt seotud ettevõtte 
TE-ga – mida suurem on elupäeva piimatoodang, seda kõrgem on 
ettevõtte TE (I). CART-i analüüsist selgus, et kui elupäeva piimatoodang 
on üle 11,47 kg, on ettevõte tõenäoliselt efektiivsem (II). Suuremal 
piimatoodangul (kg aastas) on märkimisväärne positiivne mõju nii 
kumulatiivsele tootlikkuse indeksile kui ka kumulatiivse efektiivsuse ja 
tehnilisele muutusele (III). Mitu autorit on jõudnud samale järeldusele, et 
suurem piimatoodang kui tootmise intensiivsust iseloomustav näitaja on 
efektiivsusega positiivselt seotud (Alvarez jt 2008, Cabrera jt 2010, Keizer 
ja Emvalomatis 2014, Allendorf  ja Wettemann 2015). Piimatoodang on 
suurem eesti holsteini tõugu lehmadel (Estonian Livestock Performance 
Recording Ltd. 2019), ka analüüsi tulemustest selgus, et efektiivsetes 
farmides on eesti holsteini tõu osakaal suurem (II). Hansson ja Öhlmér 
(2008) on samuti väitnud, et muutused aretuspraktikas võivad efektiivsust 
mõjutada. Piimatoodang on kindlasti üks nendest muutujatest, mis 
peaks olema TE analüüsi kaasatud. CART-i analüüsist selgus, et elupäeva 
piimatoodang on kõige tähtsam näitaja, mis aitab ennustada ettevõtte 
efektiivsust (II).

Üks piima kvaliteeti iseloomustavaid näitajaid on piima rasva- ja 
valgusisaldus. Piima suuremal rasvasisaldusel (%) on oluline positiivne 
mõju ettevõtte TE-le (I). Ebaefektiivsete farmide seas olid tehniliselt 
efektiivsemad just need farmid, kus oli suurem piima rasva- ja -valgusisaldus 
(I). Efektiivsusrühmade analüüsist selgus, et piima kuivainetoodang (kg 
lehma kohta) on efektiivsematel ettevõtetel märgatavalt suurem (II). 
Keskmise piimatoodangu kasvuga on piimatootmises suurenenud ka 
piima kuivaine (rasva- ja valgutoodang kg lehma kohta), see omakorda 
peaks avaldama positiivset mõju ettevõtte majandustulemustele. Roibas 
ja Alvarez (2012) leidsid, et suurem piimarasvasisaldus võimaldab 
põllumajandusettevõtetel saada piima eest kõrgemat hinda, parandades 
seeläbi majandustulemusi. Piima kuivaine ei ole TE ennustamisel 
märkimisväärne (II).

Teine piima kvaliteeti määrav tegur on hügieen. Käesolevas töös hinnati 
farmi hügieeni (somaatiliste rakkude arv, SCC) ja TE seoseid. Aastatel 
2000–2018 on piimahügieen tuntavalt paranenud, keskmine SCC 
vähenes 402 SCC × 103/ml-lt 270 SCC × 103/ml-le (Estonian Livestock 
Performance Recording Ltd. 2019). See on seotud moodsa tehnoloogia 
kasutuselevõtuga ja paranenud pidamistingimustega, lisaks on 
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vähenenud väikeste ettevõtete arv, mille tootmistingimusi võib seostada 
halvema hügieeniga. Somaatiliste rakkude arvul on statistiliselt oluline 
negatiivne mõju TE-le (I). CART-i analüüsist selgus, et SCC suurem 
väärtus ennustab madalamat efektiivsust (II). Kui toorpiimas on SCC 
üle lubatud normi, kuid piim on siiski rahuldava kvaliteediga, on piima 
kokkuostuhind madalam. Kui toorpiima kvaliteet on ebarahuldav, siis 
tekivad piimakaod. Piimakaod tekivad nii udarapõletiku ravi ajal kui 
ka pärast ravi lõppemist ravimijääkide tõttu. Udarapõletike ravi tõttu 
suurenevad ettevõtte kogukulud ja pikeneb ravimisele kuluv tööaeg. 
Udarapõletikud põhjustavad sageli enneaegset praakimist, mistõttu on 
udarapõletike ennetamine koos kõigi sinna juurde kuuluvate tegevustega 
eriti tähtis. SCC mõju ettevõttele on uurinud mitmed autorid. Hadrich jt 
(2018) tõid välja, et udarapõletik on peamine piimakadude tekkepõhjus. 
Lawson jt (2004a) ning Allendorf  ja Wettemann (2015) leidsid, et 
efektiivsus on seotud udarapõletiku väiksema esinemisega (väiksem 
SCC). Archer jt (2013) jõudsid järeldusele, et esimesel laktatsioonil esinev 
suurem SCC on seotud lehma eluaja madalama piimatoodanguga. Seega 
on tähtis hoida SCC ennetavate tegevustega nii väiksena kui võimalik 
ja vältida udarapõletike teket lehma terve eluaja jooksul, et suurendada 
lehma elupäeva piimatoodangut ning ettevõtte TE-d.

Piimalehmade aretus on olnud esmatähtis eelkõige piimatoodangu 
suurendamise eesmärgil, viimasel ajal pööratakse üha enam tähelepanu 
ka välimikutunnuste, udara tervisetunnuste ja taastootmistunnuste 
parandamisele. Võttes aluseks piimalehmade koguaretusväärtuse, selgus, 
et sellel on efektiivsete ettevõtete TE-ga statistiliselt oluline positiivne 
seos (I). Ettevõtetes, kus TE on kõrgem, on ka piima aretusväärtus 
kõrgem (II). Seega võib väita, et TE kujunemisel on ka aretus tähtis tegur 
ning parema ja läbimõeldud aretusega on võimalik suurendada ettevõtte 
TE-d. Roibas ja Alvarez (2010, 2012) leidsid, et teadlik aretusmaterjali 
valik mõjutab selgelt piima valgu- ja rasvasisaldust. Suurem piima rasva- 
ja valgusisaldus võimaldab põllumajandusettevõtetel saada kõrgemat 
kokkuostuhinda ning saavutada seeläbi kõrgem tootlikkus ja TE. 
Roibas ja Alvarez (2012) tõid välja, et kui piima kokkuostuhinnad jäävad 
tulevikus madalaks, peavad põllumajandustootjad tasuvuse säilitamiseks 
kasutama kõrgema väärtusega aretusmaterjali.

Kõrgem vanus esimesel poegimisel ennustab väiksemat TE-d (II). 
Analüüsides efektiivseid ettevõtteid, selgub, et piimalehmade keskmine 
vanus esmaspoegimisel on märkimisväärselt kõrge, keskmiselt 28,6 
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kuud, s.o 857 päeva (II), mis on kõrgem kui Eesti keskmine. Eesti 
piimalehmade keskmine esmaspoegimise vanus oli 2018. aastal 25,6 
kuud, mis on märksa madalam võrreldes 2000. aastaga, kui see oli 30,3 
kuud (Estonian Livestock Performance Recording Ltd. 2001, 2019). 
Nimetatud muutus on positiivne ja majanduslikult tähtis, sest lüpsmata 
söötmispäevade arv väheneb. Froidmonti jt (2013) uuringust selgus, et 
optimaalne vanus esimesel poegimisel on 22–26 kuud (660–780 päeva). 
Lehma vanus esimesel poegimisel sõltub suuresti juhtimisotsustest, 
seega on TE suurenemise võti esmaspoegimise vanuse vähendamine 
optimaalsele tasemele.

Piimalehmade tootlik iga on TE-ga negatiivselt seotud – mida kõrgem 
on tootlik iga, seda väiksem on TE (I, II). Antud tulemust võib selgitada 
asjaoluga, et väiksemates piimatootmisettevõtetes on piimalehmade 
tootlik iga kõrgem, samas on nende piimatoodang ja TE väiksem. Eesti 
karjade keskmine tootlik iga on seoses intensiivse tootmisega lühenenud 
– kui 2011. aastal oli piimalehma keskmine tootlik iga 37,9 kuud, siis 
2018. aastal oli see näitaja 35 kuud. Tootliku ea lühenemise tulemusel 
on ka praakimise määr tõusnud – 2018. aastal oli see 34,4% (Estonian 
Livestock Performance Recording Ltd. 2012, 2019). Efektiivsetes 
ettevõtetes oli tootlik iga 42,4 kuud ja praakimise määr 27%, samas kui 
väiksema efektiivsusega ettevõtetes olid need näitajad vastavalt 46,5 kuud 
ja 26%. De Vriesi (2017) hinnangul jääb optimaalne praakimise määr 
vahemikku 25–27%. Vaatamata madalamale tootlikule eale ja kõrgemale 
praakimise määrale on suuremad ja intensiivsemad ettevõtted siiski 
efektiivsemad, mis on selgitatav suurema toodanguga. See kompenseerib 
eelnevalt nimetatud näitajatest põhjustatud probleemid.

Väiksemad söödakulud (€/kg) aitavad saavutada suuremat efektiivsust 
(I, II). Efektiivsematel ettevõtetel on väiksemad söödakulud toodetud 
piima kg kohta, lisaks selgus, et kui ettevõtte keskmine lehma elupäeva 
piimatoodang on alla 11,47 kg, kuid samal ajal on söödakulud väiksemad 
kui 0,12 €/kg, siis see ennustab ettevõtte suuremat efektiivsust (II). 
Ka Hansson (2008) leidis, et söötmisel on tugev mõju efektiivsusele 
– odavaim sisendite kombinatsioon avaldas pikaajalisele allokatiivsele 
efektiivsusele positiivset mõju.

Ettevõtte juhi vanus on negatiivselt seotud TE-ga, kuid selle mõju oli 
statistiliselt ebaoluline (I). Efektiivsetes ettevõtetes on nooremad juhid 
(ettevõtte juhi keskmine vanus 49,5 aastat) võrreldes ebaefektiivsete 
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ettevõtetega (keskmine vanus 53,9 aastat) (II). Mitmes uuringus on 
leitud, et nooremad põllumehed on efektiivsemad (Lawson jt 2004a, b; 
Tauer ja Mishra 2006). Selle põhjuseks on asjaolu, et nooremad juhid 
on valmis riskima ja investeerima kapitali ning järelikult on nende talud 
tänu mastaabile ja ajakohastatud tehnoloogiale tõhusamad. Ka Sipiläinen 
jt (2009) leidsid, et ettevõtte juhi vanus suurendab ebaefektiivsust 
vähenenud investeeringute tõttu nii füüsilisse kui ka inimkapitali.

Piimatootmisettevõtete TE analüüsi tulemused näitasid, et järgmistel 
teguritel on TE-ga kõige tugevam seos või aitavad need seda kõige 
paremini ennustada: suurem elupäeva piimatoodang (I, II), parem 
piimahügieen (väiksem SCC) (I, II), kõrgem aretusväärtus (I), vanus 
esimesel poegimisel (II), söödakulud (I, II), farmi suurus (I, II, 
III). Suurema TE saavutamiseks on tähtis, et karjal oleks kõrgem 
aretusväärtus, parem piimahügieen (väiksem SCC) ja optimaalne vanus 
esimesel poegimisel.

Kohalike omavalitsuste analüüsist selgus, et suuremate ja väiksemate 
omavalitsuste vahel esineb märkimisväärseid erinevusi. Efektiivsus- ja 
suurusrühmade analüüsist selgus, et suuremad omavalitsused on 
efektiivsemad (V). Balaguer-Coll jt (2007) leidsid samuti, et efektiivsus on 
kõrgem just suuremates omavalitsustes ning Doumpos ja Cohen (2014) 
jõudsid järeldusele, et väiksemad omavalitsused on ebaefektiivsemad. 
Võib eeldada, et suuremate omavalitsuste kõrgem efektiivsus on 
saavutatud kulutõhususega – suurema elanike arvuga omavalitsustel on 
ühe elaniku kohta väiksemad ühikukulud.

Suurem toetuste osakaal eelarves iseloomustab ebaefektiivsemaid 
omavalitsusi. Toetuste osakaal on suurem nendes kohalikes omavalitsustes, 
kus on väiksemad sissetulekud ja vähem elanikke. Balaguer-Coll jt (2007) 
ning Cruz ja Marques (2014) jõudsid samale järeldusele, et suurem 
toetuste osakaal viitab madalamale efektiivsusele. Samas on leitud, et 
suuremad riiklikud toetused parandavad efektiivsust (Bönish jt 2011, 
Doumpos ja Cohen 2014, Drew jt 2015). Seega võib järeldada, et riiklike 
toetuste mõju omavalitsuse efektiivsusele ei ole ühesuunaline, see on 
piirkonniti erinev ning sõltub majanduslikust ja poliitilisest taustast. Eesti 
maaliste kohalike omavalitsuste analüüsi põhjal võib väita, et sõltumatus 
toetustest suurendab efektiivsust.
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Kõrgharidusega elanike suurem osakaal on omavalitsuse TE-ga 
positiivselt seotud, see on kooskõlas ka teiste autorite tulemustega (De 
Borger ja Kerstens 1996, Loikkanen ja Susiluoto 2005). Üldiselt teenivad 
haritud inimesed suuremat palka, mis omakorda mõjutab positiivselt 
omavalitsuste maksutulu. Põder jt (2017) leidsid, et Eesti valdades, kus 
elanike sissetulek oli suurem, oli rohkem ettevõtlikke elanikke. Cruzi 
ja Marquesi (2014) väitel vajab madalama haridustasemega elanikkond 
rohkem sotsiaaltöötajaid ja nad kasutavad ka vähem taristut, seega on 
nad omavalitsusele koormavamad ega suuda kasutada omavalitsuse 
pakutavaid hüvesid.

Käesolevast tööst selgus, et eakate suurem osakaal on seotud 
omavalitsuste kõrgema TE-ga. Nakazawa (2013) on välja toonud, et eakate 
elanike arvu kasv toob kaasa kohalike omavalitsuste kulude suurenemise. 
Sellest tulenevalt vähendab kulude kasv koos maksutulu vähenemisega 
omavalitsuste TE-d. Seega võib väita, et positiivne seos eakate ja TE 
vahel on lühiajaline, pikas perspektiivis on trend vastupidine. Cruz ja 
Marques (2014) rõhutavad, et eakate osakaal ja omavalitsuse suurus on 
näitajad, mida valitsus peab ressursside jaotamisel arvestama, et tagada 
kõigi piirkondade jätkusuutlikkus.

Efektiivsust kujundavate tegurite analüüsist selgus, et efektiivsemad on 
need omavalitsused, kus on rohkem põllumajandusmaad. Analüüsides 
ebaefektiivseid omavalitsusi ja neid kujundavaid tegureid, selgus, et 
maa kvaliteet on omavalitsuse efektiivsusega negatiivselt seotud ehk 
parem mullaviljakus viitab omavalitsuse väiksemale efektiivsusele. 
Eelnevat võib selgitada elanike ja töökohtade arvuga nendes 
omavalitsustes. Omavalitsused, kus mullaviljakus on parem, on selgelt 
põllumajanduslikud, väiksemate sissetulekute ja väiksema elanike arvuga.

Kaugus pealinnast on negatiivselt seotud omavalitsuse TE-ga. Mida 
kaugemal on omavalitsus pealinnast, seda ebaefektiivsem see on. 
Perifeersed omavalitsused on ebaefektiivsemad, seda võib seostada 
madalama palga ja väiksema elanikkonnaga, mille tõttu on omavalitsuste 
maksutulu väiksem.

Kohalike omavalitsuste analüüsist selgus, et elanike arvul on 
efektiivsuse kujunemisel tähtis osa. Efektiivsusega on positiivselt seotud 
kõrgharidusega elanike osakaal ja sissetulekute tase. Võib arvata, et 
kõrgharidusel, mis võimaldab saada suuremaid sissetulekuid ja luua 
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nutikamaid töökohti, on omavalitsuse efektiivsuse kujunemisel tähtis osa 
ka tulevikus.

Poliitikasoovitused

• Käesoleva töö tulemused kinnitasid, et nooremate juhtidega ette-
võtetes on kõrgem TE. Seetõttu on jätkusuutliku arengu tagamiseks 
tähtis stimuleerida põlvkondade uuenemist põllumajanduses.

• Piimatootjad peavad pöörama suuremat tähelepanu tootmistegurite 
ja toodangu kvaliteedile. Tähtis on pöörata tähelepanu lüpsilehmade 
aretusväärtusele. Lisaks piimatoodangule, mis on praegu esmatähtis, 
on oluline ka piima suurem kuivainesisaldus. Samuti on tähtis, et 
lehmad püsiksid kauem karjas ja annaksid oma eluaja jooksul rohkem 
järglasi. Nende eesmärkide saavutamiseks on tähtis teadlik aretus ja 
karja hea tervis.

• Seega võiks riik pakkuda piimatootjatele stiimuleid karja 
tervise parandamiseks ning suurendada hästitoimivate 
põllumajandusteadmiste ja innovatsioonisüsteemide kaudu 
piimatootjate teadlikkust karja terviseteguritest ja kõrgema 
aretusväärtusega aretusmaterjali valikust.

• Kohalikud omavalitsused ei saa TE suurendamiseks vähendada 
eakate inimeste osakaalu ega vähendada kaugust pealinnast. Siinkohal 
on riigi ülesanne aidata erinevate tugiprogrammidega parandada 
omavalitsuste efektiivsust.

Tulevased uuringud

• Analüüs hõlmas maaliste kohalike omavalitsuste TE hindamist enne 
2017. aasta haldusreformi. Järgmise sammuna võiks analüüsida, 
kas omavalitsuste ühinemine ja suuremate üksuste moodustamine 
suurendasid TE-d.

• Edaspidi peaks kaheastmelise analüüsi kasutamisel testima 
efektiivsuse hindamiseks valitud näitajate ja efektiivsust mõjutavate 
tegurite lahustingimust.
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ABSTRACT

Luik-Lindsaar H., Viira A.-H., Viinalass H., Kaart T., Värnik R. (2018): How do herd’s genetic level and milk 
quality affect performance of dairy farms? Czech J. Anim. Sci., 63, 379–388.

The effects of genetic level and output quality characteristics on technical efficiency (TE) of dairy farms were 
studied. The average total relative breeding value (RBV) at herd level was considered a parameter of the genetic 
level and production potential of the main input (dairy cows), while somatic cell count (SCC) and milk com-
position characterise the quality of the main output (milk) of dairy farms. The analysis was carried out in two 
stages: data envelopment analysis was used in the first stage and fractional regression model in the second 
stage, combining the data collected by the Estonian Farm Accountancy Data Network with the data from the 
Estonian Livestock Performance Recording Ltd. The results showed that the TE of fully efficient dairy farms 
is positively affected by the total RBV (P < 0.05), number of dairy cows in the herd (P < 0.05), and negatively 
affected by the SCC (P < 0.001) and costs of purchased feed per kg of produced milk (P < 0.01). Among the 
inefficient farms, the TE was positively affected by the lifetime daily milk yield (P < 0.05), and average milk fat 
(P < 0.1) and protein (P < 0.05) contents. The results confirm our hypothesis that the genetic level of dairy herd 
and milk quality have a positive effect on the TE of dairy farms. 

