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The main objective of the paper is to investigate how to design agri-environmental measures in Poland in order to maximise the 

environmental benefit. The investigation is based on the results of a case study conducted in the voivodship Subcarpathia in Poland 
and interviews with regional agricultural experts. We use two methodical approaches: Analytic Hierarchy Approach (AHP) to esti-
mate the importance of agri-environmental measures with regard to environmental objectives and a Linear Programming (LP) ap-
proach to calculate an objective-oriented budget allocation for agri-environmental measures as well as different financing scenarios 
by changing economic and environmental conditions. The findings of the research can be helpful in political decision-making proc-
esses to design the agri-environmental policy in Poland more effectively and environment-oriented in future. 
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Introduction 1 
 
Since the accession of Poland to the European Union 

(EU) in May 2004 agri-environmental measures have been 
obligatory for policy of rural areas. Due to the short mem-
bership of Poland in the EU, little experience with financ-
ing and evaluation of the agri-environmental policy is giv-
en. The only evaluation approaches proposed by the Polish 
Ministry of Agriculture and Development of Rural Areas 
are output-, result- and effect-indicators (MRiRW, 2004b, 
pp. P4-P8) based on the OECD-indicators (OECD, 1994, 
1997). The necessity to implement indicators as evaluation 
instruments for agri-environmental policy was strength-
ened by many scientific studies (v. Münchhausen and Nie-
berg, 1997; KEG, 2000; CEC, 2001). The current devel-
opment stage of the indicator methodology is still very lim-
ited. Therefore, most scientific studies have rather the aim 
to emphasise the importance of indicators for specific po-
litical problems or the magnitude of indicators for evalua-
tion of ecosystems or environmental protection in agricul-
ture (s. Büchs, 2003; Piorr, 2003). However, some studies 
also deliver information on the practical implementation of 
agri-environmental indicators (Menge, 2003; Primdahl et 
al., 2003, Zalidis et al., 2004). 

Several qualitative methods have been implemented 
until now in order to evaluate agri-environmental poli-
cies. Best known are verbal-argumentative evaluation, 
agricultural-environmental-panels or mediation proceed-
ings which have been successfully implemented as inter-
active methods (WWF, 2001, pp. 44-50; Endres et al., 
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1991, pp. 94-95). However, in order to estimate different 
policy scenarios in terms of financing strategies, other 
quantitative evaluation and design methods are necessary. 
The quantitative evaluation approaches have been ac-
knowledged as complementary instruments to qualitative 
evaluation of agri-environmental policy. The complemen-
tarity of qualitative and quantitative approaches is more 
significant, as also limitations of quantitative approaches 
in the evaluation of agri-environmental policies can be 
found (Munda, 1996). 

The implementation of different evaluation ap-
proaches depends on the specification of the analysed en-
vironmental problem. Many authors, however, stress the 
necessity to use approaches which can directly contribute 
to political decision-making support (Pruncker, 2003). 
Kirschke and Jechlitschka (2002) propose a Linear Pro-
gramming approach to support political stakeholders in 
interactive decision-making processes and use this me-
thod for analysis of financing strategies in Saxony-Anhalt 
in Germany (Kirschke et al., 2004, 2007). 

Different approaches based on the Geographic Infor-
mation System are also known to optimise the establish-
ment of agri-environmental measures (Cook and Norman, 
1996; de Longueville et al., 2007; van der Horst, 2007). 
Also the new EU Project SEAMLESS-IF aims at devel-
oping a new framework for integrated assessment of agri-
cultural systems for modelling impacts on agriculture and 
environment through a set of indicators capturing the key 
economic, environmental, social, and institutional issues.  

In this paper, we use two methodical approaches 
combining both qualitative and quantitative issues: mul-
ticriteria approach (Analytic Hierarchy Process – AHP) 
and modelling approach (Linear Programming – LP). 
Employing these methods, we analyse the question of 
how to design agri-environmental measures to achieve 
the maximal environmental benefit. 
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The paper is structured as follows. The next chapter 
provides an overview of the development of the agri-
environmental policy in Poland since 1990. In the follow-
ing section, the case study region – voivodship Subcarpa-
thia – is characterised. Next, data and methodology – 
Analytic Hierarchy Process and a Linear Programming 
approach for the region Subcarpathia are presented. Fol-
lowing, modelling results are presented and discussed. 
Finally, conclusions and recommendations are drawn. 

