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Abstract

Several studies have analyzed the importance of biotical and abiotical aspects to be considered in the
evaluation of agro-environmental policies. However, only afew of them have addressed the problem of
targeting agro-environmental policies. Inthis paper, it has been hypothesized that different environmental
objectives, considered aspriority criteriain political strategies, would influence budgetary all ocations and
subsequently, political decision-making. Using the Analytic Hierarchy Approach and Linear Programming,
this hypothesis has been proved by taking the agro-environmental measuresin Poland after the accession
to the European Union (EU) as an example. The results of this study can be helpful for solving the
questions of planning, evaluation, and budgetary allocationsin amore objective-oriented way in different

countries.

Introduction

Theimportance of different objectives of economic
systems is discussed very comprehensively in
environmental sciences. The interest in for these
discussions is being facilitated by the growing
consciousness about the human role in ecological
systems aswell astheinfluence of human activitieson
natural resources. The objectives of agro-environmental
measures can also influence economic objectives, as
theimprovement of environmental quality can definitely
contribute to macroeconomic efficiency
(Henrichsmeyer and Witzke, 1994). Hence, strong
relations between ecol ogical and economic objectives
can beformulated. Environmental objectivesand their
economic importance have become relevant in
Operations Research in the recent years and the
relevance of environmental protection for enterprise
efficiency is often discussed (Raffee and Fritz, 1995).
Referring to the political decision-making processesin
agro-environmental policies, separate analyses of
different environmental objectives have not been
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discussed very extensively until now. However,
different objectivesof political strategiescaninfluence
political decision-making and, consequently, the
financing of political measures.

In this paper, we have analysed objectives of
environmental protectionin agriculture, whichincludes
biotical, abiotical, and aesthetic components. Several
studies have addressed the importance of biotical and
abiotical natural elements in the evaluation of agro-
environmental policies. Bichs et al. (2003) have
interpreted biodiversity as a gradual indicator in
agroecosystems, which is appreciated as the overall
target for the development of agricultural landscapes
towards sustainability. Y liskyl&Peuralahti (2003) has
explored through astudy in Finland, how biodiversity
and rurality are constructed in the agro-environmental
policy-making processes and ‘biodiversity policies'.
Tahvanainen et al. (2002) have observed that the
Finnish Agro-Environmental Protection Schemes had
positiveimpactsonthevisua quality of landscapes(thus,
aesthetic elements of rural areas). Carey et al. (2003)
have devel oped amulti-disciplinary approach to assess
thedegreetowhich ecological, landscape, and historical
objectives for the * Countryside Stewardship Scheme’
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in England have been met. Several analyses have aso
been conducted on the necessity of targeting of agro-
environmental schemes. Cook and Norman (1996) have
proved that targeting criteriais based on the knowledge
about the place where the problem ismost acute. Also,
Webster and Felton (1993) have stressed that
‘Targeting is needed to ensure that environmental
money is directed to places where it can achieve
the greatest environmental benefits. Whilst this may
increase the administrative costs, undirected
policies are likely to be less cost-effective and may
even be damaging'.

In this paper, we have extended the investigation
on targeting agro-environmental measures and have
shown how far different environmental objectives,
reflecting biotical, abiotical and aesthetic aspects, can
influence political decision-making on financing agro-
environmental measures. We have undertaken theidea
of Cook and Norman (1996) to explore theimportance
of experts' knowledge for effective decisions on
financing agro-environmental measures. We have
defined an effective (optimal/ objective-oriented)
financing as a budgetary allocation for agro-
environmental measureswhich can be achieved by the
maximal environmental benefit. Additionally, referring
to Webster and Felton (1993), we have attempted to
proveif, and to what extent the differentiated targeting
of policiescaninfluence environmental benefit of agro-
environmental measuresin Poland.

The paper isstructured asfollows. The next section
provides an overview of agro-environmental policies
in Poland before and after the accession to the
European Union. Following this, the case study region,
viz. thevoivodship Subcarpathia, hasbeen characterized
and the research methodology has been presented.
Then, theresults on effective budgetary all ocationsfor
agro-environmental measures by different
environmental objectives and the impact of the
objectives on environmental benefit have been
discussed. Finally, conclusions for political decision-
making on agro-environmental policy have been
formulated.

