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Abstract: The study aims to estimate the agricultural eoctineenvironmental efficiency
(eco-efficiency) for European countries. Eco-effiwy is obtained by the data envelopment
analysis (DEA) and stochastic frontier analysisApB#sing a generalized maximum entropy
(GME) approach. Agriculture gross value added (GV$A¢onsidered as the desirable output
and greenhouse g&SHG) emissions as the undesirable output. Capabbur, land, energy
and nutrients are regarded as inputs. The GVA/GHl® is the measure of eco-efficiency.
The estimation was made for the years 2005 and,20kieh correspond to thelyear of
commitment to the Kyoto Protocol and the most regear with information concerning all
the variables in the study, and is a period that @ifow us to see some changes after the
agreement. The results show that in 2005, AusBiayenia, Hungary, the Netherlands and
Portugal revealed the higher levels of eco-efficierand countries such as Estonia, Germany,
Ireland, Latvia and Slovakia are the group with lihgest levels of eco-efficiency. In 2010,
Bulgaria, Finland, Greece, the Netherlands andugattare the group of countries with the
higher levels of eco-efficiency, while Denmark, @Gany, Latvia, Romania and the United

Kingdom are the group with the lowest levels of-efficiency.
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The World Development Report estimated an incr@asereals and meat production by
50% and 85% in 30 years (20002030) in order to nieeworld demand (World Bank 2008).
Intensive farming practices have been largely ptd practice during recent years by using

greenhouses and poly-tunnels, for example, asppmes to the increasing demand for fresh
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goods by the developed countries (Romero-Gamelz 2052). The demand for the bio- fuels
and biomass through processing agriculture goodsban increasing as well, and therefore
several thousand million hectares of arable langhimbe needed, according to Bindraban et
al. (2009). The increasing agricultural productaargmented the energy consumption and the
usage of non-renewable products as nitrogen andpbloous, as well as the pesticides,
according to Nemecek et al. (2011), raising seven&ironmental problems such as loss of
biodiversity, deterioration of the land and polurtiof the ecosystem.

Given the heterogeneity of the levels of developnanEuropean agricultural regions
and the existence of gaps in productivity, theeeratevant reasons leading to the analysis and
evaluation of economic-environmental efficiencyq@tficiency) in this sector. The Common
Agricultural Policy (CAP), particularly with the pposed schedule for 2014-2020, tries to
establish a series of recommendations to ensurertieonmental conservation and whose
incidence optimise the efficiency of the inputsdige the process of agricultural production
and livestock.

The agriculture eco-efficiency can be seen, asnddfiby Schmidheiny and Zorraquin
(1996), by the gross value added (GVA) by the dneese gases (GHG) emissions ratio
(usually interpreted by the proportionality betweeagricultural production to gases
emissions); or, according to Huppes and Ishikav@®%2, eco-efficiency is the ratio of value
created per one unit of environmental impact.

In the analysed agricultural sector literature,le&ting the efficiency and assessment of
the environmental consequences of the productioogss are found to be an important basis
for the decision-making. Regarding what concermsédfiiciency in agricultural production,
the empirical studies are usually performed usiegdata envelopment analysis (DEA) or the
stochastic frontier analysis (SFA), which identifye material balance as key drivers for
different levels and variations in scores that rdrekagricultural systems on their level of eco-
efficiency.

Although not new, the methodology used in this wagk not been applied at the sectoral
level or in particular to the agriculture sectorm@aximum entropy approach, which combines
information from the DEA and the structure of core@d error from the SFA without
requiring distributional assumptions, is used toneste the stochastic frontier model with a
translog specification (Coelli et al. 2005; Rez¢lake 2011). The methodology was applied
with the goal of estimating the agricultural eceséncy at the country level. The years of

2005 and 2010 will be considered, which corresptnthe ' year of commitment to the
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Kyoto Protocol and the most recent year with infation concerning all the variables in the
study. This last year also allows us to see if soh@nges occurred after the agreement.