 
Agri-environmental policy and agri-environmental 
measures in Poland 
 
Agri-environmental measures have been obligatory 

for policy of rural areas in Poland since the accession to 
the European Union, according to the EU regulation 
1257/99 (Europäische Kommission, 1999). Thereby, en-
vironmental protection in agriculture realised by means of 
regular political instruments is relatively new in Poland. 
Before that time, several measures were undertaken to 
protect natural resources in agriculture, however, the im-
plementation was limited only to chosen “pilot regions” 
characterised by specific valuable natural resources or by 
enormous nature contamination. The very first political 
discussions on the necessity of environmental protection 
in agriculture were undertaken in the earliest 70s. As a re-
sult, environmental protection was established in the Pol-
ish constitution. However, the first measures were de-
fined in 1990 with the „National Environmental Policy“ 
(Ministry of Environmental Protection, Natural Re-
sources and Forestry, 1991). Afterwards, with the pro-
gram SAPARD (Special Accession Program for Agricul-
ture and Rural Development) for the period 2000-2006 
additional agri-environmental measures were planed. Due 
to changes in political strategy as well as due to missing 
legal rules, the planning and realisation of agri-
environmental measures under the SAPARD (MRiRW, 
2002, pp. 117-121) were abandoned. The first successful 
agri-environmental measures were realised in 2000 and 
2001 within the EU project Phare99 in two regions in Po-
land: Subcarpathia and Warmia-Masuria. After the acces-
sion of Poland to the European Union, in the first mem-
bership years 2004-2006, seven agri-environmental 
measures were financed within the National Agri-
Environmental Programme such as ‘Sustainable agricul-
ture’, ‘Organic farming’, ‘Extensive meadow farming’, 
‘Extensive pasture farming’, ‘Soil and water protection’, 
‘Buffer zones’, and ‘Protection of domestic farm animal 
species’. While realising agri-environmental measures, 
farmers are obliged to fulfil several requirements exceed-
ing the ‘good agricultural practice’. The requirements and 
aims of each measure are presented below. 

Sustainable agriculture – the measure aims at foster-
ing environmentally friendly farming systems which 
should insure rational usage of natural resources and 
minimise negative influence of the agricultural produc-

tion methods on the environment. For this reason fertilis-
ers should be limited and their implementation balanced. 
Additionally, following requirements should be fulfilled: 

- appropriate crop rotation (at least three plant species); 
- appropriate fertilisation according to soil analyses; 
- fertilisation should not exceed 150 kg N/ha/year on 

farming areas and 120 kg N/ha/year on greenfarm areas 
- stock number should not exceed 1.5 LCU1/ha fodder 

area (MRiRW, n.d.). 
The compensation payments for the realisation of this 

measure amounted to 34 €/ha/year in the first years of the 
membership in the EU (2004-2006). 

Organic farming  – this measure can be realised only 
by farmers who changed their farming systems from the 
conventional to ecological ones in the last one or two 
years or else by farmers who already possess an ecologi-
cal certificate. The payments for the realisation of the 
measure amounted to 189.5 €/ha/year. The implementa-
tion rules for the measure are covered by the European 
regulation 2092/91 on organic farming (Europäische 
Kommission, 1991) and the national regulation (Prezy-
dent Rzeczypospolitej Polskiej, 2004). 

Extensive meadow farming – with this measure 
meadows characterised by huge number of different plant 
species should be traditionally cultivated, what creates 
advantageous living environment for several animal spe-
cies. Thus, in order to protect plant and animal species, 
meadow fallowing or else intensification of meadow 
farming are not allowed. The average payment for the 
measure amounted to 164 €/ha/year, however, it differed 
between the submeasures. The necessary requirements for 
compensation payments for this measure are: 

- mechanical activities on meadows such as plough-
ing, rolling, new melioration systems, and pesticides are 
not permitted; 

- mowing should be conducted from inside to outside 
of the field to enable an escape to animals living on the 
meadow; 

- mowed grass should be removed from the meadow; 
- animal number should not exceed 0.5-1 LCU/ha; 
- the earliest mowing is permitted from 01.07. each 

year (MRiRW, n.d.). 
Extensive pasture farming – the aim of the measure is 

to traditionally cultivate pastures which means that certain 
criteria on the animal number grazed on pastures should be 
fulfilled in order to protect the pasture surface. The average 
payment amounted to 79 €/ha/year and differed depending 
on the submeasure. The requirements for financial support 
for the realisation of this measure are as follows: 

- low Ca fertilisation; 
- free grazing (0.5 – 1 LCU/ha) depending on animal 

species; 
- drinking areas for animals on pastures; 
- grazing is allowed only between 20.05. and 15.10; 

                                                 
1 LCU – Large cattle unit 
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- nitrogen fertilisation should not exceed 
60 kg/ha/year; 

- grass rests should be removed from the pasture be-
tween July and August (MRiRW, n.d.). 

Soil and water protection – with this measure soil 
and water should be preserved against erosion and con-
tamination. For this reason, winter plants are planted 
which limit the penetration of nitrate fertilisers and other 
contaminates in the lower layers of the soil. The winter 
plants are also feed for birds and improve the soil fertil-
ity. The payments for realisation of the measure 
amounted to 100.6 €/ha/year. The requirements for the fi-
nancial support can be divided in two groups: nurse crop 
and intermediate crop, depending on the cultivated plants. 

