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Abstract

Land abandonment and/or agricultural intensificaiwe the most probable scenarios which
could be expected for remote mountainous areasagteh Europe. Both of them can be a
threat to the situation existing in the rural aredshe Ukrainian Carpathians where a high
degree of connectivity between farming activitiesl ahe ecosystem still exists. In the paper
we argue that in this area certain agriculturacppcas are more conducive to biodiversity
than others. Therefore we aim at building an ecac@uoological model to evaluate the
environmental efficiency of farming performancetims area with special consideration of
such positive externality as biodiversity. The DE®ata Envelopment Analysis) is
considered as a suitable method for this evaluatiod for identification of the farming
management patterns which are most efficient fromonemic and environmental
perspectives. The data from socioeconomic and g&miz surveys conducted in the
Ukrainian Carpathians were used to show how thenodetan be applied to evaluate the
farming efficiency at the research sites.

This paper is a contribution to the research on itliluence of traditional farming on
biodiversity and a trial to analyse economic andirenmental performance of farming
practices which produce such positive externabtpiadiversity.

Keywords. Efficiency, Traditional Agriculture, Positive Emenmental Externalities,
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1. Introduction

Trends of land use change connected to land abaretdrhave been observed in many areas
of Europe. This phenomenon appears more frequémtiye less favourable areas (LFA)
which have difficult geographical and climate cdiwgis, in particular mountain regions
(MacDonald et al. 2000, Dullinger et al. 2003). &ramon alternative scenario examined in
literature is agricultural intensification or mode&ation which can be observed in some
relatively prosperous mountainous landscapes amadised process of land use change
(Tasser & Tappeiner 2002). As opposed to this stnathe rural areas of the Carpathian
Mountains are currently representing the statdefdevelopment where these processes have
not been yet finalised but have already startedpfifdnau et al. 2011); to find indicators for

this development and its direction is an importmd exciting research topic.

The Ukrainian part of the Carpathians is still etaerised to a certain and large extent by
low-intensity traditional farming as well as s#abhibits high biodiversity and has partly intact
landscapes. Since the level of biodiversity is elpsonnected to the type and intensity of
farming (Kleijn et al., 2009), we can argue thatimas farming practices have a certain
impact on species diversity. Therefore, if we assuimat there is a certain variation in

farming intensity and in agricultural practices éewvithin the homogenous group of low-

intensity farmers), the environmental performanceghm also vary. To measure these
variations, it is important to include analysis efvironmental performance (the level of
grassland biodiversity in our case) into the eviadmeaof the farming efficiency. Although the

concept of environmental (or ecological) efficiensyguite ambiguous and there are various
approaches to its definition (Kuosmanen and Koirtela, 2004; Reinhard et al., 1999), this

kind of analysis is a suitable approach withindbatext of the current research.

In a nutshell we argue that traditional farming gbices in the region of the Ukrainian
Carpathians generate positive external effects mrir@enment in form of rich grassland
biodiversity. The main research questions are:

- How are certain farming practices influencing tixeell of grassland biodiversity?

- Are some practices more conducive to biodiversigntothers?

- Which elements of traditional farming are the nwsicial for biodiversity?

- How efficient are the farmers in the study regiomhweonsideration of biodiversity

provision and if we can distinguish them accorditeg economic-environmental

performance?



The aim of this paper is to develop further the immmental efficiency approach which
would allow to consider ecological and economicapagters simultaneously and to examine
the question of possibilities to measure econonmecfopmance in agriculture with the
consideration of positive environmental externaditiThe implementation of such analyses in
the area with traditional farming implies certaiecpliarities in specification of inputs and

outputs for the efficiency analysis.

The paper is structured as follows: after the phiiiion the section on theoretical background
deals with the three issues important for the emwvitental efficiency analysis with
consideration of environmental impacts of farmiRgst of all, environmental external effects
are considered with the focus on positive extetiealisuch as grassland biodiversity. After
that the concept of HNV (High Nature Value) farmiisgoriefly introduced as a conceptual
framework which connects the low intensity tradiab farming and the provision of nature.
Finally the section deals with the notion of effiecy (in particular environmental efficiency)
and the suitable approaches to consider the eaffigieof multi-input and multi-output

production.

