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Abstract: This paper deals with the estimation of technical efficiency of milk production in the EU, 
its decomposition and the analysis of determinants of transient and persistent efficiency. Attention 
was focused on specialized milk production using FADN data in the period from 2004 to 2017. 
The analysis is based on the four-component model that represents the most advanced approach 
to technical efficiency analysis at present and the multi-step estimation procedure extended by 
technical efficiency determinants. To the best of our knowledge, this is the first application of this 
model based on the multi-step estimation with the inclusion of technical efficiency determinants on 
this type of specialization in the EU. The results show that the overall technical efficiency achieves 
the mean value of 68% and is relatively dense around the mean. The persistent inefficiency poses 
a greater problem for dairy production and varies considerably across European regions compared 
to the transient part. Based on the assessment of the development of transient efficiency, it is 
evident that it is influenced by the situation on the dairy market, in particular by the milk crises. The 
most effective conversion of inputs to outputs is achieved in the Netherlands, the United Kingdom, 
and Belgium and is least burdened with institutional and structural rigidities. The results show 
that transient efficiency is positively influenced by paid labour share, rented land share, level of 
modernization and level of off-farm activities and negatively by the level of subsidies on livestock. 
The positive effect of the economies of size on persistent efficiency is not proved. However, 
specialization, despite the higher vulnerability of specialized farms to price shocks, affects persistent 
efficiency positively. Localization of farms in LFAs, as expected, has a negative impact on persistent 
technical efficiency.
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Introduction
The evaluation of the competitiveness of 
different agriculture sectors has, traditionally, 
been based on the measurement of technical 
efficiency. We focus on the dairy sector 
because the EU dairy sector is one of the pivotal 
agricultural sectors in the EU. The dairy sector 

currently faces several challenges arising from 
growing EU and global demand, price volatility, 
fodder crisis as a result of climate change and 
the fact that dairy farms are highly specialized, 
which on the one hand may be an advantage, 
on the other hand a threat due to higher 
vulnerability to income shocks.
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Milk production is carried out on mixed 
farms or specialized farms. In 2012, the share 
of the sector covered by specialized farms in 
the FADN, on which this analysis is based, is 
more than 80% in the EU-15 (EU members until 
the 2004 enlargement) and around 50% in the 
other member states. There are big differences 
in coverage among EU countries: only 17% 
of milk production in Slovakia and 19% in the 
Czech Republic, but full production in Ireland 
and Finland. The specialized dairy farms are 
especially concentrated in the North-Western 
countries of the EU. According to the European 
Parliament (2018) farms in the EU-15 are in 
general much larger and have higher yields 
than in the EU-13 (after the 2004 enlargement 
including the United Kingdom). Stark contrasts 
also exist between EU countries and regions 
in terms of intensity and productivity of milk 
production. Moreover, differences in the 
competitiveness of each country may be 
influenced by different national policies.

The diversity of milk production in EU 
regions and countries is linked to the differences 
in natural potential as well as in the social-
economic and regulatory context. Obviously, the 
ability of farms to convert inputs to outputs with 
the greatest possible efficiency is influenced 
by a number of determinants. The accurate 
measurement of the technical efficiency of 
dairy production requires an understanding of 
these differences in the working environment. 
The decomposition of the technical efficiency 
into short-term (transient) and long-term 
(persistent) part, which is done in this study and 
used the four-component model (named also 
the generalized true random-effects model – 
GTRE), is a useful tool to understand the nature 
of inefficiency. However, Lien et al. (2018) 
mention, that without determinants one cannot 
explain systematic differences in inefficiency 
within and between farms. Therefore, GTRE 
in our research is extended to accommodate 
the determinants of transient and persistent 
inefficiency.

In recent years, a number of studies have 
analyzed technical efficiency in the dairy sector, 
but without its decomposition and including 
determinants of transient and persistent 
efficiency directly in the model (see, e.g., Zhu 
et al., 2012; Latruffe et al., 2011; Madau et al., 
2017; Latruffe et al., 2016).

Hence, to our knowledge, this is the first 
study analyzing the determinants of transient 

and persistent efficiency of milk production in 
the EU taking into account all member states 
and a longer time period. The main objective of 
this paper is to:
1. measure and compare the technical 

efficiency of milk production in each EU 
member state;

2. decompose the overall efficiency into 
transient and persistent part for each EU 
member state and make a comparison;

3. determine factors affecting transient and 
persistent efficiency.
The rest of the paper is organized as follows. 

Firstly, we begin by a literature review in section 
1, after that we introduce the used data and the 
four-component SF model with determinants of 
transient and persistent efficiency in section 3. 
In the next step, we present empirical results in 
section 4. Finally, we draw some conclusions.

