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Abstract—The article proves the necessity of using the me-

thods of scenario modeling of the development of agricultural 

production in the design of an effective development strategy of 

rural territory in the region. It is shown that it is necessary to use 

a scenario approach that allows to substantiate alternative scena-

rios for the development of rural territories for the future when 

making models for the development of agricultural production. It 

is proved that the rational establishment of the optimal produc-

tion structure of the crop and livestock sectors of agricultural 

organizations can significantly improve the economic efficiency of 

agricultural production. The algorithm for optimization of the 

industrial branch structure in the system «agricultural organiza-

tion - rural territory» is proposed, in which separate agricultural 

organizations are treated as independent market entities. The 

main results of optimization of the production structure of agri-

cultural organizations on the example of rural territories of the 

Non-chernozem zone of the Republic of Bashkortostan are pre-

sented. It is shown that increasing of the efficiency of agricultural 

production is a key factor expressing the positive development of 

the social sphere and the infrastructure of rural areas. The fore-

cast  scenarios for the growth of production and consumption of 

agricultural food products are proposed, which allow to form 

various options for rational provision of food for the rural popula-

tion. The development scenarios are based on model solutions, as 

well as forecasting of the possible volumes of production and sales 

of the main types of agricultural products by farms of all catego-

ries. 

Keywords—scenario modeling, optimization, agrarian produc-

tion, development scenarios, rural territories. 

I. INTRODUCTION 

In the present conditions of the development of the rural 
economy in the Russian Federation, one of the ways of stability 
and competitiveness of agrarian production, increasing its effi-
ciency is to determine the optimal parameters for the function-
ing of crop and livestock sectors [1, 2, 3]. Perfection of the 
industrial branch structure of agricultural organizations is ef-
fective when applying methods of scenario modeling [4, 5, 6]. 

Foreign and domestic experience of scientific research 
shows that the use of scenario modeling methods at industrial 
development of various subjects in the agrarian economy helps 
to significantly increase the economic efficiency level of pro-
duction and significantly increase the amount of profit from the 

sale of commodity products obtained by rural producers in all 
forms of ownership [7, 8, 9]. The application of the scenario 
approach makes it possible to substantiate, based on a combi-
nation of promising methods at economic research, alternative 
options for developing the rural economy for the future and, on 
this basis, to develop practical proposals for increasing the food 
production volume. 

Modeling the optimal distribution of productive resources 
at the level of individual agro-organizations and rural areas 
becomes popular and is directly related to the formation of 
scenarios for the production development, taking into account 
uncertainties [10, 11, and 12]. As for agriculture, as Academi-
cian L.V. Kantorovich pointed out, agricultural production is 
one of the most effective spheres of application of linear pro-
gramming methods [13]. 

II. RESULTS AND DISCUSSION 

We have developed an algorithm for optimizing the indus-
trial branch structure of the system "agricultural organizations - 
rural areas", in which each agro-organization is regarded as an 
independent market entity. This algorithm includes the follow-
ing sequence: 

1. The formulation of the optimization task and the selec-
tion of the criterion of optimization - the maximum profit from 
the sale of agro-food products. 

2. The determination of a possible list of basic, auxiliary 
and additional limitations and variables   that are used in the 
models. 

3. The collecting model information and calculating the 
technical and economic coefficients that cause a record of the 
set economic and mathematical problem. In addition, at this 
stage, it is possible to solve correlation-regression problems for 
calculating the probabilistic indices of the values of animal 
productivity and crop yields. 

4. The compilation and solution of model numerical matric-
es based on the use of computers. 

5. The implementation of economic and mathematical anal-
ysis and adjustment of model results based on the application 
of dual assessments. 
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6. Using a scenario approach and building alternative sce-
narios for the development of agricultural production for agro-
organizations within rural areas. 

