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a  b  s  t  r  a  c  t

The  European  political  framework  of the  last  decade  aims  to drive  agriculture  towards  economic  and
environmental  sustainability.  Thus,  European  institutions  have  paid  great  attention  to  environmental
impact  assessment  and to  the  definition  of  a complex  indicator  capable  of  restoring  the  multidimensional
nature  of  environmental  sustainability.

In this  work,  a  possible  methodology  for assessing  the  environmental  sustainability  of  European
national  cropping  systems  by  a synthetic  indicator  is  provided.  More  specifically,  the environmental
impact  of agriculture  is assessed  through  a  synthetic  indicator,  whose  definition  is  based  on  a  methodolog-
ical  improvement  of  the ecological  footprint  approach,  which  quantifies  the  balance  between  exploitation
and  availability  of natural  resources  used  in  agriculture.

The  analysis  shows  how  national  cropping  systems  can  contribute  to  Europe’s  environmental  impact
through  agriculture.  To assess  an  eventual  relationship  between  agriculture’s  environmental  performance
and  the  ability  to  support  more  sustainable  agriculture  at the national  level,  the results  are  then  compared
with  the  subsidies  for  agro-environmental  measures  provided  by  the  second  pillar  of  the  CAP. In addition,
the  synthetic  indicator  chosen  for the  study,  giving  the  possibility  of  quantifying  the dynamic  of  the
environmental  impact  of agriculture  between  two  different  periods,  permits  the  analysis  of  the  possible
causes  that  may  have  generated  the  observed  changes.

The  implications  of  this  approach  should  stimulate  new  reflections  on  the  significance  of  the  ecological
relationships  embodied  into  agricultural  production  and  the  environmental  role  of  farmers.

© 2016  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Agriculture, food production safety and natural resource preser-
vation are all closely linked. Therefore, researchers and institutions
are constantly looking for tools and policies that can lead to
solutions that help ensure economic efficiency, social equity and
environmental sustainability. The latter is mainly focused on cli-
mate change mitigation and adaptation, biodiversity, and water and
soil preservation. Indeed, public and private stakeholders seem to
highlight the wide role of farming in the preservation of natural
capital.

Since the 1980s, this role has been recognized by the Common
Agricultural Policy (CAP), which started to activate measures for
improving the sustainability of European agriculture. At the begin-
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ning, the aim of the CAP was  maintaining farm income and acting
on internal market prices, subsides to export, and taxes on com-
modities imported. Throughout the years, the same policies have
imposed the so-called “production quotas” and “set-aside mea-
sures”. While these charges stemmed from what was discussed
in the Uruguay Round GATT (rules with respect to the support
of domestic agriculture), the “new” reasons to fund agriculture
were based on environmental issues (Grossman, 2003; Berger et al.,
2006).

In the 1990s, the CAP was  radically changed, with subsidies
no longer linked to production but assigned with respect to cul-
tivated areas and farming management practices. At the same
time, with the 1992 and 1999 reforms, the CAP was  enriched with
the instruments of rural development, pursuing synergistic envi-
ronmental action through the Agri-Environmental Schemes (AES).
From 1992–2002, approximately 25% of agricultural land in the EU
was under AES agreements (Freibauer et al., 2004; Primdahl et al.,
2010).
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Since their definition, AES were designed to ensure the protec-
tion, maintenance and enhancement of natural resources (water,
soil, forests), biodiversity (species and habitat), and landscape. The
AES payments are not directly related to the environmental perfor-
mance but to the loss of income and/or the higher costs the farmer
suffers as a result of the agri-environmental commitments that go
beyond “good agricultural practice” (European Commission, 2005;
Baylisa et al., 2008).

Since  the Fischler CAP reform in 2003, the policy framework
of environmental measures also included some mandatory con-
straints for farmers to fulfil in order to receive the direct payments
provided by the CAP itself. The direct payments’ cross-compliance,
greening and AES are now integrated as tools that promote the
sustainable management of natural resources by the primary sec-
tor. Although regulated by different policy mechanisms, the main
objective of these tools is to increase the production of public goods,
protection of the landscape, biodiversity conservation, adaptation
and mitigation to climate change, availability and quality of water
resources, and maintenance of soil fertility (European Commis-
sion).