1. Theoretical Background
The overall technical efficiency can be 
decomposed into persistent (long-run) 
inefficiency and transient (short-run) inefficiency. 
According to Njuki and Bravo-Ureta (2015), 
the long-run inefficiency may vary across 
firms for various reasons, which include prior 
institutional and statutory regimes. This type 
of inefficiency could arise due to the presence 
of rigidity within a firm’s organization and 
production process. The short-run inefficiency 
may vary because of shocks associated with 
new production technologies, human capital, 
and learning-by-doing. Moreover, according to 
Filippini and Greene (2014), the transient part 
may be due to the presence of nonsystematic 
management problems that can be solved in 
the short term. This distinction has significant 
political implications because, according to 
Kumbhakar et al. (2014), the persistent part 
of technical inefficiency is unchangeable 
without a new policy or change in ownership 
and management of companies. Another look 
bring Agasisti and Gralka (2017), they mention 
that transient efficiency, reflecting annual 
influences, therefore presumable occurs at the 
institutional level and represents an institutional 
efficiency. In contrast, persistent efficiency, 
being a constant factor, reflects the influence 
of the higher level, representing a structural 
efficiency.

Kumbhakar et al. (2014), Colombi et al. 
(2014) and Tsionas and Kumbhakar (2014) at 
the same time introduce the four-component 
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error-term SF model, which just allows the 
estimation of the persistent and transient parts 
of inefficiency from the same data. The four 
components are: firms’ latent heterogeneity, 
persistent inefficiency, transient inefficiency, 
and random shocks. According to Alem (2018), 
the first component captures the random shocks 
that are out of the control of the farm manager 
(weather, disease, and pest infestation). 
The second component captures latent 
heterogeneity, which is distinguished from the 
inefficiency. The third component captures long-
run inefficiency. The last component captures 
short-run inefficiency (Kumbhakar et al., 2014). 
Tsionas and Kumbhakar (2014) named the 
four components model the generalized true 
random-effects model (GTRE).

The above-mentioned model is applied 
to various economic sectors across various 
economies. For example, Filippini et al. (2016) 
use the four-component model for ananalysis 
of electricity distribution, Colombi et al. (2017) 
for ananalysis of hospital efficiency, Heshmati 
et al. (2018) for an analysis of international 
airlines, Agasisti and Gralka (2017) for an 
analysis of efficiency of Italian and German 
universities, Njuki et al. (2016) for an analysis of 
environmental efficiency in U.S. dairy farming, 
etc. However, it was only recently applied to 
the agricultural sector (Kumbhakar et al. (2014) 
and later Lien et al. (2018) using data on grain 
farmers in Norway, Pisulewski and Marzec 
(2019) using data of Polish crops farms, and 
Addo and Salhofer (2019) using data of Austrian 
crop farms).

However, Lien et al. (2018) emphasize the 
need to include determinants in the model, 
especially when the inefficiency components 
are assumed to independently and identically 
distributed random variables. But only very few 
authors deal with the analysis of determinants 
of transient and persistent technical efficiency, 
which are included in the above mentioned four-
component model, for example, Colombi et al. 
(2017), Badunenko and Kumbhakar (2016), Lai 
and Kumbhakar (2018), Heshmati et al. (2018) 
and for agriculture Lien et al. (2018) and Addo 
and Salhofer (2019).

Lien et al. (2018) also state three groups of 
variables which have generally been studied 
as inefficiency determinants: characteristics 
of farm and technology employed, location 
and environmental variables characterizing 
the conditions for farming, and human capital 

variables. Some determinants will have a long-
run effect on efficiency (persistent) while others 
are more likely to be time-variant and short term 
(transient).

The understanding of the determinants 
of transient and persistent inefficiency 
components might be desirable for policy 
purposes, especially, according to Badunenko 
and Kumbhakar (2016), in regulated industries. 
For example, establishing determinants of 
persistent inefficiency could help decision-
makers to develop strategies to remove 
long-term impediments, such as too rigid 
regulations or other structural rigidities. On the 
other hand, transient inefficiency can be due to 
bad luck, management mistakes, etc, that can 
get corrected. Knowledge about these drivers 
of transient inefficiency may help in improving 
the efficiency of individual farms in the short 
run.

Lien et al. (2018) analyze determinants 
of inefficiency in Norwegian crop-producing 
farms using the four-component SF model 
that includes determinants of only transient 
inefficiency using an extension of multistep 
procedure used in Kumbhakar et al. (2014). 
One-step estimation approaches were 
presented in, e.g., Lai and Kumbhakar (2018) 
and Badunenko and Kumbhakar (2017). 
While only transient inefficiency in Lien et al. 
(2018) is explained (by off-farm activity and 
subsidies), the authors mention, that it is logical 
to use different Z variables as determinants 
for transient and persistent inefficiency. The 
variables explaining persistent inefficiency 
should naturally be time-invariant (e.g. regional 
location, education, experience, a period with 
persistent policy regime, etc).

