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Abstract

The development of agricultural production in Russia has been

under the influence of various aggravated socio-economic situations
caused by both internal risks and external threats. The technical and
technological level of development of many branches of domestic
agriculture, including the sub-industry of swine farming, is formed and
functions under the conditions of continued sanctions from various
countries of the world, changes in the ratio of exchange rate parities in
foreign currency to the ruble, with simultaneous governmental support o
agriculture. Based on the modeling the trends, this paper have made
forecast scenarios for the pork production and consumption. Also, a
comparative assessment of the cost of concentrated feed for pork
production and the alternative of its sale, including export, was carried
out.
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Management, Agricultural and Food Economics.
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1 Introduction

Swine and poultry farming are the most promising livestock industries in terms of the early

development of export potential and an increase in provision of the Russian population with

domestically produced products; they are characterized with rapid capital turnover, which ensures

high profitability and return on investment.

The development of the pork market depends on many factors that are formed under the

influence of the state of domestic swine farming, functioning market and government mechanisms
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of influence, as well as tendencies in the development of the world pork market and related
opportunities for searching potential and developing existing channels for exporting products. At
the same time, an increase in production at the domestic market can be dangerous for domestic
agricultural producers, since there is high probability of domestic overproduction, which can result
in market oversaturation and a fall in economic efficiency indicators for raising pigs, especially
with a narrow range of export destinations capable of accepting the necessary volumes of products
supplies.

2 Problem Formulation

The main aspects of functioning and development of the agri-food market, state regulation
of food markets and trade of agricultural products, raw materials and food are studied by many
Russian and foreign scientists and practitioners. The most significant contribution to the study of
the issues of the functioning of the swine products market [15,16,17], methods of its regulation, as
well as the formation of food security in modern economic conditions were introduced by a number
of Russian economists [18,19,20].

The statistical base of the study includes the materials from the Food and Agriculture
Organization of the United Nations (FAO), the Federal State Statistics Service (Russian Federation),
and the National Union of Pig Breeders of Russia. The study involves generally accepted economic
methods: economic-and-statistical, in particular the calculation of trend equations, abstract-and-

logical, analytical, a graphical analysis method.

3 Analysis Results

According to the experts from the National Union of Pig Breeders, Russia will see an annual
increase in production volumes in physical terms [21, 22]. First of all, this will happen due to the
growing demand stimulated by the stabilization of prices for pork market products and a relatively
low cost in comparison with poultry meat [23, 24].

The increase in production indicators will be achieved mainly due to an increase in the share
in the structure of the largest pork producers in Russia, which will have to compensate the decrease
in supply volumes due to the closure and bankruptcy of other complexes that could not meet
competition in the market. Domestic production volumes will also grow due to the necessary
compensation for the decrease in imports, as well as to covering the reduction in production
volumes at households and private farms and a simultaneous increase in production for export
deliveries.

Today, the progressive development of the meat and meat products market is difficult to
ensure without the development of long-term forecasts of key industry indicators. The forecasts
used in modern program-targeted methods of state regulation of the swine industry can be divided
into two categories: forecasts of production volumes and indicators of its consumption. When
predicting quantitative indicators of meat and meat products production, it is reasonable to use

mathematical modeling of economic processes.
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Table 1: Forecasting the development of the pork market (according to the annual increase in production
volumes), thousand tons (based on info from [26]).

Indicators Period

2021 | 2022 | 2023 | 2024

Increase in pork production in live weight 320 360 380 340

Increase in pork production in carcass weight 240 270 285 255
é Meeting growing demand in live weight 91 103 109 97
2o in carcass weight 69 77 81 73
; S Compensation for decrease in supply volumes due to in live weight 61 69 72 65

2 2 | the closure and bankruptcy of other complexes that

é % could not meet competition in the market in carcass weight 46 51 54 49
g— _% Compensation for decrease in imports in live weight 15 17 18 16
x i in carcass weight 11 13 14 12
é‘% Covering the reduction in production volumes at in live weight 46 51 54 49
é L households and private farms in carcass weight 34 39 41 36
§ S Increase in production for export deliveries in live weight 107 120 127 113
£ in carcass weight 80 90 95 85

Table 1, the forecast of the indicators dynamics of socio-economic efficiency of functioning
is a complex multi-level hierarchical system and is a basis for the development of comprehensive
target programs to increase production and sale of competitive types of products, the
implementation of anti-crisis measures in the agro-industrial complex.

Figure 1 presents the production of pigs for slaughtering in live weight per capita per year (a
time horizon was 15 periods; a prediction period was 5 years).