The third section focuses on the methods and the dde first part introduces the main
features of the DEA-method used for the environ@ieetficiency analysis. The next part
describes the most important characteristics okthdy area which are important to consider
for the analysis and for the methodology. The nsaiarces of data are introduced. The last
part of this section is dealing with the specificatof the model: the structure of the objective
function and the constraints is defined and thetsiand outputs included into the model are

described.

The fourth section of this paper presents the iefiicy evaluation of the farming in the
Ukrainian Carpathians. The possible reasons fdemifces in environmental and economic

performance of different farms are analysed.

This paper is a contribution to the research onitfieence of traditional farming on the
biodiversity and at the same time a trial to depdfte environmental efficiency approach for
the evaluation of economic and environmental perforce of farms with consideration of

positive environmental externality.



2. Environmental efficiency: Theoretical background

This section deals with the three issues importanthe understanding of the approach to
environmental efficiency. Three parts of this s@ttvill introduce environmental external
effects with the focus on positive externalitiestsas grassland biodiversity, the concept of
HNV (High Nature Value) farming, and the notionedficiency (in particular environmental

efficiency) respectively.

2.1 Environmental external effects of farming and grassland biodiversity in the

Ukrainian Carpathians

There are various approaches to analyse the impdctsuman activities (for instance,

agriculture) on the nature. Usually they are trésds environmental external effects. The
notion of externality implies in this case that timpacts of production on the nature influence
not only the producer but also other society meslmawusing additional costs (in case of
negative external effects) or benefits (positiveemal effects) (Schader, 2009, p.9). Among
various challenges of this approach is the difféation between environmental “goods and
bads” especially for the case of agricultural pithn when positive and negative

externalities are mixed (Van Huylenbroeck and Whitt999, p. 26). In other words we need

benchmarks for the environmental external effects.

The focus of our research is the main habitat tyfpeonservation interest in the Ukrainian
Carpathians - mountain hay meadows or mountairsignads. Most of them are still managed
using traditional practices which contribute to tmaintenance of high level of grassland
biodiversity. This low-intensity farming system ifacing two possible alternatives
(intensification or abandonment), which would let various scenarios for grassland
biodiversity in the region. Intensification of agultural activities would cause biodiversity
loss (negative environmental externalities), whermsensification would act in the opposite
direction (positive environmental externalitie®)le(jn et al., 2009, VanHuelenbroeck and
Whitby, 1999). At the same time we should be avedrthe thresholds (Fig. 1): for instance
abandonmentvhich is often connected to inability to adapt faed management to social and
economic pressures (MacDonald et al., 2000), igrafieant threat. Main impacts of this trend o th
environment are usually straight connected to bidity losses and changes in landscape mosaic
(MacDonald et al., 2000, p.56). This is one of pheblems for the Ukrainian Carpathians. The reason
for the fast loss of grassland species is thatntkadows in the sub-alpine level of the Carpathian

Mountains are the result of human activity and weoaverted from forest. As soon as farming



activity is stopped, the forest steps in. This setmlseveral further problems: loss of unique meado
biodiversity, loss of sources for fodder which d&@sed on the remaining livestock which could
possibly lead to complete disappearance of farnmnthe region, disappearance of multifunctional
heterogeneous landscapes, decline in diversificatibincome through tourism (Solovyeva et al.,
2011).

Figure 1: Possible benchmarks for positive and iagaxternalities.
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Source: own representation based on Huelenbroatk\énitby, 1999, p. 27

Biodiversity and landscape in the broader sensg alaritical role in the region. We can
argue that various traditional farming practiceshi@a Carpathian Mountains have influence at
the wider scale, that means for the landscape @uivBrsity on the whole. In this sense,
traditional farming practices which are part of diersity and landscape management are
regarded in this paper explicitly as a communitiivéty. They are linking nature provision
(e.g. biodiversity, landscape appearance) to tmeamuactivities. Therefore we can argue that
the farming system in the Ukrainian Carpathians barreferred to as HNV (High Nature

Value) farming.



2.2HNV (High Nature Value) farming

The concept of HNV (High Nature Value) farming ither new (Beaufoy et al., 1994;
Beaufoy, 2007, Andersen et al., 2003); though ivec® well-established conceptual
approaches in farming system and landscape andlysth as extensive farming, farming
with nature provision). The concept was develogediffferent landscapes, within which one
still finds an intact nature and ecological valws ranked high (Fig. 2). HNV farming
applies to situations in which nature co-exists emidcides with the farming activities as well
as in situations where farming is supportive fogher biodiversity in semi-natural

landscapes.

