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ABSTRACT

The emphasis put on environmental issues of the European Union (EU) agricultural sector in the strate-
gies like the European Green Deal, Biodiversity and Farm to fork strategy give new directions to the
Common Agricultural Policy (CAP) changing the EU agricultural practice into a more environment-and
climate-friendly manner. The modified support rules and obligations for farmers will necessitate adopt-
ing new farm management practices on farms. This paper proposes the Agri-environmental Footprint
Index (AFI) as a tool to identify the current state of the environmental situation and to track the changes
and achievements on farms. The proposed approach is applied for the case study in Lithuania for 2017.
The farm-level data from the Lithuanian Farm Accountancy data Network (FADN) are exploited. The pa-
per relies on the multivariate statistical techniques (Shannon Entropy and Principal Component Analysis)
and multi-criteria approach (Simple Additive Weighting) to construct the composite indicators. The re-
sults are analyzed across farming types and farm size classes. The most environmentally beneficial farms
are characterized as medium-sized (in economic terms) and specialized in field crops-grazing livestock.
The highest share of farms with a low value of AFI was found for the largest farm size class and for
farms specialized in horticulture (using Shannon entropy weighting) and orchards (using Principal Com-
ponent Analysis (PCA) weighting). The results of AFIs using Shannon entropy and PCA weighting across
farming types tended to differ. Therefore, in order to apply the proposed tool in practice, testing different

weighting schemes is preferable.

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

The Common Agricultural Policy (CAP) is the European Union
(EU) policy addressed to the agricultural sector. Over the years it
has evolved to meet the changing needs of the agricultural society

Abbreviations: : EU, European Union; RISE, Response-Inducing Sustainability
Evaluation; SAFE, Sustainability Assessment of Farming and the Environment; IDEA,
Indicateurs de Durabilité des Exploitations Agricoles, MOTIFS, Monitoring Tool for
Integrated Farm Sustainability; FADN, Farm Accountancy Data Network; CAP, Com-
mon Agricultural Policy; DPSIR, Driver-Pressure-State-Impact-Response; Al, Agri-
environmental Indicator; AFI, Agri-environmental Footprint Index; OECD-JRC, Orga-
nization for Economic Cooperation and Development-Joint Research Centre; PCA,
Principal Component Analysis; COP, specialist cereals, oilseeds and protein crops;
SO, Standard Output; UAA, Utilised Agricultural Area; AWU, Agricultural Work Unit;
SD, Standard Deviation; Min, minimum value; Max, maximum value; RACER, Rele-
vant, Accepted, Credible, Easy, Robust; GHG, Greenhouse Gas; Ha, hectare; MCDM,
Multi-Criteria Decision Making; OECD, Organization for Economic Cooperation and
Development.
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and citizens (Baldock, 2020). The main priorities of the CAP for the
2021-2027 are provided in the nine specific objectives and three of
them relate to the environmental sector. We refer to the aforemen-
tioned three objectives as Environmental Objectives (EC, 2021b):

1 Contribute to climate change mitigation and adaptation, as well as
to sustainable energy;

2 Foster sustainable development and efficient management of natu-
ral resources such as water, soil and air;

3 Contribute to the protection of biodiversity, enhance ecosystem ser-
vices and preserve habitats and landscapes.

These objectives and the EU strategies such as the European
Green Deal (EC, 2019b), Biodiversity (EC, 2020b) and Farm to fork
(EC, 2020c) give new directions to the CAP changing the EU agri-
cultural practices into a more environment-and climate-friendly
manner. As stated by Peeters et al. (2020), the current CAP by
its first pillar payments acted as an accelerator for environmen-
tal degradation of the agricultural sector, and at the same time,
the second pillar payments acted partially as a brake mitigating
the sector’s negative impacts to the environment. The modified
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Nomenclature

Hg Shannon diversity index

Es Shannon Evenness Index

i index for farms

j index for agri-environmental indicators

1 number of farms

] number of agri-environmental indicators

B set of the benefit indicators

C set of the cost indicators

Xij the j-th agri-environmental indicator for the i-th
farm

Vi agri-environmental index for the i-th farm

w? weight of the j-th indicator based on the PCA

WJE weight of the j-th indicator based on the entropy

support rules and obligations for farmers will necessitate adopting
new farm management practices. In line with that, it is essential to
identify the current environmental state and to track the changes
and achievements on farms.

The environmental impacts of the agricultural sector have been
analyzed in numerous studies (Purvis et al., 2009; Westbury et al.,
2011; Mauchline et al., 2012; Nowak et al., 2019; Kasztelan and
Nowak, 2021). Some environmental pressure variables like GHG
emissions, biodiversity measured by the bird population index,
phosphorus management and others cover a broad spectrum of
the environmental impacts and, therefore, have commonly adopted
for the quantification of the environmental pressures (Vlontzos and
Pardalos, 2017; Svanbdck et al., 2019). Therefore, frequently, stud-
ies draw attention on a single environmental pressure element. For
example, Overmars et al. (2014) developed an indicator to ana-
lyze biodiversity in the European Union (EU); Vlontzos and Parda-
los (2017) assessed greenhouse gas (GHG) emissions efficiency in
the EU agriculture; Svanbdck et al. (2019) explored nutrient flows
for the Baltic Sea catchment; Garske and Ekardt (2021) addressed
the issues related to the phosphorus management in the agricul-
tural sector. Since the agricultural sector is responsible for a com-
plex of negative impacts on the environment (soil degradation, soil,
water and air pollution, loss of biodiversity and climate change)
(EC, 2019b) it has prompted researchers to develop various tools
comprising numerous environmental pressure elements which fa-
cilitate to take the appropriate decisions for the policy-makers en-
suring the agricultural sector’s development in a sustainable way
(Vlontzos et al., 2017; Kasztelan and Nowak, 2021).