This political framework aims to drive European agriculture
towards economic and environmental sustainability (OECD, 2001;
European Commission, 2006; OECD, 2008).

To define indicators able to test the effectiveness of the envi-
ronmental measures still remains one of the Commission’s main
objectives, so the Commission-Eurostat, the Agriculture DG, the
Environment DG, the Joint Research Centre and the European Envi-
ronmental Agency (EEA) are all working on this topic. At the same
time, researchers have proposed a wide range of indicators to assess
the main environmental impact of the implementation of AES and
the new greening payment tools.

Nevertheless, the voluntary environmental schemes proposed
as part of the CAP and developed to answer to several and spe-
cific environmental issues, such as climate and sectorial structure
(Keenleyside et al., 2011), are not standardized across European
regions (Yli-Viikari et al., 2007). Thus, the CAP funds spent are not
taken into account for their effectiveness as a result of a synergic
action between economics and the environment but as a synthetic
effort towards a general aim.

To link this gap, the strategic plan Europe 2020 integrates the
concept of verifiability of environmental sustainability into the CAP
policy (European Commission, 2006; Uthes and Matzdorf, 2013).
Currently the European Commission proposes for AES evaluation a
set of indicators to assess environmental topics both in the ex-ante
(Common Context Indicators) and the ex-post (Target Indicators)
analyses. This set, supported by national main statistics, will be
used to evaluate each rural development plan.

Thus, the attention paid by European institutions to environ-
mental impact assessment and the definition of a complex indicator
capable of restoring the multidimensional nature of environmental
sustainability (Gerdessen and Pascucci, 2013) is self-evident; such
an indicator should give a clear picture of the environmental sus-
tainability of agriculture in European countries and how it could be
affected by sectorial policies (Collins and Fairchild, 2007).

This  work, which is part of the above line of study, has a two-
fold purpose. The first is to present a possible methodology for
assessing environmental sustainability, referring to the allocation
among the different crops (crop mix) of the agricultural land in a
country, of European “national cropping systems” with a synthetic
indicator. The second objective is to use such a synthetic indica-
tor to verify to what extent the CAP agri-environmental measures
have increased the environmental performances of agriculture in
different countries.

In  the second section of the paper, the theoretical background of
the so-called agriculture Ecological Balance indicator is described.
This indicator, based on the general Ecological Footprint approach,

seems  to be able to assess the sustainability of agriculture by com-
paring its use/offer of natural resources. Indeed, farming activities,
depending on bioclimatic zones and production techniques, can, at
the same time, exploit and supply ecological services.

The third section presents the methodological approach
adopted to evaluate the contribution of each European country
cropping system to the environmental sustainability of European
agriculture and to assess the possible effects of agri-environmental
policies on the improvement of national cropping system sus-
tainability. In this section, the datasets upon which the empirical
analysis is based are also described, highlighting their characteris-
tics and limits.

Finally, in the last section of the paper, the results obtained in
the empirical analysis are presented and discussed.

The paper ends with some considerations about potentialities
and limits of the proposed approach and possible suggestions for
further research on this topic.

2. Assessing crops’ environmental sustainability through
the  ecological footprint

The  Ecological Footprint approach analyses the systemic inter-
action between the depletion and supply of natural resources. The
depletion is measured through the ecological demand operated by
humans and the supply through nature’s ability to provide ecologic
goods and services.

Introduced and developed by Rees and Wackernagel (1994)
and Wackernagel and Rees (1996, 2008), the Ecological Footprint
methodology provides a comparison between the natural capital
consumption caused by human activities in a certain area and the
ecological services that the natural ecosystems in the same area can
provide.

More specifically, the Ecological Footprint indicator (EF)
accounts for the demand of natural resource, while the Biocapacity
indicator (BC) tracks the supply side and is evaluated consider-
ing the rate of resource regeneration and waste disposal that an
area can sustain under the prevailing technology and management
schemes. Both EF and BC are measured in a unit called global hectare
(gha) that represents a standardized hectare with the world average
productivity; it can also be thought of as a measure of the ecological
productivity required to maintain a given product flow (Monfreda
et al., 2004; Galli et al., 2007; Huijbregtsa et al., 2008).