Principally, for both of cultivation systems, following 
requirements are to fulfil: 

- more than 66 % of the area should be covered by 
plants in the winter time (however, only 33 % are co-
financed from the European Funds); 

- nurse crop plants should be seeded out in spring in 
the already planted winter plants or else with spring 
plants; 

- plant rests should be removed from the field after the 
harvest to improve growing conditions for nurse crops; 

- organic fertilisation and pesticides are allowed only 
in special cases (MRiRW, n.d.). 

Buffer zones – buffer zones are narrow stripes between 
farming areas covered by plants. They are particularly set 
up at water sources in order to inhibit the penetration of 
contaminates in the lower layers of the soil. The average 
payment for the realisation of this measure amounted to 
8.2 €/m2/year under following conditions: 

- the already existing buffer zones near to water 
sources should be maintained; 

- fertilisers, pesticides, and insecticides are forbidden; 
- mowing is permitted only once a year from 15.07. 

(MRiRW, n.d.). 
Domestic farm animal species – the aim of the meas-

ure is to breed local animal species in order to protect them 
against extinction. The local animal species are less effi-
cient than modern species, thus, they tend to be neglected. 
However, they are characterised by specific attributes such 

as easy adoption to local environmental conditions, low 
feeding requirements, high resistance against illnesses, lon-
gevity, and high fertility. Therefore, they are acknowledged 
as “traditional elements” of regions. The compensation 
payments for the realisation of the measure amounted to 
190.7 €/head/year on average under the given requirements: 

- the animals have to be included in the animal regis-
ter documentation; 

- animal crossing is allowed only within the same 
species; 

- other specific requirements regard the Polish animal 
species (MRiRW, n.d.). 

According to the ex-ante evaluation, the Ministry for 
Agriculture and Development of Rural Areas estimated 
the maximal area for the realisation of the respective agri-
environmental measures (table 1). 
 
Table 1. Area and stock number for agri-environmental meas-

ures in Poland in 2004-2006 
 

Agri-environmental measures 
Supported 

area 
(in thou ha) 

Stock 
number  
(in head) 

Sustainable agriculture 210 – 
Organic farming 200 – 
Extensive meadow farming 
Extensive pasture farming 

220 – 

Soil and water protection 
Buffer zones 

570 – 

Domestic farm animal species – 24 690 

Source:  MRiRW (2004a, pp: 127-128) 

 
Most areas were approved for the measures ‘Soil and 

water protection’ and ‘Buffer zones’. For the measures 
‘Sustainable agriculture’, ‘Organic farming’, ‘Extensive 
meadow farming’, and ‘Extensive pasture farming’ the ap-
proved area was assessed at a similar level of about 200 
thousand ha. The respective agri-environmental measures 
can be realised at the same time on the same farm only if 
they are complementary (Europäische Kommission, 2004, 
pp. 10). Principally, three different agri-environmental 
measures can be combined on one farm, however specific 
‘combination rules’ have to be considered (table 2). 

 
Table 2. Possible combination of patterns for agri-environmental measures in the National Agri-environmental Programme 2004-2006 

 
Agri-environmental measures S01 S02 P01 P02 K01 K02 G01 
Sustainable agriculture (S01)  N PZ PZ PZ PZ PZ 
Organic farming (S02) N  PZ PZ N Y Y 
Extensive meadow farming (P01) PZ PZ  PZ PZ PZ PZ 
Extensive pasture farming (P02) PZ PZ PZ  PZ PZ PZ 
Soil and water protection (K01) PZ N PZ PZ  Y Y 
Buffer zones (K02) PZ Y PZ PZ Y  Y 
Domestic farm animal species (G01) PZ Y PZ PZ Y Y  

N – no (measures can not be realised at the same time on the same farm) 

Y – yes (measures can be realised at the same time on the same farm); PZ – priority zones (measures can be realised at the same time on the same 
farm, however, only in priority zones – areas in each region of the country characterised by specific environmental conditions) 
Source: MRiRW (2004a, pp: 123) 
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The National Agri-Environmental Programme is an 
integral part of the Plan for Development of Rural Areas 
(PROW) and the available budget for agri-environmental 
measures amounted to 348.9 million € for the time period 
2004-2006 (MRiRW, 2004a). 

As the agri-environmental measures are new, little 
experience in creating financial strategies is given. The 
question of an objective-oriented budget allocation is, 
therefore, of a great importance for political decision-
makers as well as for regional societies. 