In the EU, one the most important farm-level data source is
the Farm Accountancy Data Network (FADN). The data are col-
lected annually, representing the structure of the agricultural sec-
tor in a given Member State. However, the assessment of farm en-
vironmental performance is sometimes cumbersome, e.g., when as
many as 71 indicators are used to evaluate environmental situa-
tion on farms (Sauvenier et al., 2005). Still, the FADN system has
proved to be a valuable data source in terms of the assessment
of environmental issues on farms in many studies (Westbury et al.,
2011; Gerrard et al., 2012; Dabkiené et al., 2020; Lynch et al., 2018;
Czyzewski et al., 2019; Tzouramani et al., 2020; Santos et al., 2020).
The different scope of the issues covered by developed indicators
or sets of indicators were used by scholars and thus, on the one
hand, the simplified view or not a full picture of the environmental
situation on farms is provided, and on the other hand, the compar-
ison of the results obtained in these studies is limited. The changes
in FADN database (the EU Member States collect some additional
indicators to the main FADN survey (Vrolijk et al.,, 2016) and the
main FADN survey is often updated by DG AGRI (EC, 2021c)) and
new legislative environment at the EU agriculture (the goals set
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for the EU agricultural sector in the strategies, like the European
Green Deal (EC, 2019b), Biodiversity strategy (EC, 2020b), Farm to
fork strategy (EC, 2020c) and a country-wise policy actions (for ex-
ample, new rules for Lithuanian farmers concerning the use of un-
derground water laid down in the Underground Law (LRS, 2020))
are the main reasons for the development of new indicators, sets
of indicators or frameworks.

(Van Cauwenbergh et al., 2007; Sauvenier et al., 2007) distin-
guished two sustainability assessment approaches: the action and
evaluation path. The action path is based on sustainability issues
linked to the targets, strategies, and tasks. This path refers to the R
(which stands for Response) in the DPSIR framework (OECD, 1993).
The evaluation path takes into account sustainability principles
which are designed according norms, criteria, and indicators. This
path reflects the DPSI (which stands for Driver, Pressure, State and
Impact) in the framework.

Based on the presented background above, the goal of this pa-
per is to present the agri-environmental composite indicator as a
tool to capture the current state of environmental performance of
farms, which refers to the action path. The tool consists of agri-
environmental indicators (Als) customized to the FADN data which
cover three aforementioned CAP specific environmental objectives.

In this study, we take Lithuania, an EU Member State, as an ex-
ample. Indeed, this country provides an interesting example where
the effects of the CAP unfold (and are amplified in many in-
stances) amid the consequences of the economic transition. In-
deed, the agricultural sector is a priority sector in Lithuania which
faces multiple challenges in achieving environmental sustainability
(EC, 2020a).

The remainder of the paper is organized as follows:
Section 2 provides short literature review related to the envi-
ronmental studies of agriculture assessment using composite
indicators. Section 3 gives a description of the data used and
methods applied to calculate an agri-environmental index at farm
level that were used for empirical research. Section 4 presents the
results of agri-environmental performance indicators and indices
calculated for Lithuanian family farms and discusses the results in
the light of the earlier literature. Finally, Section 5 concludes.

2. Literature review

In response to the Rio Earth Summit in 1992, the Environ-
mental Sustainability Index and Environmental Performance In-
dex are the first attempts of academia to develop sets of indi-
cators attaining to measure environmental performance and sus-
tainability providing practical guidance ensuring ways towards sus-
tainable development (Hsu et al., 2013; EC (European Commis-
sion) 2021a). Agricultural sector and rural areas play an impor-
tant role in terms of resource use and sustainability, therefore
the agricultural sustainability assessment has received much atten-
tion with particular measures and frameworks (Hani et al., 2003;
Sauvenier et al, 2005; Zahm et al, 2008; Wang et al., 2019).
The three dimensions of sustainable development are environmen-
tal, economic, and social. The environmental list of indicators for
the agricultural sector has been developed in a standalone man-
ner (Purvis et al., 2009; Westbury et al., 2011; Mauchline et al.,
2012; Kasztelan and Nowak, 2021) or as an environmental di-
mension of sustainability assessment (Zahm et al., 2008; Gomez-
Limén and Sanchez-Fernandez, 2010; Nowak et al.,, 2019). In or-
der to improve the selection of indicators and to structure the
farms’ sustainability assessment, many frameworks were devel-
oped (Talukder and Hipel, 2018). The examples of sustainabil-
ity analysis frameworks include RISE (Hani et al., 2003), SAFE
(Sauvenier et al., 2005), IDEA (Zahm et al., 2008), and MOTIFS
(Meul et al., 2008). As pointed out by Talukder and Hipel (2018)
RISE, SAFE, and IDEA frameworks emphasize the assessment at
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individual indicator level rather than as composite indicator. In
order to support decision-makers with comprehensible informa-
tion on the environmental state of the agricultural sector, the in-
dices have been developed in many studies (Purvis et al., 2009;
Westbury et al., 2011; Mauchline et al., 2012; Nowak et al., 2019;
Dos Santos and Ahmad, 2020; Kasztelan and Nowak, 2021).

The methodology of the Agri-environmental Footprint Index
(AFI) presented by Purvis et al. (2009) was designed and tested
for seven EU Member States in order to investigate the differences
of the environmental impacts of farms that embarked on participa-
tion in agri-environmental schemes compared to those that opted
out. Based on three main agri-environmental management strate-
gies, namely output structure, farm physical properties, manifes-
tations of natural and cultural heritage on farms, and policy ob-
jectives, the matrix as a framework for indicators was developed.
The same indicators can be assigned to the different criteria of the
matrix. The involvement of experts in the evaluation process is a
core feature of AFI methodology of Purvis et al. (2009). The au-
thors suggested normalizing indicators according to the relation-
ships between original indicator values and index (linear or non-
linear). The original methodology or those with some modifica-
tions were tested empirically in several studies (Westbury et al.,
2011; Mauchline et al., 2012; Vesterager et al., 2012; Diti et al.,
2015). Westbury et al. (2011) used the AFI framework based on
English FADN data in 1995, 2000 and 2005. Two Assessment Cri-
teria Matrices were proposed for arable and livestock farms and
each farming system was measured by the set of nine indica-
tors. The authors pointed out that the results of the AFI were
driven by the developed indicators, and the inclusion of more
indicators to the assessment could perform more precise anal-
ysis. Mauchline et al. (2012) tested the AFI methodology in 14
case studies across Europe during 2006-2007. The AFI framework
also was tested by Vesterager et al. (2012) in twenty-five Danish
farms. Mauchline et al. (2012) pointed out that the AFI frame-
work could be used for the assessment of farms’ environmental
performance without the participatory in the agri-environmental
schemes element and Vesterager et al. (2012) suggest using this
framework for assessing complex policies concerning agriculture.
Diti et al. (2015) developed a tool using the AFI and geographical
information system to classify the Italian rural areas and to iden-
tify the policy actions for rural areas management in a sustainable
manner.