Agro-environmental Policy in Poland

Agro-environmental measures have been realized
in Poland since the accession to the European Union
(EU) in May 2004. According to the EU regulation
1257/99 (1999), agro-environmental measures are

obligatory for the rural development policy; however,
these are optional for thefarmers. Thus, environmental
protection in agriculture supported by meansof palitical
instrumentsisreatively new in Poland. Thefirst political
discussionson environmental protection in agriculture
were undertaken in the early-1970s and environmental
protection has been included in the Polish Constitution.
However, the concrete measures were defined in 1990
with the formulation of a ‘National Environmental
Policy’ (1991). The agro-environmental measures
planned within the SAPARD-Program (Special
Accession Program for Agriculture and Rural
Development) for the period 2000-2006 have not been
realized dueto changesin political strategy and missing
legal rulesfor the planning and implementation process
(MRIRW, 2002). The agro-environmental measures
werefirst implemented successfully in 2000 and 2001
withinthe EU project Phare 99in two regionsin Poland:
Subcarpathia (south-east of Poland) and Warmia-
Masuria (north-east).

After the accession of Poland to the European
Union, new chancesto extend environmenta protection
in agriculture have appeared. During the initial years
of its membership, i.e. 2004-2006, the seven agro-
environmental measures financed within the National
Agro-Environmental Program were: ‘ Sustainable
agriculture’, ‘Organic farming’, ‘ Extensive meadow
farming’, ‘ Extensive pasturefarming’,  Soil and water
protection’, ‘ Buffer zones', and ‘ Domestic farm animal
species’. The budgetary allocation for agro-
environmental measures amounted to €349 million for
2004-2006, of which 80 per cent came from the
European Agricultural Guidance and Guarantee Fund
and 20 per cent was allocated through Polish
Government Budget (MRiRW, 2004).

Environmental protection in agriculture is avery
important issuein the sustainable devel opment of rural
areas in Poland. To ensure effective usage of natural
resourcesinrural areas, the objectivesof environmental
protection should be defined according to theregional
prioritieswhich are again determined by the economic
and ecological conditions. This aspect has been
substantiated in this paper.

Case Sudy Region

The paper is based on the results of a case study
conducted in the voivodship Subcarpathia in south-
eastern Poland in September 2005. The voivodship was
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chosen dueto its specific characteristics: alarge number
of valuable natural resources and protected areas on
the one hand, and difficult economic conditionsin the
rural areas, on the other. In the voivodship, 80 nature
reserved areas are registered, about 16 per cent of the
voivodship areaisrecognized aslandscape parks, and
about 45.5 per cent is included in 17 landscape
protection areas (Soltysiak et al., 2005). Most of the
areainthevoivodship isapart of the Carpathian Euro-
region (an association of Carpathian regions of five
neighbouring countries of the Central and Eastern
Europe, such as Poland, Ukraine, Romania, Hungary,
and Slovakia). One aim of the Carpathian Euro-region,
among others, is focused on efficient and sustainable
use of natural resourcesin all its associated countries.
The efficient use of natural resources has asignificant
importance in the voivodship Subcarpathia due to its
economic situation. Thevoivodship can be characterized
by thethird largest number of agricultural farmsinthe
country (311.855) (USWR, 2003; GUS, 2003), while
the employment share in agriculture is 26-47 per cent
(PUW, 2004). The agricultural production has,
therefore, a large effect on the utilization of natural
resources. Considering all these aspects, the voivodship
wasan appropriate examplefor anayzing how different
policy targeting would influence financing of agro-
environmental measures and environmental benefit.

Research Methodology

Theanaysisinthispaper isfocused on the National
Agro-Environmental Program for Poland for the period
2004-2006. We have subsumed all the objectives defined
inthe National Agro-Environmental Program and have
involved theminthe analysisasfollows: ‘ Protection of
natural resources’, ‘Protection and conservation of
biodiversity’, and ‘ Conservation of cultural landscape’;
thus considering the abiotical, biotical, and aesthetic
aspects of rural areas. Theinvestigation is based on a
case study conducted in Poland. Within the case study,
al the eight agricultural expertsin the Marshal Office
in Rzeszéw in the Division for Agriculture and Rural
Development were interviewed. The Marshal Office
isan administrative unit in the voivodship. The experts
can be considered as regional stakeholders, although
without formal decision competences. By means of
the AHP (Analytic Hierarchy Process) approach,
according to Saaty and using the AHP ratio scale of
1-9 (Saaty, 1990; 1999; Saaty and Kearus, 1985), the
interviewed experts made a pairwise comparative

evaluation of the importance of the respective agro-
environmental measures with regard to the
environmental objectives. By means of this approach,
relations between the agro-environmental measuresin
terms of the environmental objectives and relations
between the objectives were estimated, and priority
vectors were calculated. These vectors (z;,.5) were
further used as objective coefficients in the Linear
Programming (LP) approach according to Kirschke
and Jechlitschka (2002) and Kirschke et al. (2007), to
estimate an optimal and objective-oriented budgetary
allocation for agro-environmental measures. To
calculate an optimal budgetary alocation in terms of
the respective environmental objectives, we defined
three objective functions reflecting the environmental
benefit [Formulae (1), (2) and (3)]:

7
lezzli BA, (D
i=1
7
222222i BA, ..(2
i=1
7
Z3:ZZ3i BA, ..(3
i=1
where,
Z,, = Objective functions for the respective
objectives,
i = Index for the agro-environmental measures,
i=1,...,7
Z;,.5 = Constant objective coefficients (for three

objectivesrespectively) of one monetary unit
of the measurei, and

BA, = Budgetary expendituresfor the measurei.