Addo and Salhofer (2019) apply a multi-
step four-error component model introduced 
by Kumbhakar et al. (2014) for analyzing the 
efficiency of Austrian crop farms and assess 
the impact of farm and farmer characteristics 
on both types of technical inefficiency. These 
determinants should explain the potential 
differences in transient and persistent technical 
inefficiencies. Farm characteristics include crop 
specialization, subsidy dependence, shares of 
own land and family labour and farm size. The 
characteristics of the farm manager include 
age and level of education. The results showed 
that persistent inefficiency is influenced by 
education, subsidy share, crop specialization, 
own land share and farm size. They observe 
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that subsidy share, family labour share, crop 
specialization and time impacted transient 
inefficiency. As mentioned above, there are no 
empirical studies examining the determinants 
of transient and persistent efficiency in milk 
production.

2. Data and Methods
2.1 Data Description
The analysis uses unbalanced panel data 
set of TF14-45 specialist milk drawn from the 
FADN database via Dynamic reporting tool 
(Data Warehouse: Standard Output, Type 
of report: Year*Country*Region*TF14). The 
data covers the period 2004–2017 and 27 
European Union member states. No data was 
available for specialized milk production in 
Cyprus and Greece. The data set consists of 
1,449 observations of FADN regions. Although 
regional data represent the lowest level of 
aggregation freely available in the FADN 
database, it introduced several limitations to 
the analysis. These limitations are discussed 
by Madau et al. (2017).

The FADN database provides harmonised 
microeconomic data (physical as well as 
financial data). Our analysis uses the following 
variables: total labour input in annual work 
unit – AWU (FADN code: SE010); (SE020); 
total utilised agriculture area in hectares 
(SE025); rented utilised agriculture area in 
hectares (SE030); total livestock units (SE080); 
production of milk and milk products in kilos 
(SE125N); (SE131); total output of crops and 
crops products in EUR (SE135); total output 
of livestock and livestock products in EUR 
(SE206); cows’ milk and milk products in EUR 
(SE216); forestry products, contracted work 
for others and other outputs in EUR (SE256); 
total costs link to agriculture activity in EUR 
(SE270); total specific costs and overheads 
arising from production in the accounting year 
in EUR (SE275); feed for grazing livestock in 
EUR (SE310); feed for grazing livestock home-
grown in EUR (SE315); cost link to work carried 
out by contractors and hired machinery in 
EUR (SE350); depreciation in EUR (SE360); 
subsidies link to production (not investments) 
in EUR (SE605); all farm subsidies on livestock 
and livestock products in EUR (SE615); LFA 
subsidies in EUR (SE622).

Outputs, as well as inputs (except for the 
milk production, labour, and land), are deflated 
by price indices (individual output and input 

indices (2010 = 100) – source the EUROSTAT 
database (apri_pi10_ina and apri_pi10_out)).

2.2 Research Methodology
The analysis is based on an assumption that 
the transformation process is well approximated 
by the input-distance function (IDF) with the 
following properties: symmetry, monotonicity, 
linear homogeneity and concavity in inputs and 
quasi-concavity in outputs (Greene, 2005). We 
prefer the input-orientation over the output one 
due to the prevailing existence of milk quotas in 
the analyzed period 2004–2017 that represent 
a strong restriction on the maximum quantity 
of milk production and caused that agricultural 
producers focus primarily on reducing inputs to 
produce almost fixed output (see Kumbhakar 
et al., 2008). In other words, the goal of profit 
maximization can be achieved by minimizing 
the cost of producing a fixed output. Under 
this optimization condition, the outputs can be 
assumed as exogenous, see Skevas et al. (2018).

The IDF is estimated in a translog functional 
form. This second-order local approximation 
of any twice-differentiable function satisfied 
Diewert’s minimum flexibility requirement for 
flexible form (see Pisulewski & Marzec, 2019). 
The translog input distance function for two 
outputs (y), five inputs (x) and time (t) is defined 
as:

,
 

(1)

where subscripts i, with i = 1, 2, …, N, and t, 
with t = 1, …, T, refer to a certain FADN region 
and time (year), respectively. α, β and δ are 
vectors of the parameters to be estimated. The 
symmetry restrictions imply that βjk = βkj   and 
βmn = βnm. The time trend included in IDF allows 
for capturing the joint effects of embedded 
knowledge, technology improvements and 
learning-by-doing in input quality improvements  
(see Čechura et al., 2017).

Implying the homogeneity property of IDF, 
the following generalized true random effect 
stochastic translog IDF can be estimated:
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 (2)

where  

Moreover, following Kumbhakar et al. 
(2014) the model can be rewritten as:

 

 

(3)

where 

According to Sipiläinen et al. (2014) and 
Kumbhakar (2011a), the normalization ensures 
the exogeneity of inputs and consistency of 
estimation. Furthermore, the normalization of 
all variables in logarithm by their sample means 
makes possible to interpret the estimated first-
order parameters as elasticities at the geometric 
mean of the sample.