The guidelines for composite indicators (indices) construc-
tion elaborated by OECD-JRC (2008) discuss various methods
of data normalization, weighting, and aggregation of indicators.
The presented methods and in combination with other tech-
niques were employed in many agricultural studies (Gomez-
Limén and Sanchez-Fernandez, 2010; Barnes and Thomson, 2014;
Bachev, 2017). Gémez-Limén and Sanchez-Fernandez (2010) con-
structed the index for farm sustainability assessment based on ten
index construction stages presented by OECD-JRC (2008). The in-
dicators were selected following SAFE (Sauvenier et al., 2007) hi-
erarchical framework. The farm data was gathered through ques-
tionnaires from 349 Spanish farms in 2008. Nine indicators were
devoted to account the environmental sustainability in farms. The
indicators were normalized using linear normalization with respect
to maximum and minimum values. The different aggregation tech-
niques, namely the weighted sum of indicators, the product of
weighted indicators and the multicriterion function based on the
distance to the ideal point were opted in the research. In order
to assign weights to indicators, the Principal Component Analy-
sis (PCA) and Analytic Hierarchy Process were chosen. Barnes and
Thomson (2014) measured Scottish beef farms sustainable inten-
sification over the period of 2000-2010. The authors have chosen
the positive matrix factorization approach to estimated weights to
indicators and the geometric mean of individual weightings to sum
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the indicators to an overall index. Bachev (2017) evaluated the sus-
tainability of 190 Bulgarian farms in 2006. The expert panel and
farm managers were involved in establishing the reference values
and a qualitative meaning to the indicators. The equal weighting
method was used to aggregate indicators into the index. Dos San-
tos and Ahmad (2020) opted to construct an agricultural sustain-
ability index based on the aggregate data from the EU FADN. To
standardize the indicators the linear normalization with respect
to maximum and minimum values of the EU-28 were used. The
weights to the indicators were estimated by factorial analysis.

EC (2019a) provides a list of twenty eight agri-environmental
indicators, which track the integration of environmental impacts
into the CAP at EU, country - wise or regional level. Some of
the indicators are still under the development stage and some al-
ready are utilized as the CAP indicators. The CAP context socio-
economic, sectorial and environmental indicators were employed
by Nowak et al. (2019) to construct a synthetic measure to com-
pare the agricultural sustainability in the EU Member States.
The EU countries were ranked by Agri-Environmental Index in
Kasztelan and Nowak (2021) research using Organization for Eco-
nomic Cooperation and Development (OECD) and Eurostat indica-
tors.

Summing up, it can be concluded that a wide range of different
index compositing methods have been applied in previous stud-
ies. Therefore, this paper tests whether different weighting meth-
ods (Shannon entropy and Principal Component Analysis (PCA))
used for the index construction come to different results in regard
to agri-environmental index presented as agri-environmental foot-
print index (AFI) across farm groups.

3. Data and methods
3.1. Data sources

Lithuanian FADN data of 1,300 farms representing 58,618 fam-
ily farms of the year 2017 were used. The environmental index
was performed for farms groups according to type of farming and
farm economic farm size. Following the EU FADN classification the
results are presented for specialist cereals, oilseeds and protein
crops (COP), field crops, horticulture and orchards, specialist dairy-
ing, grazing livestock, specialist granivores, field crops-grazing live-
stock combined and various crops and livestock combined for six
economic farm size classes according to the Standard Output (SO)
value. Descriptive statistics of the Lithuanian family farms FADN
sample according to farm type of farming and economic farm size
class are depicted in Table 1.

The development of agri-environmental footprint index
(AFI) follows the stages outlined by OECD-JRC (2008) and
Gaviglio et al. (2017). The paper is organized correspondingly.
Thus, selection of indicators in dealt with in Section 3.2, data
preparation is discussed in Section 3.3, and AFI analysis proceeds
in Section 4.

3.2. Selection of agri-environmental performance indicators

Based on scientific literature review on farm environmental per-
formance (Purvis et al., 2009) and sustainability (Hani et al., 2003;
Zahm et al., 2008; Gaviglio et al.,, 2017; Sulewski and Ktoczko-
Gajewska, 2018) the main themes/components for farms agri-
environmental performance assessment were derived, namely agri-
cultural practices, energy, diversity, organisation of spaces, nat-
ural resources, farmer’s agricultural skills. Then the data avail-
ability were analysed in the Lithuanian FADN. When construct-
ing the Als based on the FADN data, it is important to find
proxy indicators for variables used in the literature due to data
inconsistency. In order to cover the selected components for
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Main characteristics of the family farms across farming types and economic size classes.

Economic farm size (thou.