Each objective function was defined as a sum
product of budgetary expenditures for the agro-
environmental measures and the objective coefficients
estimated by agricultural experts for the respective
objectives, viz. ‘ Protection of natural resources (z,),
‘Protection and conservation of biodiversity’ (z,), and
‘Conservation of cultural landscape’ (z;). By the
definition of the objective function, the respective
environmental objectives were included separately in
the analysis to prove how the different objectives can
influence budgetary allocations for the agro-
environmental measures.
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Additionally, three constraints were also defined
and included inthe LPmodel; thesewere: ‘ Total budget
for agro-environmental measures’, * Farming areaunder
agro-environmental programs’, and ‘ Potential income
lossesto farmers, resulting fromimplementing theagro-
environmental measures’. These constraints were
defined asfollows [Formulae (4), (5) and (6)]:

,
2. BA <2,500,000 (The budget constraint)
i=1

..(4
7
Y-8 *BA >20,000 (The farming area constraint)
i=1
...(5)
7
2. *BA <2,500,000 (The income |osses constraint)
i=1
...(6)
where,
BA, = Budgetary expenditures,
a, = Coefficientsfor the constraintsof thefarming
area, and
b, = Coefficientsfor the constraint of the income
losses.

Thebudgetary constraint (Formula4) denotesthat
the sum of budgetary expenditures (BA)) for all the
agro-environmental measures cannot exceed
€2.5 million. Therestriction value reflects asituation
of budgetary scarcity depicting a 20 per cent budget
cut in budgetary allocation to the voivodship
Subcarpathiain 2005 (€3.1 million). The presumption
of budgetary scarcity was analysed with the aim to
simulate the potential decrease in budget for agro-
environmental measures in the European Union in
future. Therefore, the question of an objective-oriented
budgetary alocation under thelimited budget avail ability
was analysed.

The farming area constraint (Formula 5) was
defined asthe sum product of the constraint coefficients
and the budgetary expenditures for the agro-
environmental measures. The restriction was set to
20,000 ha, which meansin this casethat morethanthis
areashould beincluded under the agro-environmental
programs. The restriction value for the constraint was
calculated according to themaximal possibleareawhich
can be financed under the given conditions and it was

found to be 19,000 ha. In order to maximizethefarming
area, the lower bound for the restriction was set to
20,000 ha. The coefficientsfor thisconstraint (a) were
calculated asaratio of one monetary unit (here: €1,000)
and the compensation ratesfor the respective measures
in 2005.

The constraint of income losses (Formula 6) was
defined as the sum product of the budgetary
expenditures and coefficients for this constraint. The
restriction was set to €2.5 million. The coefficients
were defined as the ratio of implementation costs
resulting for farmers and the current compensation
payments in 2005. The cost calculation of agro-
environmental measuresincluded such components as
additional costs, additional benefits, and direct income
lossesresulting for farmersfrom therealization of agro-
environmental measures. The additional benefit was
defined by the Ministry as a decrease in production
costsin the traditional agricultural production aswell
asimprovement inthe soil quality. Theadditional costs
were the costs to farmers resulting from the
implementation of agro-environmental measures, e.g.,
investment costs or labour costs. The direct income
losses were defined as the lost revenue that could be
achieved with the traditional agricultural productionif
the agro-environmental measures were not
implemented. The direct costs for each measure per
unit (1 hafarming area, 1 m? for the measure ‘ Buffer
zones and 1 head for the measure ‘Domestic farm
animal species’) were calculated as the sum of the
estimated direct income losses and additional costs of
implementation of the agro-environmental measures.
The sumwasminimized by an additional benefit to omit
the potential offset of benefits and costs. The direct
costs per unit of the agro-environmental measureswere
then multiplied with the farming area under the agro-
environmental measuresin thevoivodship Subcarpathia
in 2005. Thus, total costs of agro-environmental
measures in the voivodship were estimated.

Additionally, a non-negativity constraint was
assumed as BA; >0 for i=1..,7, which excluded
the negative budgetary expenditures.

