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Abstract: The main goal of the article is to compare three approaches to measuring environmental sustainability in ag-
riculture: i) the environmental burden index; ii) the sustainable value of eco-efficient production; and iii) the sustai-
nable value of the eco-effective farm, applied to the sample of 130 EUFADN (European Union Farm Accountancy
Data Network) regions in 2015. The study indicates a fundamental problem: the notion of environmental sustaina-
bility in agriculture differs depending on the criterion we apply. We recognized a principle trade-off in the Common
Agricultural Policy (CAP) which consists of compensating for the strain on the natural environment with production
or with public goods provision. Studies on these two effects seem to be crucial to draw a consistent development
path for the CAP. Our major finding is that public goods-oriented farming is more likely to expand after improving
eco-efficiency. This is still a challenge because in European regions, eco-efficient has not meant environmentally

sustainable yet.
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Discussion on the measures of sustainable develop-
ment of agriculture is nothing new. In the literature,
the issue is most often analysed in its economic, social
and environmental aspects (Kates et al. 2005). While
the first two are not difficult to evaluate (mostly from
the perspective of income, employment, and education),
some dilemmas arise in the context of environmental
sustainability. One of the major dilemmas is whether:
i) to decrease the overall environmental burden of agri-
culture, no matter the production effects; ii) or to gener-
ate the highest production in relation to the polluting
means used (e.g. fertilisers, pesticides, energy) and gases
emitted — so-called “eco-efficiency”; and iii) or to adopt
a consensus consisting in the fact that the inputs used
in agricultural production are unfavourable for the natu-
ral environment and so simultaneously should be com-
pensated for through agri-environmental activities,
which create environmental public goods — so-called

“eco-effectiveness”. Unfortunately, there is no universally
accepted research methodology; however, the eco-
efficiency approach (Coelli et al. 2005; Stoate 2009)
is dominant in the literature. The aim of the article
is to compare the results of three approaches to measur-
ing environmental sustainability: i) the environmental
burden index for agriculture; ii) the sustainable value
of eco-efficient production; and iii) the sustainable
value of the eco-effective farm, applied to the sample
of 130 EUFADN regions in 2015 (i.e. region-average
farms data from the EU Farm Accountancy Data Net-
work; see more in methodology).

THEORETICAL BACKGROUND:
ECO-EFFECTIVE VERSUS ECO-EFFICIENT

The construction of a composite measure of the en-
vironmental burden in agriculture is a problematic

Supported by the National Science Centre in Poland, Grant No. 2017/25/B/HS4/00011.

299



Original Paper

Agricultural Economics — Czech, 65, 2019 (7): 299-306

issue. Reytar et al. (2014) point out 25 various indica-
tors related to environmental sustainability. The vari-
ables, referring to water consumption, agricultural
subsidies, climate change, agricultural production,
ecosystem biodiversity, and land use, were deemed
to be of key significance. Other approaches point
to the issues of pesticide, herbicide, and fungicide
in agricultural production, as well as the use of organic
and synthetic fertilisers, plant protection products
and crop rotation (Saltiel et al. 1994; Hayati et al.
1996; Czyzewski et al. 2018).

The term “eco-efficiency” appeared in the 1990s as a
practical tool to measure sustainability. It was intro-
duced by the World Business Council for Sustainable
Development (Schaltegger and Sturm 1990; Schalteg-
ger 1996; WBCSD 2000) to identify a management
philosophy aimed at encouraging businesses to search
for environmental improvements that yield parallel
economic benefits. A workable approach to sustain-
ability at the farm level consists in testing whether en-
vironmental impacts decrease as the value of economic
outputs is maintained or increased (Picazo-Tadeo et al.
2011). However, we have a concern whether such a
change in the eco-efficiency reflects a corresponding
change in sustainability understood as a responsible
use of ecological resources that meet human needs
but also preserves these resources for future genera-
tions. The eco-efficiency ratio measures a relative
level of environmental pressure in relation to the vol-
ume of economic activity. In our opinion, the idea
of sustainability is more related to the absolute levels
of environmental pressure.