Number of EUR SO) UAA (ha) AWU LU
Number of farms average+SD average+SD average+SD average+SD
observations represented [min/max] [min/max] [min/max] [min/max]
Farming type
cop 490 17,070 44.3+80.8 75+118 1.5£1.1 1.5+4.4
[4.0/1,451.3] [7.5/1,807.0] [1.0/30.1] [0.0/79.8]
Field crops 100 3,452 22.9+60.8 30+62 1.5+1.1 1.1£3.1
[4.0/1,245.0] [2.6/1,206.7] [0.4/18.3] [0.0/29.3]
Horticulture 31 740 27.3+84.7 11+£26 1.9£2.5 0.3+0.5
[5.4/1,016.5] [0.2/324.8] [0.7/22.9] [0.2/1.4]
Orchards 30 320 25.9+29.4 34432 1.7+0.6 0.1+0.5
[4.0/145.2] [3.1/161.8] [0.4/2.8] [0.0/2.1]
Dairying 313 18,042 23.1+42.5 28+40 1.6+0.8 15.2+£28.9
[4.7/1,619.6] [2.3/978.1] [1.0/32.2] [1.9/879.1]
Grazing livestock 102 4,461 14.0£15.4 34434 1.5+£0.5 17.6+£22.3
[4.0/229.8] [5.9/332.9] [1.0/5.4] [2.3/288.7]
Granivores 15 45 130.9+227.3 32463 2.6+2.2 129.0+220.6
[9.0/823.9] [0.0/333.0] [1.0/11.9] [4.4/796.4]
Field crops-grazing livestock 162 7,669 22,0+48.5 43458 1.4+0.9 11.8+£21.8
[4.2/983.2] [4.0/1,000.6) [1.0/20.1] [1.0/356.6]
Various crops and livestock 57 6,819 9,348.9 13+£15 1.3+04 4.4+6.2
[4.0/255.9] [0.0/345.4] [0.4/6.7] [0.0/103.6]
Farm economic size, thou. EUR SO
2-8 99 24,289 6.5+1.2 12+10 1.3+£0.3 3.1+£2.9
[4.0/8.0] [0.2/81.0] [0.4/2.8] [0.0/16.2]
8-25 277 21,487 13.9+4.2 27+16 1.4+0.5 6.6+6.8
[8.0/25.0] [0.0/117.2] [0.4/5.1] [0.0/39.6]
25-0 222 5,990 36.5+6.7 62+33 1.5+0.5 14.3+£16.2
[25.0/49.7] [2.1/271.0] [1.0/3.7] [0.0/109.3]
50-100 252 3,793 70.8+14.9 105+42 1.8+0.6 20.2+25.4
[50.0/99.9] [6.9/300.1] [1.0/4.4] [0.0/139.0]
100-500 279 2,919 183.3+83.5 246+123 3.3+2.0 39.24+62.6
[100.0/499.4] [2.5/783.5] [1.0/9.6] [0.0/288.7]
>500 171 140 736.3+£238.7 847+399 10.6+6.1 89.1+£190.0
[502.1/1,619.6] [0.0/1,807.0] [2.2/32.2] [0.0/879.1]
Total 1,300 58,618 27.0+£57.4 42477 1.5+0.9 8.7+21.4
[4.0/1,619.6] [0.0/1,807.0] [0.4/32.2] [0.0/879.1]
farms’ agri-environmental assessment, the accessibility and farms c . 2 I
participation in agri-environmental programs were approximated § g & 2 2 % % § g =
based on the continuous monetary variables (Purvis et al., 2009; § 3 £ 8 2 5 8 ‘g § 8 ‘g 2
Westbury et al., 2011). Note that one should avoid excessive use s 3 & a0 < a2 3 a3

of the dichotomous indicators (Purvis et al., 2009). Ideally, the de-
veloped indicators should be RACER: Relevant, Accepted, Credible,
Easy, and Robust (Wieck and Hausmann, 2019). There is no devel-
oped and publically available tool (as a user-friendly spreadsheet)
based on FADN to calculate Greenhouse Gas (GHG), therefore the
calculation of GHGs on farms is not straightforward.

In order to avoid of double counting the same environmen-
tal impact element on farms (OECD-JRC, 2008), the nonparamet-
ric Spearman tests were performed to examine the relationships
between Als. The result showed a strong relationship for the use
of inorganic fertilizers and pesticides and for livestock density
and meadows and pastures, with correlations of r = 0.881 and
r = 0.753, respectively (Fig. 1). These Als were included in the fi-
nal list of indicators as they address different environmental im-
pacts and were proposed to be used together in the literature
(Westbury et al., 2011; Kelly et al., 2015; Table 2).

The Als and the AFIs are designed in order to use them for
identification of agri-environmental problem issues on farms, en-
couraging farmers to achieve better results and monitoring their
achievements. Therefore it is important to ensure that Als are
in line with the CAP objectives for 2021-2027 (EC, 2021b) and,
especially, Als coverage of the environmental objectives (see the
three objectives listed in Introduction). The Als developed accord-
ing to the CAP objective “Contribute to climate change mitigation
and adaptation, as well as to sustainable energy” are illustrated in
Fig 2.
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Fig. 1. Correlogram of agri-environmental indicators.

Use of fertilizers

The on-farm use of fertilizers is an essential indicator of envi-
ronmental impacts caused by agricultural activity (Gaviglio et al.,
2017; Czyzewski et al., 2019; Tzouramani et al., 2020). The EU
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Table 2

Description and summary statistics of agri-environmental indicators.
Indicator Dimension Impact of indicator Average+SD Weights

PCA Shannon entropy

Fertilizers use kg/ha UAA Min 69.6+110.9 0.08 0.08
Crop protection use EUR/ha UAA Min 21.6451.2 0.07 0.08
GHG emissions t COyeq/farm Min 61.3+126.2 0.12 0.08
Energy intensity EUR/thou. EUR Min 130.9+103.1 0.11 0.08
Environment-friendly farming % Max 4.7+£129 0.04 0.08
Water use EUR/thou. EUR Min 9.1+£10.9 0.08 0.08
Shannon Evenness Index index Max 0.7+0.3 0.09 0.08
Legumes area % Max 7.6+13.8 0.08 0.08
Meadows and pastures % Max 12.7+£21.8 0.08 0.08
Livestock density units/ha forage Min 0.3+1.8 0.11 0.08
Forest area % Max 2.1+7.7 0.06 0.08
Accessibility score Max 0.1+£0.2 0.02 0.08
Education score Max 0.3+0.4 0.05 0.08

Note: min (resp. max) indicates that the minimum (resp. maximum) value indicates better agri-environmental performance.

1. Contribute to climate change mitigation and adaptation, as well as sustainable energy

Agricultural practices

Als FADN Als

Use of fertilizers

Amount of inorganic

fertilizers per ha of UAA

Use of crop

protection of UAA

GHG emmissions

CAP 2021-27 objective

GHG emissions per farm

Component of farm agri-
environmental performance

Energy

Als FADN Als

Energy costs per

Energy intensity o

Crop protection costs per ha

Farm agri-environmental indicator

Fig. 2. Agri-environmental indicators linked to Environmental Objective 1.

FADN has been collecting data on the quantities of fertilizers used
on farms across the EU Member States since 2017. These data are
presented by variables SE296, SE297, and SE298. On Lithuanian
farms, on average in 2017-2019, the application rate of inorganic
fertilizers was 145 kg per hectare of UAA, by 14 kg more than the
EU-28 level (EU FADN, 2021). What is more, in Lithuania the an-
nual growth rate of inorganic nitrogen consumption was 2.8% from
2009 to 2019 (Eurostat, 2021).