Keywords: genetic level; dairy farm; technical efficiency; data envelopment analysis; fractional regression model

Dairy sector is one of the most important sectors 
in Estonian agriculture. In 2017, milk accounted 
for 27.0% of the value of agricultural output. In 
the past 15 years, the structure of dairy farms has 
changed significantly. In 2000–2017 (as of Jan 14, 
2018), the number of dairy herds registered for 
milk recording decreased by 82.4%, from 3211 to 
564. The number of herds with up to 100 dairy 
cows plummeted by 86.6%, while the herds of 
over 100 cows suffered a loss of 31.7% (Estonian 
Livestock Performance Recording Ltd. 2018). Since 
2001, when the EU pre-accession programme 
SAPARD was launched, Estonia has witnessed a 

rapid development in the construction and mod-
ernisation of cowsheds, as well as the adoption 
of total mixed ration feeding. According to Luik 
and Viira (2016), in 2012, approximately 54% of 
Estonian dairy cows were housed in cowsheds 
built or renovated in 2002–2012. 

The structural change towards larger and more 
modern dairy farms has been associated with 
improved productivity in Estonian dairy sector 
( Jansik et al. 2014; Kimura and Sauer 2015). In 
2000–2016, the productivity of dairy cows saw a 
substantial increase of 89.5% from 4660 to 8833 kg 
per cow. Although the number of dairy cows de-
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creased by 34.1%, total milk production stepped 
up by 24.1% from 629 600 to 781 399 t (statistics 
for 2017 – www.stat.ee). In the same period, the 
average annual growth in milk yield constituted 
3.9% for the Estonian Holstein (EHF) cows and 
4.1% for the Estonian Red (ER) breed. Higher milk 
yield has been seen as one of the factors behind 
the increase in the share of the EHF cows, from 
70.3% in 2000 to 80.4% in 2016 (Estonian Livestock 
Performance Recording Ltd. 2018). 

When comparing the dairy cows born in 2000 
with those born in 2013, it appears that the main 
genetic trait that characterises the milk production 
potential, the average relative breeding value (RBV) 
for milk increased by an average of 2.0% per annum 
in EHF cows, while in ER cows, the average annual 
improvement was 1.5% (Figure 1). The increase in 
the RBV for milk largely explains (in case of EHF, 
R2 = 0.95, in case of ER, R2 = 0.96) the growth in 
the average milk yield. Therefore, in addition to 
the improved housing conditions for dairy cows, 
upgraded feeding systems, and an increase in the 
share of EHF cows in the total dairy herd, the rapid 
improvement in the average milk yields could be 
associated with the genetic progress of dairy cows. 

Investments into new or modernised cowsheds 
and milking technology, as well as the decreased 

number of very small farms have contributed to 
improved milk hygiene. In 2000–2016, the milk 
quality measured by somatic cell count (SCC) 
improved, whereas the nationwide average SCC 
decreased from 402 SCC × 103/ml to 282 SCC × 
103/ml. In 2003, 40.9% of the collected milk was of 
the elite grade, in 2017 elite grade milk accounted 
for 68.8% of the purchased milk (statistics for 
2017 – www.stat.ee). 

While the productivity of dairy cows has mark-
edly improved, some negative aspects, such as 
increased culling rate and decreased number of 
lactations per lifetime of dairy cows that increase 
herd replacement costs, have become evident. The 
culling rate increased from 27.4 to 35.6% and the 
average productive lifetime decreased from 3.0 to 
2.4 lactations between 2000 and 2016. In addition, 
average milk fat content decreased from 4.29% in 
2000 to 4.00% in 2016, while average milk protein 
content increased from 3.28% to 3.36% (Estonian 
Livestock Performance Recording Ltd. 2018). 

Low milk prices that were present for two years 
since the import ban enforced by the Russian Fed-
eration in August 2014 imposed strong pressure 
on the viability of Estonian dairy farms. Elimina-
tion of EU milk quotas in April 2015 has brought 
about structural adjustment in the whole EU dairy 

Figure 1. Relative breeding value of milk and average milk yield of Estonian Holstein and Estonian Red cows, and 
share of Estonian Holstein cows from 2000 till 2015
source: Estonian Livestock Performance Recording Ltd. (2018)
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sector. Improvements in productivity and techni-
cal efficiency (TE) are one of the key aspects in 
maintaining the competitiveness of dairy farms, 
while productivity can be defined as the quantity 
of production (output) divided by the quantity of 
input. Farrell (1957) defined the TE in two ways: 
as the ability of a farm to produce the maximum 
feasible output with a given bundle of inputs, or 
as the ability of a farm to use minimum inputs 
to produce a given level of output. Therefore, 
managers of dairy farms constantly need to seek 
ways to improve the TE of their farms along with 
productivity. 

Breeding becomes more and more important 
in this process for several economic reasons. The 
main purpose of breeding programmes is to im-
prove milk yield, milk fat, and protein contents, 
herd health and fertility, and achieve a smooth 
lactation curve. All these parameters affect the 
economic results of a dairy farm. Roibas and Alva-
rez (2010, 2012) found that the genetic potential 
of a herd contributes significantly to the profit-
ability of dairy farms measured by milk sales minus 
variable costs, and milk fat and protein content 
that enables farms to receive higher milk prices, 
and that the increase in milk yield due to higher 
genetic index was greater in larger farms. They 
conclude that if milk prices are to remain low in 
the future, farmers need to use improved genetic 
breeds in order to retain profitability. In the study 
of Steine et al. (2008), seven breeding goals out 
of ten (milk, meat, mastitis resistance, fertility, 
udder, temperament and legs) had a significant 
positive effect on farm profits (value of milk, meat 
and subsidies minus costs of forage and concen-
trates). Ramsbottom et al. (2012) observed that the 
herd level economic breeding index was positively 
related to the net margin and gross revenue per 
cow and per litre of milk. Therefore, one could 
presume that the animals’ genetic level (RBV) in 
combination with other production inputs affect 
the TE of dairy farms.

The objective of a performance evaluation is to 
evaluate the current farm operations internally 
and to benchmark them against similar farms or 
farm operations externally in order to identify the 
best practice. Such best practice can be empiri-
cally identified, and the efficient frontier can be 
estimated based on the observations at one farm 
over time or at similar farms in a specific time 
period (Zhu 2009). Productivity and TE are easy 

to calculate if there is only one output and one 
input. However, there are usually no such produc-
tion units that produce only one output with one 
input. Therefore, in TE studies of agricultural 
producers, popular methods are those that allow 
to use several inputs and outputs in different units 
(e.g. Davidova and Latruffe 2007; Luik et al. 2009, 
2011; Allendorf and Wettemann 2015). 

One such method is the nonparametric piece-
wise linear programming method proposed by 
Farrell (1957), which received wider attention when 
Charnes, Cooper and Rhodes used the term Data 
Envelopment Analysis (DEA) for the first time in 
1978 (Coelli et al. 2005). DEA can identify the ef-
ficient units, and results for inefficient units will 
show by how much each input can be reduced, or 
output increased, to produce an optimal output 
(Cooper et al. 2004). The advantages of DEA lie 
in its simplicity, diversity, its lack of a need for 
a specific functional form for relating inputs to 
outputs, and the fact that inputs and outputs can 
be measured in different units. 

The main reason for choosing DEA over the Sto-
chastic Frontier Analysis (SFA), which is a widely 
used parametric approach in dairy farm efficiency 
analyses (e.g. Cabrera et al. 2010), is the advantage 
that DEA allows to estimate the efficient frontier 
without knowing whether an output is a linear, 
quadratic, exponential or some other function of 
inputs (Coelli et al. 2005). Nevertheless, the DEA 
method does have some disadvantages. Namely, 
it is sensitive to measurement errors (Coelli et al. 
2005) but, if the data are verified and the results 
are correctly interpreted, its advantages outweigh 
its disadvantages.

In order to comprehend the determinants of 
TE, the effects of contextual and environmental 
variables (variables over which manager has little 
or no control) need to be studied. In order to ex-
amine the effects of contextual and environmen-
tal variables on the TE of Estonian dairy farms, 
the recommendations of Coelli et al. (2005) and 
Banker and Natarajan (2008) to use a two-stage 
approach were followed. The first-stage analysis 
employed DEA and traditional inputs and outputs 
explained in the section Materials and Methods. 
In the second-stage of the analysis, the TE scores 
from the first stage were regressed against the 
contextual and environmental variables, as well 
as the indicators of milk quality and the herd’s 
genetic level. 
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The fractional regression model (FRM) was used 
in the second-stage analysis, as suggested by Papke 
and Wooldridge (1996), and Ramalho et al. (2010). 
The FRM helps overcome some of the problems 
related to the Tobit regression that is a limited 
dependent variable regression method frequently 
used in the second stage of DEA analyses (Hans-
son and Ohlmer 2008; Allendorf and Wettemann 
2015). DEA estimates the TE scores in the interval 
(0, 1). However, zero values are usually not found. 
According to Ramalho and Ramalho (2011), the 
two-limit Tobit model should only be applied when 
there are observations in both limits. The FRM 
allows the accumulation of non-trivial probability 
mass at one end of the distribution, which is often 
the case in DEA. In addition, the FRM is more 
effective in analysing one- and two-part models, 
which is useful if the probability of observing a 
DEA score of unity is relatively large, or if the 
sources of farm efficiency differ from those of 
farm inefficiency. The first stage of the FRM uses 
a binary choice model, where the binary indicator 
has values of 0 for inefficient farms and of 1 for 
efficient farms. The second stage of the model is 
the fractional section that is estimated using only 
the sub-sample of inefficient farms (TE score < 1). 
DEA in combination with the FRM has not been 
used widely in recent agricultural studies, but 
taking into account its advantages, the FRM was 
considered more suitable than the widely used 
regressions Tobit and OLS.

Our hypothesis is that the average total RBV of 
the herd and better milk quality have a positive 
effect on the TE of dairy farms. Therefore, in or-
der to improve TE, dairy farm managers should 
pay more attention to improving these indicators.

MATERIAL AND METHODS

The study focuses on integrating information 
about the genetic level of dairy herds, milk quality, 
and farm accounts in farm TE analysis. Annual 
farm level data from 2012 collected by the Estonian 
Farm Accountancy Data Network (FADN) (www.
maainfo.ee) were used to calculate the TE scores of 
Estonian dairy farms. The FADN dataset provides 
information on production outputs, labour and 
capital inputs, variable and fixed costs, agricultural 
area, number of cows, and other relevant farm 
income and cost figures. The farm level RBV, milk 

production and quality data, and herd replace-
ment statistics, were available for all Estonian 
dairy farms that participated in milk recording 
(Estonian Livestock Performance Recording Ltd. 
2018; see also www.jkkeskus.ee). After integrating 
the FADN and milk recording datasets, data from 
106 dairy farms was used in the analysis. The total 
number of cows in these farms was 20 797, from 
which 15 561 (74.8%) were of EHF breed.

To evaluate the TE of farms, the output-oriented 
variable returns to scale (VRS) model was used. A 
set of n farms was considered in order to express 
mathematically the VRS model (1). Each farm 
used m inputs to produce s outputs. Specifically, 
farm j used xij input i and produced yrj output r. 
The TE measure, according to the VRS model, 
can be formulated as:

θ* = max θ   (1)

subject to

λj ≥ 0, j = 1, 2, …, n

where:
θ = scalar
x, y = input and output quantities
λ = vector describing the contribution of the bench-

mark farms to the virtual farm on the frontier

Using the variables λ and θ, the model is solved 
once for each farm by looking for the largest ra-
dial contraction of the input vector xi within the 
technology set. The obtained value of θ* is the 
efficiency score for the nth farm, with a value of 1, 
indicating a point on the frontier and hence a 
technically efficient farm (Coelli et al. 2005; Zhu 
2009). The DEAP Version 2.1 software was used 
to evaluate the efficiency scores.

The most commonly used inputs in the TE analy-
ses of dairy farms are the number of cows, area 
of agricultural land, labour, feed, and capital (e.g. 
Davidova and Latruffe 2007; Rasmussen 2010). In 
specialised dairy farms, there is a strong correla-

∑
n  

xijλj ≤ xi0 , i = 1, 2, ..., m
j = 1

∑
n  

yijλj ≥ θ yr0 , r = 1, 2, ..., s
j = 1

∑
n  

λj = 1
j = 1
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tion between the number of dairy cows and milk 
output (R2 = 0.984 in our sample); also, there is a 
strong correlation between the number of dairy 
cows and total sales revenue (R2 = 0.970 in our 
sample). Milk revenue is the main source of income 
for specialised dairy farms. Due to the strong cor-
relation between the number of cows and milk 
(total sales) revenue, the number of dairy cows 
was not included in the DEA analysis. 

There is one aggregated output in the model, 
which is the total sales revenue of milk and dairy 
products, live animals, other agricultural produc-
tion and services provided for other farmers (y1). 
The model has five variables as inputs. Land (x1) 
is measured as the farm’s total utilised agricul-
tural area in ha. Labour (x2), measured in annual 
working hours, includes both paid and unpaid 
labour that has contributed to the work on the 
farm during the accounting year. Feed costs (x3) 
include purchased feed (mostly concentrates). 
Total intermediate consumption (x4) includes 
total specific costs and overheads (machinery and 
buildings, current costs, energy, contract work, and 
other direct inputs). Capital costs (x5) include the 

depreciation of machinery and buildings. Table 1 
provides the descriptive statistics on the outputs 
and inputs used in the DEA analysis. 

The marked range of different variable values 
(e.g. minimum and maximum values for land size 
differ 64 times) can be explained by the dualistic 
farm structure in Estonia. 

While farm accounts data are often used to de-
termine the TE scores, in some studies, the contex-
tual and environmental variables are gathered via 
additional surveys (e.g. Allendorf and Wettemann 
2015). The following herd characteristics have 
previously been used in the studies of TE of dairy 
farms: age at first calving (Hansson and Ohlmer 
2008; Allendorf and Wettemann 2015), calving 
interval (Hansson and Ohlmer 2008; Allendorf 
and Wettemann 2015), and length of dry period 
(Hansson and Ohlmer 2008). 

In the second-stage analysis, the factors that 
affect the TE scores are divided into two groups: 
(i) herd related factors (difference in total RBV, 
cow’s productive period, lifetime daily milk pro-
duction per cow, number of dairy cows, farm man-
ager’s age, purchased feed); (ii) milk quality related 

Table 1. Descriptive statistics of the variables for Data Envelopment Analysis and the second-stage analysis

Unit Min Max Mean SD Median
Output and inputs in Data Envelopment Analysis
Total sales revenue (y1) Euro 20 587 3 237 984 569 663 723 503 189 818
Land (x1) ha 37 2 365 589 639 265
Labour (x2) h 2 150 141 500 26 985 32 436 9 163
Purchased feed costs (x3) Euro 1 399 404 349 89 297 100 129 39 993
Total intermediate consumption 
(excluding purchased feed) (x4) Euro 22 135 2 399 563 452 332 552 723 180 681

Costs of the capital (x5) Euro 1 246 926 248 119 522 172 147 39 422
Variables in the second-stage fractional regression model analysis
Technical efficiency score of variable 
returns to scale model (TE_VRS) score 0.464 1.000 0.863 0.143 0.910

Total relative breeding value (RBV_total) points –19.900 6.200 –1.983 3.758 –1.300
Productive period of dairy cows (Prod_per) months 17.901 85.998 44.529 13.552 41.672
Milk production per cow’s lifetime (Milk_day) kg/day 4.874 15.653 11.057 2.178 11.100
Somatic cell count (SCC) 103/ml 121.000 918.000 341.415 130.134 319.000
Milk fat content (Milk_fat) % 3.320 5.330 4.119 0.257 4.120
Milk protein content (Milk_protein) % 3.080 3.510 3.341 0.087 3.340
Dairy cows n (Cow) n 8.000 912.000 196.198 225.790 80.500
Purchased feed (concentrates) 
cost per kg milk (Purch_feed) Euro/kg 0.008 0.158 0.065 0.036 0.065

Age of farm manager (Age) years 20.000 79.000 51.311 11.952 52.000

SD = standard deviation
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factors (SCC, milk fat and protein content). The 
descriptive statistics of the explanatory variables 
are given in Table 1. Based on the strongest cor-
relation with the TE score (R2 = 0.430), the total 
RBV was selected as the indicator of the herd’s 
genetic potential in the second-stage analysis. 
This selection was somewhat expected, since total 
RBV is composed of the breeding values of milk 
production (50%), udder health (25%), and con-
formation (25%) (Uba 2006). 

There are two major dairy breeds in Estonia: 
EHF and ER. The RBV scores of these breeds are 
not directly comparable. Therefore, the herd level 
average RBV difference (dRBV) from the RBV 
national average was determined for each breed 
as follows:

                                                            (2)

where:
i = farm
j = breed

The herd level average RBV difference from the 
national average is the weighted average RBV dif-
ference of both breeds:

                          (3)

where:
cowsj = number of cows from the respective breed.

It is assumed that a higher total RBV reflects 
the better ability of dairy cows to convert feed 
into milk and the better milk hygiene; therefore, it 
should positively affect the farm TE. It is expected 
that longer productive periods of dairy cows and 
higher lifetime daily yields per cow have a posi-
tive effect on the TE of farms through lower herd 
replacement costs. It is assumed that better milk 
quality (lower somatic cell counts) and higher 
fat and protein contents in milk enable farms to 
market a higher proportion of the milk produced 
and receive a higher price for their milk, which in 
turn produces a positive effect on the farm TE. It is 
also presumed that larger farms are more efficient 
than smaller farms, and the same applies to farms 
with lower costs of purchased feed concentrates 
per 1 kg of milk. Furthermore, it was assumed that 
farms with younger managers are more efficient. 

Upon comparing the specification tests of the 
different models, it was decided to base the analysis 

on the cloglog model, which was not rejected by 
any of the specification tests (of one- and two-part 
models) and had the highest R2 value. In the first 
part of the two-part model, observations (farms) 
were divided into two groups based on their ef-
ficiency score: efficient (TE = 1) and inefficient 
(TE < 1) (i.e. it is a binary dependent variable 
model). The second stage of the two-stage model 
assesses how the explanatory variables affect inef-
ficient farms (TE < 1). The ‘frm’ package of the 
R programme was used to estimate the parameters 
in the second-stage analysis.

