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Abstract
This paper aims to evaluate the technical efficiency and the total factor productivity
change of dairy farms in EU countries. Analyses were carried out in order to
determine which countries showed the best performance adaptations when the
quota regime was relaxed and to evaluate the technical conditions of European
farmers at the starting point of the new regime (milk quota abolition). A data
envelopment analysis (DEA) was applied on aggregate data related to 22 European
countries for the period from 2004 to 2012. The findings suggest that milk farms
show small scope for improving efficiency using their own technical input. The
estimation of total factor productivity and its components suggest that the European
milk sector has suffered a decline in productivity. This means that external factors,
independent of the farmers’ capacity to use technical inputs, can play a greater role
than efficiency in conditioning productivity and profitability in the near future.
Keywords: Total factor productivity, Technical efficiency, European dairy farms,
Common Agricultural Policy, Farm Accountancy Data Network

Background
The demand for milk and dairy products has grown dramatically throughout the
world during the last decade. Consumption has particularly increased in eastern
Asia (China in primis), in middle eastern Asia, and in Africa. As regards cow’s
milk, Thiele et al. (2013) forecast that milk consumption would increase with an
average growth of 12 million tons per annum until 2022, implying that demand
will grow from today’s figure of more than 630 million tons to about 750 million
tons. However, even if all the analysts agree that demand will increase in the near
future, some estimates of the rate of growth in milk and dairy consumption are
lower than others over the next 10 years, mostly because they predict a lower
increase in Chinese demand (European Commission 2014).
The greater part of the additional demand over the last 10 years has been satisfied by European producers, and this will continue to be the case. Indeed, the
European Union (EU) is the most important supplier of milk and dairy products
in the world market. The EU provides 24% of the world’s supply of fresh cow’s
milk (Table 1).
© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.

Madau et al. Agricultural and Food Economics (2017) 5:17

Page 2 of 14

Table 1 Production of fresh cow’s milk by country or region in 2013 – (millions of tons)
Country/region

Quantity

Percent

European Union

152.4

24.0

USA

91.7

14.4

India

60.6

9.5

Brazil

34.2

5.4

China

35.3

5.6

Russian Federation

30.2

4.8

ROW

231.2

36.4

World

635.6

100.0

Source: FAOSTAT (2016)