The use of crop protection

Crop protection products (herbicides, fungicides and insecti-
cides) use on farms measured as costs per hectare or per output,
pesticide treatment index, pesticide usage were analysed by schol-
ars (Sauvenier et al., 2007; Vesterager et al., 2012; Uthes and Her-
rera, 2019).

In 2009-2019, on average, on Lithuanian farms the costs for
crop protection per hectare of UAA amounted to EUR 43 and it was
1.9 times lower than the EU-28 average. However the crop pro-
tection costs rose at an annual growth rate of 4.2% on Lithuanian
farms during 2009-2019 (EU FADN, 2021).
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GHG emissions

The GHGs on farms in previous studies were measured using
indicators like GHGs per farm and per output, and GHGs balance
(Lynch et al., 2018; Uthes and Herrera, 2019; Tzouramani et al.,
2020). For present research GHG emission per farm was taken into
account. See Dabkiené et al. (2020) for an in-detail description of
GHG emission calculation.

Lithuanian agricultural sector is the second most significant
source of GHGs in Lithuania and accounted for 21.1% of the to-
tal emissions in 2018. Agricultural sector is the main contributor
of CH,; and N,O emissions, which originate from enteric fermen-
tation and agricultural soils, respectively. The reduction of GHG
emissions in Lithuanian agricultural sector (including the absorp-
tion from Land Use, Land-Use Change and Forestry sector) to 25%
by 2030 compared to the reference year of 2005 is set in the Na-
tional climate change management agenda (LRS, 2021). In 2018 the
Lithuanian agricultural emissions (sectors 3.A, 3.B, 3.C, 3.D, 4.C and
4.B) were 22.7% higher than in 2005 (Eurostat, 2021).

Energy intensity
Various indicators related to energy use on farms can be
developed (Sauvenier et al, 2007, Vesterager et al., 2012;
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2. Foster sustainable development and efficient management of natural resources such as water, soil and air
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investment

Water costs per total output

Farm agri-environmental
indicator

Fig. 3. Agri-environmental indicators linked to Environmental Objective 2.

Czyzewski et al., 2019). The Lithuanian FADN provides the informa-
tion related to the costs of electricity and fuel on farms. The energy
costs (EUR) per total output (thousand EUR) during the 2009-2019
experienced a negative annual growth rate of 1.0%, however in the
Lithuanian farms the energy use intensity was 42% higher than the
EU-28 average (EU FADN, 2021).

The Als linked to the CAP specific objective “Foster sustainable
development and efficient management of natural resources such
as water, soil and air” are presented in Fig 3.

Environmental-friendly farming

Farmers’ participation in agri-environmental programs is a key
element of farms sustainability assessment (Areal et al., 2018;
Uthes and Herrera, 2019). In Lithuania the UAA area fully converted
to organic farming rose at an annual growth rate of 9.8% between
2012 and 2019 (Eurostat, 2021).

Water use

Water intensity measure was taken into account by researchers
(Westbury et al., 2011; Gaviglio et al., 2017; Tzouramani et al.,
2020) emphasizing water resource protection and adequate use on
farms and its importance to farms’ sustainability. The regulation
of flooding and runoff is a problem in the Lithuanian agriculture
(EC, 2020a). Lithuanian farmers have favourable conditions for wa-
ter use (LRS, 2020) and it is common to use water for irrigation
from ponds and streams, therefore water use measured in volume
from all sources would be fairer and more targeted.

The Als related to the CAP specific objective “Contribute to the
protection of biodiversity, enhance ecosystem services and pre-
serve habitats and landscapes” are shown in Fig. 4.

Shannon Evenness Index

A plethora of indicators is proposed by researchers to evalu-
ate the biodiversity on farms. In the present paper the Shannon
Evenness Index was opted. The areas of twenty eight land use el-
ements are collected by Lithuanian FADN. Small farms are essen-
tial in terms of supporting agricultural biodiversity (Guarin et al.,
2020). Therefore, in the present research, the maximum level of
biodiversity was assumed for farms up to 5 hectares of UAA ir-
respectively of the land use structure. For the rest of farms, the
Shannon Diversity and Evenness Indices were calculated according
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to Shannon and Weaver (1949):

L
Hs=->" Inp, .
I=1 P
Hs
= H;nax

(1)

Es =L’

(2)
where Hs is the Shannon diversity index, p; is the surface propor-
tion of land use element [; L is the number of different land use
elements, Es is the Shannon Evenness Index. Es takes values from
zero (when a single land use element dominates) and one (when
all land use elements are equally abundant). In Lithuania, biodi-
versity measured by common farmland bird index declined at an
annual rate of 2.9% over 2009-2019 and in 2019 was by 38.3 per-
centage points lower compared to the reference year (2000=100)
(Eurostat, 2020).

Legumes area

The benefits of legumes to the sustainability of agriculture has
been extensively analysed by Stagnari et al. (2017). The use of
legumes in crop rotations as a wish indicator was introduced by
Kelly et al. (2015). The annual growth rate in the incline of the
area of legumes accelerated to 9.9% during 2010-2020 in Lithuania
(Statistics Lithuania, 2021).

Meadows and pastures

In order to measure the environmental sustainability of
farms, the grassland area was included in the indicator set
in lines with the previous studies (Vesterager et al, 2012;
Barnes and Thomson, 2014; Areal et al, 2018). Between 2009
and 2019, the area of permanent grasslands rose at an annual
growth rate 7.3 % in Lithuanian family farms (EU FADN, 2021).
Soussana et al. (2010) emphasized the role of grasslands in terms
of carbon sequestration and the mitigation of GHGs, namely partly
offsetting the emissions generated by ruminant production sys-
tems. In Lithuania, this potential decreased by 27.4% in 2019, as
compared to 2009 (Eurostat, 2021).

Livestock density

A high livestock density often causes large nitrogen and phos-
phorus surpluses (Svanbdck et al., 2019). The environmental im-
pact of livestock density to farms environmental performance was
evaluated in several studies (Westbury et al., 2011; Gerrard et al.,
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3. Contribute to the protection of biodiversity, enhance ecosystem services and preserve habitats and
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Fig. 4. Agri-environmental indicators linked to Environmental Objective 3.