The  ecological footprint approach, because of its ability to assess
an ecological balance between consumption and supply of natural
resources, seems to be appropriate for evaluating the environmen-
tal sustainability of agriculture. Indeed, the definition of sustainable
agriculture is concerned with the ability of agro-ecosystems to
remain productive in the long-term and it implies the maintenance
of the “natural capital” (the stock of ecological assets that provide
a flow of useful goods or services) both as a “source” of inputs and
as a “sink” for waste (Goodland, 1995).

Actually, in terms of sustainability, farming activities are mainly
considered only from the point of view of their negative envi-
ronmental impact (LCA analysis and greenhouse gasses emissions
evaluation are two examples of such an approach). In this perspec-
tive, limiting the negative consequences of agricultural activities
on ecosystems is the only effect of farmers’ choices. In other words,
farming activity is able to mitigate production impacts, ignoring its
intrinsic capacity to provide ecosystem services.

The Ecological Footprint idea goes beyond this issue, taking into
account resource exploitation due to farming choices (with the EF
indicator) and the crop attitude into providing ecological services
supply (with the BC indicator).

This  possibility has induced many authors to adopt the Eco-
logical Footprint methodology, improving and deepening specific
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Table  1
Missing data in FAOSTAT databases and solution adopted.

Database 2002–04 2002–04 2008–10 2008–10
Missing Data Used Data Missing Data Used Data

Pesticides Herbicide, fungicides,
insecticides

Bulgaria, Croatia,
Luxembourg, Malta

Bulgaria: 1992 data;
Croatia:  1996 data;
Luxembourg: added to
Belgium;  Malta: average
1999–2000–2001  data

Bulgaria, Croatia, Greece;
Luxembourg,

Bulgaria: 1992 data;
Croatia:  1996 data; Greece:
average  2005–2007 data;
Luxembourg: added to
Belgium;

Fertilizer  Nitrogen, phosphate,
potash

Belgium; Ireland (source
anomaly  data)

Belgium: added to
Luxembourg;  Ireland:
correction  factor (x0.10)

Belgium; Ireland (source
anomaly  data)

Belgium: added to
Luxembourg;  Ireland:
correction  factor (x0.10)

Energy Fuel Cyprus; Germany; Malta Cyprus: average
2005–2006–2007 data;
Germany:  average
1996–1997–1998; Malta:
Missing  data

Germany Germany: average
1996–1997–1998

Electricity  Slovenia Slovenia: 2001 data Slovenia Slovenia: 2001 data

Source: our elaboration.

issues (Thomassen and De Boer, 2005; Liu et al., 2008; Limnios et al.,
2009; Bagliani et al., 2008; Wiedmann et al., 2006). Namely, agri-
cultural issues have been explored, paying attention to the effects
of inputs, either for single cultivations (Tong et al., 2003) or at the
global level (Ko et al., 1998); some quantitative analyses based on
case studies have also been provided (Deumling et al., 2003; Van
der Werf et al., 2006; Cuandra and Bjorklund, 2007).

Despite these efforts, some methodological aspects have lim-
ited the possibility to analyse agriculture’s environmental impacts
through the EF approach. Namely, some authors have highlighted
how the original EF methodology provides a similar way  to evaluate
the EF and BC indicators for agricultural land (Mózner et al., 2012).
This feature is not suitable for a correct sustainability assessment
(Fiala, 2008) and avoids a helpful measure for designing agricultural
environmental policies (Ferng, 2005).

Recently, a methodological upgrade has been proposed to over-
come these limitations and to afford a more consistent method of
evaluation of the agricultural ecological footprint. This method-
ological improvement, so-called “FarSo” (Passeri et al., 2013),
maintains the fundamental relationship between EF and BC indi-
cators, providing at the same time a new calculation technique
of crops’ ecological footprint; more specifically, every cultivation
technique has a specific impact that can be evaluated and compared
with the biocapacity produced by the crop itself.

The crop’s EF is calculated as the sum of two components: the
first is due to the impact associated with the inputs required to
manage the crop cultivation (EFinp); the second is linked to the
exploitation of land productivity measured as the overproduction
with respect to the “minimum” input productivity (EFovp). The EFinp
can be evaluated by choosing the more feasible values according
to the GFN database used in the National Footprint Account (GFN,
2011) and using published research and international references, as
reported in Passeri et al. (2013). The EFovp must refer to a baseline
level of production, namely the quantity produced by the natu-
ral system with the “lowest” level of external inputs (“minimum
input production”), so the overproduction can be defined as the
production over the natural minimum.