The formation and practical development of economic and 
mathematical models can be accompanied by various difficul-
ties, primarily, the computational and technical order [14, 15]. 
As Academician D.S. Lvov pointed out, the present state of the 
model tool makes it difficult to choose the most effective mod-
el and is unsatisfactory; the expansion of the modeling arsenal 
only leads to an increase in the variability of the economic and 
mathematical models [16]. At the same time, the application of 
the cluster analysis methods based on the allocation of typical 
agricultural organizations helps to reduce the number of opti-
mized models. Thus, in economically developed countries, the 
cluster analysis methods are widely used by researchers in 
determining typical farms and for strategic planning of socio-
economic development in rural areas [17, 18, 19]. 

The modeling of the industrial branch structure in agro-
organizations was carried out for rural areas in the non-humus 
zone of the Republic of Bashkortostan, which includes 22 rural 
municipalities [20]. The study of the current state, the actual 
nature of the location of agricultural production branches, and 
the prospects for the development of the agrarian sector neces-
sitated the compilation of economic and mathematical models 
for the agro-organizations at this zone. 

The optimization task was realized for three model variants: 
moderate, compromise and optimistic development. These 
options provide different variations in crop yields and animal 
productivity, probable fluctuations in cost parameters, possible 
changes in external and internal conditions for the development 
of agricultural production. According to the results of optimiza-
tion calculations, significant changes are planned in the struc-
ture of the sown areas of agro-organizations (Table 1). 

TABLE I.  THE USE OF ARABLE LAND IN AGRO-ORGANIZATIONS IN 

THE NON-HUMUS ZONE  OF THE REPUBLIC OF BASHKORTOSTAN, 
THOUSAND HECTARES 

Agricultural lands and 

cultures 

Actual-

ly 

in 2016 

Optimal options * 

1 2 3 

Total crops 422.9 422.2 422.2 422.2 

Cereals and legumes 241.2 258.1 264.3 277.7 

- including winter cereals 60.0 57.4 54.3 51.2 

- spring cereals 167.5 184.7 192.4 208.1 

- leguminous plants 13.7 16.0 17.6 18.4 

Sunflower for grain 1.0 1.3 1.5 1.5 

Corn for grain 0.3 0.3 0.4 0.4 

Colza 3.7 4.0 4.2 4.3 

Open ground vegetables 0.1 0.1 0.1 0.1 

Fodder crops, total 176.6 158.4 151.7 138.2 

Sunflower for silage 4.6 5.6 6.1 6.4 

Corn for silage 8.4 7.0 6.5 5.0 

Annual herbs 44.4 39.8 35.7 30.0 

Perennial herbs 119.2 106.0 103.4 96.8 

Pairs and deposits 54.0 54.7 54.7 54.7 

Arable land 476.9 476.9 476.9 476.9 

* Optimal options: 1 - moderate, 2 - compromise, 3 – optimistic. 

According the optimal solutions, in comparison with the ac-
tually achieved level of 2016, the agro-organizations of the 
zone envisage an expansion of the acreage of grain and legu-
minous crops, sunflower seeds for cereals and rapeseeds. At the 
same time, the rational use of produced feeds according to the 
optimal options is possible with a balanced structure of the feed 
balance for each type of farm animals in the agro-organizations 
under consideration. 

The strengthening of the fodder base and improving the 
structure of the sown area of crops determine, in optimal va-
riants, the increase in the number of farm animals in agro -
organizations in the non-humus zone in comparison with the 
actual state (Table 2). 