2012; Czyzewski et al., 2019). In Lithuania, total livestock units per
hectare of forage area per farm declined at an annual growth rate
of 2.6% over the 2009-2019 (EU FADN, 2021). This was essentially
caused by a decrease of cattle number during 2009-2019 at annual
growth rate of 1.7% (Statistics Lithuania, 2021).

Forest area

Forest area on farm holdings has been acknowledged as a con-
tributor to environmental sustainability by Purvis et al. (2009),
Westbury et al. (2011), and Migliorini et al. (2018). In Lithua-
nian family farms, the share of forest area in the total farm
area per farm remained stable during 2009-2019 at around 2.7%
(LAEI, 2021).

Accessibility

The evaluation of farms accessibility in terms of recogni-
tion and conservation of agricultural heritage systems was in-
cluded in environmental performance evaluation in several studies
(Purvis et al. 2009; Vesterager et al., 2012, Goswami et al., 2017).
The preservation of traditional production/processing methods on
Lithuanian family farms was assessed as a binary indicator (yes-no)
indicating the output on farms generated from agro-tourism and
processed products. The output of agro-tourism share in the total
output per Lithuanian farm constituted only 0.12% over 2009-2019
(EU FADN, 2020).

The proposed set of the Als covers CAP 2021-2027 cross-cutting
objective "Foster knowledge, innovation, digitalization in agricul-
ture and rural areas” by taking into account farmers’ level of
education. The education level of farmers has a positive im-
pact on farms’ environmental sustainability (Sulewski and Ktoczko-
Gajewska, 2018). In line with the information provided in Lithua-
nian FADN (farmer with full agricultural training, basic training and
with practical experience only) the present research used a three-
value scale (1, 2, 3) to measure farmer’s education.
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3.3. Multi-criteria analysis

The Multi-Criteria Decision Making (MCDM) procedure involves
the three key elements: (i) regularization; (ii) normalization, (iii)
weighting, and (iv) aggregation. The normalization ensures compa-
rability across the criteria. The weighting allows taking the pref-
erences of the decision maker(s) into account. The aggregation re-
turns a single number that can be used for benchmarking.

3.3.1. Regularization

The decision matrix comprises the data for all farms indexed
over i=1,2,...,I and indicators indexed over j=1,2,...,J. Prior
to the construction of the composite scores, the data are regular-
ized by modifying the extreme values for each indicator. Let there
be lower and upper quantiles, q and qy;, chosen for a certain vari-
able i, where 0 < I; < u; < 1. Then, the values below g are equated
to the lower quantile and those above ¢y, are related to the upper
quantile:

di> Xij < qu;»
Xij, 41, = Xij = Qu;,
Qu;> Xij > qu;-

In our case, we set [; = 0.05 and u; = 0.95 fori =1, 2, ..., m. This
implies that 5% highest and 5% highest values of each indicator are
replaced by the 5-th and 95-th percentiles respectively. Note that
the regularization is not applied for categorical variables.

*
X =

3)

3.3.2. Normalization

The decision matrix comprises the data for all farms indexed
over i=1,2,...,I and indicators indexed over j=1,2,...,]J. The
indicators are expressed in different dimensions and oriented to-
wards different directions (maximization or minimization). The
benefit criteria need to be maximized (these are denoted by B C j),
whereas the cost criteria need to be minimized (denoted by C C j)
in order to improve the sustainability of a certain farm. There have
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been a number of normalization techniques proposed (Vafaei et al.,
2016).

Linear normalization with respect to the maximum is carried
out with respect to the extreme values observed for each crite-
rion. In this case, the maximum is considered. The other values
of the indicators are disregarded, i.e., data range or distribution is
not taken into account. For cost criteria, the negation and subtrac-
tion from unity (i.e., maximum possible value) is applied. The lin-
ear normalization with respect to maximum is defined as follows
(Vafaei et al., 2016):

* Y3 y
B xl.j/maxlxij, jeB

Xj=

(4)

1 — (x;;/maxx;,), j € c’

where iij is the normalized value bounded at 1 from above.

3.3.3. Weighting

The weighting can be either subjective or objective (data-
driven). The equal weighting can be considered as the simplest
subjective instance where decision is taken to assume all the cri-
teria are equally important. The data-driven approaches can follow
a number of statistical techniques. In this paper, we consider the
entropy and PCA weights. The entropy weights maximize the vari-
ation in the data without considering the correlation among the
criteria. The PCA seeks to exploit the correlation among the crite-
ria.

The Shannon entropy is a popular tool to identify the weights.
It attaches higher importance on the criteria that show higher vari-
ation across the alternatives (farms). The entropy-based weights
are obtained via the four-step procedure (Wang and Lee, 2009;
Shemshadi et al., 2011). In our study, we are interested in weight-
ing indicators comprising the AFI. The construction of the weights
based on the Shannon entropy proceeds as follows:

Step 1. The original data are scaled with respect to the sums
of the columns of the decision matrix to construct the evaluation
matrix for measurement of the entropy:

X;;

Ak

XU- =

. (5)
i=1 i

For zero values of x;‘].*, a small number « is added (we set k =
0.1).

Step 2. The entropy is calculated for values obtained in Eq. 5:

1S o e
€=~ > X7 Inx. (6)
i=1
Step 3. The entropy scores from Eq. 6 are inverted:
dj =1- ej. (7)

Step 4. The weights are calculated by normalizing the values of
d; with respect to their sum:

(8)

The Principal Component Analysis weighting finds the load-
ings of the criteria under consideration on the principal compo-
nents explaining the variation of the data in the decision matrix.
The weights for environmental performance indicators are com-
puted using rotated factor loadings and eigenvalues in two steps.
First, the squared loadings are normalized with respect to the sum
of the eigenvalues of the factors retained after the rotation. The
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maximum values are identified for each criterion:

(9)

where aj is the factor loading of indicator j on principal compo-
nent k; A, - eigenvalue of principal component k. Second, the PCA-
based weights are calculated as shown in the following equation:

(10)

where W? - weight of the j-th indicator based on the PCA. Note
that principal components with eigenvalues above 1 are kept in
the analysis.