According to Kumbhakar et al. (2014), 
the generalized true random effect model 
is estimated in three steps. In step 1, the 
standard random effect panel regression 
is used to estimate β, δ, α and theoretical 
values of αi and εit, denoted by  and .  
We use software R 3.5.0, package PLM in 
this step. In step 2, the persistent technical 
inefficiency, ui0, is estimated using  and the 
stochastic frontier model with the following 
assumptions based on Lien et al. (2018): 
wi~N(0,σ2

w), u0i(zi)~N+(0,σ2
u0(zi)), where zi are 

determinants of persistent technical efficiency. 
Finally, according to Lien et al. (2018) transient 

technical inefficiency, uit, is estimated using  
and the standard stochastic frontier technique 
with vit~N(0,σ2

v), uit(zit)~N+(0,σ2
u,t (zit)), where 

zit are determinants of transient technical 
inefficiency. According to Wang (2002), the 
derivation of the average marginal effects of the 
factors explaining the heteroscedasticity of the 
one-sided error components is used to analyze 
the effects of determinants on persistent and 
transient technical efficiency. These steps are 
done in the SW NLOGIT 5.0. Furthermore, the 
total technical efficiency (OTE) is quantified 
based on Kumbhakar et al. (2014):

. (4)

For the estimation of the IDF in this study, 
we use the following outputs and inputs: milk 
production (y1) (SE125N), other production 
(y2), which is determined as the sum of crop 
production (SE135), other animal production 
(SE206 minus the production of milk (SE216)) 
and other production (SE256), the cost of 
feed for grazing livestock (x1) (SE310), labour 
(x2) (SE010), the total utilized agriculture area 
(x3) (SE025), capital (x4) measured as the 
depreciation (SE360) plus contracted work 
(SE350) and the costs of other materials (x5) 
(total intermediate consumption (SE275) minus 
feed for grazing livestock (SE310)).

The transient inefficiency determinant 
variables in this study consist of the following: 
the share of paid labour (z1, SE020/SE010), the 
share of rented land (z2, SE030/SE025), the 
level of modernization (z3) measured as a ratio 
of depreciation and total cost (SE360/ SE270), 
the off-farm activity (z4) defined as a ratio of 
other output to total output (SE256/SE131), the 
level of total subsidies on livestock per livestock 
unit (z5, SE615/SE080). The persistent 
inefficiency determinant variables in this study 
consist of the following: the farm specialization 
(z6) defined as the share of milk output on the 
total output (SE216/SE131), the economic size 
in ESU (z7), and the share of Less Favoured 
Areas (LFA) subsidies on the total subsidies 
excluding on investment (z8, SE622/SE605). 
These determinants were selected based on 
previous research and statistical properties of 
estimates. Descriptive statistics of the variables 
used in the study are presented in Tab. 1.

According to Lien et al. (2018), the 
determinants of persistent technical inefficiency 
should be time-invariant. Therefore, the 
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means of variables in ith region over the period 
2004–2017 are used.

3. Research Results
The estimated parameters of the input 
distance function in translog specification are 
presented in Tab. 2 with the label of connected 
variables according to Chapter 2.2. Most of the 
estimated parameters are highly statistically 
significant, even at the 1% significance level. 
According to Färe and Primont (1995), an input 
distance function should be non-increasing in 
outputs, as well as non-decreasing in inputs. 
Tab. 2 shows that these conditions are met. 
Moreover, the estimated parameters satisfied 
the requirements of monotonicity resulted 
in βj > 0 for j = 2, .., 5 and ∑5

j=2 βj < 1 (see 
Čechura & Hockmann, 2017). Since these 
theoretical assumptions hold, we can suppose 
that the model approximates well the real 
transformation process.

According to Irz and Thirtle (2004), the 
elasticities of the distance function with respect 
to input quantities equal to the cost-share and 
reflect the relative importance of the inputs 
in the production process. In line with this 
definition, we can conclude that the European 
milk production can be characterized by high 
labour intensity – the share of labour (βx2) is 
37%. On the other hand, the share of capital 
(βx4) in the total input is only 9%. It is the lowest 
value from analyzed inputs. We can add that 
the share of land is 13%. As can be expected, 
material (including feeds) has the highest share 
of the total costs. The similar cost structure 
was estimated for milk production based on 
IDF by Sipiläinen et al. (2014). The elasticity 
of milk (βy1) that corresponds to the negative 
of the cost elasticity of the particular output 
(see Irz & Thirtle, 2004), is about (−0.55). In 
line with our expectation, this indicates that the 
cost elasticity of milk is much larger than the 

Variable Label Mean Std. Dev. Min. Max.
Input distance function variables

y1 Milk production [kilos] 433,072.9 454,357.4 7,526.2 3,009,667.9
y2 Other production [ths. EUR 2010] 68,481.9 100,724.9 1,153.0 804,500.5
x1 Feed [ths. EUR 2010] 60,823.8 62,202.7 762.5 352,099.8
x2 Labour [AWU] 2.8 3.4 0.8 37.5
x3 Utilized Agricultural Area 

[hectares] 89.6 134.0 1.7 1041.9

x4 Capital [ths. EUR 2010] 38,598.4 44,490.4 456.9 352,911.8
x5 Cost of other material [ths. EUR 

2010] 82,732.8 112,848.8 938.5 734,496.0

Inefficiency determinant variables and heteroskedasticity variables in the inefficiency  
and error component function

z1 Share of paid labour 0.229 0.238 0.000 0.986
z2 Share of rented land 0.606 0.244 0.000 0.995
z3 Level of modernization 0.150 0.063 0.013 0.360
z4 Off-farm activity 0.035 0.046 0.000 0.437
z5 Total subsidies on livestock [ths. 