After calculations, the following mathematical models were gained:

linear:y = 1.4086x + 14.298,;

logarithmic: y = 5.8141In(x) + 7.6721;

power:y = 14.089x0.3047;

exponential: y = 15.887e0.0558x;

polynomial: y = 0.0393x2 + 0.7797x + 16.08;
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Figure 1: Actual and predicted values of pork production in live weight per capita per year, kg.
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The accuracy of the calculated models was checked with the coefficient of determination. As
a result of calculating the linear, exponential and polynomial models, forecasts of a significant
increase in the pork production per capita were gained until 2024, the coefficient of determination
for these models indicates a very high accuracy of selection of the trend equation.

Using a similar methodology, a forecast of the gross production of pork in Russia was gained.
After calculations, the following mathematical models were obtained:

linear: y = 213.65x + 1999.9;

logarithmic: y =1115.9In(x) + 1633.6;

power:y = 1988.3x0.3181;

exponential: y = 2250.9e0.0585x;

polynomial: y = 6.0585x2 + 116.72x + 2274.5;
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6500.0 S 82729
6085.0 6059.3
6000.0 5739.3 5845.6 392.6
5632.0 6103.4
5478.0 54183
: 5821.8
5500.0 RS
5032.0 5547.5 4986.4 50729 :
5000.0 4797.0 -
4550.0 :
4500.0 - 4329.0 4705 > 4859.0 4919.3 4976.5
’ — 47275 “f99<
4000.0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
——Linear Logarithmic ——Power Exponential ——Polynomial 2nd degree

Linear (R2= 0.98), Logarithmic (R2= 0.82), Power (R2= 0.90), Exponential (R2= 0.99), Polynomial 2" degree (R2= 0.98)
Figure 2: Actual and forecast values of pork production in Russia, thousand tons.

After calculating the trend models and extrapolation, there were forecasts indicating a stable
growth in the production of swine farming, Table 2. The probability of these forecasts, according to

the coefficients of determination, averages 95%.

Table 2: Forecast of pork production by federal districts of Russia

Federal districts Period (thousand Ton) Average annual growth 2025 compared to
2021 | 2022 | 2023 | 2024 rate (%) 2020 (%)

Central federal district 3099.1 3278.7 3458.3 3637.9 39.4 130.4
Northwestern federal district 598.2 663.0 731.4 803.6 40.8 166.1
Southern federal district 421.5 485.1 558.7 642.4 42.0 210.0
Volga federal district 974.3 1038.3 1108.9 1186.2 39.6 133.6
Ural federal district 379.3 395.0 410.6 426.2 39.2 125.7
Siberian federal district 428.3 402.6 374.1 342.6 36.2 72.6
Far Eastern federal district 109.3 118.2 127.7 138.1 40.1 147.9
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When carrying out the study, a forecast for the pork production by the federal districts of
Russia was developed. The time horizon was 12 years, and the prediction period was 4 years. It is
important to emphasize here that an increase in production volumes is forecasted almost in all
federal districts, with the exception of the Siberian one.

The highest growth rates are planned for the Southern and Northwestern Districts. It is
noteworthy that when predicting the pork production in the North Caucasus Federal District, there
was not a single statistically significant trend model, the coefficient of determination did not
exceed 0.57. In our opinion, this is a consequence of the fact that the research development in the
sub-industry in this region was carried out unevenly and under the influence of a number of
specific factors, in particular, religious and sociocultural.

When developing socio-economic forecasts, it is important to study not only the factors
affecting the dynamics of agricultural production, but also particular changes in the market
situation, which is primarily affected by the level of income of the population. Thus, it is advisable
to assess the changes in the purchasing power of the wages of the population in the context of basic
food products.

In 2016-2019 in the context of the outstripping growth of average per capita money income
in relation to the growth of consumer prices, an increase in the purchasing power of the population

was observed for almost all basic food products (Table 3).

Table 3: Purchasing power of monetary incomes of the Russian population per month, kg (Rosstat [25]).

Products Period 2020 in % to
2016 | 2017 | 2018 | 2019 | 2020 2016
Beef (except boneless meat) 98.8 100.4 102.4 104.0 100.0 101.2
Pork (except boneless meat) 118.4 123.3 127.1 130.0 134.0 113.2
Mutton (except boneless meat) 89.3 93.2 91.2 86.1 83.5 93.5
Chicken refrigerated and frozen 232.9 243.0 249.1 241.2 250.1 107.4
Fish frozen (except salmon and fish fillets) 182.8 186.3 187.5 181.9 176.2 96.4
Eggs, pcs 5261 5852 5912 5797 5630 107.0
Milk, litre 541.1 516.9 530.9 536.5 518.9 95.9

In particular, there is a steady tendency in the availability of poultry and pork products. This
is due to lower rates of price growth due to the constant increase in production volumes per capita.
However, the consequences of the negative impact of the pandemic on the Russian economy and
agriculture, in particular, resulted in a significant increase in inflation on food products and,

accordingly, a decrease in the purchasing power of the population's income (Table 4).