TABLE II.  NUMBER OF ANIMALS IN AGRO ORGANIZATIONS OF THE 

NON-HUMUS ZONE IN THE REPUBLIC OF BASHKORTOSTAN, THOUSAND 

HEADS 

Indicators 
Actually 

in 2016 

Optimal options 

1 2 3 

Number of cattle, total 96.8 104.3 113.3 118.3 

- including cows 36,6 39.9 43.5 46.1 

Number of pigs 38.8 41.1 43.4 45.4 

Number of sheep 1.4 1.5 1.5 1.7 

Number of horses 7.7 8.3 8.6 9.0 

It is necessary for 100 ha 

of agricultural 

lands, heads: 

- cattle, total 15.4 16.6 18.1 18.9 

- including cows 5.8 6.4 7.0 7.4 

There are pigs per 100 

hectares of arable land, 

heads 

8.1 8.6 9.1 9.5 

 
The increase in the yield of agricultural crops in model va-

riants, the optimization of the structure of sown areas create the 
background for increasing the volumes of production and sale 
of grain. Also, according to optimal solutions, the sales vo-
lumes of sunflower, rapeseed and potatoes increase. These 
structural changes cause the formulation of nutritionally ba-
lanced feed rations and, on this basis, an increase in the volume 
of sales of livestock products (Table 3). 

TABLE III.  VOLUMES OF PRODUCTION SALES IN AGRO-
ORGANIZATIONS OF THE NON-HUMUS ZONE IN THE REPUBLIC OF 

BASHKORTOSTAN, THOUSAND TONS 

Production 
Actually 

in 2016 

Optimal options 

1 2 3 

Corn 116.3 150.0 244.2 325.6 

Sunflower 0.7 0.9 1.1 1.1 

Colza 1.1 1.2 1.4 1.5 

Potatoes 1.9 2.4 2.8 3.1 

Meat 19.3 21.2 24.1 27.2 

Milk 112.3 131.4 152.8 167.4 

Wool, tons 5.6 6.5 7.3 9.4 
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In most agro organizations of the non-humus zone, there 
will be a substantial deepening of the specialization of farms 
and an increase in the concentration of the leading branches of 
crop production and livestock. Simultaneously, the results of 
the modeling express not only the quantitative growth of sales 
volumes in the optimal variants in comparison with the actually 
achieved level, but also the qualitative improvement of the 
indicators of the economic efficiency of farms. Thus, the profit 
from sales of products will increase depending on the choice of 
the optimal option from 415 million rubles in 2016 to 486-702 
million rubles or by 17-69%. 

Based on the solution of the optimization problem, we de-
veloped scenarios for the development of consumption and 
production of agro-food products in the rural areas of the non-
humus zone in the Republic of Bashkortostan for the short term 
(until 2020), which allow the formation of different models for 
providing the population with food (Table 4). 

TABLE IV.  CONSUMPTION AND PRODUCTION OF FOOD PRODUCTS IN 

RURAL AREAS OF THE NON-HUMUS ZONE IN THE REPUBLIC OF 

BASHKORTOSTAN UNTIL 2020, THOUSAND TONS 

Food 

Consumption Production 

Actually 

in 2016 

Minimum  

of the 

subsis-

tence 

level 

Development scenarios 

1 2 3 

Bread 61.1 51.7 427.0 488.6 541.8 

Potatoes 57.5 45.9 362.9 363.3 363.6 

Meat 39.5 26.8 60.8 62.6 64.4 

Milk 160.6 155.4 534.5 555.9 570.5 

Sunflower 

oil 
7.7 4.4 

0.9 1.0 1.0 

 
Scenario options are based on optimization solutions, as 

well as forecasting the probable volumes of the main types of 
food products produced by agricultural organizations, peasant 
(farmer) farms and personal subsidiary farms of the population. 

III. CONCLUSION 

The application of the scenario approach in modeling the 
production structure of agro-organizations indicates the poten-
tial conditions for a significant increase for profit obtained 
from the sale of marketable products. The growth of the eco-
nomic efficiency of agricultural production based on the 
formed optimal solutions determines the receipt of a specific 
social effect that will directly manifest itself in the growth of 
the quality of life of rural commodity producers and the entire 
rural population. 

Presented in this article, methodological approaches to sce-
nario modeling of agricultural production of rural areas at the 
zonal level can be used to compile strategic programs for the 

development of rural areas in the Republic of Bashkortostan 
and other regions in the Russian Federation. 
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