This approach builds a framework and organizes the informa-
tion needed for a more complete evaluation of the farming activity;
more specifically, the results, on one side, take into account the
impacts (EF) determined by the farmer’s choices in terms of inputs
and management and, on the other side, the biocapacity (BC) orig-
inated by the amount of bioproductivity that the crop shows as a
reaction to the management activity.

The difference between BC and EF can be interpreted as an
Ecological Balance (EB) indicator. If EB is positive, the cultivation
activity has generated an ecological services surplus, the extent of

which is measured in the number of global hectares made available,
for example, for other crops. In contrast, if EB is negative, the crop is
not sustainable because it needs more natural resources than what
is provided by the land on which it is cultivated.

To clarify these concepts and to show how the EF, BC and EB
are calculated, an example will be provided in the methodological
section.

3. Materials and methods

3.1.  Methodological approach

The  cropping system environmental performances at the coun-
try level have been analysed using an approach based on the “FarSo”
methodology, as presented in the previous section.

For each one of the n = 28 EU countries, the ecological balance
(EBi) is calculated as the difference between the overall biocapacity
(BCi) and the ecological footprint (EFi) of national cropping sys-
tems:

EBi = BCi − EFi

The overall biocapacity of a national cropping system is obtained
as the sum of the biocapacity provided by each one of the m crops:

BCi =
m∑

j=1

(
Pij
Ywj

· Aij

)
· EQF

where Pij = average productivity of crop j in country i (tons/ha),
Ywj = world productivity of crop j (tons/ha), Aij = cultivated area
of crop j in country i (ha), EQF = equivalence factor (gha/ha), i.e.,
the scaling factor used to convert a specific land-use (ha) into
global hectares (gha); in other words, it is the characterisation fac-
tor useful for aggregating different types of land use in terms of
“bioproductive area” (Huijbregtsa et al., 2008).

The EF of each country’s crop system is calculated taking into
account the two components, inputs (EFinp) and overproduction
(EFovp), according to the FarSo model (Passeri et al., 2013):

EFi = EFinpi + EFovpi =
p∑

k=1

(Qki · Fk) +
m∑

j=1

(
˛ij
Pij
Ywj

· Aij

)
· EQF

where p = number of inputs considered, Qki = quantity of input k
used in country i (for the units of each input see paragraph 3.2),
Fk = conversion factor of input k to EF; such factor considers the
embodied footprint in the input expressed as CO2 emissions and
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converts it in terms of gha (Passeri et al., 2013), !ij = overproduction
factor calculated as:

˛ij =
Pij − P ′

ij

Pij

with P’ij indicating “minimum input production” of crop j in
country i. By “minimum input production” we mean a baseline level
of production, namely the quantity produced by the natural system
with the “lowest” level of external inputs. This value is not easy to
determine, and it has to be selected case by case considering the
specific conditions.

Once  the EBi is calculated, it is possible to evaluate a so-called
“sustainability index” (SI) as the ratio between EB and the Utilized
Agricultural Area (UAA) for each country. This index expresses the
environmental performance of each national cropping system in
relative terms because it measures the extent of ecological ser-
vices deficit/surplus (measured in gha) originated by one hectare
of agricultural land.

An  example can be useful to explain and clarify the methodol-
ogy. Let us consider an area of 30 ha that has been cultivated with
durum wheat with a yield of P = 2.20 tons/ha. The crop’s EFinpi is due
to the inputs used – fertilizers, pesticides and fuel for machinery
operations – in the cultivation process and is calculated convert-
ing in terms of gha the quantities of the p inputs (Qk) by means
of the appropriate conversion factors (Fk), as specified in Passeri
et al. (2013), obtaining a value of EFinpi = 37.84 gha. To calculate
EFovpi, the durum wheat yield (P’) under a minimum input culti-
vation should be known. In this example, this information could
be deduced through a specific investigation on a well-established
experimental plan, with the aim of detecting the crop productiv-
ity under “natural conditions” in a comparable agro-ecosystem.
Assuming that such a value is P’ = 1.43 ton/ha, the overproduc-
tion factor is ! = 0.35. Thus, considering that for durum wheat
the world yield is Yw = 2.35 tons/ha and that EQF = 2.51 gha/ha, it
results in EFovpi = 24.67 gha. Adding the two components, we  obtain
EF = 62.51 gha. Using the same coefficients (Yw and EQF), BC is cal-
culated as (2.20/2.35) × 30 × 2.51 = 70.49 gha. Thus, the Ecological
Balance is EB = 70.49 − 62.51 = 7.98 and SI = 7.98/30 = 0.266. In this
example, the durum wheat cultivation impact (EF) is sustained by
the biocapacity of the crop itself (BC), so there is an environmental
surplus.