Table 4: Dynamics of indicators of the functioning of the retail pork market.(based on Rosstat data [25])

Indicators Period 2020 in % to

2016 | 2017 | 2018 | 2019 | 2020 2016
Household consumer spending. thousand rubles per year 193.0 | 201.2 | 209.9 | 229.9 | 221.1 114.6
The share of meat in the structure of consumer spending of households. %| 9.2 8.8 8.6 8.3 8.7 94.6
s;\?e;zgf household expenses on meat & meat products. thousand rubles 177 177 18.0 19.1 19.2 108.7
Household expenses for pork consumption. thousand rubles per year 5.84 5.85 5.95 6.29 6.35 108.7
Average consumer price of 1 kg of pork (except boneless meat). rubles 264.32| 255.87 | 275.26| 264.55| 269.14 101.8
Pork consumption per capita per year. kg 2211 | 22.85| 2161 | 23.77 | 23.59 106.7

http://TuEngr.com Page | 5




An important issue in the study of swine farming and forecasting the trend of its
development is the use of a marketing approach. An increase in pork production should be
accompanied with an increase in domestic consumption, and when reaching full self-sufficiency
with this product, there should be the export potential. Pork production over the consumption level
at the domestic market inevitably results in price adjustments and a decrease in the economic
efficiency of the industry. And calculations of pork consumption were carried out based on
household consumption expenses, calculated according to Rosstat data.

The study showed that the annual per capita pork consumption has increased by almost 20%
over the past five years, which is primarily a consequence of the increase in consumption spending
in general. It is also important to emphasize that during the research period, the average consumer
price of 1 kg of pork has decreased by 2.6%, which is extremely rare for food products. In our
opinion, this is also a consequence of the market saturation with domestically produced products.

In order to assess the prospects for the development of the pork market in Russia, a forecast
of the actual pork consumption per capita was developed (the time horizon was 15 periods, the
prediction period was 5 years). It is important to emphasize here that when calculating the
forecasted indicator, the dynamics of consumer spending, changes in the structure of household
consumption, as well as pricing tendencies at the meat market were considered.

After calculations, the following mathematical models were obtained:

linear: y=0.7066x + 13.542;

logarithmic: y = 3.9136In(x) + 11.916;

power:y = 12.68x0.2152;

exponential: y = 13.972e0.0379x;

polynomial: y = -0.0165x2 + 0.9699x + 12.796;

Thus, the calculations showed that the most probable forecast was calculated using a
polynomial trend model of the 2nd degree, which indicates an increase in the average per capita
pork consumption per year up to 25.6 kg by 2025. The determination coefficient of the calculated
model is 0.93. It is important to emphasize here that almost all developed models have a high
degree of statistical reliability, that also demonstrates a tendency of the studied indicator to
increase.

On this information basis, there is a conclusion that the volume of pork consumption in
Russia will steadily grow at a fairly high rate.

It is reasonable to assess the tendencies at the market of swine products within achieving
the level of full self-sufficiency, as well as further increasing production volumes according to the
effectiveness of additional costs for feed resources. Thus, the author carried out a comparative
assessment of the cost of concentrated feed for the pork production and alternatives of their sale,
including for export. In these calculations, the applied software product "Comparative efficiency of
grain export and its implementation in the production of organic meat v1.0" was used; it was

developed in the department of marketing and development of food markets at the Federal State
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Budgetary Scientific Institution "Federal Research Center for Agrarian Economy and Social

Development of Rural Areas — All-Russian Research Institute for Agricultural Economics".
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Figure 3: Actual and forecasted values of pork consumption per capita per year, kg.

When solving the problem, the production-and-economic indicators were determined, which
dynamically change in accordance with a given period of time in a calculation algorithm:
o calculation period;
a volume of grain used as fodder resources;

a selling price of 1 ton of grain at the domestic market and for export;

o]

o]

O acost price of 1 ton of grain;

O transportation costs per 1 ton of grain;

o feed units of concentrated feed for production of 1 ton of pork in carcass weight;
0

a selling price of 1 ton of meat;

The used program "Comparative efficiency of grain export and its implementation in the
production of organic meat v1.0" also allows making a dynamic series of indicators of the economic
effect with various initial data after predictive modeling of the grain and meat markets to predict
the optimal decisions on product sales.

The results of calculating the efficiency of swine feeding at different levels of feeding
intensity according to the data for 2020 are shown in Table 5.