In our model, the agriculture GVA is consideredtlas desirable output and the GHG
emissions from agriculture as the undesirable dute use the ratio between GVA and
GHG emissions as the definition of the eco-efficken Nutrients, energy (lubricants
consumption), land, capital and labour are regaetedputs. The GVA by GHG emissions
ratio is maximised given the values of the othee fariables. Eco-efficiency will be greater
when the emissions decrease and the GVA is the sdree agricultural production is greater
for the same amount of emissions, or simultaneowslgn agricultural production increases
and the GHG emissions shrink. The previous analydesv that the productivity of
agriculture in Europe relies on the intensity okemgy, capital, labour and land. Different
improvements in labour productivity, land intenséapd energy efficiency can effectively
enhance the technical and technological efficiendpwever, capital deepening has a
mitigating effect on the efficiency mentioned. Tigoto Protocol commitment implies that
the technological change of the European's agulltproduction biases energy use and
capital saving, causing a high-energy demand, quéatily in the development of the
agricultural sector.

We present figures showing the evolution betweed528nd 2010 of the GVA/GHG
ratio, as well as of the inputs considered in dudg Figure 1-2 show that some countries
that stand out for the GVA/GHG ratio as Finland1(39%), Germany (+ 25%) and Portugal
(+ 9%). Slovakia, Ireland, the Czech Republic andnibark have significant adverse
developments for the production by the pollutioniteed in agriculture. We also found in
Figure 3 that countries with greater intensityhe tse of nutrients are Bulgaria, Ireland and
Slovakia, and those with bigger energy intensitg #&eland, Slovakia and the Czech
Republic. The best-performing countries, that isthwsignificant negative changes, are
Finland, Greece and Malta for nutrients and FinJdnckembourg, Germany and Portugal for
energy. Joining these observations with the onesitaithe GVA/GHG ratio, we see that the
intensity in the use of nutrients and energy carstbengly related to eco-efficiency of the

sector.
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Figure 2. Variation of gross value added divided by greenhouse gases between 2005 and 2010 for agriculture in European
countries

Source: own elaboration based on data from the Eurostat (more information in Data)

If we look at the productivity of agricultural maction factors (capital, labour and land)
in Figure 4, we can also establish some relatigusshiith the economic and environmental
efficiency. We have for example countries like Bmd, Estonia and Latvia with a very
satisfactory overall performance, while countride IMalta, Hungary or Ireland show a
decrease in the factors productivity.

Following this preliminary analysis, it is clearaththere are differentiating levels in the
cross-country dispersion in agriculture in Europetloe relationship between the measure of

eco-efficiency and its determinants.
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Figure 3. Variation of nutrients intensity and energy intensity between 2005 and 2010 for agriculture in European
countries

Source: own elaboration based on data from the Eurostat (more information in Data)
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Figure 4. Variation of land, labour and capital productivities between 2005 and 2010 for agriculture in European countries

Source: own elaboration based on data from the Eurostat (more information in Data)

LITERATURE REVIEW: EFFICIENCY AGRICULTURAL STUDIES

Among the analysed agricultural sector literatusyaluating the efficiency and
assessment of the environmental consequences @irdlleiction process is found to be an
important decision making basis.

The identification of natural resources as explarato justify the variability of levels of
environmental efficiency in the context of agricw#l production, justified the need for
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analytical frameworks, as suggested for examplenpirical studies by Reinhard et al.
(2002), Battese and Coelli (1995), Greene (200%glICet al. (2005), Simar and Wilson
(2007), Lauwers (2009). All these studies covetexlthree most referenced models usually
used to measure economic efficiency versus envieomah efficiency, such as the
environmental efficiency of production, the fromta environmental efficiency and adjusted
based on material balance models.

A patrticular innovation in the eco-efficiency argb/with adjusted production models is
the use of a production frontier to analyse thatm@hship between input(s) and output(s),
under the assumption that pollutant emissions ee@ sis undesirable inputs and/or outputs.
This efficiency boundary is used for modelling tredationships between economic and
ecological results to derivethe environmental efficiency measures, such as suppdite
Callens and Tyteca (1999), Tyteca (1999), Korteai(2008), Kuosmanen and Kortelainen
(2005), Lauwers (2009), Wursthorn et al. (2011)caPo-Tadeo et al. (2011) and Picazo-
Tadeo et al. (2012). To these authors, the measafreso-efficiency are related to the
economic value of outputs involved in productiomgasses, under the assumption of the
existence of environmental pressures.