Coherently with the second objective set in the introduction,
the changes in national cropping systems’ sustainability, measured
as the SI variation, may  be analysed as a potential outcome of
European agri-environmental policies. To capture such a possi-
ble cause-effect relationship at the national level, a simple linear
regression model has been utilized:

Y = a + b · X

placing agri-environmental payments as the independent vari-
able (X) and the SI variation as the dependent one (Y).

3.2.  Characteristics of the dataset

The crops’ production and input dataset of the 28 European
Union countries has been collected from the FAOSTAT database.
Data on crop cultivation (harvested area, production quantity,
yield) were collected from 1995 to 2010. Data on 117 crops were
retrieved from the database, including all of the annual crops (cere-
als, vegetables, industrial crops, etc.), fruit trees and other fruits,
while grassland and pastures have been excluded.

With reference to agricultural inputs, the following national
data have been extracted from the database referring to the time
range 2002–2010: fertilizers (nitrogen, phosphate, potassium; all
measured in tons); pesticides (fungicides, herbicides, insecticides;

Table 2
Agri-environmental payments in EU-15 countries.

Country Payments 2003-09 [D /ha]

Austria 122.31
Belgium-Luxembourg 108.00
Denmark 95.21
Finland 93.83
France 33.19
Germany 88.84
Greece 332.36
Ireland 124.17
Italy 180.88
Netherlands 235.59
Portugal 142.25
Spain 228.75
Sweden 88.42
UK 89.18

Source: our elaboration on DG AGRI (2014) data.

all measured in tons); energy (fuels; measured in terajoule); and
electricity (measured in million kWh).

The analysis has taken into account two  different 3-year periods:
2002–04 and 2008–10. The so organized dataset has shown some
gaps related to the availability of input data. Table 1 explains the
missing data and how this lack of information has been filled for
the analysis.

The reference data required to calculate BC and EF, in particular
the crops world productivity (Ywj), were gathered from the GFN
database used in the National Footprint Account (GFN, 2011).

With  reference to agri-environmental payments (Reg. EEC
no.2078/1992; Council Reg. EC no.1257/1999; Reg. EC no.
1698/2005), data for the EU-15 countries from 2003 to 2009 were
collected from the DG AGRI database. These values were added
and then divided for the total utilized agricultural area, obtaining a
cumulative payment per hectare over the whole period (Table 2).

3.3.  Data analysis

In  accordance with the methodology described in the previous
section, the biocapacity of national cropping systems (BC) has been
evaluated considering the weighted average of the crop produc-
tion for each of the two  3-year periods analysed (2002–2004 and
2008–2010).

The EF originated by the inputs utilized in crop cultivation
(EFinp) has been calculated as a 3-year average for the two con-
sidered periods.

To  calculate the EFovp, the minimum input production (yield) for
each crop is needed. As noted in the methodology description, this
is a particularly difficult task, as this value should be known for all
of the crops in each of the investigated countries. In the absence of
such information, it was  decided to roughly estimate this figure as
the tenth percentile of the yield data derived from the 1995–2010
historic series for each crop in each country. With this choice, we
assume that the minimum input yield can be approximated with
the yield occurring in low productivity conditions. The !ij coeffi-
cients and the EFovp in both periods have been thus evaluated.

Then, subtracting EF (EFinp+ EFovp) from BC, the national ecolog-
ical balances (EB) have been obtained.

4. Results and discussion

Table  3 shows the results of such evaluation for the period
2008–2010. The last column reports a “sustainability index” (SI),
which expresses the ecological services deficit/surplus associated
with one hectare of agricultural land in each country.