Figure 2. Characteristics of HNV farming
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Source: Beaufoy, 2007, p.5.

The purpose of this concept is to contrast extenfavming systems to farming systems that
do not care for nature or even degrade nature. aitmeis to link the three components,
ecology, farming, and public policies, in such aywhat they get “equal” recognition and

management concepts, which promote HNV, can belojeee (Beaufoy, 2007).

As we can see, the concept of HNV farming is baBest,of all, on the idea of low-intensity
farming and more importantly on the concept of distio system of extensive land use
practices which includes the notion of connectilogtween farming and nature (Solovyeva
and Nuppenau, 2012). Therefore HNV agriculture ples the public good of biodiversity

conservation as well as other environmental ameniéind facilitates increased ecosystem



provision. As will be shown in part 3.2, the farmisystem in the Ukrainian Carpathians has
definitely the features of HNV farming. In our paphis concept is used to emphasize the
specific conditions of this area which should bensidered within the approach to the

efficiency analysis.
2.3 Concept of environmental efficiency

Ecological economics offers another approach taetheronmental externalities by using the
concept of joint production. This concept considées environmental external effects as by-
products (or outputs) of the production processu(Bgértner et al., 2003). This brings us to
the point where we can incorporate these impacth@mature into the efficiency analysis of

production.

The measurement of production efficiency is usubdged on physical and monetary inputs
and outputs. The traditional setting of productsmonomics (see Fig. 3) implies that “a firm
consumes inputs (e.g., labor capital, materialergy) to produce economic outputs (i.e.,
goods and services)” (Kuosmanen and Kortelaine420.3). Technical efficiency of this

firm implies that its input-output combination lies the boundary of the set of all possible
inputs and outputs which represents technology $khamen and Kortelainen, 2004, p.4). A

commonly used measure of efficiency is a raticom of:

Output

Efficiency = Tnput

Although many other measures (such as, for instaetagive efficiency) are used (Cooper et
al., 2002, p.1, p.5, Boussofiane et al., 1991, jit ligs at the core.

Figure 3. The traditional setting of production lgaes
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Source: Kuosmanen and Kortelainen, 2004, p.3

The notion of environmental efficiency provides maossibilities for economic evaluation
of environmental impacts. However modelling apphascdiffer. Environmental efficiency is

defined either as “the ratio of minimum feasible dbserved use of an environmentally



detrimental input” (Reinhard et al., 1999, p.48)aar the ratio of economic value added to
environmental pressures (Kuosmanen and Kortela@d¥, p.18). Quite often it is modelled
as a technical efficiency of production with inétus of environmental components
(Sipilainen et al., 2008; Areal et al., 2012).

There were various attempts to include environmendizrnalities into the efficiency analysis
in order to provide more complete representatioprofiuction technology, however most of
these studies were performed within the framewdrkegative environmental externalities
(Fare and Grosskopf, 2004; Lauwers and Van Huytmdk, 2003; Reinhard et al., 1999; De
Koeijer et al., 2002; Kuosmanen and KortelainenQ£2(0Reinhard et al., 1999). However
there are also attempts to model positive extareslas well (Sipildainen et al., 2008; Areal et
al., 2012). The methodological challenge of thiprapch is the consideration on how these

externalities can be incorporated into the efficiemodel: as an input or as an output.

It is important to point out that an incorporatioihenvironmental externalities into efficiency
analysis provides a more complete representatigamazfuction technology. At the same time
the omission of environmental effects may creatasds in evaluation of production
techniques and to underestimate the environmerfiadigdly technologies (Sipilainen et al.,
2008, p.2). The methodological challenge of thigrapch is the consideration on how these

externalities can be incorporated into the efficiemodel: as an input or as an output.

There is a certain number of research papers whlaborate on the consideration of
environmental impacts of production in the effiadgranalysis. The majority of these sources
is dealing with negative externalities. Some awghassume that negative environmental
impacts are technically outputs and therefore athaeenvironmental externalities should be
modelled as an undesirable output (Fare and Grp§sk004). Another group of researchers
sees it as a conventional input; they justify tlics, instance, by the fact that undesirable
environmental effects as well as inputs incur cestthe firm (Kuosmanen and Kortelainen,
2004, p.14, Lauwers and Van Huylenbroeck, 2003niked et al., 1999, De Koeijer et al.,
2002). However there are also attempts to modatip@®xternalities which are considered

as non-marketed output or as desirable by-pro@iptléinen et al., 2008, Areal et al., 2012).