There are several studies that tlise DEA and SFAto identify different levels of eco-
efficiency of agricultural systems, where the irgpate nutrients, nitrogen and phosphorus,
since they have been found significant in explaremissions, particularly for farms and
livestock. As examples, we can point out the follayvstudies:Callens and Tyteca (1999),
Reinhard and Thijssen (200@Reinhardet al. (2002),Van der Werf and Petit (2002), Pacini
et al. (2003)Abay et al. (2004), Payraudeau avidn der Werf (2005)Alene et al. (2006),
Asmild and Hougaard (2006), Rao and Rogers (2086ang and Coelli (2011) and Hoang
and Alauddin (2012)Coelli et al. (2007) investigated the environmepi@iformance of 117
pig farms in Belgium using a DEA non-parametrichi@cal analysis. Lauwers (2009) and
Van Meensel et al. (2010) ustee DEA and SFA to recognise the existing trade-ofinastn
environmental effectiveness and economic efficiensing the same data of Coelli et al.
(2007).

Other authors advocate that agriculture eco-effimyeshould be evaluated considering
the principle of the balance of materials, as tbst allocative efficiency, the fertiliser
consumption intensityhe size of land and the share of owned land otlieofotal land. Some
examples are the studies of Coellial. (2007), Van Passel and Van Huylenbroeck (2007),
Cherche and Puyenbroeck (2007), Bell and Morse8RQ@uwers(2009, Barba-Gutiérrez
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et al. (2009), Van Meensel et al(2010), Hoang and Coell(2011), Picazo-Tadeo et al.
(2011), Hoang and Alauddin (201 2Picazo-Tadeo et al. (2012Khoshnevisan et a{2013)
Nguyen et al. (2012) investigated the environmepé&aformance of 196 rice farms in South
Korea based on the material balance theory, rengeaihigh variability in the coefficients
associated with the explanatory drivers of ecceedficy in all farms.

Hoang and Rao (2010) evaluated the efficiency efdfgricultural sector of 29 OECD
countries, decomposinigj into the technical efficiency and the cumulatigxergy allocative
efficiency, anddefining new efficiency sustainable measutkat ensure the capacity ftire
sustainabilityof crop and livestock productiomn the reviewed studies, the environmental
assessment was mainly focused on the efficienbtisatural resources and nutrients, but we
must consider, particularly in Africa, that therse a credible support that the systems of
agricultural production are limited by the existirggtriction ofthelow topsoil fertility (due to
scarcity of water and nutrients), as reported sdtudies of Robertson et al. (2007), Giller et
al. (2006), Bindraban et al. (2008), Twomlow et(aD08) and Sanginga and Woomer (2009).

DATA AND METHODOLOGY
Data

In our model, we considered the GVA/GHG ratio fgrieulture as the output and energy
(lubricants), land (agricultural area), labour, it@pand nutrients are considered as inputs by
using a translog agricultural production function.

GVA is the gross value added of agriculture atdasid constant prices, in millions of
EUR, available on the Economic Accounts for Agtiatg of the Eurostat. GHG emissions
(COeq.) in Gigagrams were obtained from the FAOSTAfiergy (lubricants) consumption
in millions of EUR at constant prices was obtainfedm the Economic Accounts for
Agriculture in the Eurostat. Agricultural area in 8bthe land area was obtained from the
FAOSTAT. Agricultural labour in absolute figures (D0 annual work units) was obtained
from the Agricultural Labour Input Statistics, Eatat. For the variable capital, we considered
the gross fixed capital formation in millions of Rlat basic and constant prices available on
the Economic Accounts for Agriculture of the EuatsiNutrients are the sum of nitrogen and
phosphate fertilizers in tonnes of nutrients peddlBa obtained from the FAOSTAT.