RESULTS 

The VRS value equal to 1 (100%) means that the 
farm is technically efficient and it is producing the 
maximum outputs per given inputs. According to 
VRS model, 33% of the dairy farms were techni-
cally efficient (Table 2). The average VRS score of 
dairy farms was 0.863. The most critical group of 
dairy farms (VRS < 0.59) contained 6 farms (5.7%). 

From Table 2 it appears that the sales revenues per 
cow, average milk yield per cow, and total number 
of dairy cows were larger in those farms with a 
higher TE. In addition, more efficient farms used 
less agricultural land and labour per cow. Purchased 
feed (concentrates) costs and total intermediate 
consumption per dairy cow were higher in the least 
efficient and most efficient farm groups. 

The results of the one-part FRM model (Ta-
ble 3) showed that the estimated coefficient of the 
herd’s average total RBV was positive but statisti-
cally insignificant. Farms with a longer productive 
lifetime of dairy cows showed lower TE (P < 0.1). 
In addition, milk production per day of a cow’s 
lifetime had a positive and statistically significant 
effect on the farm TE (P < 0.05). 

Of the factors that characterise the quality of 
milk, the somatic cell count (SCC) in milk had a 
statistically significant (P < 0.01) negative corre-
lation on the farm TE – the higher the SCC (the 
poorer the milk hygiene), the lower the farm’s TE. 
Milk fat content (%) had a significant (P < 0.1) 
positive effect on the farm TE. While the regres-
sion coefficient of milk protein content was also 
positive, its correlation with the farm TE was not 
statistically significant.

The size of the farm was a statistically significant 
(P < 0.1) factor that positively affected the TE, 

dRBVi,j = RBVi,j − RBVj

dRBVi = ∑j dRBVi,j × cowsi,j

                                  
cowsi
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i.e. if the farm grows in size, so does its TE. The 
cost of purchased feed (concentrates) per kg of 
produced milk had a significant (P < 0.05) nega-
tive effect on the farm TE. This implies that farms 
that produce most of their feedstuffs themselves 
are more efficient. The estimated coefficient of 
farm manager’s age was negative, but this estimate 
was statistically insignificant in the given model. 

The estimates of the two-part model (Table 4) in-
dicate that the total RBV had a significant (P < 0.05) 
positive effect in determining the technically ef-
ficient (TE = 1) farms, but it did not have a sta-
tistically significant effect on the TE in the group 
of technically inefficient (TE < 1) farms (second 
part of the model). However, the average partial 

effects of total RBV were positive and statistically 
significant (P < 0.05), implying that an increase in 
the total RBV by one point increases the TE score 
by 0.0284 points on average. While the produc-
tive period had a significant negative effect on 
the farm TE in the one-part model, its effect on 
the TE was insignificant in the two-part model. 
Average milk production per day of a cow’s lifetime 
did not have a significant effect in determining 
technically efficient farms in the first part of the 
two-part model. However, in the second part, it 
had a significant (P < 0.05) positive effect on the 
farm TE among inefficient farms. 

Of the milk quality and composition indicators, 
SCC had a statistically significant (P < 0.001) nega-

Table 2. Distribution of technical efficiency (TE) scores in the variable returns to scale (VRS) model and descriptive 
statistics of output and inputs per dairy cow 

VRS TE 
score

Farms Average 
cows 

n/farm

Total sales 
revenue (y1) 
(Euro/cow)

Land (x1) 
(ha/cow)

Labour 
(x2) (h/

cow)

Purchased 
feed costs 

(x3)

Total 
inter-mediate 
consumption 

(x4)

Costs of the 
capital (x5)

Average 
annual milk 

yield 
(kg/cow)

n % (Euro/cow)
< 0.59 6 5.7 67 2188 4.7 155.7 595.4 2734 501.0 6171
0.60–0.69 7 6.6 98 1965 3.0 114.7 617.6 1855 417.7 6602
0.70–0.79 21 19.8 160 2364 3.4 161.2 518.6 2139 485.1 6857
0.80–0.89 16 15.1 143 2507 3.0 140.1 510.9 1963 416.1 7141
0.90–0.99 21 19.8 223 3083 2.9 126.1 679.7 2323 530.4 7843
1.00 35 33.0 267 3216 2.8 135.6 632.9 2464 418.9 7658

Table 3. Factors affecting technical efficiency of dairy farms according to the results of the one-part cloglog model

Estimate SD t-Value Pr (> |t|) Average partial effects
Intercept –2.7115 2.0021 –1.35 0.176
Total relative breeding value (RBV_total) 0.0240 0.0150 1.57 0.111 0.0058
Productive period of dairy cows (Prod_per) –0.0066 0.0037 –1.78 0.075† –0.0016
Milk production per cow’s lifetime (Milk_day) 0.0566 0.0240 2.36 0.018* 0.0137
Somatic cell count (SCC) –0.0012 0.0004 –2.78 0.005** –0.0003
Milk fat content (Milk_fat) 0.3309 0.1880 1.76 0.078† 0.0803
Milk protein content (Milk_protein) 0.7363 0.5251 1.40 0.161 0.1788
Dairy cows n (Cows) 0.0005 0.0003 1.78 0.076† 0.0001
Purchased feed (concentrates) cost 
per kg milk (Purch_feed) –3.5025 1.4112 –2.48 0.013* –0.8500

Age –0.0025 0.0037 –0.67 0.504 –0.0006
Observations n 106
R2 0.381

SD = standard deviation, Pr = probability
†P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001
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tive effect on the TE in the first part of the two-
part model. Among technically inefficient farms, 
the SCC did not have significant effects on farm 
TE. Average partial effects revealed that reducing 
SCC in milk by 100 × 103/ml would result in an 
increase in farm TE by 0.14 points (P < 0.001). 
Milk fat content had a statistically weak (P < 0.1) 
positive effect on farm TE among the inefficient 
farms. The effect of milk protein content on the 
TE of dairy farms was statistically significantly 
positive (P < 0.05). However, average partial ef-
fects of both milk composition indicators were 
statistically insignificant.

While the number of dairy cows had a significant 
positive (P < 0.05) effect on the TE in the first 
part of the two-part model, its effect on the TE of 
inefficient farms was insignificant. However, its 
average partial effects were statistically significant 
(P < 0.01). Increasing the number of dairy cows 
by 100 would see the TE improved by 0.04 points. 

Cost of purchased feed per kg of produced milk 
had a statistically significant (P < 0.01) negative ef-
fect on the TE of dairy farms in the first part of the 
two-part model. In the second part of the model, 

it did not have a significant effect. Average partial 
effects reveal that reducing the cost of purchased 
feed per one kg of produced milk by 0.01 Euro 
would bring about a 0.031 points higher TE score 
(P < 0.01). Age of the farm manager did not have any 
significant effects on the TE of dairy farms, neither 
in the first or second part of the two-part model. 

DISCUSSION 

According to the DEA results, the farms with more 
dairy cows are more efficient. The sales revenue 
per cow and milk yield per cow were also higher in 
high efficiency groups. In addition, less agricultural 
land and labour per cow were used in the high ef-
ficiency groups. Therefore, the results of the DEA 
analysis were in accordance with the expectations.

There were some significant results from the one-
part FRM model. The longer productive lifetime of 
dairy cows had a negative effect on the TE, while 
the effect of the lifetime daily milk production 
was positive. This suggests that farmers should 
not simply aim for a longer productive lifetime or 

Table 4. Factors affecting technical efficiency of dairy farms according to the results of the two-part cloglog-cloglog 
model

First part 
(Binary component: cloglog)

Second part 
(Fractional component: cloglog)

Average 
partial 
effectsestimate SD t-value Pr (> |t|) estimate SD t-value Pr (> |t|)

Intercept –3.2500 9.9749 –0.32 0.745 –3.9703 1.8130 –2.19 0.029*
Total relative breeding 
value (RBV_total) 0.1791 0.0779 2.30 0.022* 0.0083 0.0133 0.63 0.532 0.0284**

Productive period of dairy 
cows (Prod_per) –0.0217 0.0220 –0.98 0.326 –0.0038 0.0031 –1.21 0.227 –0.0037

Milk production per cow’s 
lifetime (Milk_day) 0.0593 0.1161 0.51 0.609 0.0531 0.0256 2.07 0.038* 0.0141

Somatic cell count (SCC) –0.0088 0.0025 –3.51 0.000*** –0.0004 0.0004 –0.98 0.328 –0.0014***
Milk fat content (Milk_fat) 1.3012 1.0302 1.26 0.207 0.2900 0.1503 1.93 0.054† 0.2278
Milk protein content 
(Milk_protein) 0.0769 2.5955 0.03 0.976 0.9985 0.4732 2.11 0.035* 0.1039

Dairy cows n (Cows) 0.0023 0.0010 2.41 0.016* 0.0003 0.0003 0.99 0.324 0.0004**
Purchased feed 
(concentrates) cost per 
kg milk (Purch_feed)

–19.2198 7.1995 –2.67 0.008** –1.3428 1.3201 –1.02 0.309 –3.0936**

Age 0.0110 0.0177 0.62 0.536 –0.0052 0.0036 –1.45 0.148 0.0012
Observations n 106 71
R2 0.362 0.322

SD = standard deviation, Pr = probability
†P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001
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larger milk yield when striving for more efficient 
milk production, but they should maximise the aver-
age milk output per day of a cow’s lifetime. Higher 
SCC in milk had a negative effect on the farm TE. 
In the analysis of North Rhine-Westphalian dairy 
farms, Allendorf and Wettemann (2015) reached 
the same conclusion. High SCC in milk causes milk 
to have a lower marketability and a lower price, 
resulting in low milk sales revenue and, in turn, 
a lower TE. High SCC (poor milk hygiene) could 
also indicate the lower managerial competence of 
the farm manager. The SCC in milk produced in 
Estonia has decreased in recent years (Estonian 
Livestock Performance Recording Ltd. 2018). To 
some extent, the decline in SCC can be attributed to 
the widespread introduction of modern technology 
and improved housing conditions. Of the two milk 
composition indicators, only milk fat had a positive 
effect on the Farm TE in the one-part FRM model. 
As explained by Roibas and Alvarez (2010; 2012), 
higher milk fat content enables farms to receive 
higher price for their milk, thereby improving their 
economic performance. 

The size of dairy farms had a statistically signifi-
cant positive impact on efficiency. The relationship 
between the size of the farm and its TE is explained 
by the scale effect. When the farm increases in 
size, so does its potential to use existing resources 
in increasingly optimal ways. Vasiliev et al. (2008, 
2011) and Luik et al. (2009) addressed the differ-
ences between the TE in smaller and larger farms 
in Estonia. Tauer and Mishra (2006) and Lawson 
et al. (2004) also found that the size of the farm 
has a positive effect on efficiency due to increased 
cost-efficiency. The size has an important effect 
on productivity growth. Kimura and Sauer (2015) 
found that the total factor productivity growth was 
higher in larger Estonian dairy farms. This is in line 
with the trends in the structure of dairy farms: the 
number of small farms is decreasing rapidly. 

The cost of purchased feed (concentrates) per 
kg of produced milk has a statistically significant 
negative effect on farm TE in the one-part FRM 
model. This suggests that in the sample farms, 
increase in the cost (and consumption) of feed 
concentrates is not accompanied by the equivalent 
or even higher increase in the output, and farms 
should seek to reduce their purchased feed costs 
in order to improve their TE.

Lawson et al. (2004) and Tauer and Mishra (2006) 
discovered that companies with younger man-
agers are more efficient. Sipilainen et al. (2009) 
pointed out that the increasing age of the farm 

manager increases inefficiency, due to decreased 
investments in both physical and human assets. 
However, in this study, the farm manager’s age had 
statistically insignificant effect on the farm TE.

Based on the two-part FRM model, it is concluded 
that there are differences in the significance of 
factors that determine fully efficient dairy farms 
and the TE in the group of inefficient farms. The 
significant determinants of fully efficient dairy 
farms included total RBV, SCC, and the number 
of cows and purchased feed costs. 

In the group of inefficient dairy farms, the total 
RBV, SCC, number of dairy cows, and cost of pur-
chased feed per kg of produced milk had no statis-
tically significant effect on the farm TE. However, 
the average milk production per day over a cow’s 
lifetime and milk fat and protein contents had a 
significant positive effect on the farm TE. Therefore, 
differentiating between fully efficient farms and 
technically inefficient farms in the two-part FRM 
model showed that there are differences between 
the determinants of TE in the two sub-groups of 
fully efficient and inefficient farms. 

CONCLUSION

The results of this study show that the TE of 
fully efficient dairy farms was positively affected 
by the following factors: a higher total RBV, a 
lower cow’s productive lifetime, a higher lifetime 
daily milk production, better milk hygiene (lower 
SCC). In the group of inefficient farms, those farms 
that achieved higher average milk fat and protein 
contents were technically more efficient. Among 
the characteristics of a farm and its management, 
the number of dairy cows (farm size) and the cost 
of purchased feed per kg of produced milk had a 
significant effect on the farm TE. 

Therefore, the study confirmed the hypothesis 
that the genetic level of dairy herd and milk qual-
ity positively affect the TE of dairy farms. RBV 
embodies important information about the farm 
(productivity potential of the herd) and about the 
farm manager (knowledge and skills in selecting the 
breeding material). Future studies could consider 
the significance of this latter aspect. 
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Abstract. Milk production is a complex process whose efficiency depends directly on the input-
output ratio and indirectly on the decisions made at farm and animal level. Decisions made about 
farm hygiene, dairy cows’ milk yield, cows’ age at first calving etc. affect farms’ efficiency. The 
aim of this study is to provide an understanding of the factors that affect dairy farms’ technical 
efficiency. A two-stage approach was used in this study, consisting of a data envelopment 
analysis (DEA) in the first stage, and classification and regression tree (CART) in the second 
stage. DEA determined technical efficiency scores (TE), and CART enabled to detect the main 
factors that influenced efficiency in dairy farms. The analysis studied at the Estonian national 
level FADN dataset and Estonian Livestock Performance Recording data. 147 Estonian dairy 
farms were included in this analysis, all of which are specialized in dairy production. DEA results 
demonstrated that more than half of the farms (55%) were operating efficiently or rather 
efficiently (TE ≥ 0.900). CART results revealed that the main variables determining efficiency 
are milk yield per cow's lifetime (kg day-1), feed costs (€ kg milk-1), and somatic cell count 
(SCC; 103 ml-1). Milk yield per cow's lifetime is a complicated factor as it is influenced by a lot 
of components (e.g. milk yield, number of lactations, age at first calving, and calving interval), 
but if it is known at farm level, it is also a useful variable for predicting efficiency. Feed costs per 
milk kg is an economic variable, i.e. lower costs are related with higher efficiency. Better hygiene 
(lower SCC) is also related with higher efficiency. The analysis showed that integrating farm 
accounts data, herd-level genetic information, and milk quality attributes enables to use more 
specific factors to explain the variation of TE between dairy farms.

Key words: data envelopment analysis, classification and regression tree, dairy farms’ efficiency.

INTRODUCTION

Dairy milk production is one of the most important sectors in the agricultural 
economy of the Baltic region, and this is also the case in Estonia. In recent years, milk 
production accounted for approximately 1/3 of the value of agricultural output (Estonian 
Statistics, 2018). Consequently, it is obvious to investigate the efficiency of Estonian 
dairy farms.

Since 2004, Estonia is a member of the European Union. The enlargement of the 
EU has brought a lot of changes for all Eastern European countries at political, economic, 
and technical levels. All these changes have affected agricultural production, and 
therefore also milk production. Dairy milk production has undergone a considerable 
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modernization within a very short period: cowsheds have been renovated or new ones 
built, new milking technologies have been brought into use, new full-ratio feed mixtures 
are used, production intensity and the size of farms have increased, etc. New 
technologies set requirements for a better management, and we can conclude that today’s 
dairy farm managers are more aware of processes (milk production, feed production), 
and process management than ever before. All the above-mentioned changes have an 
impact on dairy farms’ productivity and efficiency.

The following changes in dairy production volume and quality have occurred 
within ten years after the accession of Estonia into the EU (2004–2014): milk yield per 
cow has increased from 5.6 to 8.4 tonnes (+ 50%); milk production has increased from 
652 to 805 thousand tonnes (+ 23%); the number of dairy cows has decreased from 115.6 
to 95.6 thousand (- 18%); the number of dairy farmers (milk quota owners) has decreased 
from 2467 to 709 (- 71.3%); the average somatic cell count has decreased from 385 to 
327 thousand ml-1; the share of Estonian Holstein (EHF) cows has increased by 6% pp 
from 73% to 79%; culling rate has increased from 27% to 31%; the average number of 
lactations per dairy cow’s lifetime has decreased from 3.1 to 2.5; the average age at first 
calving has decreased from 28.9 to 26.9 months; the average breeding value for milk has 
increased from 74 to 102 (Estonian Statistics; Estonian Livestock Performance 
Recording Ltd. 2018). Some of the changes are caused by political decisions, e.g. the 
decrease in the number of cows and dairy farmers is the result of favouring production 
in larger dairy farms. The increased milk yield is the result of better housing conditions 
and improved feeding, including an increase in the proportion of maize silage in the feed 
ration by rationalizing maize cultivation (Põldaru & Roots, 2014). The decreased SCC 
is an indicator of better hygiene and better keeping. The higher share of EHF is a minor 
contributor to an increased average milk yield. Higher milk yield, on the other hand, has 
resulted in fewer lactations and an increased culling rate. Despite these negative 
consequences, farmers are still interested in a higher milk yield. This is due to economic 
reasons, seeing as higher production results in a higher revenue.

It has not been studied whether such managerial decisions increase or decrease 
farms’ efficiency. Knowing the contributing factors of efficiency helps to improve 
farms’ technical efficiency. The managers of dairy farms should pay attention to the 
main factors that influence efficiency. If these factors are considered, the efficiency of 
the whole sector can be improved.

To calculate the efficiency and to determine the factors that predict it, we decided 
to use a two-step approach – the nonparametric DEA model in the first stage to calculate 
the efficiency scores, and CART in the second stage to determine the variables for 
predicting efficiency. There are only a few studies that have combined DEA with CART 
to analyse efficiency and predictors (Emrouznejad & Anouze, 2010; Keizer & 
Emvalomatis, 2014). Rahimi & Behmanesh (2012) used DEA and regression trees to 
analyse poultry meat industries in Iran. Usually, the regression tree approach is used to 
predict the occurrence of an event based on some crucial factors. Piwczynski et al. (2013) 
used classification trees to analyse the effect of indicators affecting calving ease and 
stillbirths. Topal et al. (2010) analysed the factors that affect cattle birth weight using 
the regression tree approach. Scollo et al. (2017) and Grümpel et al. (2018) used 
regression trees to predict tail biting risk in pig farms. These previous researches are 
targeted at specific problem solving in agriculture.
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The aim of this research is to evaluate efficiency and to determine the factors related 
to technical efficiency. It can be assumed that changes in Estonian dairy production 
affect efficiency either positively (e.g. increased milk yield) or negatively (e.g. decreased 
number of lactations). It is important to identify the impact of these factors.