 
Case study region – the Subcarpathia region 
 
The present investigation is based on results of a case 

study conducted in the voivodship Subcarpathia in South-
Eastern Poland. The region is characterised by a large 
number of valuable natural resources and protected areas. 
In the region, 80 nature reserved areas are registered, ca. 
16 % of the region area are acknowledged as landscape 
parks, and about 45.5% of the region areas are included 
in 17 landscape protection areas (Sołtysiak et al., 2002, 
pp. 21). Most areas in the region are involved in the Car-
pathian Euro-region (an association of Carpathian regions 
between five neighbour countries of the Central and East-
ern European Countries (CEEC)) which includes Poland, 
Ukraine, Romania, Hungary, and Slovakia. The main aim 
of the Carpathian Euro-region is focused on an efficient 
and sustainable usage of natural resources in all associ-
ated countries. The problem of an efficient use of natural 
resources has such a big importance in this region due to 
its economic situation. The region can be characterised by 
the third biggest number of agricultural farms in Poland 
(311.855) (Urząd Statystyczny w Rzeszowie, 2003, pp. 
20; Główny Urząd Statystyczny, 2003, pp. 171), while 
the employment share in agriculture amounts to about 26-
47% (Podkarpacki Urząd Wojewódzki, 2004). The agri-
cultural production has, therefore, a great effect on the 
utilisation of natural resources. Considering these aspects, 
the region seems to be a good example to analyse ques-
tions of optimal budget allocations with regard to the ob-
jectives of environmental protection in agriculture. 

 
Methodology of the case study: AHP and the Linear 
Programming approach 
 
Taking into account the interest in agri-environmental 

measures in Poland in the first years of the EU membership 
as well as natural conditions in the Subcarpathia region, the 
main research questions discussed in the paper are: 

– how should the budget be allocated to maximise 
environmental benefit? and 

– to what extent the environmental and economic con-
straints such as the available budget and farming area un-
der agri-environmental programmes can influence an ob-
jective-oriented budget allocation?  

To answer these questions regional actors in the Sub-
carpathia region were interviewed in September 2005. For 
the current research the estimates of all interviewed eight 
agricultural experts in the Marshal office in Rzeszów in the 
Division for Agriculture and Rural Development were con-
sidered. The agricultural experts can be acknowledged as 
regional representatives for agricultural issues, however, 
without decision-making authorities. 

Using the Analytic Hierarchy Process according to Saa-
ty (Saaty, 1990, 1999; Saaty and Kearns, 1985) and the 
AHP scale (table 3) the interviewed experts assessed the 
importance of the respective agri-environmental measures 
with regard to environmental objectives defined in the Na-
tional Agri-environmental Programme such as ‘Protection 
of natural resources’, ‘Protection and conservation of bio-
diversity’, and ‘Conservation of cultural landscape’. 
 

Table 3. AHP scale 
 

Intensity of 
relative im-

portance 

Definition Explanation 

1 Equal importance Two activities contribute 
equally to the objective 

3 Moderate impor-
tance of one over 
another 

Experience and judge-
ment slightly favour one 
activity over another 

5 Essential or 
strong importance 

Experience and judge-
ment strongly favour one 
activity over another 

7 Demonstrated 
importance 

An activity is strongly 
favoured and its domi-
nance is demonstrated in 
practice 

9 Extreme impor-
tance 

The evidence favouring 
one activity over another 
is of the highest possible 
order of affirmation 

2,4,6,8 Intermediate val-
ues between  
two adjacent 
judgements 

When compromise is 
needed 

Source:  Saaty and Kearns (1985, pp. 27) 
 

By means of this multicriteria approach the relations 
between the agri-environmental measures and objectives 
were defined, the measures pairwise compared, and rela-
tive weights for each measure and for each objective were 
estimated with the eigenvector method. The AHP approach 
was used for the estimations due to its several advantages. 
As environmental benefit has no measurable units, and 
therefore, no measurement standards, relations between the 
measures and objectives in terms of the environmental 
benefit were estimated. Additionally, validity of results can 
be verified by Consistency Ratio Index, which is mostly 
important in the case of environmental benefit values for 
which no reference criteria are available. Thus, the envi-
ronmental benefit has a non-monetary values expressed 
with “environmental quality”. As no reference values are 
known for the environmental benefit of agri-environmental 
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measures in Poland, also a monetary expression of the en-
vironmental benefit would have no significance for the in-
terpretation of the results. 

Using the eigenvector method, the experts’ estimates 
(as average of all given answers) were normalised (re-
lated to the sum of all results). According to the AHP ap-
proach the sum of normalised coefficients makes 100% 
(or 1) which results from the pairwise comparisons of the 
measures. Next, the estimates were proved for their con-
sistency. The Consistency Ratio Index for all estimates 
was significantly under the exclusion value; hence, the 
coefficients could have been used for further analyses. 
The normalised priority vectors (objective coefficients) 
(table 4, line 4-6) were following used to operationalise 
the objective function in the Linear Programming ap-
proach according to Kirschke and Jechlitschka (Kirschke 
and Jechlitschka, 2002; Kirschke et al., 2004, 2007). This 
model helps us to discuss the question of an objective-
oriented budget allocation in the region and different fi-
nancing scenarios under the given constraints. 