The three largest dairy companies (Nestlé, Lactalis, and Danone) operate in
Europe. However, they are global companies operating in a dynamic market scenario that is characterized by a high level of mergers and acquisitions throughout
the world, and the market is sensitive to price fluctuations (Rabobank 2016).
European dairy competitiveness is certainly affected by this market situation. For
example, several European producers have delocalized their activity in other
Member States, with implications for technological transfer within the EU borders
and for competitiveness.
Recently, a new context was created for EU milk producers, because in March
2015, the era of milk quotas—which had characterized milk production for some
30 years—officially ended. The abolition of the milk quota system was not unexpected for producers, because it had been scheduled in the Mid-Term Review
more than 10 years earlier (Berkum and Helming 2006; Frascarelli 2012; Lips and
Rieder 2005; Rama 2013). Since 2004, a transition regime—involving lower support
prices, the weaker protection of domestic supply, more authorized deliveries, and
other actions—has been in place.1 Since 2007, total milk production in Europe has
been lower than the approved quotas, and prices have been more variable than
before (European Commission, 2012). In 2009, for the first time, world prices fell
below the support price, which was the last chance of shelter for European dairy
farmers.
In 2012, the EU produced a series of new instruments aimed at preparing the
sector for this new operating environment and ensuring support for milk producers
from 2015 onwards. These measures are contained in the so-called “Milk Package,”
which takes a longer-term perspective and aims to orient the strategies for the
dairy sector towards the market. All the measures established by the Milk Package
will apply until mid-2020, and the European Commission is mandated to monitor
the implementation of the Milk Package measures, the effects of their application,
and the milk market situation.
Several studies have been carried out to assess the impact of the new policy framework on the global dairy market arena. According to the US Dairy Export Council
(USDEC), EU milk production will be about 11% higher in 2020 than it was 7 years
before (USDEC 2015). The benefits of the growth in supply will be concentrated in
six northern European countries: Ireland, the Netherlands, France, Germany,
Denmark, and Poland. In the same period, the projected growth of EU dairy export
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flows is estimated to be about 5–6%. Other studies substantially validate the scenario
proposed by USDEC. Jansik et al. (2014) talk about a true “Northern Europe Milk
Belt” perspective in the coming years. Bouamra-Mechemache et al. (2008a, 2008b),
Chantreuil et al. (2008), Kempen et al. (2011), Réquillart et al. (2008), and Witzke and
Tonini (2008) all foresee an increase in the European milk supply of between 2.6 and
5.0%, as well as a price reduction ranging from 5.3 to 10.3%, with respect to the
baseline milk quota scenario.
The new institutional dairy regime can reinforce the competitive position of
European producers in the global arena, as well as re-distributing the milk supply
among the European countries. In this scenario, the efficiency and the productivity capacity of producers could play an important role in expanding production
and, as a consequence, profitability. This is because the abolition of milk quotas
potentially allows producers to expand their production outside the assigned cap,
forcing them to use technical inputs efficiently in their operations to expand
production. In other words, when there are no quotas in the market, the ability
of milk farmers to produce efficiently might become more relevant than it was in
the past.
The aim of this paper is to evaluate the technical efficiency and factor productivity
change of dairy farms in the EU countries in recent years, in order to determine which
countries have shown the best performance adaptations since the quota regime was
relaxed, and to evaluate the technical conditions for European farmers at the starting
point of the new regime.
A non-parametric efficiency analysis is applied to aggregate data relating to 22
European countries for 2004–2012, to estimate efficiency measures. The analysis allows
us to estimate the role of efficiency in conditioning productivity and to understand how
much effect efficiency can have on productivity after the abolition of the milk quotas.
The “The empirical model and data” section illustrates the DEA model adopted and
the data used. The “Results and discussion” section shows the main research findings
and contains a discussion of these results. Finally, the “Conclusions” section provides
some general conclusions.

Methods
The empirical model and data
Description of the data envelopment analysis (DEA)

Since Farrell’s (1957) seminal paper, two main approaches have been proposed for
calculating efficiency and productivity: stochastic frontier analysis (SFA) and data
envelopment analysis (DEA). Both procedures have advantages and disadvantages, and
the suitability of the method to the data depends on the industry to be examined
(Ruggiero 2007). The literature describes several studies comparing the two approaches
(Gong and Sickles 1992; Hjalmarsson et al. 1996; Sickles 2005), and other papers have
focused attention on agriculture (Kalaitzandonakes and Dunn 1995; Minh and Long
2009; Sharma et al. 1997; Theodoridis and Psychoudakis 2008; Wadud and White
2000). These studies have mostly investigated the differences between technical
efficiency scores and the distribution of the scores over the observed sample, although
contradictory results have been found.

Page 3 of 14

Madau et al. Agricultural and Food Economics (2017) 5:17

Generally speaking, the main advantage of SFA is that it takes into account the
stochastic variation of the output, because of its ability to handle the random noise that
can affect the output. On the other hand, an SFA model is generally limited to the
production of a single output, and some distributional assumptions need to be made
on the functional forms of the production frontier and in order to separate the stochastic
component from the inefficiency term. Assumptions about the random error component,
the fixed nature of the parameters, and the production frontier specification can affect the
empirical results.
In contrast, DEA is a non-parametric approach to estimating efficiency; it was
originally proposed by Charnes et al. (1978). In the DEA environment, assumptions need to be made about the functional forms for the production or cost
frontiers and about the distributions of the errors (Charnes et al. 1978). On the
other hand, this method cannot separate the inefficiency component from the
noise.
DEA was applied in this study in order to estimate changes in technical efficiency
(TE), scale efficiency (SE), and total factor productivity (TFP) in European dairy farms.
The decision to apply DEA rather than SFA was suggested by the nature of the database—there were too few observations to estimate a SFA model2—and by the need to deal
with TE measures that were not related to an a priori estimated frontier. By solving a
linear programming problem, DEA calculates technical efficiency by comparing each
production unit against all the others. The best practice frontier is represented by a
piecewise linear envelopment surface. The TE scores arising from DEA are therefore
invariant to technology, because they are obtained through comparisons between one
observation and others and not with respect to an estimated frontier. Furthermore,
DEA allows us to adopt a production function that does not make behavioural assumptions about farmers. This is an important specification in our research because we are
dealing with a sector for which output quotas have been applied over a long period—therefore confining milk production to a given cap and theoretically limiting the possibility of increasing the quantity produced—and in which price fluctuations have barely
affected farmers’ behaviour.
The DEA approach