Improving the efficiency and competitiveness of dairy farms and Estonian 
agriculture should be a priority in Estonian agricultural policy.

MATERIALS AND METHODS

Data
This study used the Estonian National level FADN dataset and data from Estonian 

Livestock Performance Recording. There were 179 farms specialized in milk production 
in FADN and the number of herds under milk recording was 833 in 2012. After 
integrating datasets and removing outliers, 147 farms remained for the analysis.

Data from FADN was used in the DEA analysis to calculate efficiency scores. Two 
output and six input variables were used. The output variables in the DEA analysis were: 
sales revenue of milk and dairy products; sales revenue of animals and other agricultural 
products. The input variables were: the number of dairy cows; the size of land; labour 
hours; feed costs; other production costs; costs of the capital. The selected output and 
input variables are also common in other studies dealing with dairy farms’ efficiency 
(Davidova & Latruffe, 2007; Rasmussen, 2010; Latruffe et al., 2012; Keizer & 
Emvalomatis, 2014).

The descriptive statistics of the DEA model variables show that there is a large gap 
between the minimum and maximum values (Table 1). On the one hand, this gap is 
related to the farm size. Estonian dairy production is described by dualistic production, 
in that there are a lot of small farms producing a smaller part of the total milk production. 
It is clear that the main dairy milk production comes from the large farms. There are 
relatively few average-sized farms. This is due to political reasons. After the EU 
accession, subsidies favoured investing into large cowsheds rather than small or average 
ones.

Table 1. Descriptive statistics of DEA model outputs and inputs
Outputs and inputs Unit Min Max Mean St. Dev. Median
Sales revenue of milk and 
dairy products (y1)

thousand euros 4.2 4,051.6 470.0 693.9 157.9

Sales revenue of animals 
and other agricultural 
products (y2) 

thousand euros 1.7 6,377.6 226.5 581.5 53.4

Dairy cows (x1) number 6 1,643 210 284 87
Agricultural area (x2) ha 27 5,729 693 893 269
Labour (x3) hours 2,000 254,376 29,611 38,759 10,800
Feed costs (x4) thousand euros 4.9 3,027.5 314.3 455.1 93.4
Other production costs (x5) thousand euros 4.9 5,327.3 305.7 559.1 9.5
Costs of the capital  (x6) thousand euros 4.5 2,217.6 208.2 307.7 78.2



104

596

Data from Estonian Livestock Performance Recording and FADN is used to 
analyse the predictors for the efficiency score. There is one target value and thirteen 
predicting variables in CART. The target value is the efficiency score from the DEA 
analysis from the first stage. The following variables are chosen as predictors:  milk yield 
per cow's lifetime; milk yield per cow per year; milk solids; relative breeding value for 
milk (dRBV milk); share of own feed; feed costs per milk kg; age at first calving; somatic 
cell count; culling rate; productive period; number of cows; share of EHF; age of 
manager.

The descriptive statistics of CART predictors show differences in farm production 
(milk yield and variables connected with it); farm hygiene (SCC); managerial decisions 
(share of own feed, age at first calving, number of cows, share of EHF) (Table 2). All 
these variables predict farms’ technical efficiency. Most of the variables are changeable 
and depend on the farmer’s decision, and therefore it is essential to determine the 
important ones.

Table 2. Descriptive statistics of CART target value and predictors
Variables in CART Unit Min Max Mean St. Dev. Median
Efficiency score 0.549 1 0.879 0.118 0.918
Milk yield per cow's 
lifetime

kg day-1 4.9 15.7 11 2.2 11

Milk yield kg cow year-1 4,225 9,953 7,323 1,431.5 7,275
Milk solids kg cow year-1 314.3 753.4 545.8 101.1 550.7
Drbv milk points -18.7 7.6 -2.2 4.7 -1.7
Share of own feed % 18.4 100 67.2 18.7 69.6
Feed costs per milk kg € kg-1 0.1 0.4 0.2 0.1 0.2
Age at first calving day 698 1,305 879.2 115.5 849
Somatic cell count 103 ml-1 97 918 348.2 148.3 313
Culling rate % 3.8 59.5 27 10.8 26.3
Productive period months 10.2 86 44.2 14.2 41.3
Cows number 6.7 1,638.1 209.8 283.7 83.6
Share of EHF % 0 100 72.9 35.6 93
Age of manager years 20 79 51.6 11.7 52

Farm size varied a lot in this analysis: 78 farms had fewer than 100 dairy cows; 35 
farms had 100–300 dairy cows, and 34 farms had more than 300 dairy cows. Production 
technology naturally differs in smaller and larger farms. The number of cows in the barn 
determines the technology used. Luik & Viira (2016) analysed Estonian dairy farms and 
pointed out that the main factor in the choice of technology is the farm size (number of 
cows). New cowsheds are modern and allow producing high quality milk. The high 
variability of min and max values of SCC might be the result of the technology used. 
Smaller producers still use the bucket and pipeline milking technology which may cause 
hygiene problems. The variables representing milk yield values also differ severalfold. 
The min and max values for milk yield per cow’s lifetime differs three times, with the 
max value showing the potential to strive for.

Culling rate is in correlation with the productive period. A lower productive period 
indicates a higher culling rate. Grandl et al. (2019) concluded that increasing the 
productive period is a potential way to improve profitability. Additionally, they found 
that a longer productive period helps to reduce the climate impact, which is related to 
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the topic of decreasing greenhouse gas (GHG) emissions. Ariva et al. (2015) analysed 
Estonian GHG emissions in milk production and found that if milk yield per dairy cow 
increases, GHG emissions per kg of milk decrease. Analysing the efficiency and taking 
into account negative outcomes is also a very important subject and future field of study 
in Estonia.

Methods
The input-oriented variable returns to scale model (VRS) are used in the DEA to 

calculate technical efficiency. The analysed dairy farms are referred to as decision 
making units (DMUs). Homogeneous production inputs (e.g. the number of dairy cows) 
and outputs (e.g. milk production) are data in the DEA model. The DEA evaluates the 
input-output ratio for every DMU and compares it with other DMUs on a relative scale. 
The DEA constructs a best practice frontier by measuring the data of different DMUs 
and comparing the best DMUs to others. Companies that are on the best practice frontier 
are defined as technically efficient, whereas those deviating from the frontier are defined 
as technically inefficient.

Efficiency scores were calculated for each DMU (Formula 1). We used the VRS 
input-oriented model where inputs are minimised and outputs are kept at their current 
levels:
�∗ � min � 
subject to

� ����� ≤ ���0

�

�=1

   � � 1, 2, … , �;

� ����� ≥ ��0          � � 1, 2, … , �;
�

�=1
(1)

� �� � 1  
�

�=1
�� ≥ 0        � � 1, 2, … , �.

where DMUo represents one of the n DMUs under evaluation, and xio and yro are the ith 
input and rth output for DMUo, respectively. If θ* = 1, the current input levels cannot 
be reduced (proportionally), indicating that DMUo is on the frontier. Otherwise, if 
θ* < 1, DMUo is dominated by the frontier (Zhu, 2009).

In the second stage we used the decision tree methodology for predicting target 
variables, based on the classification and regression trees (CART) algorithm by Breiman 
et al. (1984) and using a tree-like graph. CART is a nonparametric technique in which 
you can choose from a wide range of variables that interact and find out which are most 
important in determining the outcome or target variable to be explained (Yohanne & 
Hoddinott, 1999).

The CART decision tree is a binary recursive partitioning procedure including 
continuous and categorical (nominal) variables as targets and predictors (Steinberg, 
2009). Classification trees are used if the target variable is categorical, whereas if the 
target variable is continuous or ordinal, regression trees are appropriate (Loh, 2011). 



106

598

Regression tree models produce a numeric set of outcomes calculated mathematically 
by examining the relationships between target and predictor variables to determine their 
mathematical relationship (Kuhn et al., 2013). A key advantage of the recursive binary 
tree is its interpretability (Hastie et al., 2017).

The tree building process begins by partitioning a sample (all observations), called 
root node, into two subnodes or child nodes by certain rules, unless it is a terminal node 
(Yohanne & Hoddinott, 1999; Lemon et al., 2003; Hastie et al., 2017; Yang et al., 2017). 
Terminal nodes are nodes that cannot split further (Lemon et al., 2003). The splitting 
process is applied recursively on the data in each child node (Loh, 2011). Recursive 
splitting is used to grow the tree from the root node until a split node cannot yield 
sufficient reduction in deviation (Yang et al., 2017). For constructing a regression tree, 
CART uses the sum of squared residuals as impurity function (Loh, 2008; Hastie et al., 
2017). A regression tree model gives the predicted values of target variables (efficiency) 
in each node (Loh, 2008).

The purpose of the CART analysis is to work out rules which break up the impure 
heterogeneous root node into binary nodes or groups which are more homogeneous than 
the root node (Yohanne & Hoddinott, 1999; Hastie et al., 2017).

CART algorithm is used to determine the effect of different variables on farm 
efficiency.

RESULTS AND DISCUSSION

The DEA benchmarking analysis revealed that 43 farms (29%) are operating in the 
best way. Their technical efficiency score is equal to 1.000 (TE = 1.000). Those farms 
have the optimal input-output usage and they act as a reference group to others.

Overall, 81 farms (55%) are operating mostly efficiently or efficiently 
(TE ≥ 0.900), 27 farms (18%) are operating with a lower efficiency (TE 0.810–0.890), 
and 39 farms (27%) have the lowest efficiency (TE ≤ 0.800).

We can interpret the DEA results as follows: the farms with a technical efficiency 
equal to 0.900 use 10% more inputs than needed. Those farms could reduce their input 
by 10% and still produce the same level of output, indicates a comparison with the 
reference farms. We refer to the group of farms, whose technical efficiency is higher 
than 0.900, as the efficient group. The next group of farmers (TE 0.810–0.890) could 
reduce input by 10–20% and produce the same level of output. This group’s efficiency 
level is average. The farms whose efficiency score was lower than 0.800 could reduce 
input by more than 20%. This group of farmers is inefficient.

The analysis of efficiency groups showed that there are some remarkable 
differences between efficient and inefficient farms (Table 3). A higher revenue of milk 
and other products per dairy cow characterise efficient farms. The group of efficient 
farms uses less labour and agricultural area per dairy cow. A smaller agricultural area 
per dairy cow refers to intensive production, and the share of grassland out of the total 
agricultural land is lower in efficient farms. Cabrera et al. (2010) and Keizer & 
Emvalomatis (2014) found positive relationships between intensive dairy farming and 
efficiency.
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Table 3. The average values of DEA model outputs and inputs and CART variables in three 
different efficiency groups

DEA model variables per dairy cow Unit TE ≥ 0.900 TE 0.810–
0.890 TE ≤ 0.800

Sales revenue of milk and dairy 
products

€ cow-1 2,136 1,792 1,609

Sales revenue of animals and other 
agricultural products

€ cow-1 991 843 589

Land ha cow-1 3.5 4.1 4.5
Labour hours cow-1 159 154 171
Feed costs € cow-1 1,351 1,208 1,317
Other production costs € cow-1 1,292 1,278 1,147
Costs of the capital € cow-1 1,035 924 868
Variables in CART
Milk yield per cow's lifetime kg day-1 11.7 11.0 9.6
Milk production kg cow year-1 7,877 6,997 6,398
Milk solids kg cow year-1 584 525 481
Drbv milk points -1.4 -2.5 -3.8
Share of own feed % 62 73 73
Feed costs € kg-1 0.171 0.174 0.207
Age at first calving day 857 880 927
Somatic cell count 103 ml-1 312 366 411
Culling rate % 27 28 26
Productive period months 42.4 46.1 46.5
Dairy cows number 235 153 196
Share of EHF % 79 68 62
Age of manager years 49.5 54.5 53.9
Other relevant variables
Milk price € kg-1 0.291 0.288 0.285
Share of milk marketed % 94 92 91
Share of grassland % 68 71 72
Farms number 81 27 39

Higher feed, capital and other production costs per dairy cow apparently lead to 
higher milk production in efficient farms. Despite higher feed costs per dairy cow, 
efficient farms have the lowest feed cost per kg of milk. Larger farms (e.g. by the number 
of dairy cows and the size of land) tend to be more efficient, and therefore, lower unit 
costs come from the scale effect. Tauer & Mishra (2006) also found that farm size has a 
positive effect on efficiency, and that larger farms are more cost-efficient. The higher 
capital cost per dairy cow also refers to higher investments in modern technology which 
give larger farms the advantage to earn a higher sales revenue and produce higher quality 
milk (higher milk price, lower SCC). Lawson et al. (2004a) found that higher efficiency 
is associated with a lower frequency of milk fever (lower SCC). On the one hand, milk 
fever treatment is the largest source of treatment costs. On the other hand, milk fever is 
also the biggest source of milk losses (Hadrich et al., 2018). Milk fever treatment costs 
increase the total costs, and milk losses in turn decrease the milk revenue. Therefore, it
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is crucial to keep the SCC as low as possible and to avoid mastitis, especially chronic 
mastitis. Furthermore, Archer et al. (2013) found that higher SCC in the first lactation is 
related to lower lifetime milk yield. This means that preventive activities are essential 
since they help to reduce SCC and avoid milk losses, helping to increase lifetime milk 
yield in the long-term.

Studies have shown that younger farmers are more efficient (Lawson et al., 2004b), 
which is also the case in our study. Younger managers are more willing to take risks and 
invest in capital, and therefore, their farms are more efficient. 

Milk yield breeding value is an economic trait that has always been important for 
farmers. Efficient farms have a higher relative breeding value for milk (dRBV). Luik-
Lindsaar et al. (2018) analysed the total effect that relative breeding value had on dairy 
farms’ efficiency and concluded that higher values have a positive effect on efficiency.

Efficient farms have the lowest age at first calving (857 days, i.e. approximately 
28.6 months), which is far from the optimal 22–26 months (Froidmont et al., 2013). The 
average age at first calving in inefficient farms is considerably higher, namely 927 days 
(approximately 30.9 months). Therefore, all dairy farmers could potentially improve 
their farms’ efficiency by decreasing the age at first calving to 22–26 months.

Intensive production has resulted in some negative results in efficient farms. They 
have high culling rates (27%), and the productive period (42.4 months) is lowest in 
efficient farms. These negative results suggest a negative effect on efficiency, but higher 
production compensates that, and according to our results, the efficient farms remain 
efficient despite these problems. Culling rate should be lower in order to reach a higher 
level of efficiency, but it still remains in the optimal 25–27% range (De Vries, 2017).
An analysis of the studied farms’ average efficiency scores across counties reveals that 
the most efficient dairy farms are located in Central Estonia and around it (Fig. 1).
Efficiency is higher in the dark grey areas and lower in the light grey areas. There are 
several reasons for that. Firstly, these are the areas with the best soil conditions (higher 
bonitation index), which enables to grow high-quality feed and therefore produce more 
milk. Secondly, there are historical reasons that go back to the period of Soviet Union 
during which large collective farms were located in those areas (Viira et al., 2009; Viira 
et al., 2013). After the collapse of the Soviet Union, when Estonia regained its 
independence, agriculture went through a number of changes. The 1990s were 
characterized by rapid and profound economic and legal reforms, including the 
privatization of agriculture and rural entrepreneurship. These resulted in considerable 
regional, economic and social disparities in Estonia, which have persisted for the 
following 30 years (Põder et al., 2017). Privatization provided an opportunity to take 
over the capital of collective farms and start developing it further. Despite the low 
producer prices of milk at the beginning of 1990 (Viira et al., 2015), some managers 
were able to keep companies running. Seeing as the development of animal husbandry 
companies is a long-time process, consistent development has ensured the success of 
privatized farms.
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Figure 1. Dairy farms’ average technical efficiency by county.

The more in-depth analysis is based on CART, using a regression tree. The target 
value is the efficiency score, and the chosen thirteen variables predict efficiency.

The result of the CART is a regression tree with several nodes and terminal nodes. 
This regression tree has ten terminal nodes (red nodes in Fig. 2). Eight predictors out of 
thirteen are presented in the tree. The information about the relative importance of 
variables indicates that the most important factor is milk yield per cow’s lifetime (Fig. 3).
Taking into account only these variables presented in the regression tree, the relative 
importance for milk yield per cow’s lifetime is 100%. The next important variables are 
feed costs per kg milk (34%), somatic cell count (29%), and productive period (23%).

Each terminal node has information about the average efficiency in the group and 
the number of farms in the group. Each farmer belongs to some terminal node. According 
to the previous efficiency grouping, we can say that there are four terminal nodes with a 
high efficiency, two terminal nodes with an average efficiency, and four terminal nodes 
indicating inefficient farmers.

We can interpret every single node; all terminal nodes have their own rules. The 
root node shows that the most important variable for predicting technical efficiency is 
milk yield per cow's lifetime. The second most important variable is feed costs per kg of 
milk. In other words, if the farm’s milk yield per cow's lifetime is lower than or equal to 
11.47 (LIFETMILK < = 11.47) and feed costs per kg of milk are lower than or equal 
to 0.12 (FEED€KG <= 0.12), the farm is predicted to be highly efficient. There are 7 
farms that meet these conditions, and their average efficiency is 0.990 (Terminal 
Node 1). The rules below are given according to the efficiency groups.

0.747

0.813

0.909

0.912 0.910

0.906

0.947

0.928

0.888

0.884

0.877

0.737

0.888
0.881 0.733



110



111

603

Figure 3. Relative importance (scale from 0 to 100%) of predictor variables in the Regression 
Tree Analysis.

