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Abstract. The integration of Lithuania into the European Union requires serious preparation, determining possible changes
in agrarian sector and rural development and their consequences, ensuring the necessary information supply to finding and
substantiation of rational strategic solutions. The paper analyzes trends of systematic analysis of the agrarian sector of the
region, tools for the search of solutions, reveals the possibilities of modelling methods and information technologies appli-
cation in determining the sustainable development strategy. The suggested methodic of integrated modelling of agricultural
production processes in regional and farm level is introduced. The scheme of agrarian production system and some func-
tional dependencies are presented. The problems that are expected to be solved in future are formulated.
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1. Introduction

The prospective integration of Lithuania into the Eu-
ropean Union requires serious preparation, determin-
ing possible and desirable changes in agrarian sector
and rural development and their consequences, selec-
tion of effective means for the development regulation,
ensuring the necessary information supply to finding
and substantiation of rational strategic solutions. Re-
gional development should be based on optimal pro-
portion of social, natural, economical components and
should be focused on the improvement of living stand-
ard and its quality. Management of the processes of
changes in agrarian sector should be purposeful [1].

In West states the measures of regional economics
development are directed to the development of eco-
nomically weak territories [2]. In order to reduce so-
cial and economical differences among regions the
problems of less favorable for farming territories
should be solved. In the European Union the main
measures of rural regional policy is compensation of
the suffered losses to the farmers in less favorable

locations of municipal level, where conditions for
farming are worse than average in the country and they
determine insufficient level of income [3]. Aiming to
avoid migration of farmers from the unfavorable for
farming regions, to preserve the existing landscapes
and regional traditions of economical activity substan-
tial compensations from the EU structural funds are
paid to farmers in less favorable locations.

Representatives of regional administrative and local
self-government institutions, and those preparing re-
gional development programs should properly form
and implement the regional development strategy.
Sustainable regional development model should
present a comprehensive evaluation of economical
growth, environmental protection and social aspects.
Analysis of sustainable regional development should
embrace the research of natural resources exploitation
dynamics, to show future consequences of present
decisions, made the resource exploitation. Main
branch of rural economics — agriculture should be
analyzed from the standpoints of supply with food
products and raw materials, and ecological balance.
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Preservation of the environment that is healthy to live
in and permanent balance of ecosystem are of great
importance. Many European countries develop the
laws directed to the decrease of harmful influence on
environment and make farmers master new production
systems. Cities and villages of the region function as
harmonious whole. Regional rural development and
agricultural policy should be coordinated with eco-
nomical and social policy of the Lithuanian republic.

Rates and efficiency of regional agrarian sector devel-
opment are influenced by a great number of internal
and external factors of various natures. It is important
that those, who form the development strategy, under-
stood the development tendencies, the impact of
present decisions on the process of development in
future. Rural development and land use monitoring,
the required information provision to politicians and
planners can be used in helping them to understand
the development process and influence it [4, 5].

Search for the solutions of regional agrarian sector
optimal development requires systematic analysis,
which needs certain tools for its implementation. For-
eign experience shows the method of modelling to be
perspective for the analysis of agrarian sector devel-
opment, while the models of agrarian sector appear to
be a powerful tool for regional policy analysis [6, 7].
A number of concrete quantitative and qualitative in-
strumental measures for regional rural development
analysis has been proposed in different countries [8—
11]. Lithuanian experience in this field is not rich and,
therefore, lack of the measures that could be used in
formation of regional rural development is felt at
present in the country. Having supplied the regional
policy makers with proper information they can be
given the possibility to be at the helm of the influenc-
ing forces and development process.

This paper aims to identify the problems of systematic
analysis and modelling of agrarian sector development
in rural region, to evaluate the possibilities of model-
ling technologies application in selection of regional
development strategy, to discuss the influence of mod-
elling on the process of rural development decision
making and to suggest the models, necessary for that.