The constraints were estimated according to
statistical data from the Ministry of Agriculture and
Development of Rural Areas and from the Agency for
Restructuring and Modernization of Agriculture in
Poland. Table 1 displaysthemodel variables, constraints,
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and data analysis under the base scenario such as:
alocation in 2005 (row 2), optimal alocation in the
reference scenario (row 3), objective coefficients
estimated with the AHP approach (rows 4-6), upper
and lower bounds (rows 7 and 8), and constraint
coefficients (rows 9 and 10).

The upper budgetary bounds (row 7) were set to
200 per cent of the allocation in 2005 for agro-
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environmental measures (row 2) due to missing legal
requirements for the maximal expenditures for the
respective measures. The lower budgetary bounds
wereset to 0, asthere were no governmental regulations
in thisterm (row 8).

Under the given regtrictions, the objectivefunctions
were maximized separately and the optimal budgetary
alocations for agro-environmental measuresin terms

Tablel. Coefficients and model variablesin the base scenario for agro-environmental measures in the voivodship

Subcar pathiain Poland in 2005

Sustainable
agriculture

Particulars Organic

farming meadow

farming

Extensve Extensive
pasture
farming

Soil and
water
protection

Buffer
zones

Domestic Sum
farmanimal

species

Current alocation 143.7 733.7 1435.9

Optimal alocation 79.8 11144

Objective 1: 15.8 224

Natural resources

10.5

Objective2: 9.7 14.3 12.0

Biodiversity

Objective 3: 117 133

Cultural landscape

15.7

Upper bounds 287.3 1467.4 2871.7

Lower bounds 0.0 0.0 0.0

Income | osses 1.0 41 0.8

Farming area 294 53 6.1

142.8 571.3 11 56.3 3084.8 Allocation

in 2005
(Thousand €
Upper
bound

for total
budget
(Thousand €
Objective
coefficients
for the
objectivel
(weight: 1)
Objective
coefficients
for the
objective2
(weight: 1)
Objective
coefficients
for the
objective3
(weight: 1)
Total upper
bound for the
measures
(Thousand €
Total lower
bound for the
measures
(Thousand €
Upper bound
forincome
losses
(Thousand €
Lower bound
for the
farming area

(ha)

0.0 1142.6 2.2 112.7 2500.0

12.3 158 13.0 10.0

125 175 14.7 19.2

12.6 175 16.8 12.4

285.6 1142.6 2.2 112.7 6169.6

0.0 0.0 0.0 0.0 0.0

0.8 0.9 0.8 0.9 2500.0

12.6 9.9 0.0 0.0 20000

Source: Author’s calculations
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of each objective were calculated. An optimal
budgetary alocation was estimated by means of the
Simplex-algorithm (Chiang, 1984; Ohse, 1984). Using
thisalgorithm, the objective function is maximized and
solutions are looked for in an iterative (stepwise)
process. The consecutively new and better (higher)
value of an objectivefunction reflects ahigher benefit
that could be achieved with the objective function under
the same constraints. The estimated optimal solution
valueisthedternativewith the highest objectivevalue.
Thus, theterm “ optimal/ effective budgetary all ocation”
means the solution with the highest possible
environmental benefit under the given constraints.

Results and Discussion
Optimal Budget Allocation

environmental M easur es
Environmental Objectives

for Agro-
Subject to

According to the optimization results, targeting of
agro-environmental policies can widely influence
political decision-making processes with regard to
optimal budgetary allocations for agro-environmental
measurers (Figure 1). The results of the investigation
have shown significant differences in budgetary
alocations for agro-environmental measures when
maximizing the objective functions separately for the
objectives: ‘ Protection of natural resources, * Protection
and conservation of biodiversity’, and ‘ Conservation
of cultural landscape’. The only similarity was found
for the' Extensive meadow farming’ and ‘ Soil and water
protection’ that were financed as priority measures

Agricultural Economics Research Review  Vol.23  July-December 2010

apart from the fact to which environmental objective
the priority wasgiven.

In the political strategies, different objectives can
befollowed, depending on theregional constraintsand
prioritieswith regard to ecol ogical and economicissues.
Considering the abjective ‘Protection of natural
resources asaleading objective of agro-environmental
measures, the budget isallocated mostly to the measures
‘Soil and water protection’ and ‘ Extensive meadow
farming’, whilethe measures* Sustainable agriculture’,
‘Extensive pasture farming’, ‘Organic farming’, and
‘Buffer zones' are financed at a lower level. The
measure ‘Domestic farm animal species’ is not
supported.

A completely different budgetary allocation
appears in the scenario of maximizing the objective
‘Protection and conservation of biodiversity’. In this
case, all agro-environmental measures, excluding
‘Sustainable agriculture’ and ‘Organic farming’, are
supported. The measures* Extensive pasturefarming’,
‘Soil and water protection’, ‘Buffer zones’, and
‘Domestic farm animal species’ arefinanced up to the
upper bounds. Considering the objective‘ Conservation
of cultural landscape’ as the only decision criterion,
four of the seven measures would be financed:
‘Extensive meadow farming’, ‘Soil and water
protection’, ‘ Sustainable agriculture’, and ‘Buffer
ZOones .