We considered data for the two distinct years 280&% 2010 for the following European
countries: Austria, Bulgaria, the Czech RepublienBark, Estonia, Finland, Germany,



Greece, France, Hungary, Ireland, Italy, Latvia,xémbourg, Malta, the Netherlands,
Portugal, Romania, Slovenia, Slovakia, Sweden hadJnited Kingdom.

Although this study initially intended to include its analysis the first year of the Kyoto
Protocol (2005) and the year reflecting the enthefsecond phase (2012), this goal could not
be achieved, as 2010 is the last year for whichetle valid information for all countries
considered. Also, notice that we had to excludegiBel, Norway and Switzerland for
missing data on some variables, and Cyprus, Litlay&oland and Spain were eliminated for
the lack of data on capital invested in agricultinrg010.

Table 1 reports descriptive statistics of the Jdasa used for the full sample of the
agriculture sector (22 countries). On average 0ib02in relation to 2005, the countries values
show practically a maintenance of the rdtothe eco-efficiency measure (GVA/GHG). The
mean values for labour and capital decreased whdemean values for land, energy and

nutrients increased.

Table 1. Descriptive statistics for the full sample (22 countries) in years 2005 and 2010

2005 2010

Variables I . standard . . standard

minimum  maximum mean deviation minimum  maximum mean T
GVA/GHG 0.07 0.88 0.32 0.21 0.06 0.82 0.32 0.22
Land 7.47 70.09 43.54 18.16 il 71.19 44.69 18.06
Labour 4.00 2596.00 411.62 585.1 3.60 1639.00 324.00 411.93
Capital 9.81 10895.13 1993.13 3044.51 30.26 9273.35 1946.54 2834.64
Energy 7.83 3007.30 740.99 890.66 6.66 3080.30 747 .44 897.03
Nutrients 43.73 297.47 124.50 74.46 38.83 464.44 130.56 105.74

Agriculture gross value added (GVA) is considered as the desirable output and greenhouse gas (GHG) emissions as the unde-

sirable output. The GVA/GHG ratio is the measure of eco-efficiency.

Source: authors’ own elaboration

Methodology

The DEA and SFA are briefly discussed for complessnand reader’s convenience. The
DEA method (Charnes et al. 1978) uses linear progriaig to construct a non-parametric
piece-wise linear production frontier using diffiereeturn to scales, and the possibility of
multiple inputs and multiple outputs. Some well-lwmoDEA models are illustrated in Coelli
et al. (2005). It is important to note that all @gwns from the production frontier are
estimated as technical inefficiency because the B&#s not account for noise.

Two DEA models are tested in this work: a constetiirn to scale (CRS) model and a
non-increasing return to scale (NIRS) model. ThdrSlloutput-orientated DEA model
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provides higher values of the technical efficieaoy it is considered in this work, namely for
the definition of supports in the SFA methodology.
Aigner et al. (1977), Battese and Corra (1977) sie¢usen and van den Broeck (1977)
were the pioneers of the SFA methodology. The ggséochastic frontier model is given by
Ny, = f (% B) + Vo — Uy, (1)
wheren represents a producer £ 1, 2, ...N); f () is the production frontieg, is the scalar
output for producen; x, is a row vector with logarithms of input;is a column vector of
parameters to estimatejs a random variable representing noise (measureensrs and/or

random shocks) angl> O is a one-sided random variable representingnieahinefficiency.

The random variable is usually assumed to be normally distributétl(0,62), andu is

defined through different distributions such as amgntial, non-negative half-normal,
truncated normal or gamma. The choice of the 8istion for theu error component
represents the main criticism on the SFA, sincgediht distributional assumptions can lead
to different estimates of technical efficiency. Hoxgr, the main advantage of the SFA is the
structure of the composed error, which separatesinipacts on production outside the
producer’s control from technical efficiency.

The output-oriented measure of technical efficieisayefined by

—_— Y. _ exp( f(x, B)+v, —un)
" exp(f(xn 13)+vn) exp(f(xn B) +vn)

This measure represents the ratio of the obserugulibto the potential output for the

=exp(-u,). (2)

producer. Naturally, TfEassumes values between zero and one.