3. Methods and data
3.1 DEA-method

DEA (Data Envelopment Analysis) method has beerenofused for evaluation of
environmental impacts of human activities (e.g.Hoeijer et al., 2002, Reinhard et al., 2000,
Sipilainen et al., 2008, etc.). Here we briefly dése the method and consider some of the
characteristics which make this method attractisgeeially for dealing with environmental

issues.

DEA is an approach to compare efficiency of variotganizational units (farms) with multi-
input and multi-output production options (Sipliién, 2008, p.9). Efficiency is calculated for
relatively homogenous set of decision making u(@isUs). DEA constructs the efficiency
frontier (the most efficient combinations of inpwaad outputs performed by some of the
DMUs in the set) and calculates the distance te ftuntier for the DMUs which are not
situated at the frontier and therefore are lessiefit (De Koeijer et al., 2002, p.12). “DEA
does not require the user to prescribe weightetattached to each input and output... and it
also does not require prescribing the functionahiy (Cooper et al., 2002, p.1). So minimal
prior assumptions are made and the approach laisdtta “speak for themselves”
(Kuosmanen and Kortelainen, 2004, p.7). This iseeigily beneficial for the case of
environmental evaluation since subjective assesswfeweights for the aggregate level of
environmental impacts is quite a challenging procedKuosmanen and Kortelainen, 2005,
p.64). Moreover DEA is using LP models which arlveod for every DMU.

Considering the attempts to evaluate the performaicthe farm level, we can argue that
DEA is a suitable method to measure the efficierafy farms’ performances with
consideration of environmental impacts. On the loaed it allows consideration of multiple
environmental effects (Reinhard et al., 2000),lendther hand it also gives an opportunity to
model positive as well as negative externalities (he form of outputs and inputs
respectively). In addition DEA results can be pcadly used in many other ways, for
instance, to ascertain how the DMUs can become rafiigient, to form peer groups, to
identify efficient operating practices and stragsgito allocate resources, etc. (Bousofiane et
al., 1991, p. 4). The aim is now to use DEA forleaion of farm performance.

Despite all the positive features it is obvioud tha approach also has some limitations. DEA

is based on certain assumptions such as resouspesdbility, convexity and absence of
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statistical errors in the data set. In fact “théeegive data requirement” is usually mentioned
as the main limitation of this method (Kuosmaned &wrtelainen, 2005, p.70). Since the
efficiency frontier is built simultaneously and pdor assumptions are made, the data should
be accurate and reliable. Another problem withinADEvhich should be mentioned, is
connected to the simultaneous evaluation of meltipbsitive and negative environmental
impacts. First, a clear framework should be elaeorawhich accommodates the
environmental effects and groups them into two gsoaccording to their positive or negative
impact. It should be also decided how these impartsdefined — as inputs or as outputs.
Secondly, the interdependencies between these oenwental effects should be also

considered (Kuosmanen and Kortelainen, 2005, p.60).
3.2 Study area and data

Before specifying the model for our analysis, iingportant to introduce the study area and

the sources of the data so that all the detail&ldoiconsidered in the model.

The area under study consists mostly of semi-niatamascapes which are dependent on the
human activities such as hand mowing, and the naquigrasslands are an important habitat
of conservation interest. Due to various factoes situation which so far has balanced the
farming activities and environmental parametensnder threat. We can argue that the drivers
of the land use change in this area, in particofdand abandonment, are mostly exogenous
to the ecosystem (Lambin & Meyfroidt 2010): (1) migration after the collapse of collective
system, (2) following labour shortages, (3) lowames, (4) generally poor socioeconomic
situation, and (5) bad infrastructure. However satier reasons for change are connected to
the region’s environmental conditions: (6) spegebgraphical and climate conditions which
give less opportunity for intensification, and (imit the agriculture in the region to labour-
intensive extensive farming. At the same time thod® stay are very dependent on the
ecosystem and in particular on the mountain gradslavhich provide valuable fodder for
their livestock, medicinal plants, landscape anesiitetc. It is important to mention that
culture and traditional knowledge of certain fargipractices may be regarded as an
important integrating force which still helps tonserve farming in the region of the
Ukrainian Carpathians (Nuppenau et al. 2011, Sawayet al. 2011). The study area is
associated with Hutsuls — one of the three ethmgcagroups typical for the Ukrainian
highlands.
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Three administrative districts with some distinedtures were chosen for this research in the

Carpathian areas of Ukraine (see Table 1).