For Europe, the results show a low ecological deficit in terms of
total gha and, hence, a very small level of unsustainability. Never-
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Table  3
Environmental analysis at European Level, 2008–2010 results.

BC [mil gha] EFinp [mil gha] EFovp [mil gha] EB [mil gha] UAA [mil ha] SI [mil ha]

Austria 6.79 3.67 1.39 1.73 1.15 1.51
Belgium-Luxembourg 4.77 7.41 0.73 −3.37 0.63 −5.31
Bulgaria 11.21 4.73 4.13 2.36 2.94 0.80
Croatia 3.55 4.57 0.74 −1.76 0.81 −2.17
Cyprus 0.17 0.34 0.07 −0.24 0.08 −3.14
Czech Republic 11.21 6.78 1.87 2.57 2.18 1.18
Denmark 12.31 8.80 1.38 2.12 1.77 1.20
Estonia 1.22 1.12 0.35 −0.24 0.41 −0.59
Finland 5.25 8.87 1.08 −4.70 1.26 −3.74
France 92.80 61.70 11.55 19.55 13.96 1.40
Germany 67.55 54.73 6.76 6.06 9.37 0.65
Greece 10.85 8.90 1.15 0.79 2.68 0.30
Hungary 17.07 7.45 4.15 5.47 3.95 1.38
Ireland 2.84 2.78 0.38 −0.31 0.33 −0.93
Italy 32.04 32.06 4.63 −4.65 7.39 −0.63
Latvia 2.36 1.82 0.55 −0.02 0.68 −0.02
Lithuania 4.84 1.53 1.74 1.57 1.39 1.13
Malta 0.04 0.01 0.01 0.02 0.01 1.62
Netherlands 4.46 27.40 0.58 −23.53 0.57 −41.09
Poland 39.53 53.31 7.85 −21.63 10.68 −2.03
Portugal 2.70 4.80 0.69 −2.79 1.28 −2.19
Romania 20.48 6.28 8.36 5.84 7.44 0.79
Slovakia 4.61 2.05 1.24 1.32 1.12 1.19
Slovenia 0.63 1.11 0.12 −0.60 0.14 −4.21
Spain 42.54 29.53 16.56 −3.54 12.61 −0.28
Sweden 6.74 4.55 0.81 1.39 1.24 1.12
United Kingdom 33.40 16.46 3.40 13.54 4.36 3.10
EU-28 441.95 362.71 82.28 −3.03 90.43 −0.03

Source: our elaboration.

Fig. 1. Ecological performance of European cropping systems in gha/ha (2008–2010).
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theless, the individual countries’ contributions to this result change
throughout Europe. The nations with fully sustainable cropping
systems are coloured in shades of green in Fig. 1, while those with
unsustainable cropping systems are in red. The nations coloured
yellow show a substantial balance between BC and EF.

The  belt of northern-central European cropping systems, with
the exclusion of Poland, shows a diffuse ecological surplus; these
countries are the highest EF producers in Europe because of uti-
lized agricultural areas. At the same time, however, their cropping
systems are able to generate a high ecological supply that overcom-
pensates the demand of natural resources.

Throughout the Mediterranean region, countries are generally
close to the ecological draw. Actually, Spain and Italy show a low
deficit, while Greece appears to have a small margin of ecologi-
cal surplus. Italy and Spain show a different situation with respect
to the two components of EF; indeed, the ecological footprint of
the Italian cropping system is mainly due to the high use of input
(EFinp), while in Spain, the weight of the EFovp component largely
prevails. This latter figure could be linked to the widespread pres-
ence of some crops (such as cereals and olive trees) that some areas,
not fully suitable for such crops, are “forced” to reach high produc-
tion levels resulting in an overexploitation of soil productivity.

Some  new-entry countries show signs of unsustainability, such
as Poland, Croatia and Slovenia, Finland, Portugal and, with a very
high level of unsustainability, the Benelux area: here, the figure
describing the overexploitation of natural resources caused by
the agricultural systems erodes all of the ecological supply made
available from French and German cropping systems. Even if the
data source does not permit a detailed analysis, this result can
be explained by the large use of inputs (pesticides, fertilizers and
energy) linked to the large diffusion of greenhouses and reasonably
also attributable to the cultivation of non-food crops (e.g., flowers).