The parameters of the model (1) are usually estichéhrough maximum likelihood
(ML). Kumbhakar and Lovell (2000) presented all #simation procedures with the ML
estimator for different distributional assumptiorequired for the two-error components.
However, in this work, with only 22 countrield € 22) in the sample and assuming a translog
functional form for the production frontier (Coeé#it al. 2005; Rezek et al. 2011), the model
(1) became ill-posed, namely affected by severéinealrity and with more parameters to
estimate than observations, in both estimated rsd@805 and 2010). Thus, an alternative to
the ML estimation is needed.

The maximum entropy (ME) formalism was first esistieéd by Jaynes (1957a, b) based
on physics (the Shannon entropy and statisticahar@cs) and the statistical inference. Golan

et al. (1996) generalized the ME formalism and tped the generalized maximum entropy
9



(GME) estimator, which can be used in models exihdpicollinearity, in models with small
sample sizes (micronumerosity) and non-normal gsfras well as in models where the
number of parameters to be estimated exceeds thberuf observations available (under-
determined models).

Recently, an increasing interest with these estirsan the technical efficiency analysis
has emerged in the literature (Campbell et al. 200&ek et al. 2011; Macedo et al. 2014,
Macedo and Scotto 2014; Robaina-Alves et al. 20IBg main motivation comes from the
advantages of the ME estimation that avoids csitid and difficulties of the DEA and SFA.
For instance, with the ME estimation, the DEA mekti®used only to define an upper bound
for the supports, and thus the main criticism ef iEA is used as an advantage. Furthermore,
the composed error structure in the SFA is usefowit distributional assumptions, which
means that the main criticism on the SFA is avoideth the ME estimation. Thus, by
avoiding the criticisms and difficulties of the DEelhd SFA, the ME estimators appear to be a
promising approach in the efficiency analysis.

In this work, the supports for the parameters efrttodel are defined through [100, 50, O,
50, 100] for the constant, and [5, 2.5, 0, 2.5fds]the remaining parameters of the model.
The supports for the noise component are definedrmtrically and centred on zero with five
points, using the three-sigma rule with the emplristandard deviation of the noisy
observations.

An important advantage of the ME estimation is ti&t distributional assumptions are
not necessary, although the same beliefs can beessqd in the model through the error
supports. In this work, three approaches are cersitd GMEL1 is following Campbell et al.
(2008), where the prior means are chosen accotdititge range of the mean efficiency of the
DEA and SFA (in this work, the prior mean is cldeethe DEA mean efficiency: 58.2% in
2005 and 52.5% in 2010); GME?2 is following Rezekakt(2011) and GMES is following

Macedo et al. (2014), in which the upper bound iieery by ~In (DEA,), where DEA
represents the lower technical efficiency estinudti@ined by the DEA in the 22 observations
in the sample. The supports are presented in Tablmte that, as mentioned by Rezek et al.

(2011), the selection “of these vectors sets a grpectation of mean efficiency; however, it

does not preordain that result.” This is an impurfeature of the ME estimation.
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Table 2. Supports for the inefficiency error component
with the generalized maximum entropy (GME) estimator

2005 2010
GME1 [0, 0.005, 0.01, 0.015, 2.68] [0, 0.005, 0.01, 0.015, 3.19]
GME2 [0, 0.01, 0.05, 0.1, 1] [0, 0.01, 0.05, 0.1, 1]

GME3 [0, 0.01, 0.02, 0.03, 1.84] [0, 0.01, 0.02, 0.03, 2.19]

GMEL1 - supports accordingly to Campbell et al. (2008);
GME2 - supports accordingly to Rezek et al. (2011);

GMES3 - supports accordingly to Macedo et al. (2014)
Source: authors’ own elaboration