Rules for high efficiency farms (TE ≥ 0.900):
 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 

per kg milk is higher than 0.12 € kg-1, and the number of cows is lower than or 
equal to 8.8 (TE = 1.000; 3 cases). (Terminal Node 2)

 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, and feed 
costs per kg milk is lower than or equal to 0.12 € kg-1 (TE = 0.990; 7 cases). 
(Terminal Node 1)

 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 
per kg milk is higher than 0.12 € kg-1, the productive period is lower than or equal 
to 46.33 months, and somatic cell count is lower than 308.50 (TE = 0.914; 
19 cases). (Terminal Node 3)

 Milk yield per cow's lifetime, kg day-1 is higher than 11.47 kg, and milk yield per 
cow per year is higher than 6,912.50 kg (TE = 0.957; 58 cases). (Terminal Node 10)

Rules for average efficiency farms (TE 0.800–0.900):
 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 

per kg milk is higher than 0.12 € kg-1, the number of cows is higher than 8.8, the 
productive period is lower than or equal to 46.33 months, somatic cell count is 
higher than 308.50, and the dRBV is lower than or equal to - 1.96 (TE = 0.840; 
16 cases). (Terminal Node 4)

 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 
per kg milk is higher than 0.12 € kg-1, the number of cows is higher than 8.8, the 
productive period is higher than 46.33 months, the age at first calving is lower than 
or equal to 903.50 days, and milk yield per cow's lifetime, kg day-1 is higher than 
9.75 and lower or equal to 11.47 (TE = 0.850; 11 cases). (Terminal Node 7)
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Rules for inefficient farms (TE ≤ 0.800):
 Milk yield per cow's lifetime, kg day-1 is higher than 11.47 kg, and milk yield per 

cow per year is lower than or equal to 6,912.50 kg (TE = 0.767; 3 cases). 
(Terminal Node 9)

 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 
per kg milk is higher than 0.12 € kg-1, the number of cows is higher than 8.8, the 
productive period is lower than or equal to 46.33 months, somatic cell count is 
higher than 308.50, and the dRBV is higher than - 1.96 (TE = 0.737; 13 cases). 
(Terminal Node 5)

 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 
per kg milk is higher than 0.12 € kg-1, the number of cows is higher than 8.8, the 
productive period is higher than 46.33 months, the age at first calving is lower than 
or equal to 903.50 days, and milk yield per cow's lifetime, kg day-1 is lower than or 
equal to 9.75 kg (TE = 0.708; 7 cases). (Terminal Node 6)

 Milk yield per cow's lifetime, kg day-1 is lower than or equal to 11.47 kg, feed costs 
per kg milk is higher than 0.12 € kg-1, the number of cows is higher than 8.8, the 
productive period is higher than 46.33 months, and the age at first calving is higher 
than 903.50 days (TE = 0.686; 10 cases). (Terminal Node 8)

When analysing and comparing information in the terminal nodes, it appears that 
39% (58 farms) are operating efficiently (TE = 0.957). If milk yield per cow's lifetime is 
higher than 11.47 kg, but at the same time, milk yield per cow per year is lower than 
6,912.5 kg, the farm is predicted to be inefficient (TE = 0.767). Higher milk yield is one 
of the predicting variables for higher efficiency. It is also a reflection of intensive 
production which is found to affect efficiency in a positive way (Cabrera et al., 2010; 
Keizer & Emvalomatis, 2014)

It should be highlighted that a higher score of SCC predicts inefficiency. 
Comparing the Terminal Nodes 3, 4 and 5, it appears that the first four predictors are the 
same, but the fifth is different and it divides farms according to the score of SCC. The 
farms whose SCC is lower than 308.5 are efficient (TE = 0.914), and those whose SCC 
is higher than 308.5 are divided into two groups according to the dRBV. It appears that 
these groups’ efficiency is considerably lower (TE = 0.840; TE = 0.737). The SCC is a 
crucial factor in predicting efficiency. Luik-Lindsaar et al. (2018) also found that a 
higher score of SCC has a negative impact on efficiency.

The age at first calving is another crucial factor for predicting efficiency. The 
Terminal Nodes 6, 7 and 8 belong to the same bundle of nodes, with the first four 
predictors being the same, but age at first calving dividing the farms into two groups. 
Farms where the age at first calving was higher than 903.5 (approx. 30.1 months) tend 
to be the most inefficient (TE = 0.686). According to Froidmont et al. (2013) the age at 
first calving should be 4–8 months less to reach the optimal level in this group of farms.

The regression tree analysis shows that milk yield per cow's lifetime, feed costs, 
SCC, productive period, the number of cows, milk yield, age at first calving, and dRBV 
are all predictors of efficiency.
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CONCLUSIONS

Combining the DEA with the regression tree approach offers an opportunity to 
predict dairy farms’ technical efficiency. This analysis shows that integrating farm 
accounts data and other specific herd-level variables enables using a more in-depth 
analysis.

Milk yield per cow’s lifetime is a good starting point to predict dairy farms’ 
efficiency. Milk yield per cow’s lifetime contains information such as a cow’s average 
yield, the age at first calving, calving interval, lactation curve, age when culled, etc. The 
analysis indicated that if milk yield per cow’s lifetime is higher than 11.47 kg, the farm 
is more likely to be efficient.

A lower feed costs per kg milk predicts higher efficiency. A higher score of SCC 
predicts lower efficiency. Higher SCC indicates poor hygiene and farm management. 
The preventive activities before milking are essential to increase efficiency. A lower 
score of SCC, however, refers to a higher quality of milk, which means that a higher 
share of milk is marketed, and milk price could be higher compared to farms with a high 
SCC. Therefore, the prevention of mastitis is an important factor to increase milk 
revenue and decrease treatments costs.

A higher age at first calving predicts lower efficiency. It largely depends on 
managerial decisions, therefore, the key to increasing a farm’s efficiency is in decreasing 
the age at first calving to the optimal level.

Farms whose efficiency is higher, have a higher dRBV for milk, and younger 
managers. The fact that younger managers are more efficient can be explained by their 
higher rate of investments into modern technology, which helps to produce high-quality 
milk. Small farms and farms located in outlying regions are less efficient. It is a challenge 
for politicians to decide whether it is rational and essential to offer state support to 
farmers whose efficiency is lower in order to improve their performance. 

This research provides valuable information about predicting variables of 
efficiency. The predictors help dairy farm managers to assess whether they are efficient, 
as well as to set the right production goals to make their farms more efficient.
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Agriculture in the central and Eastern European 
countries (cEEc) has undergone rapid changes during 
the last two decades. Several studies have analyzed 
farm productivity and efficiency in the cEEcs (i.e. 
Mathijs and Swinnen 2001; Mathijs and Vranken 
2001; Brümmer et al. 2002; gorton and Davidova 
2004; Latruffe et al. 2005, 2008), but an analysis of 
the Baltic countries is still rare (Vasiliev et al. 2008; 
Luik et al. 2009). The previous studies mainly cover 
the period prior to the accession to the European 
Union (EU). Since Estonia became a full member of 
the EU in 2004, the process of transition from the 
ultra-liberal economic policy of the 1990s to the EU 
common Agricultural Policy (cAP) has been ongo-
ing. The changes in the productivity and efficiency of 
farming before and after the accession have not been 
analyzed. There are only a few studies available that 
describe the effects of the accession to the EU on the 
overall economic characteristics of farms or on the 
macro-economic aspects in the cEEcs (Matejkova et 
al. 2008; Foltyn et al. 2009). The accession to the EU 
has increased agricultural income in the new member 

states (Swinnen and Vranken 2005), but how it has 
altered productivity, is unknown.

Dairy farming has a key role in European agriculture 
and also in Estonia, since milk production makes the 
highest contribution to the Estonia’s total agricultural 
output (29% in 2004–2006). The dairy farming lead-
ing role in Estonia’s agriculture remained after the 
independence was regained in 1991, although milk 
production decreased to 50% of the previous level 
(Astover et al. 2006). Estonia changed from being a 
net exporter to a net importer of most major agri-
cultural products over a short period of time (Yao 
2005), although the milk sector is still an excep-
tion – the national self-sufficiency in milk and milk 
products is still about 130–140%. Sustainability of 
dairy farming must be estimated in the context of 
ecological, social and economic aspects. Therefore, 
the up-to-date information on farming productivity 
and efficiency is important at various scales (from 
the micro-economic to the EU’s agro-environmental 
policy). Boussemart et al. (2006) studied the econo-
mies of scale for the years 2000–2003, but no other 
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on to the European Union. The Malmquist productivity index was measured and separated into the technical and efficiency 
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comparative econometric analysis for Estonian dairy 
farms has been available.

The aim of the current study was to assess the 
Malmquist productivity index and its components of 
technical and efficiency change in Estonian special-
ized dairy farms before and after the accession to the 
EU. The time horizon 2001–2006 was divided into 
the pre-accession period (years 2001–2003) and the 
post-accession period (2004–2006). Second-stage re-
gression was applied to estimate the possible variables 
determining the productivity and efficiency change 
in Estonian dairy farms.

MATERIAL AND METHODS

Malmquist productivity index

For estimating the productivity change in Estonian 
dairy farms, the Malmquist productivity index (MPi) 
was measured using the data envelopment analysis 
(DEA). The MPi was first introduced by caves et al. 
(1982) defined in terms of distance functions. Färe 
et al. (1992) integrated the MPi evaluation to the 
DEA framework. The MPi does not require input 
prices or output prices, which makes it particularly 
useful in situations where prices are misrepresented 
or non-existent.

The MPi measures the productivity change between 
two data points by calculating the ratio of the distances 
of each data point relative to a common technology. 
Following Färe et al. (1994), the output-orientated 
MPi between period t and period t + 1 is given by
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where the notation do represents the distance function 
and the value of Mo is the MPi. The first ratio repre-
sents the period t index. it measures the productivity 
change from period t to period (t + 1) using the period 
t technology as a benchmark. The second ratio is the 
period (t + 1) index and measures productivity change 
from period t to period (t + 1) using period (t + 1) 
technology as a benchmark. A value of Mo greater than 
one (i.e. Mo > 1) denotes productivity growth, while 
a value less than one (Mo < 1) indicates productivity 
decline, and Mo = 1 corresponds to stagnation.

The output-based MPi between time periods t and 
(t + 1) can be separated into two components, effi-
ciency change (Effch) and technical change (Techch), 
as follows:
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The Effch shows how much closer (or farther away) a 
farm gets to the frontier made up of the ‘best practice’ 
farms and measures the change in the ability to make 
the best use of the available technology. on the other 
hand, the Techch component measures the shift in 
the frontier over time and refers to an improvement 
or worsening of the state of technology. it can be 
interpreted as providing evidence of innovation for 
the farm considered.

Bootstrapping

one of the main drawbacks of the DEA is that its 
results may be affected by the sampling variation 
meaning that distances to the frontier are likely to be 
underestimated if the best performers in the popula-
tion are not included in the sample. in order to assess 
the sampling variability of the results, confidence 
intervals were constructed using the homogenous 
bootstrap procedure (Simar and Wilson 1998, 2000). 
The bandwidth parameter was chosen according to 
the normal rule: 2000 bootstrap iterations were per-
formed and the 95% confidence intervals (ci95%) were 
constructed. Bootstrapping for the DEA scores with 
farming datasets have previously been used in several 
studies (Brümmer 2001; hansson 2007; Latruffe et 
al. 2008; odeck 2009) and they conclude that the 
discovered differences based on the conventional 
DEA methods without bootstrapping may not be 
significant. The basic idea of the bootstrap method 
is that if the data are viewed as a set of random draws 
from an underlying population, random draws from 
the sample are also random draws from the popula-
tion. Therefore, the known bootstrap distribution 
will mimic the original unknown distribution if the 
known data generating process is a consistent estima-
tor of the unknown data generating process. After 
many simulations, a distribution of efficiency scores 
is obtained and represents an estimate of the true 
distribution. Based on the lower and upper bounds of 
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the confidence intervals derived with bootstrapping, 
farms were grouped into three classes: (1) decline 
(upper ci95% < 1), (2) stagnation (lower or upper 
ci95% covers 1), and (3) growth (lower ci95% > 1). 
Differences in the distribution of farms between the 
given classes before and after the accession to the EU 
were estimated with χ2-test.

Second-stage regression

The dependent variables applied in the ordinary 
least square (oLS) regression were the cumulative 
Malmquist indices. The cumulative MPi was calcu-
lated as follows:

)1(
i

oioc MM  (5)

where Moc is the cumulative MPi, Moi is the MPi in 
a certain year and i denotes the total time period 
(years 2001–2006). cumulative efficiency and tech-
nical change values were calculated with a similar 
approach. The selection of independent variables for 
the second-stage regression was limited by the data 
availability and therefore mainly the farm internal 
factors were included: the initial DEA score, livestock 
units (LU) as a size variable, the land and LU ratio 
as the land use intensity variable, the total assets 
and the LU ratio as the capital intensity variable, the 
LU and annual working unit ratio as the labour use 
efficiency variable, the intermediate consumption 
and LU ratio as the variable cost indicator, and the 
annual milk yield per cow.

Data

An output-oriented model with a single output but 
multiple inputs was applied using the Farm Accountancy 
Data network (FADn). The rural Economy research 
centre is responsible for the FADn survey in Estonia. 
Dairy farms, where livestock production contrib-
uted more than 50% to the farm’s total output, were 
selected for the FADn database (according to the 
FADn typology). The study used panel data on 63 
such units for the period 2000–2006. conditionally 
for the Malmquist index, time scale was divided into 
the pre-accession period (years 2001–2003) and the 
post-accession period (years 2004–2006).

The output factor in the output-oriented DEA model 
was the total output in Estonian crowns (EEK). Four 
factors were included as inputs: labour in the form 
of annual work units (AWU), dairy cows and other 
cattle in the form of livestock units (LU), capital in 
the form of the value (EEK) of the total assets, and 
a variable factor in the form of the value (EEK) of 

Table 1. Descriptive statistics of the data used for the  
productivity change calculation

Year Mean SD Minimum Maximum

Total output (EEK)

2000 926 525 1 411 603 116 987 9 423 062

2001 955 757 1 463 058 98 286 9 250 498

2002 1 188 897 1 988 300 113 345 13 981 680

2003 1 292 599 1 916 203 123 551 12 063 443

2004 1 471 518 2 308 904 117 042 14 060 065

2005 1 661 463 2 847 731 112 064 19 827 269

2006 1 803 298 3 462 636 106 314 24 662 529

intermediate consumption (EEK)

2000 535 690 754 850 63 958 4 768 805

2001 644 707 957 104 60 908 5 791 644

2002 864 690 1 340 154 70 282 9 065 599

2003 934 666 1 528 262 78 992 9 910 573

2004 1 163 651 1 908 244 101 564 12 958 170

2005 1 412 425 2 618 746 115 566 18 405 482

2006 1 417 439 2 753 811 93 695 20 431 374

Total assets (EEK)

2000 1 658 400 2 468 495 182 468 18 092 228

2001 1 667 272 2 409 460 187 110 17 710 173

2002 2 772 608 4 863 697 251 784 35 050 108

2003 2 913 304 5 008 176 271 724 35 286 392

2004 3 637 622 8 046 319 269 043 61 900 314

2005 3 898 225 8 251 123 251 626 63 112 296

2006 4 245 475 9 359 528 276 737 71 942 806

Dairy cows and other cattle (livestock units)

2000 87 146 9 940

2001 88 142 9 927

2002 95 159 9 1 081

2003 99 162 11 1 108

2004 101 162 10 1 114

2005 111 184 12 1 257

2006 115 193 9 1 343

Labour input (annual working units)

2000 6.2 8.1 1.0 41.0

2001 5.8 8.0 1.0 43.0

2002 5.8 7.7 1.0 43.0

2003 5.7 7.4 1.0 43.0

2004 5.5 7.3 1.0 44.0

2005 5.5 7.3 1.0 43.0

2006 5.6 8.1 1.0 53.0
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intermediate consumption. The monetary values have 
been deflated, using the indices (output and input price 
indices) based on the year 2000 according to national 
statistics. Descriptive statistics were calculated for the 
outputs and inputs used in analyses for the sample 
farms (Table 1). The size of dairy farms has increased 
from 87 to 115 livestock units in 2000–2006, however, 
the use of labour decreased 10%. The total assets and 
intermediate consumption have increased even by a 
factor of 2.6, but the growth of the total output has 
been lower (by a factor of 1.9).

RESULTS AND DISCUSSION

Productivity growth was negative for both periods 
and the decline was even larger after the accession to 
the EU (Table 2). The mean annual growth rate of the 
MPi was -0.7% in 2001–2003 and –2.6% in 2004–2006. 
Productivity decline in the pre-accession period was 
mainly induced by the technical component and by the 
efficiency component in the post-accession period. The 
Effch was positive in the first period, with the annual 
growth rate of 2.9%. The decline in the Techch halted 
in 2004–2006. This result is in accordance with the fast 
growth in investments to dairy farm assets (Table 1). 
comparative studies about farm productivity changes 
in the transition period to the EU membership are 
still rare and Bielik et al. (2010) found no clear trend 
in the MPi change for the Trnava region in Slovakia 
in 2002–2006. We found narrow confidence intervals 
for the MPi (mean width 0.07–0.09) compared to 0.48 
reported by Balcombe et al. (2008) for Polish agricul-
ture and compared to 0.22 found by olson and Vu 
(2009) for farms in the USA. The confidence intervals 
were remarkably larger for the Effch and the Techch 
than for the MPi. A similar tendency is found also 
by olson and Vu (2009). A conclusion based purely 
on mean estimates may still be biased. consideration 
of the confidence intervals reveals that in the case 
of all three presented indices, regress, stagnation or 
progress is possible for both periods. The previous 
studies have also highlighted that the differences 
found without bootstrapping may be non-significant 

(Brümmer 2001; hansson 2007; Latruffe et al. 2008; 
olson and Vu 2009). confidence intervals derived 
with bootstrapping give the statistical evidence if the 
farm productivity indexes are significantly different 
from unity and make it possible to determine the 
actual decline or growth for each single farm. This 
information can not be gleaned from the aggregated 
data with the mean values for all farms (Table 2).

To make more reliable conclusions about the produc-
tivity change, we grouped the studied Estonian dairy 
farms according to confidence intervals as (i) declining, 
(ii) stagnating, and (iii) growing. Farms whose 95% 
confidence interval included unity were classified as 
being in stagnation. Distribution of farms according to 
the MPi and the Effch for the pre- and post-accession 
periods was significantly different (Table 3). The share 
of farms with the productivity decline has increased 
from 36% to 50% in transition to the EU membership. 
This is induced mainly by a significant deterioration in 
the Effch. only less than 1/3 of dairy farms experienced 
efficiency growth and their proportion decreased in 
the post-accession period. Most of the farms have 
stagnated in the Techch and differences between the 
compared periods have been insignificant.

Determinants of productivity change

To interpret the possible determinants of changes 
in the MPi and its components, we used cumulative 
indices (i) for grouping the dataset and (ii) for ap-

Table 3. Farm distribution (%) according to productivity change before and after accession to the EU

Farm group
MPi Effch Techch

2001–2003 2004–2006 2001–2003 2004–2006 2001–2003 2004–2006

Decline 36 50 22 37 27 21

growth 41 33 32 24 14 17

Stagnation 23 17 46 39 59 62

χ2 = 8.2; p = 0.016 χ2 = 12.9; p = 0.002 χ2 = 2.4; p = 0.306

Table 2. Mean values and 95% confidence intervals (lower 
and upper bound in parantheses) of Malmquist indexes 
before (2001–2003) and after (2004–2006) the accession 
to the EU

Time 
period MPi Effch Techch

2001–2003 0.993 
(0.950–1.043)*

1.029  
(0.917–1.135)

0.964  
(0.887–1.071)

2004–2006 0.974  
(0.938–1.012)

0.974  
(0.884–1.083)

1.000  
(0.908–1.093)

*Mean values are geometric means and confidence intervals 
at 95% were derived with bootstrapping
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plying the second-stage regression. Dairy farms with 
the highest cumulative MPi can be called innovators 
and their proportion was 19% (Table 4). innovators 
had the lowest initial DEA efficiency score and the 
highest score in 2006. This result is supported by the 
regression analysis – the initial efficiency score had 
a significant negative impact on the cumulative MPi 
and the efficiency change (Table 5).