2. Systematic approach to regional agrarian
sector development analysis

Technical, natural and agrarian ecosystems constitute
the regional landscape. Technical systems — result of
human creativity. Natural ecosystems exist on the ba-
sis of internal balance and self-regulation. Agrarian
ecosystems are created due to human activity, which
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always has a purpose — to produce products, to pro-
tect nature, etc. Agrarian systems as well as natural
systems are fed by the sun, however, in order to en-
sure high productivity of these systems the removal
of nutrients together with production has to be com-
pensated and the system has to be supplemented with
big amounts of energy and materials. Optimal func-
tioning of regional agrarian ecosystem as a complex
biological — social — technical system can be ensured
only by systematic solution of the analyzed problems.
Methods of systematic analysis and modelling are in-
tensively applied not only in urban and industrial sec-
tors but also in the research of rural development [12].
Systematic approach requires complex and compre-
hensive investigation of the analyzed object. The
analyzed regional agrarian ecosystem should be
analyzed as the one consisting of the components that
interact among themselves and with external environ-
ment, all important internal and external relations of
the components have to be evaluated. As agrarian eco-
systems combine biological and physical components,
the social and agricultural production aspects have to
be analyzed in them. The analysis of agroecosystems
unites the efforts of economists, agronomists,
zootechnitians, ecology specialists, sociologists, engi-
neers and other specialists.

The theory of systems indicates that prior to the analy-
sis of regional system it has to be simplified, i.c. a
model is needed. Modelling of the analyzed system
enables to foresee the reaction of the system to the
governing impacts, hindrances and at the same time
reduce the uncertainties of the system behavior. The
modelling approach contributes to successful combi-
nation of the experience of competent specialists and
computer possibilities.

Macroscopic investigation of regional agrarian sector
can be limited to its description as the object input —
output relations with external environment. The in-
put — output relations are written by functional depend-
encies. Such approach does not evaluate inner struc-
ture of the system, and is limited to general develop-
ment strategy. On the contrary, microscopic method of
the system depiction is related to the evaluation of
single elements and their interrelations, distributions
of the elements in space and time is introduced. Every
element can be described by a number of characteris-
tics, its statical character and dynamism, activity and
passivity are evaluated. Hierarchical approach requires
to analyze regional system as the whole of subsystems.
Analysis of the dynamics of agrarian ecosystem in-
cludes evaluation of its activity, change of character-
istics, peculiarities and sequence of determining proc-
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esses and events. All the mentioned aspects supple-
ment each other and, therefore, usually are applied
together.

Management of regional agricultural production,
which evaluates economical, social and ecological
processes, becomes the management of agrarian eco-
systems. Cybernetic essence of the process of agricul-
tural production management and regulation lies in the
following: the managing subsystem measures the vari-
ables of the managed subsystem and, in respect to the
existing restrictions, selects the management impacts
in such a way that agricultural system functions effi-
ciently, although influenced by hindrances from the
environment. The managing impacts change states of
the system, i.e. move the system from one to other
point of states space. Factual, normative and prog-
nozed states of the system have to be evaluated. In the
case of significant divergence from the desirable state
observed, operative unplanned decisions have to be
made. As expenditure to energy and environmental
protection is constantly increasing serious efforts are
needed in the field of technologies improvement. In
this case experimentation often is not wanted and
impossible, therefore, modelling is the most reliable
way to deal with the problems faced.

At every moment of time regional agricultural system
and its surrounding environment can be described re-
ferring to particular information. State of agricultural
system, as well as that of any other system, at the
given moment is described by the variables of the
state. The variables can be grouped into external and
internal ones, managed and unmanaged ones. Com-
plexity of biological systems and great number of their
parameter variations make the adequate description of
real processes in regional agrarian sector more diffi-
cult. Underestimate of unique character, complexity,
indetermination, instability of agriculture causes dif-
ficulties in the systematic analysis of regional agricul-
tural development. Besides, regional policy makers
face a lot of often contradicting aims, e.g. supply with
ecological products, improvement of living standard,
decrease of pollution, their actions are limited by re-
sources, demand, permissible pollution standards, etc.

The process of preparation of decisions is the most
complex one in agricultural management system. This
process embraces analysis of the information about the
course of agricultural and food products production
and processing, formulation of the essence of the
problem, setting restrictions, aims and measures to
achieve them, creation of the model, calculations and,
if needed, making decision about taking appropriate
measures of influence. Decision making is facilitated

by agricultural decisions support systems and expert
systems.