In the SFA with ML estimation, Kumbhakar and Lov€lA000) answering to the
question “Do Distributional Assumptions Matter?gaed that the “sample mean efficiencies
are no doubt apt to be sensitive to the distribbuéissigned to the one-sided error component
(...). What is not so clear is whether a ranking adducers by their individual efficiency
scores (...) is sensitive to distributional assumpid Naturally, the same concern applies to
the ME estimation: Do different supports for thefficiency error component matter? This
work provides some highlights on this discussibthé sample mean efficiencies are clearly
sensitive to the supports assigned to the ineffayeerror component, the same does not
happen to the classification of producers sincedn&ings established by GME1, GME2 and
GMES are almost identical. For example, the rarketation coefficient between the pairs of
efficiency estimates is always greater than 0.@#8alue approximately zero). Certainly, this

issue deserves a further investigation in the &tur

RESULTS

According to Table 3, the eco-efficiency in Europeariculture has values between,
approximately, 16% and 100% in 2005, and betwegproximately, 11% and 100% in 2010,
with DEA. In turn, the SFA with the GME providesoses of eco-efficiency between 35%
and 88%, approximately, in 2005, and between 31% @0Po, approximately, in 2010,
depending on the version of the GME estimator aw®rsid in Table 1.
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Table 3. Eco-efficiency in the European agriculture through the data envelopment analysis (DEA) and stochastic fron-
tier analysis (SFA) with generalized maximum entropy (GME) in years 2005 and 2010

Country Ll L

! DEA GME1 GME2 GME3 DEA GME1 GME2 GME3
Bulgaria 0.687 0.630 0.816 0.727 0.514 0.643 0.830 0.732
Czech Republic 0.304 0.542 0.776 0.649 0.216 0.459 0.763 0.575
Denmark 0.445 0.563 0.777 0.659 0.325 0.379 0.730 0.496
Germany 0.245 0.428 0.724 0.553 0.356 0.329 0.689 0.439
Estonia 0.310 0.447 0.732 0.565 0.241 0.401 0.765 0.541
Ireland 0.159 0.350 0.685 0.478 0.112 0.419 0.752 0.539
Greece 1.000 0.638 0.803 0.714 1.000 0.781 0.876 0.840
France 0.453 0.568 0.801 0.687 0.501 0.443 0.794 0.589
Italy 0.915 0.543 0.763 0.637 1.000 0.600 0.809 0.695
Latvia 0.212 0.421 0.739 0.560 0.133 0.311 0.713 0.448
Luxembourg 0.365 0.576 0.793 0.683 0.466 0.516 0.796 0.637
Hungary 0.592 0.710 0.847 0.790 0.381 0.484 0.787 0.610
Malta 1.000 0.648 0.820 0.738 1.000 0.641 0.820 0.721
Netherlands 0.759 0.728 0.845 0.795 0.779 0.832 0.896 0.881
Austria 0.548 0.802 0.876 0.855 0.585 0.545 0.792 0.650
Portugal 0.616 0.763 0.872 0.837 0.722 0.657 0.849 0.758
Romania 1.000 0.504 0.755 0.613 0.623 0.396 0.735 0.513
Slovenia 0.751 0.682 0.825 0.756 0.728 0.617 0.807 0.697
Slovakia 0.391 0.496 0.742 0.597 0.241 0.601 0.826 0.712
Finland 1.000 0.555 0.779 0.659 1.000 0.645 0.826 0.730
Sweden 0.830 0.572 0.799 0.686 0.403 0.380 0.749 0.516
United Kingdom 0.221 0.508 0.781 0.640 0.217 0.342 0.723 0.472

GMEI - supports accordingly to Campbell et al. (2008); GME2 — supports accordingly to Rezek et al. (2011); GME3 — supp-
orts accordingly to Macedo et al. (2014)

Source: authors’ own elaboration.

The three GME approaches used in this study produnéar efficiency rankings.
However, GME3 provides intermediate values, betw&ME1 providing the worst case
(lowest average efficiency) and GME2 the most ojstiie (higher average efficiency). All the
estimation procedures were computed with a MATLABe& developed by the authors.

For the year 2005, the group defined by Austriandgury, the Netherlands, Portugal
and Slovenia show the highest levels of eco-efiicye(between 76% and 86%). On the other
hand, countries as Estonia, Germany, Ireland, Aat@nd Slovakia are the group with the
worst eco-efficiency levels (between 48% and 60%).