An output-oriented approach was used for calculating the constant returns to scale
(CRS) DEA and variable returns to scale (VRS) DEA measures. This is because, for our
hypotheses, we estimated technical efficiency in milk production in terms of farmers’
capacity to maximize production given a certain bundle of inputs. This means that we
calculated technical efficiency by hypothesising that, theoretically, production could
increase up to the level allowed by technology.
Quotas represent a possible cap on production, so an input-oriented approach
(minimizing the use of inputs, given a certain level of output) might be suggested
for this sort of problem. However, our choice is derived from the need to highlight the role of technical efficiency in a scenario without milk quotas, and for
this reason, we opted for an efficiency measure that was not conditioned by
possible caps on production. In other words, since no assumptions on farmers’
behaviour and on technology variation needed to be made in this DEA approach,
we opted for an output-oriented approach so as to estimate technical efficiency in
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terms of the ability of dairy farmers to produce the maximum quantity of milk,
given a bundle of inputs at their disposal and with a flexible policy scenario (the
presence and afterwards the absence of quotas). We also bore in mind that dairy
farmers have not necessarily achieved the maximum production allowed under
the quota regime and that therefore production might basically not be strictly
handled as a fixed output.
The DEA model

CRS TE for a single output is derived by solving the following linear programming
model (Ali and Seiford 1993):
maxθ;λ θi

P
subject to nj¼1 λj yj −θi yi −s ¼ 0
Pn
j¼1 λj xkj þ ek ¼ xki

ð1Þ

λj ≥0; s≥0; ek ≥0
where θi is the proportional increase in output possible for the ith farm, λj is an N × 1
vector of weights relative to efficient observations, s is the output slack, and ek is the
kth input slack. Banker et al. (1984) suggest that the CRS DEA model should be
adapted to account for a variable returns to scale situation. Adding the convexity
constraint N1’λ = 1, the model can be modified into VRS DEA.
A farm has efficient results when the values of θ and λi are equal to 1, and λj = 0. By
contrast, an observation is inefficient when θ > 1, λi = 0, and λj ≠ 0. Solving (1), we can
obtain a measure of TE that reflects the “distance” between the observed and the
optimal output production for a certain input bundle:
TEi ¼

Yi
1
¼
θi
Y i

0 ≤ TEi ≤ 1

ð2Þ

where Yi and Y i are the observed and maximum possible (optimal) outputs,
respectively.
A measure of SE can be obtained by comparing the TECRS and TEVRS scores. Any
difference between the two TE scores indicates that there is scale inefficiency that
limits the achievement of an optimal (constant) scale, which can be calculated as
follows (Coelli 1996a):
SEi ¼

TECRS
i
TEVRS
i

0 ≤ SEi ≤1

ð3Þ

where SEi = 1 indicates full-scale efficiency and SEi < 1 indicates the presence of scale
inefficiency.
Imposing a non-increasing return of scale (NIRS) condition on the DEA model, by
changing the convexity constraint N1’λ = 1 of the DEA VRS model into N1’λ ≤ 1, we
can estimate whether the observations operate under constant increasing
(TENIRS ≠ TEVRS) or decreasing (TENIRS = TEVRS) returns to scale.
In the case of panel data, DEA permits us to calculate the Malmquist Total Factor
Productivity (TFP) Index, which serves to estimate productivity change over a period
(Berg et al. 1992). This allows us to decompose the TFP into more components: (1)