So, the eco-efficiency approach may be some-
what contradictory to the idea of environmental
sustainability, which should take into consideration
the actual environmental effect on farms. In addition,
the EU Common Agricultural Policy is evolving: next
to its original assumptions related to the food safety
and support for agricultural incomes the policy sets
new goals related to the respect for the environment
or the creation of public goods, in particular environ-
mental ones (Olper 2001). Therefore, it is interesting
to what degree the support for agriculture from vari-
ous Common Agricultural Policy (CAP) programmes
affects the increase in the eco-efficiency of farms and
to what extent it affects their eco-effectiveness. At this
point a certain conflict between the eco-effective-
ness and the eco-efficiency might be expected, due
to the policy supporting both types of programmes
that have a strong impact on the eco-efficiency issues
but also such wherein the eco-effectiveness is domi-
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nant. This conflict impedes the sustainable develop-
ment of the agriculture. The results of this research,
then, will contribute to the discussion regarding the fu-
ture of the EU’s Common Agricultural Policy after 2020,
but also the national and regional agricultural policies.
The crucial question is, what should be the output
measure in the input-output (I-O) approaches used
to assess the environmental sustainability? It is also
not certain to what extent the hitherto funding of agri-
culture facilitates the implementation of goals regard-
ing its sustainable development, and to what extent
it consolidates the industrial model of production
— where issues of efficiency will be of key importance.

MATERIAL AND METHODS

Composite measure of the environmental
burden in agriculture

Taking into account the above-mentioned remarks,
the following variables from the EUFADN database
(EUFADN Poland 2017; EUFADN 2018) were applied
in our study for the construction of a composite meas-
ure at the level of an average farm in a given region
(EUFADN codes in brackets):

i) Stock density per ha (SE120);

ii) Mineral fertilisers use per ha (SE295/SE025);

iii) Plant protection products use per ha (SE300/SE025);
iv) Total use of energy per ha (SE345/SE025);

v) Woodland area in relation to utilised agricultural
area (UAA) (SE075/SE025).

All the European regions were analysed in 2015,
as the last available year in the FADN.

The above set of variables fits in with the discussion
on the environmental sustainability of agriculture and
is relatively well represented in the literature (La-
truffe et al. 2016). The indicators were converted into
destimulants of the environment quality (if needed).
We calculated a composite measure of the environmen-
tal sustainability for an average farm in a region using
two methods of linear ordering, i.e. Hellwig’s approach
(Poczta-Wajda and Poczta 2016), and the TOPSIS-
CRITIC method (Technique for Order Preference
by Similarity to an Ideal Solution — Criteria Importance
Through an Intercriteria Correlation: Diakoulaki et al.
1995; Chung-Hsing Yeh et al. 2000). As both gave very
similar outcomes, we presented the results accord-
ing to the basic Hellwig index (H,) which employs

the Euclidean distance from the pattern (z,, ) for each
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object z, (the average EUFADN farm in the region),
¢f. Equation (1):

Hizl_—l
Hpt+20,

D, :1/i(zi1‘ ™ B )2 (1)

where: H, is the composite index for i™ farm/region;
D, — the Euclidean distance of the i farm/region
from the best object; z, — standardised and weighted
empirical values of variablej (j = 1, 2, ..., m) from
the above mentioned i-iv) in the i farm/region;
1, — mean of D; o, — standard deviation of D.

The higher the value of the composite index,
H,e [0;1], the lower the pressure on the environment.

Sustainable value of eco-efficient production

Estimating the environmental sustainable value
(ESV) with frontier benchmarking was carried out
assuming a trade-off of productivity versus the envi-
ronment. ESV is a value-oriented method, developed
as a mean of measuring the agricultural eco-efficiency
at the microeconomic level. This enables a synthetic
assessment of a farm’s contribution to farming sus-
tainability, taking into account the efficiency result-
ing from using economic, social and environmental
resources in comparison to the opportunity cost
(Figge and Hahn 2005; van Passel et al. 2007; Illge
et al. 2008; Burja and Burja 2016). ESV has many
advantages comparing to the standard data en-
velopment analysis (DEA) approach, since it also
measures the monetary value of the “contribution
to the sustainability” that should be borne to achieve
it or that was paid in surplus. Thus, it gives much
more information useful for policymakers than a
simple linear ordering. However, we propose to en-
gage the DEA technique to identify a benchmark
unit for the ESV — which is an original contribu-
tion. In the literature, the use of DEA techniques
to measure eco-efficiency in different sectors, as well
as for the assessment of the environmental perfor-
mance of farms and the agricultural sector, is wide-
ly known. However, there are not so many studies
which estimate the eco-efficiency at the farm level
using the DEA approach. The most recent of them
are: Picazo-Tadeo et al. (2011), Gémez-Limdn et al.
(2012), Picazo-Tadeo et al. (2012), Berre et al. (2015),
Gadanakis et al. (2015), Pérez Urdiales et al. (2016),