Table 1. General characteristics of regions irsthey area of the Ukrainian Carpathians.

Name of the region

Altitude

Special characteristic

Kosiv region

350-850m
above the se

level

more arable land than other regions.

Verhovina region

600-1100m
above the se

level

colder climate in comparison to Kosjiv

regions;

less arable land for growing grains
gardening;

therefore, people are more dependent

livestock;

“Hutsul” type of farming and settlement: the

or

on

homesteads are attached to the fields and the

settlements are scattered and extend
higher altitudes.

to

Nadvirna region

500-900m
above the se

level

colder and wetter climate in comparison

two other regions;

famous ski resorts are situated in this regi

which attract a lot of tourists. Tourists gi
additional sources of income for this regi
in comparison to other study areas.

Source: Representation based on Solovyeva etHL 20

We use two main sources of data for this articlestfef all there is a socioeconomic survey

conducted in the Ukrainian Carpathians with the sonanalyze the farming and grassland

management system prevailing in the Ukrainian Glrgas, in particular with consideration

of production itself and the influence on the eonment (Solovyeva et al. 2011). With regard

to the special framework of the research, we heed to present the possibly full statistical



12

variety of the farms/households types of the chasgions. Altogether 33 households were
interviewed. The main prerequisite for choosingdehwolds for the survey was ownership of
high altitude grasslands (hay meadows or pastwés)also tried to consider different access
options to machinery, income sources, differenustaetc. to present possibly full picture of
management types in the study regions. The questimnincluded 42 questions. The main
topics covered were: size of land owned and cubivaat present and 10 years ago, the
process of mowing, general details about meadowagement (timing, productivity,

management activities), etc. In the survey we useeh and closed questions as well as

qualitative and quantitative questions.

Beside economic data, botanic data on plant biosityeof the mountain grasslands were
collected with the help of a geo-botanic surveted to every questioned household. The
Braun-Blanquet methodology was used for this su(mpre, 1955). The distinct data on the
following aspects was gathered for 55 sites relatedthe interviewed households:

environmental features of the plot, land use hystdreight and percentage cover of

vegetation, list of the plant species presentetherplot, how those species are represented.
3.3 Specification of the model
3.3.1 DEA-efficiency

Following the approach of Sipilainen et al. (200&)sitive environmental externality (in our
case grassland biodiversity) is introduced as #&at#e output into the modified formula of
output-oriented technical efficiency. For this thetput distance function is used in which
efficiency is obtained by increasing the outputthwie constant inpuiSipilainen et al., 2008,
Fare et al., 1994, Mulwa, 2006)

(Do(x,y))™! = Max 6, = Max{6 > 0: Oy, € S}

s.t.

Krj <IN YA, j=1,..M (1)

N
XkT = inr){i,r = 1, L
i=1

4,>0
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where: is an outpudistance function which refers to N DMUs (Decisibtaking
Units) ¢ = 1, . V).

@is the efficiency measure which estimates the mawinpossible expansion of output y
farm k. In this formulation for the linear programming pleim 6 is a degree with which t
outputs y can be expanded, while remaining prodedif input vector x. This measi is reciprocal

to the output-distance functi@md is acquiring a value between 0 a;

(v, v
(S TR Rl V]

X is the set of input§ A

a7 = {7 P

y is the set of outputs ~ W1r+Im);

/ are intensity variables or weights attached to €&3d;

Sis the boundary of production possibilities or teéerence technology constructed from

data.The reference technology forming tfrontier is represented by the set of the conds:

So theoutput distance function takes an ou-expanding approach to the measurement of

distance from a producer to the boundary of pradogtossibilities (or set of reference technolo8y
Efficiency is obtained by expanding the level of ottphile holding the level of inputs consta® is
the efficiency measure which estimates the maxirpossible expansion of output y of fa
k. (Sipilainen et al., 2008/lulwa, 2006) The constrainfor the sum of lambdas being equal to .

reflecting the production with consideration ofiehte returns to sca

For our efficiency analysis of farms performance wge the formula 1 to analy, first of all, the
regular efficiency of the farmers \hout consideration of the environmental outffifl). Secondly
the same formulation of the LP problem will be ustd consider both: conventional a
environmental outputs (EnvEffl)Thus, we check possibility to optimize the prditut of both
outputs ($ilainen et al., 2008, pp. -11). Beside this we also test other possibilit@sthe outpu
optimization:

- maximizing the traditional output given the envinmental output and the set of ing (Eff2)
and

- maximizing the environmental output given thaditional output and the set of ing
(EnvEff2).
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This, however, needs a special formulation of thestraint. Thus, for the two last analys
options, which can be also characterized a-vector efficiencies, we use formulation (2)
the LP problemgSipilainen et al., 2008, p. ):

s.t.