Madau et al. Agricultural and Food Economics (2017) 5:17

Page 6 of 14

technical efficiency changes; (2) technological changes; (3) pure efficiency changes; and
(4) scale efficiency changes (Coelli 1996b). To be more precise, change in technical efficiency is described as the efficiency in reaching the production limit, and technological
change as the curve shift in productivity limit (Mahadevan 2002).
Fare et al. (1994) specify an output-based TFP as follows:


M0 ytþ1; xtþ1; yt ; xt



2




#1=2
t
tþ1
d
x
d
x
tþ1 ; ytþ1
tþ1 ; ytþ1
0
0

¼4
d t0 ðxt ; yt Þ
d tþ1
ðxt ; yt Þ
0
ð4Þ

which represents the productivity of the production point (xt + 1, yt + 1) relative to the
production point (x1, y1). The M0 index is the geometric mean of the two output-based
Malmquist TFP indices described by period t and period t + 1 technology, respectively.
M0 > 1 will indicate positive TFP growth from the period t to the period t + 1. The four
components of TFP change reported above are calculated from separate linear programming models similar to those used for calculating the TE measures (Coelli 1996b).
The sample and the data used

DEA was applied to aggregate data related to 22 European countries from 2004 to
2012. We took 2004 as the starting year for the observations, so data were available
only for those countries that were part of the EU in that year and for which regime
milk quotas were applied from that year onwards. Our analysis can therefore only be
focused on 22 EU countries.
Farm Accounting Data Network (FADN) data for specialist milk producers were used
(European Commission 2015). Specifically, we introduced average farm data for each
country and for each observed year in the model. In other words, the output and input
values involved in the analysis correspond to the annual average farm values achieved
by each country.
A large amount of literature has been produced in the field of economic efficiency
estimation in the dairy sector (see Mareth et al. (2016) for a review of this issue).
However, the most of these studies have been based on analyses of farm data rather
than aggregate data (Kelly et al. 2012; Mugera 2013; Sauer and Latacz-Lohmann 2015;
van der Voort et al. 2014; Zhu et al. 2012). We are conscious that the use of aggregate
data creates some limitations.
First, it does not allow us to evaluate the intra-state variability of the outputs and inputs involved in the dairy processes. Secondly, the estimated frontier based on average
farms for each country might differ from the real frontier derived from individual
farms. On the other hand, aggregate output and input data have been involved in some
efficiency analyses in agriculture, especially in case of Malmquist TFP Index estimation
among more countries (Coelli and Prasada Rao 2005).
We were dealing with representative farms of each country’s dairy sector, which
implies that their decision-making units are the dairy farm sectors of the countries.
However, there is a lack of more detailed data (crossing or panel data) for the 22 countries and the nine observation years, and as a consequence, the use of aggregate data
represents an opportunity to estimate a milk production frontier for the EU as a whole.
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Concerning the use of FADN data, the sample might not necessarily be representative of the dairy farm sector in each country, because the largest and the smallest
farms are usually not covered by FADN data. Furthermore, the FADN sample
changes every year, with some farms entering the sample and others leaving. On
the other hand, this is a common problem when FADN data are used, and despite
this, a wide collection of literature has been produced on frontier analysis using
this sort of data, explicitly or implicitly assuming that the evolution of the FADN
sample is aligned with the evolution of a certain sector in each country (Madau
2011, 2015; Oude Lansink et al. 2002).
The production frontier was described by one output and six technical inputs.3 The
data involved in the analysis are reported in Table 2.
Milk production was measured in terms of tons produced. Land area corresponds to
the average area of arable land at the disposal of the farm and is calculated in hectares.
The quantity of livestock is computed in terms of livestock units (LU)4 so as to include
a standard measure of stock in the model.
At the same time, the standard unit for the labour involved was calculated using the
annual work unit (AWU)5 as a measure of labour effort. Capital investment, variable
costs, and other fixed costs were, obviously, calculated in money values at constant
2005 prices. Machinery and plant were measured in terms of an annual depreciation
rate to give a measure of the annual utilization, on average, of the capital stock.
Table 3 shows the average annual value of each variable.