The only “deep green” country appears to be the United
Kingdom, where the cropping systems have a limited ecological
footprint and, at the same time, a good level of biocapacity. This
exceptional combination originates a surplus of environmental ser-
vices assessed in more than 3 gha for each cultivated hectare.

To test the trend of ecological performances of European crop-
ping systems, the results of the previous analysis were compared
with the national ecological balance for the period 2002–2004 cal-
culated with the same methodology. The outcomes of this analysis
are summarized in Table 4 and graphically represented in the map
of Fig. 2.

The  data show the definite and quite generalized improvement
of European countries’ cropping system performances across these
two periods. The improvement reflects all countries except Croatia,
Malta and, for a minimum account, Finland, Lithuania and Romania.

The northern-central European countries (Sweden, Germany,
the UK, Ireland, Austria) contribute with a high improvement in
their environmental cropping system performances that can be
quantified in about one gha per ha of ecological surplus during the
considered period. All Mediterranean countries (Spain, Portugal,
Italy, Greece and France) have also obtained an improvement in
environmental performances, even if a bit lower.

This positive trend can be explained by a more efficient use of
inputs linked to the optimization of farming techniques and with a
general decrease in cultivations in the less suitable areas where the
scarce productivity of land brings low yields even in the presence
of a high input management.

Evaluating  the outcomes of both analyses (the static refers to
2008-10, and the dynamic is based on the comparison between
2002 and 2004 and 2008–2010), it must be considered that the
utilized data suffer from several approximations due to the lack
and reliability of information collected in the FAOSTAT database.
Therefore, even if the trends seem to be quite clear, the individual
values may  be significantly under- or overestimated.

Table 4
Environmental analysis at the European Level, 2008–2010 and 2002–2004 results.

SI (2008–10) SI (2002–04) !SI

Austria 1.51 −0.50 2.00
Belgium-Luxembourg −5.31 −5.47 0.15
Bulgaria  0.80 −0.19 0.99
Croatia −2.17 −1.47 −0.70
Cyprus −3.14 −3.97 0.83
Czech Republic 1.18 0.82 0.36
Denmark 1.20 0.82 0.38
Estonia −0.59 −1.54 0.94
Finland −3.74 −3.71 −0.04
France 1.40 1.03 0.37
Germany 0.65 −0.20 0.85
Greece 0.30 −0.67 0.97
Hungary 1.38 0.69 0.69
Ireland −0.93 −2.12 1.19
Italy −0.63 −1.15 0.52
Latvia −0.02 −0.85 0.82
Lithuania 1.13 1.14 0.00
Malta 1.62 1.83 −0.21
Netherlands −41.09 −51.74 10.65
Poland −2.03 −2.48 0.45
Portugal −2.19 −2.53 0.34
Romania 0.79 0.88 −0.09
Slovakia 1.19 1.04 0.15
Slovenia −4.21 −4.89 0.68
Spain −0.28 −0.76 0.48
Sweden  1.12 0.14 0.97
United Kingdom 3.10 2.39 0.72
EU-28 −0.03 −0.63 0.60

Source: our elaboration.

The variation of national cropping systems’ sustainability has
been considered to develop an explorative analysis on the possi-
ble effect of the agri-environmental payments provided by CAP.
The objective is to reach a first suggestion of the agricultural poli-
cies effectiveness in terms of re-orientation of national productive
systems towards higher levels of sustainability.

For this purpose, agri-environmental payments per hectare
cumulated over the period 2003–2009 have been compared with
the variation of the sustainability index as calculated before
(Table 5).

The  possible cause-effect relationship between these two vari-
ables, as mentioned in the methodology, has been investigated
through a simple linear regression model.

The results of the regression model show a positive effect of
higher payments on the sustainability level with the b coefficient
having a value of 0.013 gha/D ; this indicates that, on average, a pay-
ment of 100 euros/ha has generated a sustainability improvement
of 1.3 gha/ha. Even if this coefficient is barely significant (p < 0.1
for the one-tail t-test), the outcome can be considered interest-
ing in a wider perspective for its ability to establish a quantitative
assessment of the policy’s impact on sustainability. Showing no
significance at all is the a coefficient (in our case, equal to −0.379),
which should represent the variation of the sustainability index in
the absence of agri-environmental subsidies.