3.3.4. Aggregation

The weighted normalized decision matrix needs to be aggre-
gated across the criteria so that the sustainability of each farm
could be expressed by a single dimensionless number. This allows
establishing the ranking of the farms. The two basic approaches
can be considered: the additive and multiplicative utility functions
(Chakraborty and Zavadskas, 2014). Here, we rely on additive ag-
gregation.

The additive aggregation can be related to the Simple Additive
Weighting approach. The linear combination of the normalized val-
ues is used to construct the composite indicator:

J
Yi= ) Wik,
j=1

where w; is the weight of the j-th criterion chosen from entropy
weighting or PCA weighting and &;; is the normalized value ob-
tained by either maximum linear normalization. Higher values of
y;j indicate higher environmental sustainability of a farm.

The descriptive statistics for the Als and the weights obtained
by PCA and the Shannon entropy are presented in Table 2. As one
can note, Shannon entropy weights are basically equal due to the
data structure. The rounding errors are present as the weights are
actually lower than 0.08.

Values of the AFI closer to one indicate a higher level of agri-
environmental performance of farm within farms sample. Besides
the average values, the distribution of the AFI is also important for
decision making. In order to classify farms according to the ob-
tained values of the AFI, the three levels of environmental perfor-
mance (low, medium and high) are defined in terms of average
value and standard deviation of the AFL. Rather than simply divid-
ing the resulting range of the AFI into three equal parts, a statis-
tical approach is followed (Kasztelan and Nowak, 2021). Thus, one
standard deviation is chosen as the threshold for delineating the
farm performance levels with respect to the average value. Note
that one standard deviation is considered as a sufficient distance
in our case, yet further studies could embark on picking some
different values as well. The lower (resp. upper) bound for the
medium level AFI was defined as the average value minus (resp.
plus) one standard deviation. The values falling below (resp. above)
the lower (resp. upper) bounds represented low (resp. high) levels
of the AFL

(11)

4. Results and discussion

The results for the whole Lithuanian family farms sample
showed that farmers’ participation in agri-environmental programs
and diversification of farming activity was low (Fig. 5). The nor-
malized values of the fertilizers use per hectare of UAA ranged
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Fig. 6. Normalized agri-environmental indicators across farming types.

from 0.30 to 0.89, in economic farm size classes VI and II, respec-
tively. The same tendency is observed for the use of the crop pro-
tection products on farms. The GHG emissions normalized values
decrease with the economic farm size class. Even so, the large dif-
ferences are observed between farms in economic size classes V
and VI. The energy and water use intensity and the education of
farmers follow the opposite trend and the normalized values in-
crease with the economic farm size class. The energy use inten-
sity findings are in line with Westbury et al. (2011). The uptake
of agri-environmental production methods was mostly performed
by farms with SO of 25-50 thousand EUR. The normalized val-
ues of Shannon’s Evenness Index and legumes area in arable land
increased within 25-500 thousand EUR SO farms. The Shannon’s
Evenness Index values were relatively similar in the observed farm
size classes and this result is in line with Uthes et al. (2020).
Westbury et al. (2011) identified a direct relationship of farm size
in hectares and land use diversity and this could be tested empiri-
cally in future research in the Lithuanian case. The normalized val-
ues of the meadows and pastures area in UAA ranged from 0.07 for
farms with more than 500 thousand EUR SO up to 0.21 for farms
with 8-25 thousand EUR SO. Farms of 25-50 thousand EUR SO
had the lowest livestock density. The spread of normalized values
of forest area in total farm area across economic farm size classes
was low with values ranging from 0.08 for the largest farms with
SO exceeding 500 thousand EUR to 0.15 for farms with SO of 8-25
thousand EUR. The smallest farms with SO of 2-8 thousand EUR
were most open for tourists and most engaged in food processing
(that is represented by the accessibility indicator).

The highest levels of inorganic fertilizers and crop protection
products use per hectare were found on COP farms followed
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by horticulture farms, whereas the lowest levels were achieved
on grazing livestock and various crops and livestock combined
farms (Fig. 6). These results are in line with the findings by
Gerrard et al. (2012) where English horticultural farms spent most
for fertilizers and crop protection products. Normalized indica-
tor values of GHG emissions per farm ranged from 0.90 to 0.98
for granivore and orchards farms, respectively. The GHG emis-
sions on granivore farms did not reach the highest level within
considered farming types in a study by Dabkiené et al. (2020).
These differences could be related to the small sample of those
farms in FADN and elimination of outliers in the present research.
The highest energy intensity (energy costs per total output) was
found for field crops-grazing livestock combined farms, while the
lowest energy intensity was identified for granivore farms. The
agri-environmental schemes were adopted most in orchards farms,
while least in granivore farms. The lowest water use intensity
(costs per total output) was on granivore farms, the highest in-
tensity was observed for various crops and livestock farms. The
Shannon’s Evenness index ranges from 0.32 to 0.90, on orchards
and horticulture farms, respectively. A low land use diversity ob-
tained by livestock farms agree well with results obtained by
Gerrard et al. (2012). The lowest level of land use biodiversity for
orchards farms is obtained due to limited data availability in the
Lithuanian FADN database on tree varieties on these farms. The
data availability in database for biodiversity assessment is high-
lighted in previous studies based on FADN data (Uthes et al., 2020).

The highest share of legumes in arable land was found on COP
farms. The lowest value of legumes area achieved by orchards
farms can be linked to the first CAP pillar support requirements
(when only the orchards area on a farm is declared, a farm ful-
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fils the greening payment requirements). The results of the ratio
of meadows and pastures to UAA across types of farming are as-
sociated with farms specialization: the highest ratio is observed
for dairying and grazing livestock farms, whilst the lowest ratio
for horticulture farms. The livestock density was the most environ-
mentally unfavourable on granivore farms, whereas the most en-
vironmentally favourable density was on horticulture and orchards
farms. The forest area is small in all farms and normalized values
ranged from 0.04 (on grazing livestock farms) to 0.15 (on COP and
field crops-grazing livestock farms). The conservation of traditional
heritage was developed mostly in grazing livestock and field crops-
grazing livestock farms and least in granivore farms. Within types
of farming a better agricultural education had farmers specialized
in grazing livestock.