Results and discussion
All efficiency measures were estimated using the DEAP 2.1 program created by
Coelli (1996a).
The results indicate that the TE for the CRS and VRS frontiers are, on average, equal
to 0.980 and 0.993, respectively (Table 4). Considering the latter measure, the so-called
pure efficiency, the results imply that specialist European milk farmers would have been
able to increase their output by less than 1% by using their disposable resources more
effectively (at the present state of technology) during the period 2004–2012. Therefore,
the findings suggest that milk farms show little scope for improving their efficiency
using their own technical inputs.
Most of the countries operate under full technical efficiency under the variable
returns to scale hypothesis, whereas only six countries—Belgium, Germany, Hungary,
Table 2 Production and explanatory variables of the production frontier
Variable

Description

Unit

Annual quantity of milk produced

Tons (t)

Land area

Land area covered

Hectares (Ha)

Cows

Number of milk cows

Livestock units (LU)

Labour

Number of workers

Annual work units (AWU)

Capital

Depreciation of machinery and plant

Euro (€)

Variable costs

Cost of variable inputs (e.g., feed, seed, energy)

Euro (€)

Other fixed costs

Cost of other fixed inputs (e.g., taxes)

Euro (€)

Output
Production
Input
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Table 3 Description of explanatory variables—average annual value
Variable

Mean

Unit

s.d.

369.0

t

275.6

Land area

85.2

Ha

150.6

Cows

56.9

LU

45.9

Labour

4.2

AWU

6.9

Capital

54.0

M€

52.5

Variable costs

18.4

M€

22.5

Other fixed costs

35.4

M€

35.4

Output
Production
Input

Latvia, Austria, and Slovakia—show technical inefficiency. However, the room for
improving technical efficiency is very limited in these six countries because all the
estimated scores have values greater than 0.900.
Applying the NIRS condition, the scale efficiency was found, on average, to be equal
to 0.987, implying that production could increase by 1–2% if farms adjusted their
production scale for efficient production. However, the margins for improving efficiency in this direction might exist for nine countries—Belgium, the Czech Republic,

Table 4 Estimation of technical and scale efficiency by countries—2004–2012
Country

TE (CRS)

TE (VRS)