()

where is representing theditional outpt for the case of Eff2. For the fourth analy
option (EnvEff2) we can use the formula (2) whe is referring to the environment

output.

Generally the production process in our analysislmrepresented the Figure 4 which is
modification of Figure 2.

Figure 4. The setting for the efficiency analy

Set of
conventional
outputs

Set of
conventional
inputs

Farm

Environmental
output

Source: Modified fronkKuosmanen and Kortelainen, 2004,
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In the following parts of this section we introduc®re specifically the components of the

model: the sets of the inputs and outputs.
3.3.2 Environmental component

Environmental component, which is incorporated itht® model as an output, represents the
grassland biodiversity. The influence of agricudtuactivities, and in particular of land
abandonment, on biodiversity was a topic of mamglists. Depending on what biodiversity
parameters were chosen the results were quiteatiti¢MacDonald et al. 2000, Dullinger et
al. 2003, Tasser & Tappeiner 2002). However moghefresearch showed that in case of
semi-natural landscapes like mountain grasslanus$ édandonment can lead to biodiversity
loss especially for species associated with adticail or pastoral habitats (Fonderflick et al.
2010). The mentioned literature mentioned above wseious indicators of biodiversity for
analyzing the influence of land use on the envirental factors. The observation is that the
result of such investigation strongly depends anhiodiversity index chosen and parameter
which is taken into consideration (MacDonald et 2000). Therefore, the choice of the

suitable indicator for mountain grassland biodiitgre/as an important task.

Generally environmental indicators are not welleleped for evaluation of biodiversity and
landscape change. The indicators which are moshaifised for this purpose in case of
biodiversity are: species richness (Billeter et28l08), richness and abundance of species or
Shannon diversity index (Dullinger et al. 2003)es®nce of a certain set of species selected
for their rarity (Fonderflick et al. 2010), etc. dhare giving only a limited spectrum relevant
for assessment as they are representing quartitatilicators of the grassland biodiversity
but not reflecting the quality of the species ahed grassland. For instance, an abandoned
meadow can contain quite a high number of spedieatithe same time there will not be any
valuable grassland species or species valuabléoflater. Moreover the additional species
which are common for the forest succession wilt@ase the species number but they would

also indicate that the grassland biodiversity idaurthreat of disappearance.

Therefore, for this study we suggest an aggregatasisiand biodiversity index that is more
suitable for our study. This index combines themit@ive and qualitative evaluation and
includes the following parameters which are diffgheweighed (see Table 2): percentage of
the vegetation cover, species richness, presenaabpecies, presence of species important

for meadow productivity, presence of species inthgathe forest succession. These
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indicators were weighed according to their importafocehe grassland biodiversity level a
they received a score based on 1 to 5 scale. MAtexiis based on summing up of

weighed scores for each compon

&>
BUL= ) Lij+w
-

=1 3)

Table 2. Structw of the grassland biodiversity index (BI

Indicators for | Weights Min Max | Scale based scores
evaluation (1) (w;) value | value

1 | Number of species 0,5 19 62 Scale1to5

2 | Number of 0,2 5 20 Scale 1to 5

productivity species

3 | Number of rarg 0,1F 0 5 Scale 1to 5
species

4 | Number of species 0,1 0 6 Reverse scale with 5 for
indicating forest species and 0 for ma
succession

5 | Vegetation cover 0,0t 60% 100% | Scalelto5

We assume that the index is more appropriate beciaus working for a system which

humanly influenced instead of a natural systemauttarized by wilderness, onl
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3.3.3 Conventional outputs

To simplify the calculation of the efficiency scerethe volume index has been used to
represent the set of conventional outputs of thesbbolds. From the data collected within the
survey we got the information to the most importprdducts produced in the households.
Among the most common products produced in thedtmlds are milk, meat, cheese, potato
and hay. These products have been chosen for thm&andex which is based on summing
up the weighed amounts of output (see Table 3)ceSIDEA is a method for relative

efficiency measurement, the units do not need taligeed.