For the year 2010, Bulgaria, Finland, Greece, tathdrlands and Portugal are the group with
better eco-efficiency levels (between 73% and 88%jle Denmark, Germany, Latvia,
Romania, and the United Kingdom are the group withise eco-efficiency levels (between
44% and 51%).

Next, we will comment in particular one of the hesihd one of the worst
performances in the countries analysed. For instamice results for Finland are not

surprising, as we have seen in the introductioat, this country had a good performance in
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GVA/GHG ratio and the consumption of energy andiants. Moreover, Finland improved
as well as the factor productivity, having all thecessary ingredients to raise its eco
efficiency level in this period.

Finland has many good examples of productive, camise and sustainable
agriculture systems and innovations. For instam@eland has a network of nutrient and
energy-effective colleges and school farms, whé ihain themes are biogas, energy
efficiency, composting, solid biofuel, manure ld@gis organic fertilisers and protein self-
sufficiency. Kimmo Tiilikainen, the Finish Ministrypf Environment, reported that their
government had the priority of increasing the Hinratrient recycling and developing a
resource efficient food system based on the cireetanomy, through research, innovations,
dissemination of information and investment supp8@P22 United Nations Climate Change
Conference and UNEP 2016).

Finish farmers are pointed out as innovative, d®y tare encouraged to take climate
actions, as good management of soil, improvingorsductivity and capacity of adapting,
thanks to the better water retention capacity. Ggraavth potential of the land also supports
the carbon objectives as more carbon is sequestet@dhe soil. Appropriate use of plant
nutrients improves productivity and contributesntitigation, while diverse crop rotations
reduce the risks to farmers and enhance their atlaptcapacity. Healthy and well-cared-for
animals as a part of carbon- rich production systpneduce valuable food with a minimised
carbon footprint.

On the other hand, Ireland was among countries whi worst levels of the
GVA/GHG in the period analysed, also with high lsvef energy and nutrients intensity.
Moreover, Ireland verified a decrease in factorsdpctivity and had an overall bad
performance in the agriculture eco-efficiency.

Ireland had the biggest net gain per citizen of Bblycountry under the CAP and the
highest CAP direct payments per farm worker andhsatare of farmland. The Irish farm
sector not only benefits from cash payments froenEhJ, but also from a high level of tariff
protection on its key sectors of beef and dairy QDE2016). Despite these, the bad
performance could be related with some factors astgd out in (European Commission
2016), as the average age of Irish farmers (57 Xlaadact that only 6.8% of Irish farmers are
under 35 years (7.5% in EU-28). Moreover, (Irishtti@aand Sheep Farmers Association
2010), points out some factors that could justify trish eco-efficiency performance: (i) the

average farm size of 32 hectares, and the progetwmiards fragmented holdings makes
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many farms unviable and almost no farms do haven#uwessary economies of scale; (ii)
extremely poor products prices combined with highiestment on farm facilities, which
means that many farmers are carrying heavy borigsyifiii) high costs in the Irish economy
— energy, electricity, labour, the carbon tax oeegr diesel, the regulatory compliance; (iv)
too much tendency by some farmers to over-invesimachinery and buildings without
adequate assessment of the economic returns; gMpathk of tradition of machinery sharing
and the consequent under-utilisation of costly popant; (vi) the over-dependence on the EU
subsidies.

Confronting the significant evidence found with theferenced in the study of
Vlontzos et al. (2014) on the energy and envirortaleefficiency in Europe, despite the
estimated models are different, there is a contionahat only Germany and Sweden display
low levels of efficiency and confirming that to tlw®untries showing the highest levels,
belong Denmark, France or Ireland. The results fitmang and Rao (2010) and Hoang and
Coelli (2011) show that the most sustainable systemthe European agriculture were the
Belgium-Luxembourg, Denmark and the Netherlandsoalgh our study only confirms this
evidence for the Netherlands.