Theanaysishasproved that different environmental
objectives can significantly influence decision-making
processes in financing agro-environmental measures.
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Figurel. Optimal budgetary allocationsfor different environmental objectivesin Poland
Source: Author’s calculations
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This can be also confirmed by the difference between
theoptimal and the given budgetary allocationsin 2005
in Poland (Figure 2).

The estimated changesin the budgetary all ocations
for agro-environmental measures are necessary to
maximize the potential environmental benefits. Thus,
considering the objective ‘Protection of natural
resources’, the budget should be extended for the
measures ‘ Soil and water protection’, ‘ Sustainable
agriculture’, ‘ Extensive pasturefarming’, and ‘ Buffer
zones', and shortened simultaneously for the other
measures. The maximum increase in the financial
support was found for the measure ‘Soil and water
protection’ (€571,300), while the maximum decrease
was for the measures ‘Extensive meadow farming’
(€723,000) and ‘Organic farming’ (€664,400).
Considering ‘Protection and conservation of
biodiversity’ or ‘ Conservation of cultural landscape’ as
the priority objectives, the budgetary allocation would
be similar for the five measures, viz. an increase in
‘Soil and water protection’ and ‘Buffer zones', a
decreasein ‘ Sustainableagriculture’, * Organicfarming’,
and ‘ Extensive meadow farming’. However, in terms
of themeasures‘ Organic farming’ and ‘ Soil and water
protection’, the same budgetary allocation should be
adopted regardless the environmental objective
considered asapriority criterion. Whilethe allocation
for themeasure‘ Organic farming’ should be shortened
by €733,000, the alocation for the measure * Soil and
water protection’ should be extended by €571,000.

Theresultshave shown that according to targeting
of agro-environmental measures, different financing
strategies should be recommended to maximize the
environmental benefit. The results have underpinned
the findings of Cook and Norman (1996) and have
proved that an effective financing and budgetary
allocation for agro-environmental measures are
affected by theexperts' knowledge about environmental
issues. Thus, the opinions of regional expertsand other
stakehol ders should be taken into account in designing
more effective and objective-oriented agro-
environmenta policies.

Optimal Budgetary Allocation for Agro-
environmental Measures Subject to Changes of
Environmental Objectives

The objectives of agro-environmental policiesare
generally defined without any differentiation between
biotical, abiotical, and aesthetic aspects. However,
different importance of the respective aspects of the
environmental protection can significantly influence
resultsand outcomes of projectsand political strategies.
We have investigated how far a change in the
importance of the environmental objectives can
influence an optimal budgetary allocation for agro-
environmental measures in Poland. Consequently, we
have analyzed relations between the respective
environmental objectivesto find the possible solutions
for the maximal environmental benefits. For this
purpose, we conducted parameterization (weighting
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objectives) and investigated optimal budgetary
allocations under different scenarios. In this paper, we
have presented the parameterization between the
objectives ‘Protection of natural resources’ and
‘Protection and conservation of biodiversity’ to show,
by thisexample, theimportance of biotical and abiotical
objectives for an effective budgetary allocation. The
third objective ‘Conservation of cultural landscape’
(objective of aesthetic aspects in rural areas) was
primarily not considered in the objective function;
however, it wasincluded asarestriction in the LPmodel
withtheaimto consider comprehensively all the aspects
of rural areas. This proceeding was necessary to avoid
a three-dimensional space that would impede the
interpretation of the results. By parameterization, the
weight for the objective ‘ Protection and conservation
of biodiversity’ was stepwise changed between 0 per
cent and 100 per cent (0 and 1), while the weight for
the objective ‘Protection of natural resources was
changed in the reverse direction, between 1 and O.
Thereby, an optimal budgetary allocation for different
weights of the objectives was estimated (Figure 3).

Accordingtotheresults, different weights, and thus
achangein theimportance of objectives, influencethe
budgetary allocations for four measures, particularly
for the ‘ Extensive meadow farming’ and ‘ Sustainable
agriculture’. All other measures are either influenced

only toalimited extent ( Domestic farm animal species
and ‘Organic farming’) or are not influenced at all.
The change of weight of the objective ‘ Protection and
conservation of biodiversity’ between 10 per cent and
20 per cent, brings about a decrease in the financial
support for the measure ‘ Extensive meadow farming’,
which is compensated by the increasing support for
the measure ‘ Domestic farm animal species'.