SE

Return to scale

Belgium

0.996

1.000

0.996

Decreasing

Czech Republic

0.969

1.000

0.969

Decreasing

Denmark

1.000

1.000

1.000

Constant

Germany

0.926

0.936

0.989

Increasing

Spain

1.000

1.000

1.000

Constant

Estonia

0.965

1.000

0.965

Decreasing

France

0.903

0.907

0.996

Decreasing

Hungary

0.968

0.984

0.984

Increasing

Ireland

1.000

1.000

1.000

Constant

Italy

1.000

1.000

1.000

Constant

Lithuania

1.000

1.000

1.000

Constant

Luxembourg

1.000

1.000

1.000

Constant

Latvia

0.906

0.952

0.952

Decreasing

Malta

1.000

1.000

1.000

Constant

Netherlands

1.000

1.000

1.000

Constant

Austria

0.930

0.973

0.956

Increasing

Poland

1.000

1.000

1.000

Constant

Portugal

0.995

1.000

0.995

Increasing

Finland

1.000

1.000

1.000

Constant

Sweden

1.000

1.000

1.000

Constant

Slovakia

0.797

1.000

0.797

Decreasing

Slovenia

0.895

0.980

0.912

Increasing

Mean

0.966

0.988

0.978

CRS TE under constant returns to scale hypothesis, VRS TE under variable returns to scale hypothesis
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Germany, Estonia, Hungary, Latvia, Portugal, Austria, and Slovakia—whereas the most
of countries reveal an optimal level of scale efficiency.
The most scale inefficient countries were estimated to be operating under increasing
returns to scale conditions. They exhibit a sub-optimal scale, implying that the milk
farms need to be expanded in order to achieve full scale efficiency. By contrast, the
Czech Republic, Estonia, and Latvia show decreasing returns to scale. These findings
suggest that the sizes of the farms are, on average, supra-optimal and should be
reduced to reach the optimal scale. This is not a surprising result because the supraoptimal scale countries are also characterized by a strong concentration of dairy
livestock (a high value of LU for the farms, on average) and large areas of arable lands
on big farms. In other words, the results are evidence that a reduction of the operational scale should be promoted in order to improve efficiency in those countries
where the dairy farms are bigger.
The estimation of TFP and its components suggests that the European milk sector
has suffered a decline in productivity (Table 5). Indeed, the TFP change (TFPC) is, on
average, equal to 0.979, implying that during the period of the observations, there has
been a generalized “technological” regression and that TFP has grown by a decreasing
amount. The only countries to show values greater than unity for TFPC are Portugal,
Finland, and Sweden.
Table 5 Estimation of total factor productivity change and its components—2004–2012
Country

Efficiency
change

Technological
change

Pure efficiency
change

Scale efficiency
change

TFP
change

Belgium

1.001

0.980

1.000

1.000

0.980

Czech
Republic

1.000

0.977

1.000

1.000

0.977

Denmark

0.989

0.982

0.990

0.998

0.971

Germany

1.005

0.988

1.005

1.001

0.993

Spain

1.000

0.925

1.000

1.000

0.925

Estonia

1.003

0.980

1.000

1.003

0.983

France

1.000

0.995

1.000

1.000

0.995

Hungary

1.005

0.978

1.002

1.003

0.983

Ireland

1.000

0.972

1.000

1.000

0.972

Italy

1.000

0.970

1.000

1.000

0.970

Lithuania

1.000

0.944

1.000

1.000

0.944

Luxembourg

1.000

0.982

1.000

1.000

0.982

Latvia

1.008

0.954

1.001

1.007

0.962

Malta

1.000

0.997

1.000

1.000

0.997

Netherlands

1.000

0.977

1.000

1.000

0.977

Austria

0.999

0.981

1.003

0.996

0.980

Poland

1.000

0.967

1.000

1.000

0.967

Portugal

1.001

1.006

1.000

1.001

1.007

Finland

1.000

1.005

1.000

1.000

1.005

Sweden

1.000

1.006

1.000

1.000

1.006

Slovakia

1.002

0.965

1.002

1.000

0.968

Slovenia

1.000

0.993

1.000

1.000

0.993

Mean

1.002

0.978

1.000

1.000

0.979
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The high efficiency that characterizes the sector plays a neutral role in conditioning
the sub-optimal TFPC, since the effects provided by the efficiency components are all,
on average, equal or close to unity.
The average score estimated for technical efficiency change is slightly greater than 1,
suggesting that the effect on TFPC derived from efficiency change is positive—except
in Denmark and Austria—but not very significant. Germany, Hungary, and Latvia show
above-average technical efficiency change scores.
The table reveals that the estimated pure efficiency change and scale efficiency
change do not affect TFPC (both average scores are equal to 1). Only Denmark exhibits
a pure efficiency change score that is below 1, whereas Germany, Hungary, Latvia,
Austria, and Slovakia show positive values (although the magnitude is low). Scale
efficiency change is negative only for Denmark and Austria, and it is positive, but
basically insignificant, for Germany, Estonia, Hungary, Latvia, and Portugal.
Technological change is, on average, negative, and the value substantially corresponds
to the TFPC.
A technical efficiency change that is slightly greater than 1 might indicate that the
European milk sector is capable of satisfying the production limit. On the other hand, a
technological change index of less than 1 means that similar input volumes produce
smaller output amounts. This implies that milk producers have to be considered to be
efficient and that the reduction in productivity—found especially after 2009—is not the
result of the ability of dairy farmers to use their inputs efficiently but might mainly be
related to other factors (e.g., market shocks, milk price volatility).
Therefore, the findings partly suggest that exogenous factors might have an influence on
both technical efficiency and productivity. This suggestion needs future research that can verify whether there is a strong relationship between, on the one hand, technical efficiency and
productivity change and, on the other, certain external factors; this means that the results
need to be interpreted with caution, particularly considering the nature of the data. However—even given these inherent methodological limitations—the trend that we have obtained
for technical efficiency and productivity change over the period under consideration suggests
that market conditions have played a perceptible role in efficiency and productivity.
Table 6 shows that the minimum and maximum TFP and technological change
scores were found in 2008 and 2009, respectively. This means that in this interval, we
Table 6 Mean Malmquist index for observed year—2004–2012
Year