Bonfiglio et al. (2017). In all the cited works, the eco-
efficiency improvement is defined in the same way,
i.e. as a situation when the environmental impacts
decrease, whereas the value of the economic outputs
is maintained (or increased). None of the cited studies
brings into question the underlying idea of trade-offs
between the farm output and the environmental pres-
sure. Indeed, there is a lack of studies on whether
the improvement in the farm eco-efficiency ratio
is really “sustainable”. Many authors took the as-
sumption that “eco-efficient equals more sustainable”
for granted. Although some of them admit the op-
posite, this is not reflected either in the methodology
nor in the conclusions (Picazo-Tadeo et al. 2011).
In the above context, we have a motivation to con-
front the eco-efficiency scores for the EUFADN
units in the regional cross-section with different
approaches to the matter of environmental sustain-
ability. Our analysis also sheds light on the basic
characteristics of the most eco-efficient and the most
eco-inefficient average farms in the European regions.
This information is missing in the cited works, which
mainly give only indirect clues as to what farms
located on the eco-efficiency frontier are really like
(see discussion in the results part of this paper).

We used the ESV measure, which is quite a fresh view
and generates output in a more practical way for policy
makers (i.e. in monetary units) than the frequently
applied DEA. However, we do recall that the ESV
calculated in the studies extends the DEA analyses
which are primarily used to identify the so-called
benchmark units ybl./, and rbij‘ The input-oriented
DEA approach has been applied following the studies
of Kuosmanen and Kortelainen (2005), Picazo-Tadeo
et al. (2011) and Bonfiglio et al. (2017). The calcula-
tion formula for determining the ESV of the farms
in the regions is as follows:

" B b.
>, {y——y—] @

where: SV is the sustainable value afferent to a farm
from region j; ry and rb, represent respectively the pol-
luting capital (input) used of type j and region/farm i,
and of the farm considered as the reference (bench-
mark) system identified in the DEA analysis as an av-
erage of the inputs in farms located on the frontier
(with 1 score); Vi and ybi]. are the return of the resources
(output) of the analysed and benchmark farm iden-
tified in the DEA analysis as an average of the out-
puts in farms located on the frontier (with 1 score);
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of analysed capital (resource). % )
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ing to the composite measure of the environmental
burden, eco-efficiency and eco-effectiveness of the ag-
ricultural activity conducted on the average farm
in the EUFADN region.

Firstly, however, it is worth looking at the aver-
ages of the inputs used in the “Top-Bottom” regions
in Table 1. They are presented in a consistent form
of per ha relations bearing in mind that all the inputs
were respectively transformed into destimulants while
creating composite indices.

We can see that the intensity of production sig-
nificantly differs under the three indices in terms
of the “Top 10” inputs use as well as production
per ha, i.e. those farms/regions which are the most
eco-effective and create the lowest environmental
burden are very extensive, whereas those which are
eco-efficient are distinguished by a few times more
intensive production (Table 1). At the same time,
the utilised agricultural area of farms in the “Top 10”
is much larger than in the “Bottom 10”. This is quite

Environmental burden

https://doi.org/10.17221/290/2018-AGRICECON

a surprising finding that contradicts the common
opinion on the environmental sustainability of small
farms. On the other hand, it confirms to some extent
the results of Gadanakis et al. (2015) which prove
that medium farms are more eco-efficient than small
ones. Another striking difference consists of the envi-
ronmental subsidies that might be perceived as pay-
ments for the public goods provision. In this sense,
the most eco-efficient farms provide 2 and 4 times
lower value of public goods than those units that are
leading respectively in their environmental burden
and eco-effectiveness score. This result is in line with
Picazo-Tadeo’s et al. (2011) and Bonfiglio’s et al. (2017)
estimates which show surprisingly strong negative
effects of agri-environmental schemes on the eco-effi-
ciency of arable farms. So, we may recall the question,
whether the eco-efficient agriculture is truly the one
that the EU policy (CAP) is keen on prospering?