The low r-square value (0.135) and the absence of a significant
predictive power of the model confirm the substantial unreliability
of the results, which should be read only in a general perspec-
tive. Moreover, it must be considered that the sustainability index
has been calculated through an approach that requires for further
validation and using an unreliable dataset.

These considerations lead to the conclusion that, beyond its cur-
rent limitations, the proposed approach could represent a useful
tool for assessing and monitoring agricultural system sustainabil-
ity at the country level. On the other hand, the idea of a direct (and
measurable) influence of agricultural policies on crop system sus-
tainability should be considered very carefully. The investigation of
this cause-effect relationship, as indicated by our results, requires a
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Fig. 2. Ecological Balance variation for cropping systems at the European level [gha/ha].

Table  5
Agri-environmental payments and variation of sustainability in EU-15 countries.

Agri-environmental payments 2003–09 [D /ha] SI variation 2002–04/2008–10 [gha/ha]

Austria 122.31 2.00
Belgium-Luxembourg 108.00 0.15
Denmark 95.21 0.38
Finland 93.83 −0.04
France 33.19 0.37
Germany 88.84 0.85
Greece 332.36 0.97
Ireland 124.17 1.19
Italy 180.88 0.52
Netherlands 235.59 10.65
Portugal 142.25 0.34
Spain 228.75 0.48
Sweden 88.42 0.97
UK 89.18 0.72

Source: our elaboration on DG AGRI (2014) data.

larger number of observations based on reliable data and, probably,
a more in-depth statistical approach.

5. Conclusions

The aim of this paper was to propose an assessment of the envi-
ronmental impacts of European countries’ cropping systems and
to compare the variation of such impacts with the subsidies pro-
vided by agri-environmental policies. This topic appears in line with
the efforts made in the last decade to encourage more respectful
environmental behaviour among farmers and, at the same time,

highlights  the difficulties of evaluating the real effectiveness of the
policies that have accompanied this effort.

In the current paper, the environmental impact of agriculture
has been measured through a synthetic indicator that quantifies the
balance between exploitation and availability of natural resources
needed for agricultural activities. This “sustainability indicator”,
whose definition is based on a methodological improvement of the
ecological footprint approach, is able to express the environmen-
tal impact of national cropping systems. Furthermore, it allows for
the analysis of the drivers of the observed changes in the envi-
ronmental impact of agriculture along two different periods. Here,
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the variations of the sustainability index of European countries’
cropping systems have also been associated with the amount of
environmental subsidies.

The  results show a substantial balance between the demand for
natural resources and the environmental services supply in Europe
on a country level; this condition has been achieved because of
the generalized improvement of the European cropping system
sustainability, although some countries emerge as providers of nat-
ural resources (i.e., their national cropping systems are sustainable),
while others are net consumers (i.e., they have a deficit in ecological
balance).

Under a policy perspective, it would be very useful to read these
results as a possible effect of the interventions aimed at reducing
the environmental impact of agriculture. The regression analy-
sis conducted for this purpose has provided interesting, but not
definitive, clues. The connection that emerges between the amount
of agro-environmental payments and sustainability improvement,
although quite clear, is not significant and it does not allow for
drawing reliable conclusions.

Some  intrinsic limitations should, however, be taken into
account when evaluating the results of the study. First, the eco-
logical footprint approach itself is still far from being shared as a
method for a consistent evaluation of environmental sustainability.
Second, the dataset does not appear complete and fully reliable;
namely, it should be improved for a deeper investigation of the
cause-effect relationships between subsidies and environmental
impact reduction.

Despite the need for theoretical insights and more suitable
data, this study proposes a useful contribution to the discussion
about the assessment of environmental performances of agricul-
ture. European agricultural policies can take advantage of tools that
include the analysis of the environmental supply production’s atti-
tude of farms besides their resources consumption/savings. This
approach can lead to allocating the economic subsidies in a more
environmentally oriented way, thus contributing to the reduction
of the negative environmental impacts of agricultural activities.

The  implications of this approach should then stimulate new
reflections on the significance of the ecological relationships
embodied in agricultural production and the environmental role
of farmers.
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