Functioning of agricultural system has a number of
different aspects, every aspect has to be modelled
separately. In fact every agricultural model is aimed
at the implementation of particular aims and is made
for solution of certain problems.

Systematic analysis and modelling contribute to solv-
ing practical problems of natural and agricultural sys-
tems management on large scale — from region to field,
to analyzing complex physical, chemical and biologi-
cal processes and establishing causal relationships, to
forecasting the consequences of human activity, to
making reasonable decisions and economically and
ecologically efficient management of production in
agrarian sector.

3. Measures of regional agrarian sector
development systematic analysis

Various models are used in the analysis of agrarian
sector and agricultural development forecasting. Em-
piric statistical models — regression equations, made on
the basis of reported data from farms of the region are
often used. During statistical analysis at the beginning
general analysis of the investigated object is done and
then analysis of separate elements, their relations and
dependencies follows. Econometric models are used in
agricultural production prices forecasting [13], descrip-
tion of agricultural sector growth modelling, relations
of production, resources and their use [14].

Algorithm models, e.g. those of the operations analy-
sis, are applied in seeking for the best meaning of the
analyzed object aim function by the method of re-
peated calculations, in evaluation of technical, money
supply, time and other limitations. Model of math-
ematical programming is successfully used to improve
planning of agricultural systems development [15].
The model of recursive linear programming with sev-
eral agricultural products as outputs, evaluating limi-
tations of regional resources and forecasting plant-
growing and animal husbandry income can be used for
the analysis of the impact of agricultural sector devel-
opment policy, including prices and subsidies [6]. The
example of Turkey agricultural sector model [16] dem-
onstrates the suitability of mathematical programming
models, which can have insufficient statistical data, for
agricultural sector policy analysis.

The dynamic simulation model is used in experiments
with computer model of the analyzed system and in
solution of the problems that cannot be analyzed in
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detail using the methods of mathematical analysis. The
simulation models are less demanding for the amount
of initial data, needed for aggregation, than economet-
ric models, their solutions are stable enough. This
makes them attractive for the analysis of regional de-
velopment analysis. The simulation models are con-
venient as instruments in management of changes in
agriculture as they help to investigate a wide field of
agricultural policy change. Literature sources present
examples of modelling, which indicate biological-eco-
nomical simulation models to be good instrument for
the analysis of sustainability and determining the con-
sequences of natural resources exploitation [17]. Simu-
lation models of field cultivation and animal hus-
bandry technologies contribute to relatively conven-
ient determination of output reaction to the develop-
ment of events or subject, and, therefore, have become
an attractive instrument in agricultural production.
Simulation modelling is frequently applied in solving
the problems of selecting land use methods and inten-
sity prognosing, coordination of economical and en-
vironmental requirements, functioning of farms, agri-
cultural works organization, agricultural machinery
services provision, etc. [18, 19].

Technological and economical simulation models of
agriculture can be coordinated with the methods of
mathematical programming. Stochastic models are
used for the probability evaluation of the influence of
accidental changes of natural conditions. In the case
of the problems that cannot be solved by algorithms
the methods of artificial intellect, enabling to avoid the
analysis of every permissible variant of solutions and
to reduce the number of search variants, are applied.

The aim of cognitive models is to determine structure
of the analyzed regional system and its functional
dependencies that explain intersystem relations, form
behavior of the system. Models of prognosing evalu-
ate future values of the system variables and their
changes with regard to the foreseen events and solu-
tions. Project or management models are used to verify
the dependence of the systems functioning peculiari-
ties on the system parameters, initial values of the state
variables, external events and the decisions made. It
should be taken into consideration that single models
of low level, although having strong distinctive abil-
ity (e.g. photosynthesis, plant growth, farm manage-
ment, etc.), do not provide sufficient information that
is needed to make systematic decisions in regional
development strategy formation. Meanwhile, big and
detailed regional model is not convenient for making
separate operative decisions, therefore, hierarchy of
models is needed.
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Application of integrated modelling approach to the
study of regional agrarian sector development possi-
bilities and formation of development strategy where
different level models of biological, technical and so-
cial processes are united for the common purpose. The
scheme of such integrated modelling system is pre-
sented in Fig. 1.