Table 3. Components of the output volume index.

Product Estimation from the questionnaire Unit Mean
Milk Information to the milk amount per cow liters/ha 4370,55
per year
Meat Information on meat amounts sold and t kg/ha per 63,92
meat consumed year
Cheese Information on cheese amounts sold and kg/ha per 20,65
cheese consumed year
Potato Output of potato per ha kg/ha per 5156,82
year
Hay Output of hay per ha kg/ha per 2575,60
year

As mentioned above, the farmers in the region ef ttkrainian Carpathians are mostly
subsistent. Only small amount of farmers sellrtpeoducts (see Fig. 5) but the channels of
selling are differentiate quite significantly offieg quite different prices. Hence, the
measurement of all the outputs in prices is comp#id due to the subsistence character of the

farming.
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Figure 5. Selling of agricultural s¢produced products.
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Products to sell

3.34 Conventional inputs

Four conventional inputs are incorporated intortiodel. The choice of the inputs is basec

the farming practices used in the region (see T4k

Table 4. Conventional inputs.

I nput Estimation Unit M ean

Labour Time spent for work connected Man-hours/ha 946,64
grasslands per year

Capital Number of machines (mowir Items 1,15

machine or truck’

Fertilizers | Use of the manure or chemi kg/ha per year 897,86
fertilizers

Land Grasslands (hay meadows ¢ ha 9,17
pastures) (3,75)*

*without three largest farmers in the san

Labour appearso be the moscrucial factor of production in the region. All tiarming
practices connected to the management of the gradssi(mowing and livestock husbanc
are very labour intensive.ltdgether 57, 6% of the interviewed farmers mownggist hand

scythe; 18,2% mow with the mowing machine and 24,u&e both methods depending on
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type of the meadoysee Fig. €. Most of the work is done by the family. Very fewrfars

pay day labourers to mow (sEg. 7).

Figure 6.Labour component: mowing methods u

Mowing method

m Hand scyth - ®m Mowing machine m Both

Source: modified from Solovyeva et al., 2(

Figure 7. Labour componenthw does the mowin

OThemselves, f
amily

BHired people

OBoth
6.1%

Source: Solovyeva et al., 2011.

Capital is represented either by the mowing maclsee Fig. 6), or a truck which used to
transport the hay from the meadows (see Fig. 8¢hvisi especially important for the case:
outer meadow (the meadow which is situated on #aicedistance from the househc

usually up in the mountains).

As for fertilizers, the tendency ihat the fertilization is mostly used only for thener
meadow;the less accessible outer meadows are situatdeefusind are usually left witho
fertilization which, according to the preliminargtd, is leading to the larger amount of pl
species and is positively influencing the plantdbrersity at such plo. The majority of

farmers in Ukraine (74,2%) is also using solelyamig fertilizer:, 6,5%of farmersdo not use
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fertilization at all (see Fig. 95ince the majority of farmers use just organicilfeation, we
consider only this type in our analy:

Figure 8. Capital component: Usage of a truck for thansportatior

m own truck
= rented truck

= no truck

Figure 9. Fertilizers component: Types of fertifzesed by the farme

Types of fertilizers used by the farmers

6,5%
9,8%
“ W Organic
65%\ B Chemical
1 Mixed
99, m None

Source: based on Solovyeva et al., 2

Finally land has been also incorporated into the @h@d an inpuiThis component include

the size of mountain grasslands (hay meadows astdnea) cultivated by the farme
4  Main resultsand discussion

General Algebraic Modelling Systems (GAMS) has | used to evaluate the efficiency
environmental and economic performance of the fé The average efficiency scores

each evaluation case (see part 3.3.1) are present€dble 5 The mean efficiency of tr
production in case when environmental prmance is not considerg@&ffl) shows the
lowest value in comparison to other evaluation @i (mean efficiency score=0,57). O
about one third of farmers are efficient withinstllype of analysis (see Tle 6) and abot

half of them have really lovefficiency scores (below 0,5). These results ardigily
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reflecting the character of semi-subsistence tyffarming which is spread in the study area.
However we can see that in case when the enviroahentput (grassland biodiversity
indicator) is considered, the mean efficiency @& tarmers is significantly higher (=0,90). In
case we consider the proportionate increase of datibuts (EnvEffl), the amount of efficient

farmers increases up to 54% and there are no farwidr the efficiency below 0,50.