A remarkable shift in the ranking of efficient dairy 
farms has happened in 2000–2006. Producers with a 
greater initial efficiency have undergone a significant 
regress and new “front-runners” have emerged. odeck 
(2009) also found the correlation between the initial 
efficiency and the Malmquist index for norwegian 
cereal growers, but with a reverse relation. Estonian 
dairy farms with the highest cumulative MPi had the 
fastest growth in milk yield per cow. Milk yield is the 
most frequently used indicator for dairy farms and 

it faithfully reflects the changes in farm productivity 
(hansson 2007; Moreira et al. 2010). Milk yield had a 
significant positive relation with all three cumulative 
indices. Effective use of labour, expressed in livestock 
units per annual working unit, has been the second im-
portant success factor for the productivity and efficiency 
change. A frequently debated question in agricultural 
economics is optimal farm size. Most of studies reveal 
that it is not possible to determine the optimal farm 
size purely based on the efficiency and productivity 
indices since efficiently operating farms may range 
widely in size (Førsund and hjalmarsson 2004; Vasiliev 
et al. 2008). in the current study, the innovators group 
had the largest herd (farm) size and the most efficient 
land use, but according to regression estimates both 
these factors were insignificant. 

capitalization (assets per livestock units) was posi-
tively related with the cumulative technical change. 

Table 4. Determinants of productivity change grouped by the cumulative MPi

criteria
cumulative MPi in 2001–2006

≤0.2 (–0.388)a –0.2–0 (–0.099) ≥0–0.2 (0.101) ≥0.2 (0.346)

Farms (%) 16 40 25 19

DEA score in 2000 0.842 0.796 0.796 0.668

DEA score in 2006 0.608 0.756 0.865 0.902

Milk per cow, annual change (%) –0.2 4.3 5.5 7.0

Milk per cow in 2006 (kg) 4 724 6 074 6 528 6 894

Livestock units (LU) 48 88 96 169

Land per LU (ha) 2.8 2.6 2.7 2.2

costs per LU (EEK) 11 914 13 256 14 001 14 651

Assets per LU (EEK) 33 254 31 126 3 0695 39 553

LU/AWU 13.3 16.3 17.3 16.9

net investment per LU (EEK) 1 156 1 791 2 023 2 277

agroup mean cumulative MPi is in parentheses

Table 5. oLS regression results for the cumulative productivity, technical, and efficiency change

Variables
cumulative MPi cumulative Effch cumulative Techch

coefficient t-value coefficient t-value coefficient t-value

intercept 0.095761 0.47 0.53334 2.54** –0.431606 –3.94***

DEA score in 2000 –1.179923 –6.75*** –1.35648 –7.57*** –0.076983 –0.82

LU 0.000142 0.94 0.00003 0.20 0.000109 1.35

ha/LU 0.005981 0.19 0.01063 0.34 0.017443 1.06

Assets/LU –0.000001 –0.44 –0.00000 –0.85 0.000002 2.01**

LU/AWU 0.006562 1.91* 0.00605 1.72* 0.002311 1.25

Milk per cow in 2006 0.000120 4.96*** 0.00011 4.51*** 0.000022 1.70*

intermediate cons./LU –0.000003 –0.21 –0.00001 –0.81 0.000012 1.73*

*, ** and *** significance at 90%, 95% and 99% respectively
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This is a logical result since investments to assets 
are expected to promote technological advancement. 
nevertheless, increasing investments and assets have 
not improved the MPi and efficiency change. our 
result is supported by the study by Bielik et al. (2010) 
for Trnava region (Slovakia), where an increase in 
investments, a slight improvement in technical change 
(1.002) and a regress in efficiency change (0.994) were 
found after the accession to the EU.

The rapid increase in investments was fostered already 
by the support schemes (SAPArD program) in the 
pre-accession period and continued after the accession 
to the EU. The tendency that a fast increase in invest-
ments is not followed by the efficiency improvement 
has also been evident for Estonian cereal farms (Vasiliev 
et al. 2008). Latruffe et al. (2005), using the example 
of Polish farms, argued that subsidized investments 
might stimulate purchase of technology irrespective of 
farm size. it is possible to conclude that investments to 
Estonian dairy farms have often not been harnessed in 
the best possible way. The benefits from investments 
may emerge with a certain time lag, so analysis over a 
longer time period is needed in order to make more 
profound conclusions. The dynamic DEA model pro-
posed by Färe and grosskopf (1996) may provide new 
insights for further analysis. Low and negative impact 
of assets to the productivity and efficiency change may 
be due to the unbalanced (one-sided) investments and 
management decisions. investments in Estonian dairy 
farms have been made mainly to the animal buildings 
and machinery, but the progress in capital assets are 
probably not supported by the farm operational deci-
sions (feeding, grassland fertilization, etc.). Productivity 
of grasslands is for example very low in Estonia due to 
an insufficient fertilization (roostalu et al. 2001).

in the current study, farm sub-grouping according 
to the cumulative MPi (Table 4) shows that farms with 
higher investments formed the group of the front-
runners (highest MPi growth and highest efficiency 
score in final year). This conclusion is not apparent 
from regression analysis, which captures the general 
trend and does not reveal shifts between farms. The 
question of possible over-investments to farms in 
transition countries clearly needs a further study.

CONCLUSIONS

We detected a regress in productivity change of 
Estonian dairy farms in the studied period and the 
decline was greater after the accession to the EU. The 
share of farms with productivity decline has increased 
up to 50%. This was induced mainly by a significant 
deterioration in the efficiency component. increased 

capitalization was not followed by the improvement 
in the MPi and the Techch, which indicates that the 
investments have often not been used in the optimal 
way. A significant change in the group of farms form-
ing the efficiency frontier has taken place during the 
transition to the EU membership. The farms with the 
highest cumulative MPi change had a lower initial 
efficiency score and the highest final year value. The 
initially efficient producers have undergone the op-
posite trend. Thus there have been structural changes 
in Estonian dairy farming and the new front-runners 
have emerged. The improvement in the milk yield, 
the efficient labour use, the high capitalization and 
investments were significant characteristics of the 
front-runners. Despite the mean negative trends 
in the MPi there have been very diverse changes 
on the farm level and only a minority showed good 
adoption ability in the transition period to the EU 
membership.
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Abstract 

The aim of this article is to illustrate how data envelopment analysis can be a useful tool in 

measuring the input-orientated technical efficiency of Estonian grain farms. To explore the 

potential for gains in efficiency, we have calculated the technical and scale efficiency of the 

grain farms in Estonia. The data used in the model were collected in 2005–2007 from 348 grain 

farms. The Farm Accounting Data Network data were used to analyse the grain sector. Estonia 

joined the European Union in 2004; therefore, the period from 2005 to 2007 includes the period 

following EU accession. Joining the European Union has changed the situation of farmers, with 

the main change being an increase in agricultural subsidies. 

Keywords: Data envelopment analysis, technical efficiency, pure technical efficiency, scale 

efficiency, grain farms, farm size.  

1. Introduction 

An important objective of the European agricultural policy is to have a more sustainable 

agricultural sector. Sustainable development, including its economic, environmental and social 

elements, is the key goal of all decision-makers towards developing a profitable long-term 

future for farming and rural areas in the country. In conditions of an overall scarcity of 

resources, clear attention should be paid to the fact that all enterprises in the sector have to use 

resources efficiently. 
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Farmers are often under great pressure to improve the performance of their farms. Performance 

evaluation and benchmarking are widely used to identify and adopt best practices as means to 

improve performance and increase productivity. Data envelopment analysis (DEA) is ideally 

suited for benchmarking. 

Benchmarking positively compels any decision-making units to constantly evolve and improve 

in order to survive in the long-term. Therefore, the obtained empirical results can help policy-

makers and/or farmers in their aim to create a sustainable and effective farming sector. 

Transforming sustainability concepts into practice will contribute to the search for more 

sustainable agriculture. 

The grain sector is one of the largest agricultural sectors and has traditionally been of 

importance to Estonia. This paper examines one of the important agricultural industries in 

Estonia and reveals the technical and scale efficiencies of grain farms by use of the DEA 

methodology. We illustrate how DEA can be a useful tool for efficiency analysis in the grain 

sector. The hypothesis in this study is that farm size is associated with technical efficiency (TE) 

and that larger farms are more technically effective in comparison with smaller farms. 

The main advantage of the DEA methodology is that it does not require specification of a 

functional form of the relationship between inputs and outputs. Furthermore, it can manage 

multiple inputs and outputs in various units. Use of the DEA approach allows for computing 

not only efficiency coefficients, but it also allows for evaluating best performance peers and 

targets for inefficiency farms striving for continuous improvements (Coelli, 1996). 

In recent years, several studies have analysed efficiency performance in many different 

industries by using the DEA methodology. Each study differs in its scope. A number of DEA 
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analyses of the agricultural sector, including the grain sector, have been conducted in various 

countries. From an Estonian perspective, some of the most important studies are the following: 

Latruffe et al. (2002a, 2002b) used the DEA model to investigate the technical and scale 

efficiency (SE) of Polish crop and livestock farms in1996 and 2000. The focus was on 

efficiency differences with respect to farm specialisation. DEA has been used in combination 

with other techniques. For example, Mathijs et al. (2001) used a two-step methodology 

separately for Slovak and Czech crop farms in 2000. They first calculated the total farm-specific 

TE scores using DEA and then applied Tobit regression to explain which factors affected the 

observed efficiency differences. A majority of farms reach an efficiency level between 20% 

and 50%, but they still had a considerably large amount of farms located on the frontier. The 

Tobit regression revealed the importance of human capital variables and being a member of a 

cooperative. Fandel (2003) carried out an analysis to examine the technical and SE differences 

among four size groups of 1147 Slovak corporate farms in 2001. The significance of the impact 

of the farm size on efficiency scores was tested. The results showed that the best performance 

was achieved on farms below 100 ha. The SE scores were highest on farms between 500 and 

1000 ha. The results showed that all efficiency differences between farm size groups were 

statistically significant. 

The variables explaining TE have been widely studied (Mathijs & Vranken, 2000; Bru¨mmer, 

2001; Mathijs et al., 2001; Latruffe et al., 2004). Latruffe et al. (2004) classified the 

determinants of farm efficiency into three groups: farm characteristics; environmental 

characteristics; and socioeconomics characteristics. Farm characteristics include farm size, debt 

structure and specialisation. Farms associated with larger size and high specialisation tends to 
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be more efficient. Farm size and efficiency have also been widely examined (Latruffe et al., 

2004; Boussemart et al., 2006; Ortner et al., 2006). 

Bojnec and Latruffe (2009) investigated the determinants of TE in Slovenian farms between 

1994 and 2003. During the period analysed, TE increased from 50% to almost 80%. The 

obtained results showed that the farm specialisation associated with technological change was 

found to be a crucial determinant in increasing TE. A negative impact of farm 

commercialisation on TE was found. The use of hired labour has no significant influence, but 

mixed results are found for rented land. The results suggest possible sources of imperfections 

in farm input markets. 

2. Methodology 

Beginning with the work of Farrell in 1957, a simple measure of efficiency accounting for a 

single output and multiple inputs was defined. Efficiency consists of TE, which (from an output 

perspective) reflects the economic unit’s ability to obtain maximum output from a given set of 

inputs. Output-oriented efficiency measures assume that the production function, which shows 

the maximum output attainable from a given set of inputs, is known. DEA analysis can identify 

these efficiency units, and results for an inefficient unit will show by how much output can be 

increased to produce an optimal output given the available inputs. Farrell defined the TE in two 

different ways: the ability of a firm to produce the maximum feasible output with a given bundle 

of inputs or the ability of a firm to use minimum inputs to produce a given level of output. 

Farrell suggested that the function, if not known, should be estimated from sample data using 

a nonparametric piece-wise linear technology, resulting in the development of DEA (Cooper et 

al., 2004). 
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In this study, we have adopted an input-oriented model. Thus, we determine how much firms 

should reduce their inputs to achieve efficiency, provided that the volume of production (i.e. 

output) remains the same. The method is used to measure TE, pure technical efficiency (PTE) 

and SE for Estonian grain farms. We used constant returns to the scale (CRS) technology to 

estimate TE and the variable returns to the scale technology (VRS) to estimate PTE. 

Efficiency is defined as the ratio of the weighted sum of outputs to the weighted sum of inputs. 

To express mathematically the CRS model, data sets of N inputs and M outputs for each of I 

farms are considered. For i-th farm, input and output data are represented by the column vectors 

xi and qi, respectively. The N x I input matrix, X, and the M x I output matrix, Q, represent the 

data for all I farms in the sample. Under the assumption of CRS, the TE measure can be 

formulated as (Equation (1)): 

min θ,λ θ, 
st –qi + Qλ  ≥ 0,  

θxi – Xλ  ≥ 0,  
λ ≥ 0,   (1) 

where θ is a scalar and λ is a I x 1 vector of constants. Using the variables λ and θ, the model 

is solved once for each farm, looking for the largest radial contraction of the input vector xi 

within the technology set. The value of θ obtained is the efficiency score for the i-th farm. It 

satisfies: θ< 1, with a value of 1 indicating a point on the production frontier and hence a 

technically efficient farm. The linear programming problem must be solved I times, once for 

each farm in the sample. A value of θ is obtained for each farm. The radial contraction of the 
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input vector, xi, produces a projected point, (X λ, Q λ), on the surface of this technology. 

This projected point is a linear combination of these observed data points (Coelli et al., 2005). 

The assumption of CRS is correct only as long as firms are operating at an optimal scale. 

Various constraints on inputs such as imperfect competition, government regulations, financial 

constraints etc. may cause a firm not to be operating at optimal scale (Coelli et al., 2005). The 

CRS linear programming problem can be easily modified to account for VRS by adding the 

convexity constraint: I1´λ = 1, to Equation (1) to provide: 

min θ,λ θ, 
st –qi + Qλ  ≥ 0,  

θxi – Xλ  ≥ 0,  
I1´λ = 1,  
λ ≥ 0,   (2) 

where I1 is an I x 1 vector of ones. This approach forms a convex hull of intersecting planes 

that envelope the data points more tightly than the CRS conical hull. The convexity constraint 

(I1´λ = 1) essentially ensures that an inefficient farm is only benchmarked against farms of a 

similar size. That is, the projected point (for that farm) on the DEA frontier is a convex 

combination of observed farms. In VRS model the sum of λ-weights should be equal to 1. 

Again, a efficiency value which is less than one indicate that the considered decision-making 

unit can improve the productivity of its inputs by forming benchmarking partnerships and 

emulating the best practices of its peer group (Coelli et al., 2005). 

SE measures can be obtained for each farm by conducting both CRS and VRS estimations by 

DEA. A ratio between the TE and PTE scores for a particular farm indicates that the farm has 

scale inefficiency (Coelli et al., 2005). In the CRS specification, it is assumed that farms are 

operating at their optimal scale (Fraser & Cordina, 1999), whereas under VRS, the scale 
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explains part of the inefficiency. A comparison of the scores from both specifications expresses 

the SE at which a farm operates. 

3. Data sources 

The analysis includes grain producers, according to Farm Accounting Data Network (FADN) 

type 13 - specialist cereals, oilseed and protein crops. An input-oriented DEA model with two 

outputs and four inputs was applied to analyse the data from the Estonian FADN. The 

observations were made between 2005 and 2007. The purchase price indexes from the Estonian 

Statistics Department for agricultural production were taken to determine the costs, and all the 

input prices have been corrected with the price index from 2005. It was important to take the 

price indices into consideration in order to avoid the bias of inflation in the analysis. 

The choice of variables has been constrained by the available data and the need to avoid 

including too many variables in the model specification. If too many variables are used, the 

proportion of technically efficient farms will increase. Chambers et al. (1998) suggest that farm 

level DEA analysis should be based on a sample that has at least three times as many farms as 

there are inputs. Appropriate and measurable variables, whether input or output based, need to 

be adopted to properly characterise the farming system. Furthermore, the selected variables 

should capture all the salient features of the farm. 

In our study, we used two factors as outputs and four factors as inputs. These specific factors 

were chosen because all of them are considered important to grain producers - production 

volume, land, labour, capital and intermediate consumption. Details of these variables are 

described below.  
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The output variables are: 

 Cereals production in tons (t). 

 Oilseed crop production in tons (t). 

The input variables are: 

 Land: land is measured as the total area of used farmland in hectares (ha). 

 Labour: labour is measured as annual working hours. It includes all labour, both paid and 

unpaid, which has contributed to the work on the farm during the accounting year (h). 

 Capital costs: include depreciation plus 5% of the value of buildings and machinery (EEK). 

 Intermediate consumption: includes total specific costs and total farming overheads, i.e. 

seeds and plants, fertilisers, crop protection, other crop specific costs, feed for grazing 

livestock, feed for pigs and poultry, other livestock specific costs, forestry specific costs, 

machinery and building current costs, energy, contract work and other direct inputs (EEK). 

The data were analysed in several ways. According to their farm size, agricultural producers 

were divided into five groups: < 100 ha, 100 ≤ 150 ha, 151 ≤ 300 ha, 301 ≤ 500 ha, > 500 ha. 

Table I shows some descriptive statistics for the outputs and inputs used in the analysis 

according to the farm size groups. 

The analysed enterprises used an average of 300 ha agricultural land in 2005–2007. In 2007, an 

Estonian average agricultural holding had 122.7 ha of which 60.1% was rented. The mean total 

labour input was 2.8 annual work units (AWU) per holding for both analysed enterprises and 

an Estonian average agricultural holding. The unpaid labour of the owners accounted for 50%, 

on average. The AWU is equal to 2200 working hour per year (Põllumajandustootjate 

majandusnäitajad, 2007). 
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On average, the shares of field crops and livestock output as well as the ratio of subsidies of total 

output have increased. A significant change in the structure of total output was observed in 2004, 

when Estonia joined the European Union. As a result, the importance of subsidies has increased 2.4 

times. In 2007, subsidies accounted for 18.7% of total output, and amounted to 18,687 EUR per 

holding and 152 EUR per hectare of utilised agricultural area. A uniform flat rate area payment 

contributed to the major share of the supports, which accounted for 29% of total subsidies. The 

average value of total assets (except land) was 146,997 EUR per holding, whereas the value of total 

assets per hectare differed by the type of farming and economic size class. The net investment value 

was the highest in dairy farming over 19,173 EUR per holding (Põllumajandustootjate 

majandusnäitajad, 2007). 