In order to characterise the environmental benefit of 
agri-environmental measures, a linear objective function 
was defined. The objective function was aggregated as a 
sum of objective functions for each environmental objec-
tive: ‘Protection of natural resources’ (Objective 1), ‘Pro-
tection and conservation of biodiversity’ (Objective 2), and 
‘Conservation of cultural landscape’ (Objective 3) (for-
mula 1). The objective function for each objective was de-
fined as a sum product of objective coefficients for the re-
spective agri-environmental measures and budget expendi-
tures for each measure. Additionally, objective weights 
were included, and the weight of 1 was assumed for each 
objective with the aim to consider each environmental ob-
jective to the same extent. The objective weights estimated 
with the AHP approach were not used for the investigation. 
Several analyses with these weights proved low signifi-
cance for the estimated results (compared to the imple-
mented weights of 1 for each objective). 

i
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max ααα  (1) 

 
where: Z – aggregated objective function, 
 i = 1, ..., 7 – index for the agri-environmental 
measures, 
              z1i, z2i, z3i – constant objective coefficients (for 
the three objectives respectively) of one monetary unit of 
the measure i, 
               BAi

 – budget expenditures for the measure i, 
               α – weighting factor for the objectives, 
               and α 1 = α 2 = α 3 = 1. 

 
In the following, the Linear Programming approach 

was adapted and structured for the Subcarpathia region in 
order to consider environmental and economic condi-
tions. Additionally, three different constraints were esti-
mated and included in the model as inequations: total 
budget for agri-environmental measures, farming area 
under agri-environmental programmes, and income losses 
experienced by farmers due to the implementation of 
agri-environmental measures. The constraints were esti-
mated using statistical data from 2005 from the Ministry 
for Agriculture and Development of Rural Areas and 
from the Agency for Restructuring and Modernisation of 
Agriculture. Table 4 presents all model variables and cal-
culation data in the basic scenario: current allocation (line 
2), optimal allocation in the basic scenario (line 3), objec-
tive coefficients (lines 4-6), upper and lower bounds 
(lines 7, 8), and constraint coefficients (lines 9, 10). 

In the LP model, the upper budget bounds were set to 
200% of the allocation for agri-environmental measures 
in 2005 (line 2) while the current allocation was esti-
mated on the basis of farmers’ applications for agri-
environmental measures. 

 
Table 4. Coefficients for the agri-environmental measures and model variables in the basis scenario for the Subcarpathia region 

1.
Sustainable 
agriculture

Organic farming
Extensive 

meadow farming
Extensive 

pasture farming
Soil and water 

protection
Buffer zones

Domestic farm 
animal species

Sum

2. Current allocation 143,7 733,7 1435,9 142,8 571,3 1,1 56,3 3084,8 Current allocation (Thousand €)

3. Optimal allocation 48,3 79,8 1114,4 0,0 1142,6 2,2 112,7 2500,0 Upper bound for total budget 
(Thousand €)

4.
Objective 1:                        

Natural resources 15,8 22,4 10,5 12,3 15,8 13,0 10,0 Objective coefficients for the objective 
1 (weight: 1)

5.
Objective 2:
Biodiversity 9,7 14,3 12,0 12,5 17,5 14,7 19,2 Objective coefficients for the objective 

2 (weight: 1)

6.
Objective 3:              

Cultural landscape 11,7 13,3 15,7 12,6 17,5 16,8 12,4 Objective coefficients for the objective 
3 (weight: 1)

7. Upper bounds 287,3 1467,4 2871,7 285,6 1142,6 2,2 112,7 6169,6 
Total upper bound for the measures 
(Thousand €)

8. Lower bounds 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 Total lower bound for the measures 
(Thousand €)

9. Income losses 1,0 4,1 0,8 0,8 0,9 0,8 0,9 2500,0 
Upper bound for income losses 
(Thousand €)

10. Farming area 29,4 5,3 6,1 12,6 9,9 0,0 0,0 20000 Lower bound for the farming area (ha)  
Source:   Author’s calculation 
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The upper budget bound is necessary to set the finan-
cial restriction for the respective measures. As there are 
no governmental constraints for upper budget bounds for 
each agri-environmental measure, the financial limits 
were set to the theoretical 100% higher level than the cur-
rent allocation. 

The estimation of the upper bound was affected by the 
fact that higher than the defined budget expenditures for 
agri-environmental measures are practically not expect-
able in the Subcarpathia region due to low interest of the 
farmers in the measures. The lower budget bounds were 
set to 0 as no governmental regulations in this term are 
defined. Next, the budget constraint for all agri-
environmental measures was defined: 

0005002
1
∑
=

≤
n

i
iBA ,     (2) 

which means that the sum of budget expenditures 
(BA i) for all measures can not exceed 2.5 million €. This 
restriction was set to investigate the situation of budget 
scarcity in the situation of a 20% budget cut compared to 
the given allocation in the Subcarpathia region in 2005 
(3.1 million €). Currently, due to low interest in agri-
environmental measures all needs regarding financial 
support in the Subcarpathia region can be satisfied with 
the available budget. However, the future development of 
the European policy assuming budget cuts for all activi-
ties makes the problem of an objective-oriented and ef-
fective financing of agri-environmental policy under lim-
ited budget funds decisive.  