In Table 2 we can see that the Italian, Spanish, Por-
tuguese and Austrian regions reoccur in two “Top 10”

[]>08
1 <07
Bl <05
[1<o03
] <o.1

Figure 1. Environmental burden versus eco-efficiency and eco-effectiveness

distance-weighted least squares fitting

Source: own calculation based on EUFADN (EUFADN 2018)
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rankings. However, it is worth noting that the simi-
larities in the rankings concern only the environ-
mental burden and eco-effectiveness approach. This
suggests that the “eco-efficiency” criterion tells us a
completely different story. A majority of regions from
the top eco-efficiency list (except one, Italian) does
not appear among those which exert the lowest pres-
sure on the environment or provide a sufficient value
of public goods to compensate for the polluting capital
used. On the other hand, the high pressure on the en-
vironment means sometimes being very eco-efficient.
For instance the Netherlands (NED) or Trentino (ITA),
which are in the “Top-Bottom” of the highest envi-
ronmental burden and simultaneously in the “Top 10”
for the eco-efficiency. On the other hand, the rankings
of the “Bottom 10” for the eco-efficiency and eco-
effectiveness are much more similar than the “Top 10”
while dominated by the Romanian regions, which
seems to be neither efficient in terms of production
nor effective in the provision of the environmental
goods requested by the CAP.

But should the eco-effectiveness and eco-efficiency
be mutually exclusive, or are there ways to satisfy both
criteria? Figure 1 sheds more light on this question.
It shows a 3D surface plot which reveals the relation-
ships of the environmental burden (H) with the eco-
effectiveness (RTC) referring to the different levels
of the eco-efficiency (RTC). We can make a striking
observation that a strong and positive relationship be-
tween the environmental burden and eco-effectiveness
appears only on the high level of the eco-efficiency
score. Below 1.2 of the eco-efficiency score, the grow-
ing eco-effectiveness does not translate into a lower
environmental pressure, and below 1.0 of the eco-
efficiency score, this relationship (of environmental
burden and eco-effectiveness) becomes negative.
Hence, it seems to be likely that lowering the agricul-
tural pressure on the environment requires a specific
sequence of farms development: firstly achieving
a critical eco-efficiency level, then becoming more
eco-effective and finally decreasing the environmen-
tal pressure. This would mean that any shortcut way
is very unlikely, and policymakers should not expect
that small farms quickly become environmentally
sustainable.

CONCLUSION

The aim of the article was to compare three dif-
ferent approaches to measuring the sustainability
of agriculture in terms of the methodology as well

as the results of an empirical study carried out on a
sample of EU regions. The study indicates a funda-
mental problem: the environmental sustainability
of European regions differs depending on the criterion
we apply. If we compare the composite index of the en-
vironment pressure with I-O approaches, we have
to concede that the latter has significant operational
advantages and is easier to stimulate by agricultural
policy means. However, we should admit that there
are trade-offs in CAP which consist of compensating
the strain on the natural environment with... and here
you are the principal question: with production or pub-
lic goods? Our major findings are the following. Public
goods oriented farming is more likely to expand after
improving eco-efficiency because only in eco-efficient
farms the eco-effectiveness goes in line with lowering
the environmental pressure. The trade-offs mentioned
above appear when the level of the eco-efficiency and
the eco-effectiveness is too low. In eco-inefficient
farms stimulating eco-effectiveness by environmental
subsidies does not result in reducing the environmental
burden. Let us remark that the latter is a superior goal
of the sustainable development. Hence, agricultural
policy should reconsider that small farms are hardly
capable of achieving environmental sustainability.
We can say there is a sequence of the agricultural
development of European farms: productivity => eco-
efficiency => eco-effectiveness => lowering absolute
pressure on the environment.

As our results show, this challenge (the last step) is still
before us, because in the European regions eco-efficient
does not mean environmentally sustainable. Policy-
makers should think about stimulating eco-efficient
farms to be more eco-effective and to enhance small
farms to be more eco-efficient. So, there is not a sin-
gle concept of environmental sustainability. There is,
rather, the sequence of sustainable development which
we should be striving for within CAP’s principles.
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