4. Results 

The empirical results obtained by applying the DEA models showed some considerable differences 

between size groups and years analysed. Table II reports the overall results. The average CRS (VRS) 

efficiency of grain farms for the entire sample was 74.1% (81.3%) in 2005. The results were 74.7% 

(81.6%) in 2006 and 72.3% (80.7%) in 2007, respectively. The average efficiency score CRS (VRS) 

of inefficiency farms was 67.7% (73.2%). Thus, in order to be ranked as efficient, the inputs on these 

farms have to be reduced by about 32.3% (26.8%) on average. In 2005–2007, the CRS technology 

revealed that the largest farms (larger than 300 ha) are the most efficient. The VRS technology also 

showed that in the analysed period the most efficient farms were in size group IV (300500 ha). The 

average efficiency (both by CRS and VRS) was also relatively high in the smallest size class. Vasiliev 

et al. (2008) obtained similar results on Estonian grain farms (2000–2004) in another DEA study. 

Their study showed that the smallest farms (below 100 ha) had the highest TE, whereas SE was 

higher for the two largest size groups. 
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Table II. Empirical results catagorised by farm size groups 
  2005 2006 2007 
 Size, ha Mean St. Dev Min Mean St. Dev Min Mean St. Dev Min 
CRS <100 0.767 0.166 0.518 0.660 0.253 0.043 0.617 0.228 0.147 
 100≤150 0.666 0.178 0.312 0.760 0.231 0.301 0.718 0.227 0.350 
 151≤300 0.724 0.253 0.214 0.755 0.203 0.308 0.730 0.213 0.027 
 301≤500 0.760 0.170 0.474 0.792 0.164 0.379 0.781 0.188 0.433 
 >500 0.799 0.162 0.498 0.772 0.206 0.329 0.772 0.187 0.342 
  All farms 0.741 0.195 0.214 0.747 0.216 0.043 0.723 0.214 0.027 
VRS <100 0.922 0.104 0.702 0.904 0.111 0.617 0.831 0.134 0.614 
 100≤150 0.747 0.151 0.474 0.812 0.198 0.372 0.813 0.185 0.435 
 151≤300 0.759 0.227 0.296 0.778 0.193 0.384 0.770 0.180 0.280 
 301≤500 0.782 0.162 0.520 0.802 0.164 0.390 0.802 0.183 0.480 
 >500 0.881 0.152 0.523 0.796 0.208 0.338 0.834 0.187 0.374 
  All farms 0.813 0.180 0.296 0.816 0.183 0.338 0.807 0.175 0.280 
SE <100 0.830 0.140 0.582 0.724 0.251 0.051 0.728 0.204 0.240 
 100≤150 0.884 0.100 0.638 0.922 0.091 0.694 0.873 0.129 0.492 
 151≤300 0.936 0.073 0.724 0.966 0.045 0.802 0.926 0.156 0.097 
 301≤500 0.970 0.038 0.849 0.987 0.022 0.914 0.971 0.039 0.885 
 >500 0.912 0.119 0.623 0.970 0.045 0.823 0.927 0.088 0.623 
  All farms 0.909 0.107 0.582 0.915 0.152 0.051 0.887 0.158 0.097 
 

Of all grain farms, 29.6% operate at the most productive scale size, which means that these farms 

cannot reduce their inputs by change of scale and therefore they are scale efficient (Khodabakhshi, 

2009). The average SE of the entire sample was 90.9% in 2005, 91.5% in 2006 and 88.7% in 2007. 

According to SE, we assume that farms with high SE (SE > 0.95) are close to the optimal land size. 

The optimal land size is 200–600 ha as shown in Table III. 

Table III. The average size (ha) and scale efficiency according to the farm size 

Size, ha <100 100-200 200-300 300-400 400-500 500-600 600-800 >800 

Average, ha 71 139 243 348 440 550 707 1001 

Average, SE 0.762 0.898 0.960 0.974 0.978 0.969 0.946 0.900 

 

5. Benchmarking at farm level 

DEA determines the efficient farms that can be used as reference models for the less efficient farms, 

i.e. DEA determines the group of farms with the ‘‘best practice’’ that are considered most similar to 
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the inefficient farms in terms of the production mix. The disadvantage of DEA, in this respect, is that 

while it determines the farms with the best performance, it does not identify the processes by which 

those farms have become so efficient. Further analysis of the actual processes is required to enable a 

transfer of best practice from the efficient to the less efficient farms. To illustrate how DEA works 

at the farm level for benchmarking purposes, detailed DEA results are explained by using Farm 83 

as an example. A VRS analysis reveals that the efficiency of Farm 83 is 84.3% and its benchmark 

farms are 58, 31, and 40 (Table IV). 

Table IV. Actual data of Farm 83 and data of the benchmarking farms 

   Benchmarking farms 

Farm 83   Actual Data 
Efficiency 84.3% Actual Data PTE score Farm 58 Farm 31 Farm 40 
Cereal production 1,186 

0.843 

2,831 2,841 879 

Oilseed production 0 278 174 57 

Land 481 937 917 273 

Labour 7,700 8,400 6,400 4275 

Intermediate consumption 1,499,186 3,521,469 3,583,626 835,861 

Capital 828,027 1,110,482 825,127 664,210 

 
Table IV provides data for Farm 83 and data of the benchmark farms, whereas Table V provides 

target values for Farm 83. The lambdas indicate the relative importance of each peer farm, e.g. Farm 

40 contributes with 84.3% to the target values (Table V). The benchmark peers are highly appropriate 

from which the inefficient farm can learn. In order to improve efficiency, the farm needs to adopt the 

best practices from these benchmark farms and thus to reduce the land, labour, capital and 

intermediate consumption for the given level of grain production. The farm’s SE (the ratio of CRS 

efficiency to VRS efficiency) is 95.3% and the farm is operating at DRS (decreasing returns to scale). 

This suggests that the farm could improve its TE simply by reducing its size. Farm 83 should also 

reduce its labour use, intermediate consumption and capital costs to achieve efficiency. 
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Table V. DEA results for Farm 83 estimated by a VRS technology. 
 Benchmarking farms  

 Farm 58 Farm 31 Farm 40 Farm 83 

 Lambda = 0.031 Lambda = 0.125 Lambda = 0.843 Actual data Target data 

Land 937 917 273 481 374 
Labour 8400 6400 4275 7700 4670 

Intermediate consumption 3,521,469 3,583,626 835,861 1,499,186 1,264,312 

Capital 1,110,482 825,127 664,210 828,027 698,302 

Cereal production 2831 2841 879 1186 1186 

Oilseed production 278 174 57 0 0 

 
6. Conclusion 

The paper focuses on the measurement of the technical, pure technical and SE of Estonian grain 

farms between 2005 and 2007. The purpose is to explore the distribution of TE in the Estonian grain 

producing industry and to identify the relationships between farm size and efficiency. Scale 

inefficiency was a significant contributor to the inefficiency experienced by farms in the group of 

100 ha. If farms in this size group increase their scale of operation, the overall measure of TE should 

also increase. 

In inefficient grain farms, farmers need to examine not just their scale of operation, but also the best 

practices of efficient peer farms in order to increase their overall TE. Although increasing returns 

existed for 59.8% of the grain farms, the degree of pure technical inefficiency was also significant 

on many farms. Farm extension specialists may assist in identifying the best management practices 

and give advice to farmers on how to improve their TE. The optimal scale of operation varies among 

grain producers. In terms of land size, farms in all size groups could increase their scale of operation 

although the area of cultivated land varied between the farm size groups. To achieve TE in 

production, more emphasis should be placed on choosing the appropriate technology for the scale of 

operation. 
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TE, however, is just one part of overall economic efficiency. Many other factors, such as 

management style, experiences, quality of inputs might affect the TE of any farm. Thus, they must 

also be examined to see to what extent they explain differences in TE before any policy changes 

encouraging farms to expand is implemented. 
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Abstract. Estonian municipalities have recently passed an administrative reform that has resulted 
in the reorganisation of municipal management and decreased the number of municipalities. 
Unfortunately, no thorough scientific research has been done to find out whether the emerging 
helps to increase the efficiency. The aim of this paper is to estimate the efficiency of Estonian 
rural municipalities and to identify the factors that influence their efficiency. In this study we use 
a two stage analysis. In the first stage, we use the DEA Slacks- s (SBM) output-
oriented approach. In the second stage, we use the Fractional Regression Model (FRM) to 
determine relevant exogenous factors that are associated with efficiency. 170 Estonian rural 
municipalities have been analysed. According to the DEA results, 28% of municipalities (48) are 
efficient, the average efficiency of municipalities is 0.762. The analysis implies that there are 
considerable differences between smaller and larger rural municipalities. FRM results revealed 
that larger share of subsidies characterize inefficient municipalities. The weaker the municipality, 
the more state support the municipality must receive. A larger share of people with a higher 
education increases the efficiency, it is related to higher salaries and therefore higher revenue to 

sustainable in the long-run because more inputs are needed to offer various public services. The 
results indicate that the further away a municipality is from the capital, the more inefficient the 
municipality becomes. 
 
Key words: technical efficiency, rural municipalities, DEA, FRM. 
 

INTRODUCTION 
 
Municipalities manage public money, which is collected and distributed by the 

government. More than hal
(Statistics Estonia, 2016). Therefore, local residents expect high quality services which 
contribute to the functioning and development of local life. 

Municipalities have to provide and ensure services to local residents. As any other 
organisations, municipalities must follow the theory of the firm: the provision of services 
must be cost-efficient and at the same time, they have to ensure high quality of services. 
A limited budget complicates the provision of high quality services and often becomes 
the decisive factor in calculating the volume of services and outlining the list of required 
services. 
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Some municipalities are managing public money better than others, which means 
that these municipalities are more efficient. We can measure the efficiency in input-
output context. The services that municipalities provide are considered as inputs and the 
population and area describing the output volumes. 

Assessing the efficiency of municipalities in respect of the provision of certain 
services is fully valid since municipalities operating within the same political and 
economic context and cultural space should provide services in a relatively homogenous 
way. Benchmarking and identifying the reasons of efficiency at local level provides 
necessary information to reorganise services in those municipalities that experience 
problems with the provision of services. 

Previous literature shows that efficiency studies differ in terms of methodological 
approaches, as well as by results. DEA (data envelopment analysis) and SFA (stochastic 
frontier analysis) are quite extensively used techniques for efficiency analysis (Afonso 
& Fernandes, 2008; Cuadrado-Ballesteros, et al., 2013; Charles & Zagarra, 2014; Cruz 
& Marques, 2014; Doumpos & Cohen 2014; Asatryan & De Witte, 2015; Drew et al., 

municipalities is estimated against a frontier consisting of the observation of the best 
practices. The municipalities with the best practices, which use resources effectively, 
serve as references for inefficient municipalities, and can be used as guidance for the 
future. 

It is common to assess the efficiency of the following services which are in the area 
of responsibility of municipalities: education (Seroa da Motta & Moreira, 2009); 
environmental protection, and housing and communal services (Rogge & De Jaeger, 
2012; Alper et al., 2015), healthcare (Valeira et al., 2010), social security (Iparraquirre 
& Ma, 2015), leisure and culture (De Witte & Geys, 2011). Some studies have focused 
on the size (population) and the merger of municipalities with the aim to make 
conclusions about the occurrence of the scale effect across different services provided in 
larger municipalities (Slack & Bird, 2013a). 

In less populated municipalities, it is difficult to offer services as efficiently as in 
densely populated municipalities. Sparsely populated municipalities are often situated in 
the periphery, which are struggling due to urbanisation and outmigration. Owing to the 
marginalisation process, creation of new jobs is very limited in these municipalities, 
which leads to both short and long term decrease of the revenue base. The government 
has provided considerable subsidies for municipalities which have a low revenue base. 

revenue base is decreasing whilst the number of people who need social assistance is 
increasing, the state is looking for solutions that would ensure residents significant public 
services within their own municipalities. The state considers that the merger of 
municipalities is one of the options, in order to achieve greater efficiency through the 
scale effect. The merger of municipalities, their efficiency and the optimal size of a 
municipality have been the focus of increasingly heated public debate in Estonia. Many 
countries have gone through similar processes of considerable reform of municipal 
structures and mergers in 
have been carried out on the effect that the merger of municipalities has on financial 
sustainability in the context of providing public services (Nakazawa, 2013; Slack & Bird, 
2013b; Allers & Geertsema, 2014). 
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This research uses a two-stage approach to assess the efficiency of Estonian rural 
municipalities as many authors have done previously in other countries (Balaguer-Colla 
et al., 2007; Afonso & Fernandes, 2008; Doumpos & Cohen, 2014; Storto, 2016). In the 
first stage, the efficiency of municipalities is assessed using the DEA method, followed 
by identifying efficient and inefficient municipalities. In the second stage, the FRM 
(fractional regression model) is used to assess the effect that exogenous variables have 

 
 
Overview of Estonian municipalities 
Estonia is located in the Baltic Sea on the shores of the Gulf of Finland, bordering 

with Russia in the east and Latvia in the south. With an area of 45,227 km2 and a 
population of 1.3 million, it is one of the smallest EU countries. Estonia is territorially 
divided into 15 counties. It was subdivided into 213 municipalities, including 30 cities 
and 183 parishes until 1st July of 2017 (Statistics Estonia, 2015). 

Due to urbanisation, more populated parishes are mainly situated in North Estonia, 
around the capital Tallinn. Harju county has 575,000 residents (a remarkable 43% of the 
total population), with 407,000 of them living in the capital Tallinn. Urbanisation of the 
population can also be observed elsewhere in Estonia, particularly in suburban parishes. 
Less populated parishes are situated in West, East and Southeast Estonia. 

The single-level municipal system has been in force in Estonia since 1993. 
Municipalities make decisions and organise all aspects of local life independently 
(Ministry of Finance, 2016b). The state can only assign obligations to them based upon 
the law or upon an agreement with the municipality (The parliament of Estonia, 1993). 
The cornerstone of modern democratic organisation is the principle of subsidiarity, 
according to which functions must be exercised at a public administration level as close 
as possible to the citizen. One of the main tasks of the local council is to make the most 
important decisions that affect local life, and to guide the development of the 
municipality (The parliament of Estonia, 1993). 

Municipalities must provide social assistance and services, housing and communal 
services, water supply and waste disposal, spatial planning, public transport, 
maintenance of municipal public roads and city streets, offer primary level healthcare 
services, organise the upkeep of local preschool childcare institutions, schools, libraries, 
community centres and other local institutions, and also ensure public order and 
surveillance. (The parliament of Estonia, 1993) 

Municipalities can exercise the functions assigned by the state, using the financial 
resources at their disposal. Estonian municipality revenues include taxes, sales of goods 
and services, sales of tangible and intangible property, revenue from property, 
government subsidies, and other income. Government subsidies refer to central 

to guarantee financial resources for carrying 
out their tasks and for equalizing the disparities in per capita income (Reiljan, 2004, 
Ministry of Finance, 2016b). 

The municipal income analysis shows that in 2013 the largest part of income in 
municipal budgets comes from personal income tax proceeds (49%), and another part is 
constituted by government subsidies (34%). A relatively small part is made up by the 
sales revenue of goods and services (10%) and by land tax (4%). The largest share of 
expenses are education costs (42%), followed by economic, defence and security costs 
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(17%), costs related to culture and sport (13%), and environmental protection and 
communal service costs (10%). (Statistics Estonia, 2016) 

The quality of public services can differ between Estonian municipalities. The 
functions of all municipalities are the same by the law, however, the size of 
municipalities varies from capital with over 400,000 inhabitants to small island 
municipalities with less than 100 inhabitants (European Commission, 2013). So 
municipalities with very different capacities have to provide same kind of broad range 
of services (Friedrich et al., 2010)  Uudelepp et al. (2009) pointed out that problems are 
caused by the delegation of tasks which are unaffordable to municipalities, and by the 
insufficient revenue base of municipalities, especially sparsely populated and peripheral 
ones. Insufficient public services create a multifaceted problem, possibly limiting 

tunities (lacking educational 
services). Estonian administrative organisation is often referred to and highlighted as 
problematic. (Uudelepp et al., 2009) 

An analysis of Estonian administrative organisation demonstrates that considering 
the number of residents and the area of Estonia, there was a lot of municipalities 
compared to other Nordic countries. In Estonia, the average surface area of a 
municipality was 212.3 km2, whereas it is 1,067.6 km2 in Finland, and 1,512.3 km2 in 
Sweden. The average number of residents in Estonian municipalities was 6,165.6, 

Eurostat, 2016). Most of local municipalities appeared to be too small to deliver 
everyone the services they are required to provide by law (European Commission, 2012). 

In order to reduce the number of municipalities, the parliament of Estonia passed 
the Promotion of Local Government Merger Act in 2004, stipulating that the state 
encourages and supports the merger of municipalities at their own initiative in order to 
create municipalities with a larger territory and more inhabitants (The parliament of 
Estonia, 2004). Regardless of the state support, municipalities have not merged 
extensively. From 2004 to 2016, the number of municipalities decreased only from 241 
to 213. In 2016 there was many municipalities (142) fewer than 3,000 inhabitants 
(Statistics Estonia, 2016). The dissent over the reduction of the number of public servants 

ut marginalization, political and 
economic future have also contributed to the slow progress of mergers (Olle & Merusk, 
2013). 

Given that municipalities in Estonia were small and not interested in merging 
voluntarily, the government decided to enforce an administrative reform to create 
stronger (administratively more efficient) municipalities that would develop local life as 
a whole and ensure better accessible and higher quality public services for people. 
Having a bigger budget would make it possible to hire better qualified staff and public 
servants, improve the quality and regularity of public transport thanks to a larger territory 
being involved, contributes to the growth of municipal budgets, thus enabling to draw 
up and carry out larger projects (Ministry of Finance, 2016a). By the end of 2017, local 
municipalities in Estonia were either voluntarily and forcedly merged in to 79 
municipalities (Ministry of Finance, 2016a). 

In theory, one can claim that the merger of municipalities will lead to the anticipated 
benefits. Nevertheless, research has shown that this is not the case when it comes to 

more efficient compared to forced mergers, as well as the impacts mergers have on the 
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local population and income growth in Sweden. The main finding was that municipalities 
formed on a voluntary basis had higher population growth, therefore the conclusion 
could be that local opinions are important to consider when forming a new municipal 
structure. 

There are practically no scientific articles on the administrative technical efficiency 
of Estonian municipalities, however, the quality of life in Estonian counties has been 
studied using the DEA-PCA method al. (2013) have 
studied the impact of merging municipalities and cities to their financial sustainability. 

areas. The consultancy and training centre Geomedia has studied the capability of 

has assessed the quality of public services (Uudelepp et al., 2009). 
Since the efficiency of Estonian municipalities has not been assessed, there is a 

need to analyse and identify the factors that affect the efficiency of municipalities. On 
one hand, this is necessary for the better operation of inefficient municipalities in the 
future by learning from the municipalities with the best practice performances, and on 
the other hand, policy makers can acquire information that is important to help 
underdeveloped municipalities. 