The data accumulated in regional database shows eco-
nomical situation in the region and labor employment,
biological indices indicate characteristics of soils, in-
fluence of fertilizers on environment, pollution of en-
vironment, etc. Data about land users can be obtained
from farm reports. The main types of farm speciali-
zation can be distinguished, farms can be grouped by
the method of cluster analysis.

The modules evaluating climatic conditions, soil char-
acteristics, processes in soil including water balance,
changes of nitrogen and phosphorus contents, soil pH,
erosion are used for the simulation of biological proc-
esses in plant-growing, biomass prognosis. Agricul-
tural and food products production simulation model,
which is made of the main plant-growing and animal
husbandry blocks, selects land use scenarios, forms
material input flows, introduces alternative production
systems, based on the investigated technologies, evalu-
ates regional level development limitations. Results of
this model are used in determining plant growing and
animal husbandry production optimized linear pro-
gramming model coefficients and formation of agrar-
ian sector development strategy. Simulation model can
check the stability and sensitivity of the chosen vari-
ant of development to hindrances.

Having chosen the agrarian sector development strat-
egy farm level activity analysis can be done. Farm is
the main cell of agricultural production in the region.
Farm can be analyzed dynamic system, limited by
certain restrictions, which uses the chosen technolo-
gies to achieve the aim. The model of linear program-
ming, which according to the introduced data calcu-
lates what crops grown in what area and the number
and breeds of animals kept in the farm give optimal
income, is used to select farm specialization and to
project the optimal production structure [20]. The
simulation model is suitable to describe activity dy-
namics of a separate farm in the region. Frame model,
reflecting logic structure of the farm, is used. Such
model becomes functional only when completed with
real farm data. The model can be used in farm deci-
sion making, projecting of farm systems or resources
management, analysis of supply problems, research
and training. Strong changeability of agrarian ecosys-
tems and possible significant changes of influencing
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Fig. 1. Integrated modeling system for the analysis of regional agricultural sector at different hierarchical levels
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factors in space and time should be evaluated. Aggre-
gate field level simulation model provides the possi-
bility to analyze field activity scenarios, to verify ef-
ficiency of plant-growing technologies, to get answer
to the question “If — Then” [18]. Models are interre-
lated, calculation results of some models are initial
data for other models. Regional agricultural system is
introduced into state agricultural system.

4. Conceptual regional model of agricultural
production

In the course of agricultural production the products
of agriculture are obtained. Human, material and fi-
nancial resources as well as the applied technologies
and infrastructure are in the basis of agricultural ac-
tivity. Regional agricultural system actively interacts
with environment — the flows of materials, energy and
information circulate.

In the implementation of regional strategic aims the
factors, influencing the entire agriculture of the coun-
try, including the policy and results of single farms
activity, manifest themselves. Natural conditions, cli-
mate, soil — are the factors, to which regional agricul-
ture has to adapt to by making use of all the provided
advantages and by overcoming the dangers. The ex-
ternal environment that influences agriculture little
depends on the will and efforts of agricultural subjects

while it strongly influences their results. The influence
of environmental factors can be softened or even neu-
tralized by selecting appropriate measures of influence,
branches of agriculture, which are better suited to lo-
cal conditions.

Two main components can be distinguished in the
model of agricultural production, that is the managed
agroecosystem, presented in Fig. 2 and the system of
management, which consists of people, aims, data and
knowledge, monitoring possibilities and decision mak-
ing. Agroecosystem as a complex system has material,
energetical, information relations and connections with
outside. Agroecosystems as biological-physical pro-
duction systems with physical inputs and outputs in
detailed model can be used in air, soil, hydrology, crop
growth, feed requirement, animal, economics, output
module. The model evaluates the movement of vari-
ous animal breeds in different age groups, production
processes bind inputs and outputs.