EUR/LU] 58.094 117.765 −110.750 1011.647

z6 Specialization 0.684 0.102 0.242 0.960
z7 Economic size [ESU] 191.844 223.720 4.200 1564.300
z8 LFA subsidies share 0.087 0.102 0.000 0.564

Source: own

Tab. 1: Descriptive statistics (N = 1,449)
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elasticity of other output (βy2). The parameter 
of time trend variable (αt) that was introduced 
to capture technical change (see Kumbhakar, 
2011b) points to slight cost enhancement in 
analyzed period (by 0.6% per annum).

Tab. 2 shows also the variance parameters 
in transient, persistent technical inefficiency and 
random effects. Their rations, i.e. λ0 = σu0/σv0 
and λ0 = σut/σvt, higher than one in both cases, 
indicate the significance of technical inefficiency 
in residual variation. The variation in both 
technical inefficiencies is more pronounced 
than the variation in random components that 
is important to the accuracy of the transient and 
persistent technical efficiency estimates. The 
statistical properties of both types of efficiency 
as well as of their product – overall technical 
efficiency are presented in Tab. 3.

Fig. 1 adds kernel density distributions 
of the overall technical efficiency scores. 
The overall technical efficiency is relatively 
dense around the mean in the level of 68%. 
That is, the specialized milk producers can 
save 32% of inputs on the sample average 
to produce the same volume of outputs. Only 
25% of observations have overall technical 
efficiency lower than 64%. The minimum value 
is estimated at 33%. On the other hand, 25% 
of observation can be characterized by overall 
technical efficiency higher than 73% with the 
highest value at 89%.

With the average sample score of 89%, 
the transient technical efficiency is higher 
than the persistent one, this holds for mean 
as well as median level, and exhibits slightly 
greater variability, see also Fig. 2. According 

P. label Coeff. SE P [>|t|] P. label Coeff. SE P [>|t|]
αt 0.0060 0.0007 0.0000 αy1t −0.0011 0.0017 0.5025

αtt −0.0002 0.0003 0.4041 αy2t 0.0079 0.0011 0.0000

βy1 −0.5480 0.0156 0.0000 αx2t 0.0103 0.0016 0.0000

βy2 −0.1814 0.0094 0.0000 αx3t −0.0066 0.0014 0.0000

βx2 0.3743 0.0192 0.0000 αx4t 0.0087 0.0016 0.0000

βx3 0.1256 0.0199 0.0000 αx5t −0.0068 0.0024 0.0047

βx4 0.0899 0.0137 0.0000 βx2x2 −0.0275 0.0418 0.5113

βx5 0.1685 0.0169 0.0000 βx3x3 0.0236 0.0316 0.4553

βy1y1 −0.1900 0.0323 0.0000 βx4x4 0.1544 0.0173 0.0000

βy2y2 −0.0974 0.0189 0.0000 βx5x5 0.3380 0.0250 0.0000

βy1y2 0.0619 0.0198 0.0017 βx2x3 −0.0330 0.0329 0.3161

δy1x2 −0.0578 0.0289 0.0455 βx2x4 0.1346 0.0234 0.0000

δy1x3 0.0016 0.0269 0.9537 βx2x5 −0.1118 0.0354 0.0016

δy1x4 0.0511 0.0227 0.0241 βx3x4 −0.0250 0.0178 0.1588

δy1x5 −0.0942 0.0337 0.0052 βx3x5 −0.0049 0.0286 0.8639

δy2x2 −0.0395 0.0225 0.0786 βx4x5 −0.1388 0.0222 0.0000

δy2x3 −0.0196 0.0217 0.3659 σv 0.0041

δy2x5 0.0484 0.0173 0.0051 σα 0.0116

α0 −0.0087 0.0143 0.5447 R2 0.9582

σu0 0.1685 σv0 0.0912 χ2[35] 32,386.6 0.0000

σut 0.0778 σvt 0.0576

Source: own

Note: SE denotes a standard error.

Tab. 2: Parameter estimates of the IDF
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to this result, we can conclude that the loss of 
resources is due to structural problems and 
permanent managerial failures in the production 
process. Therefore, to eliminate this loss of 
resources, agriculture policy should focus on 
factors affecting the persistent inefficiency. 
Moreover, we can conclude that in European 
milk production a high number of regions 
lag behind best practices in the short-term 
compared to the representation of the regions 
that are lagging behind in the long-time period.