The entropy- and PCA-based AFIs initially increase their values
with economic farm size (until 50 thousand EUR is reached) and
then decline. Thus, the medium-sized farms were found to be the
most environmentally beneficial. This result agrees to some extent
with findings by Czyzewski et al. (2019). The most favourable agri-
environmental performance was achieved by field crops-grazing
livestock farms using both weighting approaches. At the other end
of the scale, the lowest agri-environmental performance was found
for various crops and livestock and orchards farms, using Shan-
non entropy and PCA, respectively (Fig. 7). The differences in AFIs
were larger among economic farm size classes than among farming
types. The average AFI values (irrespectively of the weighting used)
for all farming types fell within the medium agri-environmental
performance level (interval), whereas the low level was observed
for the largest farms as their AFIs were below the lower bound of
the medium interval threshold (AFls < 0.43; AFlpcy < 0.51).

Approximately two-thirds of Lithuanian family farms fell into
the medium agri-environmental performance category (Fig. 8)
which can be related to the law of normal distribution. These mea-
sures are relative to the sample average. The position of Lithuanian
average performance among the other countries can be ascertained
by considering earlier results reported by Dos Santos and Ahmad
(2020) who put the New Eastern Member States (including Lithua-
nia) in the stratum of moderate environmental sustainability. Even
worse results were obtained by Kasztelan and Nowak (2021) who
ranked Lithuanian agricultural sector as the second last out of
twenty EU Member States. In order to alleviate environmental
pressures rendered by farm activities, the actions are needed
across different farm groups. The low agri-environmental perfor-
mance farm groups identified in this study can be the primal ob-
jective of the agricultural support programmes. The highest share
of farms with a low level agi-environmental performance is reg-
istered on the largest farms class (SO, thousand EUR > 500) and
specialized in horticulture (using Shannon entropy weighting) and
orchards (using PCA weighting).

The major issues related to the index construction are selec-
tion of the criteria, weighting normalization and aggregation meth-
ods. These are pertinent to the main stages of index construction
and may have an impact to the final results index (Talukder et al.,
2017; Greco et al.,, 2019). Different approaches towards normaliza-
tion and aggregation of indicators into the final score were tested
by Talukder et al. (2017) who concluded that the design of ap-
proach lies with the researcher and usually depends on the prop-
erties of the dataset. Greco et al. (2019) emphasized the robustness
analysis in each stage of index construction as a quality assurance
tool. The influence of the weighting approach to the constructed
indices can be tested by the correlation analysis (Talukder et al.,
2017).

The Pearson correlation coefficient (r = 0.950) between the AFIs
based on the PCA and entropy weights is rather high. Thus, the
differences rendered by the use of the different methods for con-
struction of the weights are more of a quantitative nature rather
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than qualitative. Still, the ranking of, e.g., farming types based on
the point estimates of the average AFI scores differ across the two
weighting schemes. Thus, the use of the different weighting meth-
ods and interpretation of the results requires certain caution.

5. Conclusions

This article presented the agri-environmental indicators and
footprint index methodology for assessing agri-environmental per-
formance in agriculture at farm level. The agri-environmental foot-
print index is based on 13 constructed indicators which are ad-
justed to Farm Accountancy Network data. The agri-environmental
indicators and footprint index methodology allows the compari-
son of the agri-environmental performance situation and changes
in various farm groups. In addition, the stakeholders (farmers, re-
searchers, policy-makers and public) can identify the environmen-
tal impacts of farms with the highest pressure on the environment.
Moreover, the policy interventions (in particular, the second pillar
payments) can be directed more precisely towards implementation
of sustainable farm management solutions in a certain group of
farms.

In Lithuania, the most environmentally beneficial farms are
medium-sized ones (in terms of economic size measured by the
Standard Output) and those specialized in field crops-grazing live-
stock. The highest share of farms with a low value of agri-
environmental footprint index was found in the largest farm size
class and farms specialized in horticulture (using Shannon en-
tropy weighting) and orchards (using Principal Component Analysis
weighting). The values of the agri-environmental footprint indices
for approximately two-thirds of the Lithuanian family farms were
close to average value, i.e., within the range of one standard devi-
ation value.

Two agri-environmental footprint indices were computed, us-
ing Shannon entropy and Principal Component Analysis weight-
ing approaches. The results of agri-environmental footprint indices
using Shannon entropy and Principal Component Analysis weight-
ing tended to differ. Therefore, future farm sustainability research
should test different weighting schemes and, possible, involve ex-
pert judgements to ensure the robustness. The most cost-effective
way is to use the results of the experts’ survey assessing the
needs of the national Common agricultural Policy Strategic Plan.
One of the key steps towards the national Strategic Plan develop-
ment is prioritisation and ranking of the sector’s needs by stake-
holders. The ranks are provided separately to specific objectives
of the Common Agricultural Strategic Plan within the sustainabil-
ity dimension (economic, environmental, and social) and to the
needs (problem areas) within each specific objective. As an out-
come, the obtained ranking could serve as weights for given com-
ponents (indicator group) or indicator of farms agri-environmental
performance assessment.

Several suggestions for agricultural support policy can be made
based on the results of this study. Horticultural farms in Lithua-
nia (along with other groups of environmentally underperforming
farms) could be assigned with additional priority points when dis-
tributing the support payments (especially, the second pillar mea-
sures). In general, to effectively cope with environmental pres-
sures related to farming, we recommend evaluating the situation
across different farm groups and avoid implementing “one-size-
fits-all” solutions. Moreover, educational programmes and advi-
sory services should emphasize farmers’ role in adopting climate-
friendly practices. The assessment tools of agri-environmental per-
formance benchmarking at the farm level could be designed in or-
der to make farmers familiar with their performance and facilitate
mutual learning.

Although the present research focuses on a single-year data,
the developed agri-environmental footprint index can be consid-
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ered a useful tool for panel data as well. As regards data nor-
malization, future research could embark on applying the refer-
ence values (e.g., standards and norms or values obtained from an
expert panel) for a multi-criteria assessment. Besides, future re-
search could focus on the assessment of the policy interventions
targeted to certain aspects of farm environmental performance.
The AFI obtained via the multi-criteria assessment would serve as
a benchmark. Moreover, future research could seek to perform an
international comparison by using the developed set of indicators
for analysing the agri-environmental performance of farms in the
other European Union Member States. Also, the developed indica-
tors could serve as a block of a wider system of agricultural sus-
tainability indicators.
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