The connection between the production system inputs
and outputs can be described by production functions.
The vector L of plants growth limiting factors depends
on the vector U of the managed factors (fertilization,
etc.) and on the initial value L, of the factor limiting
vector (soil characteristics):

L=F(UL). (H

SOLUTIONS MONITORING
External = _J\_/ll_ _________ —
defining, | | On-farm
limiting and j: AGROECOSYSTEM } > produced
reducing factors, | initial stock
constrains | Soil 1 ’
l I ., ................................ 'E
sersrntisssnannaaa ! ! $_._. Agricultural
: Pl . ' : products >
: Initial : ! Crop t i i
— stock R g ' : :
: | X I : Food processing :
1 . < i '* industry ———>
: | _.F Livestock r e . > products :
: | 1 : :
: N I PR I L 1 : :
: Means of P > Other (not :
: > production . : fooé) —
MARKET

Fig. 2. Schematic representation of regional agricultural production system
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The vector R of plant growth reducing factors (plant
diseases, number of pests) depends on the initial value
of this vector R, growth hindrances management
impact U_(e.g. pest and disease control), limiting fac-
tors vector L:

R=F.(U,,L,R,). ()

Physical environment of agroecosystem is influenced
by the vector D of its characteristic, growth defining
factors. Agricultural plant-growing system outputs Y,
are function of the inputs X, applied technologies T
and influencing factors (for the purpose of simplifi-
cation the stochastic parameter x is not shown):

Y, =F,(X,T,D,L,R). 3)

The managed impacts, limiting and determining fac-
tors, used technologies also form a useless plant-grow-
ing output Z, (pollutants, soil erosion, etc):

Z,=F,(U,U,,T,D,L). “)

Production functions of animal husbandry produce are
written in analogous way. For economical evaluations
the expressions (1)—(4) should be supplemented with
profit function. For this purpose the outputs and in-
puts have to be bound with prices and existing limi-
tations of corresponding resources (land, labor, equip-
ment and machinery):

P=c,*Y-c,*U—c,*Z. (5)

Here P — profit, ¢, — output prices, ¢, — prices of man-
aged inputs, ¢, — pollution losses or pollution tax if
applicable.

In the model of linear programming for the optimiza-
tion of regional agrarian sector economics the biologi-
cal, physical and economical knowledge is integrated.
In such a model the mathematical programming algo-
rithms help to determine input combinations, which
are the best suitable under certain conditions. The
decisions “if — then” are described by rules.

Having joined the models in the base of models con-
venient conditions can be created for the user to make
use of the system of models, and, according to the
need, to select the necessary model or group of mod-
els. Aggregated simulation results of the integrated
model system can be applied in land use analysis, re-
gional rural development policy formation. Several
types of systematic analysis of regional agrarian sec-
tor can be performed: analysis of solutions, based on

simulation of biological-physical processes; analysis
of economical solutions, based on production func-
tions; dynamic simulation of production processes;
simulation, based on the investigation of possible al-
ternative management impacts. The optimal develop-
ment can be selected in modelling possible input —
output combinations, and evaluating the valid limita-
tions by the method of linear programming. The meth-
ods of artificial intellect suggest heuristic methods of
purposeful search for solutions. Solution support sys-
tems, based on artificial intelligence technologies are
increasingly important.

Modelling of regional agrarian sector activity facili-
tates better understanding of the activity processes,
problems and participants. Integrated models system
helps to evaluate regional policy decisions, the de-
pendence of agricultural production efficiency and fi-
nal results on the decisions made, resistance to inter-
nal and external hindrances. The simulation model,
which enables to check the alternative activity strate-
gies, is convenient in the work of regional advisory
service as a measure for decision making. Agrarian
sector activity model is structural description of
knowledge, preconditions, data, which is necessary in
creation of agrarian sector information system.

5. Conclusions

The performed investigation of Lithuanian regional
agrarian sector development strategies formation
shows that regional development modelling technolo-
gies that are widely developed in foreign countries are
insufficiently evaluated and applied in Lithuania. At
present the quantitative and qualitative instrumental
measures, which could be used by those who form
regional rural development strategy in their work, are
in need.

The method of integrated modelling is suggested to
be used in the investigation of regional agrarian sec-
tor development possibilities. The presented methodic
of integrated modelling of region and farm level proc-
esses provides creation of regional agrarian sector
model, simulation of biological and production proc-
esses, optimization of the created development plan by
the method of linear programming. The integrated
models system helps to evaluate the regional policy
solutions, the dependence of agricultural production
efficiency and final results on the decisions made,
resistance to internal and external hindrances.
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