On changing theweight of the objective* Protection
and conservation of biodiversity’ between 20 per cent
and 60 per cent, the measure ‘ Extensive meadow
farming’ is supported at the unchanged level of
€604,000. Further, budgetary shifts result at a high
importance level of the objective ‘Protection and
conservation of biodiversity’ (weight of 70 per cent)
and simultaneously alow importance of the objective
‘Protection of natural resources’ (weight of 30 per
cent). Thus, the budget should bereallocated and shifted
from the measure ‘ Sustainable agriculture’ to the
‘Extensive meadow farming’. Thefinancial support for
‘Organic farming’ should be extended; however, by a
very smdll, optically unnoticeable amount. By changing
the objective weight for ‘ Protection and conservation
of biodiversity’ to more than 70 per cent, all the
measures should befinanced at their unchanged levels,
which meansthat no objective conflicts exist in terms
of the measures. A conflict between the objectives:

—#— Sustainable agriculture
== Extensive meadow farmng
—#— Soil and w ater profection

1200
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—r— Extensive pasture farming
—s— Buffer zonas

Figure3. Parameterization of the objectives’ Protection of natural resources and
‘Protection and conservation of biodiver sity’
Source: Author’s calculations
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‘Protection of natural resources and ‘ Protection and
conservation of biodiversity’ was found for the
measures ‘ Extensive meadow farming’, ‘ Sustainable
agriculture’, and ‘Domestic farm animal species’,
which was visualized by the analogous budgetary
decrease or increase.

Theresultshave proved that thelevel of importance
of the environmental objectives can influence optimal
budgetary alocationsfor agro-environmental measures.
Thereby, different targeting of agro-environmental
policiesis necessary to devise an optimal solution for
the maximal environmental benefit.

Further, we have also proved relations between
the objectives (achievement of the environmental
benefit) and have visualized them with trade-off
functions. In the base scenario, the trade-off function
shows three possible solution values that can be
achieved while weighting the obj ectives‘ Protection of
natural resources’ and ‘ Protection and conservation of
biodiversity’ (Z3 > 93 %), without considering thethird
objective‘ Conservation of cultural landscape’ (Figure
4).

In the base scenario, losses of the objective
‘Protection of natural resources’ of €1,425 (4%) are
to be expected by the maximal weight of the objective
‘Protection and conservation of biodiversity’. On the
contrary, at the maximal weight of the objective
‘Protection of natural resources’, the achievement of

the objective ‘Protection and conservation of
biodiversity’ will decrease similarly by €1,502 (4%).
Thus, the changes of the objective achievement are
similar apart from the obj ective weights. A comparison
of the absolute values of the respective objective
achievements is, however, not suitable as the
environmental benefit hasno monetary unitsand cannot
beinterpreted in economic valuesin this case.

In order to analyze the importance of aesthetic
aspects, the third objective wasincluded in the Linear
Programming model as a constraint. The restriction
value for the objective was set according to the
calculated utilization value of this objective for the
objective function of ‘ Protection of natural resources
and ‘ Protection and conservation of biodiversity’. Then,
changes in the budgetary allocations and of the
environmental benefitswere estimated using different
weights of the objective ‘ Conservation of cultural
landscape’. According to the results, the increasing
importance of the objective ‘ Conservation of cultural
landscape’ brings about alimitation on the objectives
‘Protection of natural resources and ‘ Protection and
conservation of biodiversity’. These changes were
visualized with the shift of thetrade-off function to the
left (Figure 4). At the weight of 95 per cent of the
objective ‘Conservation of cultural landscape’, four
different budgetary allocations can be found. By
weighting the objective more than 95 per cent, the
number of possible solutionsdecreased. If the objective
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Figure4. Trade-offsbetween the objectives' Protection of natural resources and ‘ Protection
and conservation of biodiversity’ by different weightsof theobjective
‘Conservation of cultural landscape
Source: Author’s calculations
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‘Conservation of cultural landscape’ has the maximal
importance and isweighted by 100 per cent, only one
solution valuefor the objective function (thusonly one
financing solution) could befound.

Theresults have shown that the objectivefunction
(reflecting the environmental benefit) isinfluenced only
at the high importance level of the objective
‘Conservation of cultural landscape’ (objectiveweights
between 93% and 100%). Each other weight of this
objective lower than 93 per cent has been found to
have no influence on the environmental benefit of the
objectives ‘Protection of natural resources’ and
‘Protection and conservation of biodiversity’. In such
acase, the trade-of f function has the sametrend asin
the situation without considering the objective
‘Conservation of cultural landscape’. Analyzing the
environmental benefit values, the results have shown
that on weighting the objective between 93 per cent
and 100 per cent, the environmental benefit of the
objectives ‘Protection of natural resources’ and
‘Protection and conservation of biodiversity’ decreased
by €1,578. Asthe objective values have no monetary
units, the losses of the environmental benefit were
expressed in percentage changes (Figure 5). As a
reference base, the objective function value was
assumed in the situation without considering the
objective ‘ Conservation of cultural landscape’.