Following, the farming area constraint was defined:  

∑
=

≥
n

i
ii BAa

1
00020* ,    (3) 

which denotes that the sum product of the constraint 
coefficients (ai) and the budget expenditures (BAi) should 
be higher than 20,000 ha. The coefficients for this con-
straint were calculated as a division of one monetary unit 
(here: 1000 €) and the payment for the respective measures 
in 2005. According to the calculation, huge differences be-
tween measures were found. Thus, the largest area can be 
supported with the measures ‘Sustainable agriculture’, ‘Ex-
tensive pasture farming’, and ‘Soil and water protection’. 
Due to the missing statistical data, no coefficients were in-
cluded in the model for the measures ‘Buffer zones’ and 
‘Domestic farm animal species’. The restriction value for 
the constraint was found while maximising the objective 
function in the reference scenario, however, excluding the 
consideration of farming area. The estimated restriction 
value for this constraint amounts to 19,000ha. According to 
an ecological presumption, the farming area under agri-
environmental programmes should be enlarged to achieve 
the environmental objective to a wider extent. For this rea-
son, the lower bound for this restriction was set to 20,000 
ha, exceeding the minimal estimated value. 

Following, the restriction of income losses was de-
fined according to the formula: 

∑
=

≤
n

i
ii BAb

1
0005002* ,    (4) 

which indicates that the sum product of budget expendi-
tures (BAi) and coefficients for this constraint (bi) can not 
exceed 2.5 million € which is equal to the approved total 
budget for the agri-environmental measures. The coeffi-
cients (table 4, line 9) were calculated as a ratio of imple-
mentation costs of agri-environmental measures and com-
pensation payments in 2004-2006. The estimation was based 
on statistical data and calculations from the Ministry of Ag-
riculture and Development of Rural Areas (MRiRW, 2004b, 
pp. L). The cost calculation of agri-environmental measures 
in the Subcarpathia region was based on: additional costs, 
additional benefits, and income losses experienced by farm-
ers due to the realisation of agri-environmental measures. 
The additional benefit was defined by the Ministry as the 
decrease of production costs in the traditional agricultural 
production as well as the improvement of soil quality. The 
additional costs are defined as all costs experienced by farm-
ers due to the implementation of agri-environmental meas-
ures such as investment costs or work effort. The income 
losses are defined as the lost revenue, which could be 
achieved with the traditional agricultural production in case 
if agri-environmental measures were not implemented. The 
direct costs for each measure per unit (1ha farming area, 1m2 
for the measure ‘Buffer zones’ and 1 head for the measure 
‘Domestic farm animal species’) were calculated as a sum of 
the estimated income losses and additional costs of imple-
mentation of agri-environmental measures. The sum was 
minimised by additional benefit. Thus, potential compilation 
of benefits and costs should have been omitted. The direct 
costs per unit of agri-environmental measures were then 
multiplied with the farming area involved in the realisation 
of agri-environmental measures in the Subcarpathia region 
in 2005 and, thus, total costs of agri-environmental measures 
in the voivodship were estimated. 

Additionally, a non-negativity constraint was assumed 
niforBAi ...,,10 =≥  which excludes any negative 

budget allocation. Under the given restrictions reflecting 
natural and economic conditions in the Subcarpathia re-
gion, the aggregated objective function was maximised 
and the optimal budget allocation was calculated. 

 
Results: Maximal environmental benefit and policy 
design 
 
Results of the Linear Programming approach reveal 

the difference between the optimal allocation for the agri-
environmental measures and the given allocation in the 
Subcarpathia region in 2005 (figure 1). 
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Fig. 1. Difference to the given allocation for agri-environmental measures in the Subcarpathia region in 2005 

Source:  Author’s calculation 

 
The results show that considerable changes in financing 

of agri-environmental measures should be undertaken to 
maximise the environmental benefit and to better achieve 
the objectives of the ‘Protection of natural resources’, ‘Pro-
tections and conservation of biodiversity’, and ‘Conserva-
tion of cultural landscape’. Thus, the budget should be real-
located to the measures ‘Soil and water protection’, ‘Buffer 
zones’, and ‘Domestic farm animal species’, while all other 
measures should be reduced. 

The presented optimal allocation is applied to the ba-
sis scenario (reference scenario), in which the upper and 
lower bounds of the constraints are stable, as defined in 
the model. However, an important and relevant question 
for political strategies regards optimal budget allocations 
by changing model restrictions. To analyse this question, 
two constraints included in the model (budget constraint 
and farming area constraint) were parameterised and the 
effects of this parameterisation for budget allocations 
were analysed. 