Efficiency
change

Technological
change

Pure efficiency
change

Scale efficiency
change

TFP
change

2004

–

–

–

–

–

2005

1.003

0.969

0.999

1.004

0.971

2006

0.991

0.992

0.995

0.996

0.983

2007

1.002

0.958

1.002

1.000

0.960

2008

1.001

0.933

0.999

1.002

0.934

2009

0.994

1.100

0.997

0.997

1.094

2010

1.011

0.957

1.007

1.004

0.968

2011

1.000

0.951

0.998

1.002

0.951

2012

1.003

0.974

1.004

0.998

0.976

Mean

1.002

0.978

1.000

1.000

0.979
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found the greatest increase in technological change whereas, in contrast, the greatest
decrease is observed from 2009 to 2010, when the technological change switches from
1.100 to 0.957, indicating that European farmers were not able to raise their efficiency
levels (a retrogression of the production frontier).
Comparing the data on world milk price trends with the annual technological
change arising from the DEA, a clear relationship comes to light. Indeed, the most
relevant reduction in technological change is revealed to have taken place immediately after milk prices showed a remarkable increase (from 2007 and 2008); in
contrast, the most sizeable growth in this score was observed in the annual period
after world milk prices had dramatically decreased and milk production went down in
Europe. The FAO Dairy Price Index, which measures world milk and dairy prices,
increased from about 130 points in 2007 to 270 points in 2008 and afterwards fell to
120 points in 2009 (FAO 2016).6
On the other hand, in the same period, technical efficiency had a great influence on
the change in TFP, rising from 0.994 in 2009 to 1.011 in 2010. This is probably the
result of the greater attention paid by farmers to utilizing their own technical inputs to
countervail the reductions in milk supply and production capabilities that were
probably derived from market shocks.
This is the critical point, because we found that there are only small margins for
increasing (technical and scale) efficiency in the European milk production sector. It
suggests that external factors, independent of farmers’ capacity to use technical inputs,
can play a greater role than efficiency in conditioning productivity and, as a consequence, profitability in the near future. Hence—since an output-oriented approach was
adopted—the elimination of the production cap as a result of the abolition of milk
quotas may marginally contribute to increasing milk farm productivity, because
productivity might basically depend on exogenous factors that affect technology.
Among the policy implications, the findings suggest that the Common Agricultural
Policy (CAP) 2014–2020 should generally direct its energy towards promoting policies
that are not directly based on improving dairy farm efficiency, because dairy farm
efficiency mainly depends on market features. These conclusions are similar to those
highlighted by Zhu et al. (2012) for some European countries. These authors found that
CAP subsidies granted since 1992 have not had a positive effect on efficiency in the
dairy sector and that efficiency is not a factor in conditioning competitiveness.
The general efficiency that was estimated indicates that only small margins for improving technical efficiency might exist and that policies should be addressed towards
other tools for guaranteeing competitiveness. Confining price fluctuations within a
tunnel and supporting dairy farmers through direct payments may be good tools for
containing the expected increase in price volatility, guaranteeing income stability to
farmers and ensuring a market scenario in which farms can be competitive. Furthermore, the CAP 2014–2020 should encourage milk farmers to produce milk in a way
that covers their costs at the prevailing market prices. Basically, the Milk Package just
contains measures aimed at boosting the position of dairy producers in the supply
chain and preparing the dairy sector for a more market-oriented future, without
directly intervening in the areas of efficiency and productivity.
On the other hand, some countries were found to be not fully efficient, and hence,
for these countries, policies can contribute to improving their ability to increase their
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technical efficiency and productivity. We estimated output-oriented efficiency measures,
but the countries estimated to be inefficient revealed their inefficiency even without the
DEA approach (i.e., if a farm has inefficient results, this is shown with both an outputand an input-oriented measure). This means that in these countries, both output- and
input-oriented policies can be promoted for improving efficiency and can contribute to
increasing productivity and/or competitiveness.
Basically, some differences in the estimated efficiency among countries might be due
to structural differences in the farms (e.g., farm size, farmer age, or climate conditions)
or, on the other hand, to the farms’ management abilities. In the former case, adjusting
the structural constraints can improve scale efficiency and, as a consequence, productivity, whereas in the latter case, the improvement of the management systems used in
farms should be encouraged in order that farmers become more efficient in using the
bundle of resources at their disposal. Where a degree of inefficiency exists, rather than
the Milk Package, all the tools available under the second CAP pillar could support
inefficient farmers in maintaining or expanding milk production, which is quite often
vital for their economies.