The results allow making the following conclusion: considering the actual costs on
production, transportation and export operations with grain, the cost of producing a meat unit,
export-import prices, as well as the prevailing conversion of concentrated feed, it is more profitable
to use grain for meat production than for export.

The situation changes with an increase in the consumption of concentrated feed for

production of a meat unit and an increase in its production cost.
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Concentrated feed is one of the most important components in feeding for livestock
breeding, especially in such a sub-industry as swine farming. Therefore, the production cost of

livestock products directly correlates with the market price of grain.

Table 5: Calculation of the comparative efficiency of grain exports and its use for pork production.

Sale direction
Indicators Domestic
Export
market
Selling the market grain

Grain sales volume, thousand tons 1000 1000

Selling price, thousand rubles / tons 10224 15397
Full cost price of 1 ton of grain, rubles 7098.2 | 8162.93

Gross profit, thousand rubles 3125.8 7234.0

Efficiency of using grain in meat production
Meat production as a result of the use of grain for feeding. t in carcass weight

at a consumption of 6.5 t to 1t of meat in carcass weight 153.8 153.8

at a consumption of 4.1 t to 1t of meat in carcass weight 243.9 243.9

at a consumption of 3.0 t to 1t of meat in carcass weight 333.3 333.3

Production costs at a consumption of 6.5 t per 1 t of carcass weight of meat, thousand rubles 112.87 129.80

Production costs at a consumption of 4.1 t per 1 t of carcass weight of meat, thousand rubles 71.20 81.88

Production costs at a consumption of 3.0 t per 1 t of carcass weight of meat, thousand rubles 52.09 59.91

Selling price for 1 t of carcass weight of meat, thousand rubles 90.6 174.0

Gross profit at a consumption of 6.5 t per 1 t of carcass weight of meat -3426 6797

Gross profit at a consumption of 4.1 t per 1 t of carcass weight of meat 4733 22466

Gross profit at a consumption of 3.0 t per 1 t of carcass weight of meat 12835 38026

Loss (profit) from the sale of grain for feed (thousand rubles)

at a consumption of 6.5 t to 1t of carcass weight of meat -6552.3 -436.6
at a consumption of 4.1 t to 1t of carcass weight of meat 1606.8 | 15231.9
at a consumption of 3.0 t to 1t of carcass weight of meat 9709.2 | 30791.6

4 Conclusion
Thus, the study has made it possible for the author to determine the main directions of

development of the subindustry and formulate forecasted trajectories of development of the pork
production market. When using various forecasting methods, as well as sources of information, the
calculations indicate relatively similar tendencies in development of the Russian pork market. So,
according to the experts from the National Union of Pig Breeders of Russia, production growth will
be about 5% per year, considering the fact that large agricultural holdings will compensate the
reduction of livestock at farms, which in the future will not meet competition at the market due to
the constant outstripping growth in costs over the selling price.

Using trend models as a tool for forecasting economic processes, the results allow asserting
that the pork production in physical terms will steadily grow both across the country as a whole and
in the federal districts. It is important to clarify here that the production and consumption of pork
is significantly influenced by the cultural and religious aspects of the population that live at a
certain area. In particular, in the North Caucasus republics, the pork production according to trend
models is not predicted, as it is impossible to choose an adequate trend model for the previous

direction of the industry development. At the same time, swine farming is also actively developing
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in this region, as in Russia as a whole. This sub-industry does not supply products to local markets,
but it makes a large number of jobs.

When developing trend forecasts, several variants of mathematical models were used to
determine the optimal directions for development of a sub-industry, in particular, a linear, power,
logarithmic, exponential and polynomial model of the second degree. When forecasting the pork
production by the central for the Federal districts, the most deterministic models were polynomial.

Using a similar methodology, the dynamics of the indicator of actual pork consumption per
capita was calculated by the authors. This criterion is determined on the basis of the level of
household consumption expenses, a share of meat in the structure of expenses, a share of pork in
the structure of consumed meat, as well as average consumer prices at the retail market. For the
calculation accuracy, Rosstat was chosen as the information basis as a source of statistical
information. The study showed that despite a fairly high level of saturation of the domestic pork
market, its per capita consumption will grow at a significant rate and will increase by 8% in 5 years.

To determine the efficiency of the use of production resources in swine farming in Russia, a
method of comparative assessment of grain exports and the alternative of its selling for pork
production was used. With the given prices and costs on grain and pork (conditions of 2020), the
use of grain for meat production with the actual conversion of concentrated feed within the country
is relatively more profitable compared to its export. At the same time, it is important to emphasize
that the revealed tendency is valid only in the case of a high degree of production intensity, which
is typical for large enterprises and, to a lesser extent, applies to farmers and households.

5 Availability of Data and Material

All information is included in this study.
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