According to Fig. 3, the transient efficiency 
fluctuates a lot over the observed period. Though 
transient technical efficiency of European milk 
production is generally slightly increasing over 
time, it decreased in the last years. We can 
suppose that the first significant decline – in 

the year 2010 – was a result of the economic 
crisis. Significant drops in the following period 
can be associated with milk crises caused by 
a surplus of milk on world markets on one side 
and by drought on the other side. In 2009, milk 
prices fell significantly and since then price 
volatility has become a more serious problem. 
The second milk crisis came in 2012 due to 
price decrease and costs increase. The third 
crisis started in 2015 and lasted until the third 
quarter of 2016. Raw milk prices went down 
and, as a result, margins too. The development 
of transient technical efficiency indicates the 
high sensitivity to the market situation (output, 
input price fluctuations) and the limited ability of 
dairy farms to manage shocks affecting short-
term production.

Fig. 1: Distribution of overall technical efficiency

Source: own

Mean Std. Dev. Min. Max. Q25 Q50 Q75
Overall 0.6842 0.0798 0.3256 0.8874 0.6360 0.6880 0.7299
Persistent 0.7709 0.0692 0.4131 0.8949 0.7332 0.7822 0.8103
Transient 0.8863 0.0488 0.7472 0.9919 0.8588 0.8720 0.8883

Source: own

Tab. 3: Statistical description of overall, persistent and transient technical efficiency
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The situation in European countries is 
presented in Fig. 4. The highest average value 
of overall technical efficiency at 81% was 
reached in the Netherlands. This finding is 
consistent with the research of Čechura et al. 
(2017). They analyzed time-variant technical 
efficiency of European dairy production based 
on the Fixed Management Model and farm-

level panel data in 2004–2011. In the second 
and third positions are another two countries 
from so-called Milk Belt of EU – the United 
Kingdom and Belgium.

The Netherlands, Belgium and the United 
Kingdom hold also primacy in the efficiency 
of the transformation process in the long-term 
with the highest average value of persistent 

Fig. 2: Box plots of persistent (TE_PR) and transient (TE_TR) technical efficiency

Source: own

Fig. 3: Development of transient technical efficiency

Source: own
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efficiency. The dairy sector in these three 
countries is least burdened with long-term 
impediments, such as too rigid regulations 
or other institutional and structural rigidities. 
Moreover, the most effective conversion of 
inputs into outputs is a prerequisite for the high 
competitiveness of milk production in these 
countries.

In terms of short-run efficiency in the first 
position is the United Kingdom with 94.5%, 
which is one of the top three countries with the 
highest overall efficiency. The UK is catching 
up with big EU milk producers – Germany and 
Poland. It can be said, milk production in these 
countries responds well to shocks, e.g. caused 
due to new technologies, and management 
mistakes are in general minimal.

The lowest mean value of the overall 
technical efficiency is found in Slovakia (35%), 
further in the Czech Republic and Croatia. 
These countries are not a major player in dairy 
production in the European Union. Slovak and 
Czech agricultural, in general, are dominated by 
few large-scale and diversified farms with various 
alternative business activities. This fact results 
in very few farms being included in the FADN 
survey in a given specialization (TF14-45). It 
should be noted that more than 2/3 of the Czech 
and Slovak milk production is produced by farms 
with mixed production (crops and livestock).

Due to diversified farms (whose crop 
production requires appropriate agricultural 
conditions), high-efficiency milk production 
takes place in other FADN specializations, 

Fig. 4: Overall, transient and persistent technical efficiency in European countries

Source: own
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and in the TF14-45 in both countries remain 
predominantly farms operating in less-favoured 
areas. The Czech and Slovak agriculture 
production can be characterized also by lower 
prices for land and labour, compared to other 
European regions, however, due to lower 
productivity of these factors (in particular 
with regard to labour) the positive effect on 
efficiency and performance in case TF14-45 in 
both countries is limited.

The persistent efficiency is also lowest in 
these three countries. Berisso (2019) states, 
that estimates of persistent inefficiencies 
provide useful information about farms because 
high persistent inefficiency scores are indicators 
of non-competitiveness. Therefore, in order to 
eliminate the long-term inefficiency, agricultural 
policy should focus on structural problems in 
the organization of the production process.

In terms of transient efficiency, Croatia 
is in the last position following by dairy farms 
in Slovakia. Following Njuki and Bravo-Ureta 
(2015), these inefficiencies may be the result of 
shocks associated with the introduction of new 
technologies or changes in human capital. To 
minimize them, it is recommended to support 
education and consulting services in these 
countries.

The distribution of transient and persistent 
technical efficiency can be explained by 
determinants that were included in the second 
and third steps of the four-component model 
estimation. According to Wang (2002), the 
coefficients of the determinants of inefficiency 
cannot be interpreted directly due to nonlinearity. 
Therefore, Tab. 4 presents the estimates of the 
marginal effects of determinants of persistent 

((𝑢𝑖0)/𝜕𝑧𝑖) and transient inefficiency ((𝑢𝑖𝑡)/𝜕𝑧𝑖𝑡). 
All marginal effects are statistically significant 
at the 1% significance level. Our results confirm 
that the transient inefficiency is influenced by 
paid labour share, rented land share, level of 
modernization, level of off-farm activity and 
level of subsidies on livestock. The persistent 
inefficiency is influenced by specialization, 
farm size, and localization of farms in LFA. 
However, it should be noted that the possibility 
of comparing the results with other authors 
dealing with determinants of transient and 
persistent efficiency of milk production is 
due to the novelty of the technical efficiency 
decomposition very limited.