Table 5. Results of the efficiency analysis offdmning in the Ukrainian Carpathians.
Std.
Deviation

0,33

Mean
0,57

Parameter | Definition

Efficiency of production without
consideration of environmental output

Effl (one output-four inputs model)

Efficiency of production with 0,90 0,15

consideration of environmental output:

[72])
I

both outputs are maximized (two output

EnvEffl four inputs model)

Efficiency of production with 0,76 0,30

consideration of environmental output:

Eff2 conventional output is maximized

Efficiency of production with 0,87 0,18

consideration of environmental output:

EnvEff2 environmental output is maximized

Table 6. Distribution of the efficiency scores.

Farmers with
Efficient farmers Farmers with efficiency | efficiency score
Parameter | (efficiency score =1) score between 0,50 and 1| below 0,50
Eff1 30,10% 21,20% 48,50%
EnvEffl 54,50% 45,50% 0,00%
Eff2 54,50% 9,10% 36,40%
EnvEff2 54,50% 36,40% 9,10%

The two last options, where sub-vector efficiendasthe conventional output (Eff2) and for
the environmental output (EnvEff2) are consideia®, also showing the higher efficiency
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scores in comparison to the analysis without carsiitbn of the environmental component
(see Tables 5 and 6).

This gives us two significant implications:

- along with the standard efficiency measures, imigortant to consider environmental

efficiency in case the semi-subsistent type of fagis concerned,;

- one can use different approaches to analysis of@maental efficiency depending on
the objectives of the application of the resulteriNally the outcomes of such analysis
have certain policy implications, for instance, tdwnsideration of support options for
those farmers which are less efficient. So dependimthe objectives of such policies
(in our case those might be the increase of agull production keeping the
provision of nature constant like in option 3 ocrigase of grassland biodiversity with
the current level of conventional output like intiop 4) different formulas for the

analysis can be chosen.

As it has been already mentioned (see 3.3.4), ladyopears to be the most crucial production
factor for the traditional type of farming in thekftdinian Carpathians. However, the

dependency of the environmental efficiency on thétor is quite equivocal (e.g. see Fig. 10).

Figure 10. Interdependency between the environrhefitaiency and labour input.
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As we can see from the Figure 10, there might iiierdnces in distribution based on the
different study regions which are characterizedliffgrent climate conditions. This brings in

a significant challenge connected to this kind\afleation:

* Many of environmental characteristics are connettesite-specific natural conditions
of the area; therefore it is very important to exi@ the influence of this kind of site
characteristics from the evaluation. This is nezmsssn order to assure that the
difference in environmental efficiency between fhems is conditioned by different
agricultural practices and not the natural chareties which cannot be influenced by
farmers. As a solution approach for the next stepw analysis it is important to
consider the relative environmental efficiency bé tfarming in three study regions

separately.

< Another big challenge of this type of evaluations Hzeen already mentioned among the
limitations of the DEA-method (see 3.1). This methws very high requirements to the data
availability: the data should be especially acaiatd reliable. This is a big challenge for any
type of DEA-efficiency analysis but it makes it avenore complicated in case the

environmental parameters are considered.
5 Conclusion

The results of this research present the efficiem@juation of the farming in the Ukrainian
Carpathians. The paper further elaborates the Ditéiency method in order to approach the
analysis of environmental efficiency with considem of positive externalities such as

grassland biodiversity.

Taking into consideration the described peculiesitf traditional HNV farming with respect
to the regions in Ukrainian Carpathians and thecigpdeatures of the considered DEA-
method, the application of the environmental anshemic efficiency evaluation method can

contribute to the agri-environment policy in fewysa

« It gives possibilities for farmers’ performance kenaion which might be used for policy

decisions, justification and design of the suitahlpport measures;

« It can contribute to the targeting of the policyppart: in case of traditional farming this method
would allow to identify the farmers which are lesSicient with respect to economic and

environmental performance;
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» Depending on the outcomes of the efficiency anal{and efficiency in this case is identified as
environmental efficiency) the groups of farmers baridentified which need support.

This paper is a contribution to the research onrifieence of traditional farming on the biodiveysi
and at the same time a trial to develop the enwienial efficiency approach for the evaluation of
economic and environmental performance of farmdh wibnsideration of positive environmental

externality.
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