 
Financing of agri-environmental measures by chang-
ing the available budget 
In political decision-making processes budget scarcity 

is a decisive argument to limit or to give up the realisa-
tion of political measures, activities or initiatives. In such 

situations, a question comes out, which measures should 
be reduced to what extent to achieve possibly maximal 
environmental benefit. In this section we analyse the 
question how far the financing of agri-environmental 
measures can be influenced by changing the available 
budget and how priorities should be set in order to opti-
mise the environmental benefit.  

Basing on the reference scenario, implications of the 
budget cut were investigated. The budget cut means that 
the solution space for the maximised objective function is 
narrowed what results in a lower objective function value 
– in other words in a lower environmental benefit of agri-
environmental measures. To analyse the extent of these 
changes and their influence on the objective function 
value, the right side of the equation was parameterised 
between 55% and 105% of the budget of 2.5 million € 
(100%). The parameterisation means that e.g. at the level 
of 90% only 2.25 million € (90% of the total budget) is 
available and can be allocated for the measures. Each re-
striction value lower than 100% denotes a decrease of the 
available budget, which also means a limitation of the 
possible environmental benefit. Starting at the base point 
(100%), the results show significant changes in financing 
of three agri-environmental measures at different levels 
of the available budget (figure 2). 
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Fig. 2. Financing of agri-environmental measures at different levels of the available budget 

Source: Author’s calculation 
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The changes of the total available budget widely in-
fluence the expenditures for the measure ‘Extensive mea-
dow farming’. A stepwise decrease of the total budget re-
sults in a continuous decline of this measure. At the lev-
els lower than 70% (1.75 million €) the ‘Extensive 
meadow farming’ measure is not supported any more. Si-
multaneously, the shrinking financing of the measure ‘Ex-
tensive meadow farming’ causes an increase of the meas-
ures ‘Sustainable agriculture’ and ‘Organic farming’. 
While the support for ‘Sustainable agriculture’ is increas-
ingly growing, the brake point for the measure ‘Organic 
farming’ is the budget level of 1.75 million €, at which the 
financing of ‘Extensive meadow farming’ ceases and up 
which the measure ‘Organic farming’ is slowly declining. 
The changes in the available budget do not influence to a 
wide extent the financing of other measures such as ‘Soil 
and water protection’, ‘Domestic farm animal species’, and 
‘Buffer zones’ which are financed at the same unchanged 
level of 1,142,600 €, 112,600 €, and 2,200 €, respectively. 
The financing of the measures ‘Domestic farm animal spe-
cies’ and ‘Buffer zones’ would, however, cease at the 65% 
of the available budget level. 

The changes in the level of the available budget and the 
different allocation for the respective agri-environmental 
measures simultaneously influence the environmental ben-
efit reflected by the aggregated objective function. The 
changes are presented in figure 3.  

The results show explicitly that a decreasing available 
budget brings about a linear decrease of the environmental 
benefit. This means that a budget cut of one monetary unit 
results in a proportional shortage of the environmental bene-
fit expressed with the objectives ‘Protection of natural re-
sources’, ‘Protection and conservation of biodiversity’, and 
‘Conservation of cultural landscape’. Thus, the shortening of 

the available budget by 40% aggravates the development of 
the environmental protection in agriculture by 37% com-
pared to the basic value of the environmental benefit. 
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 Fig. 3. Environmental benefit at different levels of the available 
budget 

Source: Author’s calculation 

 
Financing of agri-environmental measures by 
changing farming area 
While designing the agri-environmental policy a 

question of the farming area under agri-environmental 
programmes is crucial. From the ecological point of view, 
growing farming area under agri-environmental pro-
grammes is expected to result in growing environmental 
benefit and higher protection grade of the natural re-
sources, biodiversity, and cultural landscape. In order to 
investigate relations between the farming area and the 
environmental benefit, the right side of the farming area 
constraint was parameterised and objective-oriented 
budget allocations for the agri-environmental measures at 
different restriction levels were calculated. The parame-
terisation was conducted between 100% (reference value 
= 20,000 ha) and 150% to analyse the situation of the 
growing farming area (figure 4). 
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Fig. 4. Financing of agri-environmental measures at different levels of the farming area under agri-environmental programmes 

Source: Author’s calculation 

 
The results show that growing farming area under the 

environmental programmes makes necessary to reallocate 
the available budget, especially with regard to the meas-
ure ‘Extensive meadow farming’ which is stepwise re-
duced. Another tendency was found for the measures 

’Sustainable agriculture’ and ‘Extensive pasture farming’ 
which are increasingly extended; beginning at the level of 
100% and 125% of the restriction value, respectively. 
Other measures ‘Soil and water protection’, ‘Organic 
farming’, ‘Buffer zones’, and ‘Domestic farm animal 
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species’ are dominantly financed at the same level as in 
the basis scenario. The brake point for all the measures is 
the restriction value of 145% (29,000 ha), which means 
that the objective function can not be maximised any 
more and any solution can be found. 