The transient technical efficiency is 
significantly higher in regions where the milk 
producers employ more non-family employees 
(z1). This result is in line with Zhu and Lansink 
(2012) and Latruffe et al. (2016). The results 
of the analysis of dairy farms in Latruffe et al. 
(2016) indicate that a higher reliance on hired 
labour is positively associated with overall 
technical efficiency. Non-family employees 
may bring additional qualifications into the farm 
and may imply gains from task specialization. 
Also Kostov et al. (2018) according to Pollak 
(1985) mention some disadvantages of a family 
business. These include the possible toleration 
of inefficiency and slack performance, and the 
possible lack of talent and skills required for 
successful business performance. To these 
could be added the presence of non-economic 
objectives in family farming, such as to produce 
food for the household, provide employment to 
family members and preserve the farm for the 
next generation.

Transient TE Persistent TE
Variab. Partial effect SE |t| Variab. Partial effect SE |t|

z1 0.0011 0.0002 5.8800 z6 0.3153 0.0795 3.9700
z2 0.0007 0.0003 2.0800 z7 −0.0026 0.0011 2.2600
z3 0.0015 0.0006 2.4800 z8 −0.0056 0.0014 4.1300
z4 0.0004 0.0001 5.6000
z5 −0.0071 0.0027 2.6800

LR-test, H0: σu = 0 105.0*** LR-test, H0: σu = 0 642.1***

Source: own

Note: SE denotes standard error; ***, **, * denotes significance at the 1%, 5%, and 10% levels respectively.

Tab. 4: Average marginal effects of selected factors on the unconditional expected 
value of persistent and transient technical efficiency
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The positive contribution of external 
factors is proved also based on the rented 
land (z2). We can conclude on the 5% level 
of significance that the share of rented land 
contributed to the transient technical efficiency 
increase. The higher share of rented land can 
improve performance due to the increased 
financial pressure because the obligation to 
pay rent appears to be a motivating factor for 
increasing efficiency of the transformation 
process and to a cost diminution. This result 
is consistent with Zhu and Lansink (2012) for 
dairy farms in Germany and Sweden and with 
Latruffe et al. (2016) for dairy farms in Spain, 
Italy, and the United Kingdom. Both papers 
have analyzed the technical efficiency of dairy 
farms in chosen European countries but without 
its decomposition into transient and persistent 
parts. However, authors do not reach a clear 
conclusion, because in some countries they 
found a positive relationship and in some 
countries a negative relationship. The same 
is true for the research of Bokusheva and 
Čechura (2017).

Milk production with a higher level of 
modernization is found to be more technically 
efficient (see z3). The efficiency and hence the 
competitiveness of farms is inseparably linked 
to their investment activity, which is reflected 
in a higher share of depreciation in total costs. 
Our result is consistent with the paper of Nowak 
et al. (2016).

Diversification of production in terms of 
off-farm activities (z4) is estimated to improve 
transient technical efficiency. It is therefore not 
an extension of the portfolio to other agricultural 
activity. Off-farm activities (as, e.g., agri-tourism, 
processing of farm products or renewable 
energy production) provide a risk management 
tool to reduce the income variability, especially 
in short term. By engaging in off-farm activities, 
farms also become self-insured and they 
may invest in more advanced technology and 
modernization, which in turn provides higher 
technical efficiency. The analysis of Bojnec 
and Fertő (2013) on Slovenian farms confirms 
our finding that technical efficiency is slightly 
higher for farms with off-farm activities. They 
also explain the positive effect on technical 
efficiency due to the deployment of family 
farm households’ surplus labour in off-farm 
employment and more efficient use of the 
remaining labour on the farm.

Finally, the support provided to farms in 
the form of livestock subsidies (z5) was found 
to decrease transient technical efficiency. The 
motivation of milk producers to work efficiently 
is lower when they depend on a higher degree 
on subsidies as a source of income. The higher 
subsidy dependence is found to be significantly 
associated with higher technical inefficiency, 
see for example Addo and Salhofer (2019), 
who analyzed the effect of subsidy share on 
persistent inefficiency in Austria, or Latruffe et 
al. (2011) in case of dairy farms in eleven EU-
countries.