Assuming themaximal importance of the objective
‘Conservation of cultural landscape’ (100%), adecrease
in the environmental benefit by amost 4.5 per cent
was expected. Therefore, this objective has no
significant impact on the environmental benefit value.
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The objective weight of 98 per cent resulted in a
decrease of the environmental benefit by 1.5 per cent,
which means that the growing importance of
‘Conservation of cultural landscape’ resultsinan over-
proportional decrease in the environmental benefit
reflected with the objectives ‘ Protection of natural
resources’ and ‘Protection and conservation of
biodiversity’. Theserelations have al so been confirmed
by changing the objective weights between 95 per cent
and 98 per cent.

The presented analyses have confirmed, again, that
different targeting of the agro-environmental policies
can definitely influence the environmental benefit.
Therefore, an interactive analysis with regional
stakeholders is required to assess the importance of
the respective objectives for the voivodship
Subcarpathia and to create, on this basis, an optimal
budgeting of the agro-environmental measures.

Conclusions and Policy Recommendations

Since the accession of Poland to the European
Union, agro-environmental measures are the new
political instrumentsto protect natural resourcesinrura
areas. Therefore, there is little experience in the
evaluation, designing and financing of these measures.
In this paper, we have analyzed the impact of
environmental objectives on optimal budgetary
alocations and have investigated to what extent the
respective aspectsof rural areas (biotical, abiotical and
aesthetic aspects) would influence budgetary allocations
and consequently, the environmental benefit of the
agro-environmental measures. Theresults have shown
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that targeting of the agro-environmental policies is
decisivefor the palitical decision-making processesto
effectively set financing priorities. Thus, while
considering different environmental objectives, the
budgetary allocation for the agro-environmental
measures can be influenced to a wide extent. The
environmental objectives considered in political
strategies as the decision criteria would result in
considerable changesin the financing scenariosfor the
agro-environmental measures. Additionally, theresults
have confirmed that experts’ knowledge on
environmental issues can be very helpful in political
decision-making processes.

Moreover, the study has shown that different
weights of the agro-environmental objectives
‘Protection of natural resources and ‘ Protection and
conservation of biodiversity’ caninfluence an optimal
budgetary allocation and lead to the reall ocation of the
available budget for the measures ‘ Extensive meadow
farming’, ‘ Sustainableagriculture’, and ‘ Domestic farm
animal species’, while other measures would not be
affected significantly. However, the changes resulting
from different objective weights of the agro-
environmental measuresand for environmental benefit
are not substantial. Also, the objective * Conservation
of cultural landscape’ has no significant impact on the
environmental benefit.

The study has shown that different targeting of
agro-environmental policiescan considerably influence
the optimal budgetary allocation for the agro-
environmental measuresin Poland after the accession
to the European Union. However, further analyses are
regquired to engage regional experts in an interactive
cooperation to support the decision-making process
with scientific methods and to maximize, therefore, the
environmental benefits from the agro-environmental
measures.

The results and the methodol ogy presented in this
paper can be helpful for political stakeholders in
different countries for solving similar questions in
planning, evaluation and budgetary alocations. The
interactive implementation can berealized intheform
of organizing seminarsand plenary forumsby eliciting
preferences reflected with priority vectors, upper
bounds or other vectors and variables, and including
them in the L P approach.

Refer ences

Buichs, W., Harenberg, A., Zimmermann, J. and Wei (3, B. (2003)
Biodiversity — The ultimate agri-environmental
indicator? Potential and limits for the application of
faunistic elements as gradual indicators in
agroecosystems. Agriculture, Ecosystems and
Environment, 98: 99-123.

Carey, PD., Short, C., Morris, C., Hunt, J., Priscott, A., Davis,
M., Finch, C., Curry, N., Little, W., Winter, M., Parkin, A.
and Firbank, L.G (2003) Themulti-disciplinary evauation
of a national agri-environment scheme. Journal of
Environmental Management, 69: 71-91.

Chiang, A. (1984) Fundamental Methods of Mathematical
Economics.McGraw Hill Book Company, Auckland

Cook, H.F. and Norman, Ch. (1996) Targeting agri-
environmental policy: Ananalysisrelating to the use of
geographical information systems. Land Use Policy,
13(3): 217-228.

Européische Kommission (1999) Verordnung (EG) Nr. 1257/
1999 des Ratesvom 17. Mai 1999 (iber die Forderung
der Entwicklung des landlichen Raums durch den
Européischen Ausrichtung- und Garantiefonds fur die
Landwirtschaft (EAGFL) und zur Anderung bzw.
Aufhebung bestimmter Verordnungen. Amtsblatt der
Européi schen Gemeinschaften, L 160: 80-102.