The parameterisation of the constraint also influences 
the objective function and the environmental benefit. As 
the farming area constraint was defined as a lower bound 
restriction, the growing restriction values cause that the so-
lution space is stepwise narrowed. Thus, the environmental 
benefit of the aggregated objectives of natural resources, 
biodiversity, and cultural landscape is declining (figure 5). 
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Fig. 5. Environmental benefit at different levels of the farming 

area under agri-environmental programmes 
Source: Author’s calculation 

 
The slope of the curve denotes that each extension of 

the farming area under agri-environmental programmes 
by one ha-unit, under the given conditions in the Subcar-
pathia region, results in stepwise losses of the environ-
mental benefit. However, the losses of the environmental 
benefit are not very considerable. The 40% extension of 
the farming area results in only 1% decrease of the envi-
ronmental benefit. 

 
Conclusions and policy recommendations 
 
Objective-oriented budget allocations for agri-

environmental measures in the Subcarpathia region were 
estimated and different financing scenarios were investi-
gated in the present study. The results of the analysis show, 
how to allocate scarce budget funds to meet environmental 
objectives to the highest extent as well as which are the im-
plications of the changing model restrictions (available 
budget and farming area) to objective-oriented budget allo-
cations for agri-environmental measures. 

With regard to the available budget, the analyses show 
that the highest environmental benefit can be achieved in 
the basis scenario with the budget of 2.5 million €. A de-
crease of the available budget brings about a decrease of 
environmental benefit values, compared to the reference 
situation. Thus, a higher available budget funds are neces-
sary to improve the environmental benefit and, to maxi-
mise, thereby, the achievement of the objectives ‘Protection 
of natural resources’, ‘Protection and conservation of biodi-

versity’, and ‘Conservation of cultural landscape’. Thereby, 
more effective and objective-oriented financing of agri-
environmental measures can be fostered. 

Additionally, a decrease of the available budget for agri-
environmental programmes would result in the reallocation 
of the available budget between the respective measures. 
The support for the measure ‘Extensive meadow farming’ 
should be reduced while the measures ‘Organic farming’ 
and ‘Sustainable agriculture’ should be extended, which 
denotes a visible trade-off between these measures. Other 
agri-environmental measures are not influenced or are in-
fluenced to a very small extent by changing budget funds. 
For political strategies, in the situation of necessary budget 
cuts, the budget should be reallocated, as described above, 
to best meet environmental objectives and to maximise the 
environmental benefit. 

In addition, changing restrictions for the farming area 
under agri-environmental programmes can influence objec-
tive-oriented budget allocations for the agri-environmental 
measures and the environmental benefit. The results show, 
however, that the extension of the farming area would cause 
a stepwise decrease of the environmental benefit of natural 
resources, biodiversity, and cultural landscape. However, 
the changes in the environmental benefit are not consider-
able, as the 40% extension of the farming area has only 1% 
decrease of the environmental benefit as result. The highest 
benefit can be achieved in the basis scenario, which means 
that the enlargement of the farming area to more than 
20,000 ha is not advisable. 

Moreover, the surface of the enlarged farming area has a 
great impact on the financing of only three measures: ‘Sus-
tainable agriculture’, ‘Extensive pasture farming’, and ‘Ex-
tensive meadow farming’. All other measures are not influ-
enced or are influenced to a very small extent by different 
restrictions of this constraint. Thus, the extension of the 
farming area under the agri-environmental programmes 
would bring about an increase of financial support for ‘Sus-
tainable agriculture’ and ‘Extensive pasture farming’, and a 
decrease for ‘Extensive meadow farming’. Thus, different 
restrictions of the farming area would effect budget alloca-
tions between the agri-environmental measures and lead to 
changes in the aggregated objective function. 

With regard to both analysed constraints, the highest 
possible environmental benefit can be achieved in the basis 
scenario. Therefore, the agri-environmental measures 
should be financed in the following sequence: ‘Soil and wa-
ter protection’, ‘Extensive meadow farming’, ‘Domestic 
farm animal species’, ‘Organic farming’, ‘Sustainable agri-
culture’, and ‘Buffer zones’. The measure ‘Extensive pas-
ture farming’ should not be financed. 

In modelling the agri-environmental measures and the 
maximal environmental benefit in Poland, the equal im-
portance of the three environmental objectives in the Na-
tional Agri-environmental Programme was assumed 
which undoubtedly has an impact on the objective func-
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tion, and thus on budget allocations. Different objective 
weights and their influence on the objective function and 
financing scenarios should be analysed in future studies 
including, interactive case studies with agricultural ex-
perts are necessary and recommended.  

The results of the study have a new and explorative 
character, as no studies analysing the problems of an objec-
tive-oriented budget allocation in the agri-environmental 
policy in Poland are known. Thus, the results can be used 
to support political decision-making processes in the Min-
istry for Agriculture and Development of Rural Areas, the 
Ministry for Environmental Affairs as well as in other na-
tional and regional offices facing the problem of an envi-
ronmentally oriented financing of political measures.  
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