 
MATERIALS AND METHODS 

 
Data Envelopment Analysis and fractional regression model 
DEA method has many advantages to evaluate the efficiency, therefore it is widely 

2007). The basic concept is the benchmarking study, where the units to be evaluated 
(de
the efficiency scores (reported as the scalar 
(worst result) to 1 (best result). The DMU is equal to 1 if and only if the DMU is on the 
efficient frontier without any slacks. The slacks represent input surplus or output scarcity 
of the DMU. Tone (2001) introduced a slacks-based measure of efficiency (SBM model) 
which deals with the input excesses and the output shortfalls, the model has some 
important properties: it is units-invariant and the measure is monotone decreasing in each 
input and output slack. 

We will use the output-oriented approach, which allows assessing how much output 
could actually be produced with the available inputs, e.g. how many residents could be 
served using the incurred expenses in municipalities. We will deal with n DMUs 
(j = ) each using m inputs (i = ) to produce s outputs (r = ). The input 
and output vectors are  and , respectively. For each DMU the input and 
output matrices are denoted as X = (x1 n)  R  and Y = (y1 n)  R  , 
respectively. The vector  indicates output shortfall, and it is called slack.  

The output-oriented SBM model (1) with the variable returns to scale is formulated 
as (Tone, 2001; Cooper et al., 2007): 

 (1) 

subject to 
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;  ;    is the mean expansion rate of 
outputs and  is an intensity vector (Tone, 2001). 

We use the fractional regression model (FRM) in the second-stage analysis as 
suggested by Papke & Wooldridge (1996), and Ramalho et al. (2010). The DEA 
estimates the technical efficiency scores are in the interval [0, 1]. The advantage of the 
FRM is that it allows accumulation of non-trivial probability mass at one end of the 
distribution, which is often the case in the DEA analyses. In addition, the FRM enables 
to analyse one- and two-part models, which is useful if the probability of observing a 
DEA score of unity is relatively large or if the sources of technical efficiency may differ 
from those of inefficiency (Ramalho & Ramalho, 2011). 

In our analysis, the DEA score 1.000 was observed in 28% of cases. The first stage 
of the FRM uses a binary choice model, where the binary indicator has values 0 for 
inefficient and values one for efficient (TE score = 1.000) municipalities. The second 
stage of the model is the fractional section that is estimated using only the sub-sample 
of inefficient municipalities (TE score < 1.000). 

 
Data 
The inputs and outputs have differed considerably in previous DEA studies, which 

is fully justified. The selection of indicators for DEA analysis is crucial because selecting 
wrong indicators could lead to wrong results. Therefore, the indicators must characterize 
municipalities and their operation. The inputs must characterize the contribution that 
municipalities make to serve local residents, whereas the outputs must characterize the 
value created directly or indirectly by municipalities. 

Several studies have used expenses as input  both the total expenditures 
(Loikkanen & Susiluoto, 2005; Afonso & Fernandes, 2008; Geys & Moesen, 2009) and 
expenses by offered services (Balaguer-Colla et al., 2007; Storto, 2016). Using expenses 
by offered services as inputs is common if the aim is to assess the efficiency of a specific 
offered service (healthcare, education, etc). In such cases, the chosen inputs could be for 
instance healthcare costs, education costs, environmental protection and communal 
service costs, public transport and road maintenance costs (Loikkanen & Susiluoto, 
2005; Rogge & De Jaeger, 2012). Additonally, in DEA models have used the quantities 
of specific services: the number of teache
schools, the length of roads, the number of parks and recreation areas, the amount of 
waste water, the number of households with central drinking water and sewage 
(Loikkanen & Susiluoto, 2005; Valeira et al., 2010; Rogge & De Jaeger, 2012). 

Studies that focus on assessing the efficiency of a municipality as a whole often use 
the total cost as a input, and the number of residents and the surface of the municipality 
as outputs (Cruz & Marques, 2014; Storto, 2016). It is important to note that in this study, 
expenses made by the municipality are equalized with the amount of services. The 
outputs describe values indirectly created by the municipality. Four inputs and two 
outputs have been selected for DEA model (Table 1). Inputs include expenditures to 
significant public services per annum in euros: education costs (X1), environmental 
protection and housing and communal service costs (X2), social security costs (X3), 
leisure, culture and religious costs (X4). Output variables are: number of residents (Y1) 
and surface area of the municipality (Y2). 
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Table 1. Summary statistics of inputs and outputs in DEA and variables in FRM to evaluate 
Estonian rural municipalities 
Variables Name Avg. St. Dev. Min Max 
Inputs in DEA 

     
 

X1   SPEDU 1,301,882 1,296,522 177,556 8,613,914  
X2  Spending on environmental 

 
SPENV 71,134 139,230 0,000 999,795 

 
X3   SPSC 234,803 246,249 19,551 2,359,321  
X4  Spending on culture, 

 
SPCAS 331,603 392,148 19,413 2,630,354 

Outputs in DEA 
     

 
Y1  Population (inhabitants) of 
municipality 

POP 2,485 2,347 457 14,373 
 

Y2  Surface area of the 
municipality territory (km2) 

AREA 232.1 133.5 12.0 871.3 

Dependent variable in FRM 
    

 
Technical efficiency (score) PTE 0.762 0.204 0.101 1.000 

Independent variables in FRM 
    

 
Z1  Population with higher 
education (%) 

HEDU 0.2 0.0 0.1 0.3 
 

Z2  Roads (km) ROAD 204.0 127.2 9.6 828.1  
Z3  Agricultural land (ha) AGR 5,250 3,621 195 19,512  
Z4  Subsidies (% of total income) SUB 0.4 0.1 0.1 0.7  
Z5  Distance from capital (km) DCAP 154.0 70.4 0.0 290.9  
Z6  Quality of land (points) QOL 41.0 5.3 29.0 53.0  
Z7  Elderly people (%) ELD 21.0 4.2 9.5 32.1  
Z8   WAGE 815.6 82.1 634.3 1,244 

 
The technical efficiency score characterizing the efficiency of a municipality is the 

dependent variable in FRM, and the factors that potentially affect efficiency are 
independent variables (Z1 Z8). The FRM is used to assess the effect of exogenous 
variables on Estonian rural municipalities. 

As there is not yet data available on the merged municipalities, the present analysis 
uses the statistical data from the period before the mergers in 2017. The dataset consists 

information for the DEA and FRM comes from Statistics Estonia (2016), except for the 
indicator characterizing the quality of land, which is from the Estonian University of 
Life Sciences. To obtain outliers before the DEA analysis, we used the DEA super-
efficiency model (Cooper et al., 2007) and expert opinions. 27 of the initial 197 rural 
municipalities have been excluded from the survey. Outliers were the municipalities with 
a very big or a very small population. Therefore, 170 municipalities are in the analysis. 

Nakazawa, 2013; Doumpos & Cohen, 2014; Drew et al., 2015; Storto, 2016), we can 
claim that the following factors affect the efficiency of municipalities: the share of 
residents with higher education (HEDU), the length of roads (ROAD), the size of 
agricultural land (AGR), the share of subsidies in the municipal budget (SUB), distance 
from the capital (DCAP), the quality of land (QOL), the share of elderly residents (ELD), 
wage (WAGE). The effect of size of agricultural land on the efficiency is important 
because this study focuses on Estonian rural municipalities. In our analysis, the bigger 
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therefore it could affect the efficiency negatively. The distance from capital could affect 
the efficiency negatively. The share of subsidies are presumably bigger in inefficient 
municipalities. The length of roads describes the municipality on several ways, it refers 
to the size of municipality, higher costs for road maintenance and also better 
infrastructure. 

 
RESULTS AND DISCUSSION 

 
Results of DEA 
The analysis consisted of 170 Estonian rural municipalities. According to DEA 

results the number of efficient municipalities is 48 (28%), their pure technical efficiency 
(PTE) is equal to 1,000. The average technical efficiency of municipalities is 0.762 
points. In other words, their average efficiency is 76.2%, which means that 
municipalities could serve 23.8% more population and area using the same amount of 
expenses they have used for services. Municipalities with low efficiency (PTE lower 
than 0.600) are the most problematic, the number of such municipalities is 46 (27.1%), 
these municipalities should serve at the same level of inputs (expenses) 40% more 
inhabitants and area. 

For a more detailed analysis, municipalities have been divided into five groups 
based on efficiency score: PTE = 1.000 (Group  < 1.000 (Group II); 
0.659  PTE < 0.803 (Group III); 0.553  PTE < 0.659 (Group IV); PTE < 0.553 
(Group V). The difference between groups is statistically significant (P < 0.05). 

Fig. 1 gives an overview of local rural municipalities (n = 170) based on efficiency 
scores (Group I being the most efficient). The figure highlights various efficient 
municipalities in North and Central Estonia, and inefficient ones in South Estonia. To 
generalize, it can be said that municipalities situated closer to the capital are relatively 
more efficient. 

 

 
 
Figure 1. Classification of municipalities based on efficiency scores. 
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In order to analyse the efficiency of Estonian municipalities from different angles, 
municipalities have been divided into five groups based on the number of residents 
(P  population size). Each group contains 34 municipalities. The size groups are: 
P < 955 (Group 1); 955  P < 1,318 (Group 2); 1,318  P < 1,886 (Group 3); 1,886 
P < 3,729  5). 

Comparing the expenses per resident, it appears that as the number of residents in 
municipalities grows, the average costs per resident decrease (Table 2). In small 
municipalities (Groups 1 and 2), average costs per resi  1,195 1,219. In large 
municipalities, expenses per resident are considerably lower. In municipalities with the 
most residents (Group  1,052. Municipalities 
with more residents are relatively more efficient, on average their expenses are 14% 

 1,088), and less 
efficient municipalities spend considerably more   1,121 (Group I compared to 
Group V). Larger municipalities are hence more efficient since they spend considerably 
less per resident than small municipalities. Doumpos & Cohen (2014) have reached the 
same conclusion that smaller municipalities tend to be more inefficient. It appears that 
expenses are significant factor shaping the efficiency of a municipality. 
 
Table 2.  
Population of local 
municipality 

Efficiency groups  
I II III IV V Average 

Group 1  1,166 1,207 1,301 1,193 1,526 1,219 
Group 2  1,085 1,282 1,370 1,171 1,116 1,195 
Group 3  0,940 1,020 1,109 1,207 1,083 1,070 
Group 4  1,127 1,050 1,059 1,283 1,080 1,101 
Group 5  1,078 1,090 0,991 0,979 1,024 1,052 
Average 1,088 1,110 1,175 1,168 1,121 1,128 

 
An analysis of the average income by size and efficiency groups shows that average 

income is 11.8% bigger in large municipalities (Group 5) than in small municipalities 
(Group 1) (Table 3). As efficiency decreases, so do salaries. Residents of efficient and 
large municipalities (Group 5, I) have the highest salaries. To keep the workforce, it is 
important to ensure a competitive salary. 

 
Table 3.  
Population of local 
municipality 

Efficiency groups  
I II III IV V Average 

Group 1  775 810 801 780 831 790 
Group 2  748 885 792 832 779 796 
Group 3  800 804 800 802 798 801 
Group 4  827 803 780 813 821 808 
Group 5  917 836 841 861 873 883 
Average 834 819 799 813 803 816 
 
The share of subsidies in efficient and less efficient municipalities varies from 37.0% to 
43.2% on average (Table 4). In smaller municipalities (Group 1), subsidies make up a 
larger share, an average of 40.4%, whereas in larger municipalities (Group 5), subsidies 
constitute 34.7%. The share of subsidies is larger in less efficient municipalities. The 
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weaker the municipality, the more state support the municipality must receive. Doumpos 
& Cohen (2014) reached a similar conclusion, pointing out that independence from state 
subsidies improves the efficiency of municipalities. 
 
Table 4.  
Population of local 
municipality 

Efficiency groups  
I II III IV V Average 

Group 1  42.6 34.0 42.1 40.0 47.9 40.4 
Group 2  46.1 39.1 44.4 34.2 44.1 42.3 
Group 3  29.9 36.0 41.0 41.4 46.1 39.0 
Group 4  36.5 39.7 43.0 44.5 39.8 40.3 
Group 5  33.6 36.7 37.4 33.3 35.2 34.7 
Average 37.0 37.1 42.0 38.6 43.2 39.3 
 

An analysis of the size and efficiency of municipalities shows that there are 
significant differences within the groups regarding the following indicators: total cost 
per resident, average income, and the share of subsidies out of total revenue. In larger 
municipalities, efficiency is higher mainly thanks to having lower costs per resident. 
Therefore, we can say that based on the analysis, the dependence of analysed indicators 
on the size of the municipality and efficiency score is in accordance with economic 
theory and practice. 

 
Results of fractional regression analysis 
The results of the fractional regression analysis are presented in Table 5. The 

efficiency scores of municipalities obtained in the first stage using the DEA analysis are 
the dependent variables in the FRM analysis, and 8 factors that may affect the efficiency 
of a municipal unit serve as independent variables. In the one-part model, 4 factors 
resulted statistically significant. The share of subsidies (SUB), the share of population 
with higher education (HEDU), and the share of elderly people (ELD) are the most 
significant one (P < 0.05). The size of agricultural land is also statistically significant 
(P < 0.1). 

A positive regression coefficient shows that as the impact factor increases, so does 
the efficiency of the municipal unit, whereas a negative one denotes an unfavourable 
association. As the share of people with higher education (HEDU) increases, so does the 
efficiency of a municipality, which is in compliance with the practice and also 
demonstrating that more efficient municipalities attract more educated population. As 
far as the share of people with higher education affects municipalities efficiency 
positively, it should be kept in mind and bring up in the future. Hopefully, the 
opportunity to get free higher education will be the case in the future and helps to 
increase the efficiency at municipal level and also in the state level. 

Increase in the number of the elderly people (ELD) has a positive effect on the 
efficiency of a municipality. Just like other parts of Europe, Estonia is also characterized 
by aging population. This leads to increased costs (Nakazawa, 2013). The increase of 
costs combined with the decrease of tax revenue per person should in theory result in the 
decrease of efficiency in municipalities. The latter should occur in the long run. 
According to FRM results however, the increase of the share of the elderly increases 
efficiency. Various leading municipal researchers have reached the same conclusion 
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rrelation exists in the short run, 
and other tendencies occur in the long run. If the share of elderly people increases the 
tax revenue will decrease and the amount of social services will increase. The authors of 
this study agree with Cruz and Marques (2014) that the share of the elderly people and 
the surface area of the municipality are indicators that the government must consider 
when distributing resources between municipal budgets, and that state investments must 
also be made in more sparsely populated areas in order to guarantee the sustainability of 
these areas. 

A negative indicator of the share of subsidies (SUB) is in accordance with economic 
practices. Based on studies, we can claim that independence from state subsidies 
improves efficiency in som
Drew et al., 2015) and reduces it in others (Balaguer-Colla et al., 2007; Cruz & Marques, 
2014). The impact of subsidies on efficiency thus primarily depends on the specifics and 
the policies of the assessed country. The example of Estonian rural municipalities allows 
us to argue that independence from subsidies increases efficiency. 

Increase in the agricultural land (AGR) has a positive effect to the efficiency.  
There are some differences in significant variables in the two-part FRM models 

compared to the one-part FRM model. In the first part of the two-part model, the factors 
affecting efficiency negatively are: distance from capital (DCAP), wage (WAGE). It 
means that peripheral municipalities with lower local income levels are less efficient. 
The share of people with higher education has a positive effect to the efficiency. 

In the second part of the two-part model we consider only these municipalities with 
lower efficiency (PTE < 1). The results of the 2nd part of the two-part model reveal that 
it bears resemblance to the one-part model. The three exogenous factors that are 
significant in the one-part model are also significant in the two-part model (AGR, SUB, 
ELD). In the 2nd part of the model, the importance of the share of higherly educated 
people did not appear to have significant effect on efficiency, but quality of land appears 
to be significant factor. Increase in the quality of land (QOL) has a negative effect to the 
efficiency. The negative effect of quality of land on efficiency could be explained by the 
fact that municipalities with a better rating on the quality of land are rural municipalities 
in which the agriculture dominates local economy. Lack of economic diversification has 
contributed to higher loss of population in recent decades and thus those municipalities 
have less inhabitants, which is in significant and negative correlation with efficiency. 

From DEA results revealed that municipalities with bigger population are more 
cost-efficient and it might refer to the positive effect of emergization. Policy makers 
hope that units with a larger surface area and a higher number of inhabitants will be more 
efficient, referring to the occurrence of the scale effect. The study by Slack and Bird 
(2013b) showed that scale effect does not occur when it comes to providing services, but 
it can occur when providing a physical infrastructure to a higher number of users. 

increase of administrative costs, although one would assume that these decrease as a 
result of a merger through the reduction of administrative staff at municipalities. Drew 
et al. (2015) have noted that the number of inhabitants is a factor that does not increase 
the efficiency of municipalities. 
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CONCLUSIONS 
 

We used the two-stage analysis to evaluate the efficiency of Estonian rural 
municipalities. In the first stage, we used the DEA and in the second stage the FRM 
model. The DEA model was an output-oriented SBM with 4 inputs and 2 outputs. In 
FRM, we evaluated the effect of 8 exogenous variables on efficiency. The dataset 
consisted of 170 rural municipalities in 2013. According to the DEA model, 48 rural 
municipalities (28%) are efficient, the average efficiency of municipalities is 0.762, 
which means that on average 23.8% more outputs should municipalities provide with a 
given set of inputs.  

The analyse showed that there are differences between the size and the efficiency 
of groups, but on average, smaller units are more likely to be inefficient. To get more 
information about the effect of exogenous factors on the efficiency of rural 
municipalities, we used the FRM model. It revealed that the share of subsidies (SUB) 
affects negatively efficiency, the share of population with higher education (HEDU) 
increases the efficiency, and also the share of elderly people (ELD) and the size of 
agricultural land (AGR). 

Policy makers must acknowledge that the more elderly residents and the larger their 
share in the population, the more inputs are needed to offer different public services. In 
the meanwhile, they must not forget that population aging results in a decrease of tax 
revenue. Therefore, it is important to review the current arrangement of distributing 
revenues to municipal budgets. Policy makers must additionally take into consideration 
the fact that rural municipalities with greater surface areas need more inputs because 
they have relatively higher fixed costs for maintaining their infrastructure. 

Taking the latter into consideration, the authors of this study consider it an 
important next step to analyse whether the merger of municipalities and the formation 
of larger units would result in increased efficiency that policy makers hope for and 
promised people. This is especially the case since the efficiency of rural municipalities 
has been assessed and the factors affecting their efficiency have been identified. 
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