GUS (Geéwny Urztd Statystyczny) (2003) Narodowy Spis
Powszechny Ludnooi i Mieszkai. Powszechny Spis
Rolny. Raport z wynikéw Spisow Powszechnych 2002.
GUS, Warszawa.

Henrichsmeyer, W. and Witzke, H.P. (1994) Agrarpolitik. Bd.
2: Bewertung und Willensbildung.Eugen Ulmer,
Stuttgart.

Kirschke, D. and Jechlitschka, K. (2002) Angewandte
Mikrodkonomie und Wirtschaftspolitik mit Excel.:
Verlag Franz Vahlen, M iinchen.

Kirschke, D., Daenecke, E., Hager, A., Késtner, Jechlitschka,
K. and Wegener, S.. Entscheidungsunterstiitzung bei
der Gestaltung von Agrar-Umweltprogrammen: Ein
interaktiver, PC-gestiitzter Programmierungsansatz fur
Sachsen-Anhalt. Berichte Uber Landwirtschaft, 82: 494-
517.

Kirschke, D., Hager, A., Jechlitschka, K. and Wegener, S.
(2007) Distortionsin amulti-level co-financing system:
The case of the agri-environmental programme of
Saxony-Anhalt. Agrarwirtschaft, 56(7): 297-304.

Ministry of Environmental Protection, Natural Resources
and Forestry (1991) National Environmental Policy of
Poland, Warsaw. In: http://www.mos.gov.pl/mos/
publikac/environment.htm (17 May, 2005).



244 Agricultural Economics Research Review  Vol.23  July-December 2010

MRIRW (Ministerstwo Rolnictwa i Rozwoju Wsi) (2002)
SAPARD. Programoperacyjny dla Polski. Wergja zdnia
20 marca 2002, Warszawa. | n: http://www.arimr.gov.pl/
docs/sapard/progsap.pdf 07 October, 2004.

MRIRW (2004) Plan Rozwoju Obszar 6w Wejskich na lata
2004-2006. In:  http://www.minrol.gov.pl/
DesktopDefault.aspx?TabOrgld=1419& Langld=0 (12
October, 2004).

Ohse, D. (1984) Lineare Wirtschaftsalgebra: Mathematik
flr Wirtschaftswissenschaftler. Bd. 1. Vahlen, Miinchen.

PUW (Podkarpacki Urzid Wojewddzki) (2004) Rolnictwo.
In: http://www.rzeszow.uw.gov.pl/print.php?mid=1 (15
October, 2004).

Raffee, H. and Fritz, W. (1995) Unternehmensziele und
Umweltschutz. In: Handbuch zur Umweltékonomie, Eds:
M. Junkernheinrich, P. Klemmer, and G.R. Wagner,
Analytica, Berlin: pp. 344-348.

Saaty, T. (1990) The Analytic Hierarchy Process. Planing,
Priority Setting, Resource Allocation. RWS
Publications, Pittsburgh.

Saaty, T. (1999) The Seven Pillars of the Analytic Hierarchy
Process. Paper for the |SAHP, 12-14 August 1999, Kobe,

Japan.

Saaty, T. and Kearns, K. (1985) Analytical Planing. The
Organisation of Systems.RWS Publications, Pittsburgh.

Soitysiak, U., Kukuia, K., B3a¢g), J., Fajger, M., Szczepafiski,
K. and Bednarz, B. (2005) Ramowy program rozwoju
rolnictwa ekologicznego na Podkarpaciu na lata
2003-2006. In: http://www.podkarpackie.pl/ekol/pdf/
program.pdf (30 June, 2005).

Tahvanainen, L., Ihalainen, M., Hietala-Koivu, R.,
Kolehmainen, O., Tyrvéinen, L., Nousiainen. |. and
Helenius, J. (2002) Measures of the EU Agri-
Environmental Protection Scheme (GAEPS) and their
impactsonthevisua acceptability of Finnishagricultural
landscapes. Journal of Environmental Management,
66: 213-227.

UswR (Urztd Statystyczny w Rzeszowie) (2003) Narodowy
Sois Powszechny Ludnooeei i Mieszkai. Systematyka i
charakterystyka gospodarstw rolnych. \Wojewddztwo
Podkarpackie. Rzesz6w: US.

Webster, S. and Felton, M. (1993) Targeting for nature
conservation in agricultural policy. Land Use Palicy,
10(2): 67-82.

Y liskylé Peuralahti, J. (2003) Biodiversity —A new spatial
challenge for Finnish agri-environmental policies?
Journal of Rural Sudies, 19: 215-231.