Conclusions
This study was carried out in order to estimate technical efficiency and total factor
productivity change in the European dairy sector, with the objective being to evaluate
whether efficiency can play in a role in the new policy scenario for conditioning productivity and, at the least, profitability. The findings from the analyses are that milk
farms show small scope for improving technical efficiency and that the European milk
sector has suffered a decline in productivity. These results suggest that the ability of
milk farmers to produce efficiently can only increase slightly in the future, implying
that other factors might play a crucial role in conditioning economic performance in
the absence of milk quotas.
Some normative lessons for the future can be derived from this research. However, it
must be underlined that the use of efficiency analysis and the nature of the data used
do not allow us to highlight convincing implications from a policy point of view. More
research needs to be done to verify whether the margins for improving efficiency in the
sector at a European scale are actually small, whether retrogressive behaviour characterizes the milk production function, and more importantly, what the role of technical
efficiency is in the economic performance of the sector. This information is certainly
useful for obtaining a better understanding of the sort of policies that need to be implemented to give adequate support to a sector that will be subject to great price volatility
and foreign competition in the world markets when milk quotas are removed and
where there is still a gap between EU countries in their farmers’ ability to use technical
factors effectively.
Endnotes
1
It must be emphasized that support for dairy farmers has been declining throughout
the world, especially in the USA (Wolf and Widmar 2015).
2
To adopt SFA, with a flexible functional form, we would need to have more data. To
impose a more restrictive functional form, with fewer parameters to estimate, can be a
limitation on the use of SFA.
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3

According to Nunamaker (1985), the minimum number of observations corresponds
to 3 × (number of outputs + number of inputs). In our case, this means that the size of
the sample (22 observations) is adequate for handling six input variables (where the
minimum is 21 observations).
4
The livestock unit, abbreviated as LU, is a reference unit that facilitates the aggregation of livestock from various species and of various ages using an agreed convention,
via the use of specific coefficients established initially on the basis of the nutritional or
feed requirement of each type of animal (Eurostat 2016). The reference unit used for
the calculation of livestock units (=1 LSU) is the grazing equivalent of one adult dairy
cow producing 3000 kg of milk annually, without additional concentrated foodstuffs.
5
One annual work unit, abbreviated as AWU, corresponds to the work performed by one
person who is occupied on an agricultural holding on a full-time basis (Eurostat 2016). If
the national provisions do not indicate the number of hours, then 1800 h are taken to be
the minimum annual working hours, which is equivalent to 225 working days of 8 h each.
6
The FAO Dairy Price Index consists of butter, milk, cheese, and casein price quotations. The average is weighted by world average export trade shares.
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