This mix of evidence found in the three referreddsts can be explained by its
connection to the considerable changes in the graard environmental efficiency after the
implementation of the new CAP (Bartolini and Via@§i13). The subsidy policy had effects
on the energy and environmental efficiency levélthe new Member States compared to the
older Member States, as admitted by Hoang and R@b0j and Vlontzos et al. (2014). On
the other hand, these differences are also owdtkettow level of technology implemented in
the production process in agriculture more evidanthe countries of Central and Eastern
Europe (Vlontzos et al. 2014). In fact, the diffegzes in productivity and farm income
between countries and/or agricultural regions assoeated with different government
support schemes for the economically weaker regimmshe other hand, the strengthening of
specific sectors of the economy where agricultara central focus, as admitted by Gorton
and Davidova (2004). However, we should note thatdtructure of agriculture in the EU
varies not only from country to country, but alsetvieeen agricultural regions, so the
decisions on where and how to produce a given @twral crop or animal production may

depend heavily on local conditions, such as the tfsoil, climate and infrastructure.
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In general, we can see that there has been mantewd the overall eco-efficiency of
the agriculture sector in Europe, although it maproved in some countries and worsened in
others (Table 3).

CONCLUSION

A maximum entropy approach, which combines thermfdion from the DEA and the
structure of composed error from the SFA withowfureng distributional assumptions, was
used to estimate an ill-posed stochastic frontiedeh with a translog specification. The
methodology was applied with the goal of estimatihg agricultural eco-efficiency at the
country level for 22 European countries, considgedata for 2005 and 2010.

Our results show that, in 2005, the group defingd\bstria, Hungary, the Netherlands,
Portugal and Slovenia reveals higher levels ofdbe-efficiency; and countries as Estonia,
Germany, Ireland, Latvia and Slovakia are the gneith the lowest levels of eco-efficiency.
However, in 2010, Bulgaria, Finland, Greece, thehHgands and Portugal are the group of
countries with higher levels of eco-efficiency, \ehDenmark, Germany, Latvia, Romania
and the United Kingdom are the group with the laviegels of eco-efficiency.

In general, we can see that there has been mairderof the overall eco-efficiency of the
agriculture sector in Europe, although it has ilmpbin some countries and worsened in
others. From the aggregate point of view, there ala®st no economic growth in this period,
and the GHG emissions did not grow.

This period suffered from an economic crisis stgrin 2008. Given thathe Kyoto
Protocol imposed its first targets to be met betw2@08 and 2012, the period under study
(2005-2010) is precisely a period of adaptationagjdstments of the various sectors to meet
national emissions goals.

At the CAP level, the successive reforms that Haeen approved had the objective of
promoting the sustainable development of agricaltactivity, Changes irthe production
systems and practices aimed, in particular, aegiensification and the reduction of the use
of nitrogen fertilisers. In this context, countrieacouragedhe practices and production
systems that promotthe sequestration of carbon in agricultural soil, sushthe direct
seeding and biodiverse pastures, decreasing theewtration of CO2 in the atmosphere.
Moreover, they also contribute to the soil proetagainsthewater erosion and to improve

fertility throughtheincreased soil organic matter content.
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Furthermore, the whole policy of supporting renkelea developed aftethe Kyoto,
including the support for farmers, in particular ftine renewable energy production projects,
as well as the increasing demand of consumergh®prganic products, has reduced the
consumption of fossil fuels as well as pollutamtifisers of the sector.

Given that in some countries, there has been provement irthe eco-efficiency in this
period, we can associate it with théiseKyoto-related measures. In other countries, the GHG
reduction may be "camouflaged” by the economids;risut we are not sure that the changes
are only cyclical or structural, that can imprdkie eco-efficiency after the crisis.

The topics of future research include a detailashemetric analysis to better study the
specific determinants of the eco-efficiency indicat including the variables considered in
this work and others such as taxes, subsidiesfammation at the time of the country's entry
into the EU. Another useful approach could be tse of the decomposition analysis to
identify the most relevant factors in the eco-édincy assessment.

The authors also propose a complementary analysisg udecoupling indicators,
according to Tapio (2005), which investigates thastecity of the GVA relative to the
consumption of resources or the production of sgm#lutants using the dissociation
indicator. Diakoulaki and Mandaraka (2007), De faiand Kaneko (2011), combine the
dissociation index with the decomposition analysiile Jorgenson and Clark (2012), Wang

(2013) combinethedissociation analysis with econometric methods.
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