As expected, the specialization of production 
(z6) was estimated to improve persistent 
efficiency. Of all monitored determinants, 
specialization has the most significant impact 
on technical efficiency. The more specialized 
production can take advantage of more 
knowledge and a higher level of skills. This 
is similar to results reported by Addo and 
Salhofer (2019) concerning the effect of crop 
specialization on persistent efficiency in Austria, 
or Zhu and Lansink (2012) concerning the 
effect of milk specialization degree on technical 
efficiency. On the other hand, the estimates 
indicate that regions with larger producers tend 
to show lower persistent technical efficiency 
(see z7). The positive effect of economies of 
scale was not proved. It should be noted that 
most authors dealing with the relationship of 
technical efficiency and farm size (measured by 
various indicators as ESU, agriculture area, and 
others), find a positive relationship. However, 
in this research, the relationship between size 
and long-term efficiency is analyzed, so it can 
be concluded, that the regions with larger 
producers are less flexible to changing market 
conditions and institutional framework and 
more burned with structural problems in the 
production process.

Milk production situated in Less Favoured 
Areas also tends to overuse persistently 
resources compared to best practice farms 
(see z8). Regions outside the LFAs have 
better farming conditions for the production of 
feed (especially concentrated feed), resulting 
in achieving better results. Also, the paper 
of Latruffe et al. (2016) confirms for seven 
European countries a negative effect on 
efficiency. The effect of farm location and the 
degree of disadvantage on technical efficiency 
is also in the case of Czech farms confirmed by 
Rudinskaya et al. (2019).
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Conclusions
The goal of this paper was to estimate 
the technical efficiency and its persistent 
and transient part for dairy production in 
the European Union using an extension of 
the Kumbhakar et al. (2014) four random 
component SF model which allows observation 
of the determinants of transient and persistent 
efficiency. Attention was focused on specialized 
milk production using FADN data in the period 
from 2004 to 2017.

From a methodological point of view, the 
analysis was based on the currently most 
advanced approach to technical efficiency 
analysis and the multi-step estimation procedure 
extended by technical efficiency determinants. 
The main contribution of this paper is the 
practical application of the recently developed 
four-component model in the analysis of 
the efficiency of European dairy production, 
comparison of both types of technical efficiency 
on the country level and evaluation of the 
technical efficiency determinants. To the best 
of our knowledge, this is the first application 
of the four-component model based on the 
multi-step estimation with the inclusion of 
technical efficiency determinant on this type of 
specialization in the EU.

The overall technical efficiency achieves 
the mean value of 68% and is relatively dense 
around the mean. The transient technical 
efficiency with 89% is higher than the persistent 
efficiency with 77% and the scores of persistent 
efficiency are considerably more dispersed than 
the transient efficiency. It can be concluded, 
that persistent technical inefficiency poses 
a greater problem for dairy production in the EU. 
Based on the assessment of the development 
of transient efficiency, it is evident that it is 
influenced by the situation on the dairy market, 
in particular by the milk crises. However, it can 
be stated that price fluctuations have a similar 
impact on milk producers in all EU countries 
because the transient efficiency across the EU 
regions exhibits only low variability.

In terms of comparing technical efficiency in 
individual countries, the highest values of overall 
and persistent efficiency are achieved in the 
Netherlands, the United Kingdom, and Belgium. 
In these countries the conversion of inputs to 
outputs is most effective and is least burdened 
with institutional and structural rigidities. On the 
other hand, the big potential for improvement 
was found in Slovakia, the Czech Republic and 

Croatia, where the average values of overall, 
persistent and also partially transient efficiency 
are the lowest.

Furthermore, we analyze factors that can 
explain both persistent and transient technical 
efficiency. The results showed that transient 
efficiency is positively influenced by paid labour 
share, rented land share, level of modernization 
and level of off-farm activities and negatively by 
the level of subsidies on livestock. According 
to our results, it cannot be stated, that the 
economies of size positively influence persistent 
efficiency, because the estimates indicate that 
regions with larger producers tend to show 
lower persistent technical efficiency. However, 
the positive effect on persistent efficiency has 
a specialization in milk production. It can be 
concluded that specialization is more important 
than size in order to increase technical 
efficiency. Localization of farms in LFAs, as 
expected, has a negative impact on persistent 
technical efficiency.

We can draw some policy implications from 
these insights because the improvement of the 
technical efficiency allows to more sustainable 
agriculture and brings competitive advantages. 
As was mentioned above, milk production in 
the EU is, in general, more persistent inefficient 
than transient and this inefficiency varies 
considerably across European regions. In order 
to improve the persistent efficiency agricultural 
policy should take into account the specifics 
of milk producers and production regions and 
support structural changes in low-efficient 
member states.

The persistent efficiency is positively 
affected by specialization. Despite the 
vulnerability of specialized farms to price 
shocks, it can still be said that specialization 
brings greater benefits. With this in mind, it 
can be stated, that possible tools for improving 
persistent inefficiency should involve knowledge 
transfer, support of agricultural education or new 
technologies thus everything that leads to be 
a “leader in its field”. Transient efficiency should 
be supported by the implementation of such 
CAP subsidies, which provides incentives to 
improve efficiency and they are not just a source 
of income. The transient efficiency is positively 
affected by a higher level of modernization. 
With a view to increasing the efficiency of dairy 
production, we can recommend greater support 
for investment subsidies.
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