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Abstract

The study was based on the development of pro-
duction functions, which characterize the activities
of agricultural enterprises in the regions of Russia.
Official statistical information on 65 regions of Russia
for the 2017-2018 period was used. The conducted
research made it possible to identify factors (invest-
ments in fixed assets, wages of employees, and ratio
of crop production to livestock production), which
affect the volume of production in the agricultural
sector in the regions of Russia and suggest using
three-factor production functions of high quality to
describe this influence. It is proven that the economy
of the country’s regions has not reached saturation
with agricultural products and there are significant

reserves for further development of this sector. The
developed production functions are effective mana-
gement tools, which allow assessing the level of use
of financial and labor resources. The acquired new
knowledge and tools for assessing the activities of
agriculture in the Russian regions are of scientific and
practical importance. They can be used in research
of the agricultural sector of the economy, monitoring
of production volumes, in determining the needs for
resources required for the development of agricultu-
re, by substantiating plans and programs for its de-

velopment.

Keywords: Production Function, Agriculture, In-
vestments in Fixed Assets, Wages, and Regions of
Russia
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Resumen Resumo

El estudio se basd en el desarrollo de las
funciones de producciéon, que caracterizan
las actividades de las empresas agricolas en
las regiones de Rusia. Se utilizé informacion
estadistica oficial sobre 65 regiones para el
periodo 2017-2018. La investigacion realizada
permitid identificar los factores (inversiones
en activos fijos, salarios de los empleados y
relacion entre la produccion de cultivos vy la
produccion ganadera), que afectan al volu-
men de produccion en el sector agricola en
las regiones de Rusia y sugieren utilizar fun-
ciones de produccion de tres factores de alta
calidad para describir esta influencia. Esta
demostrado que la economia de las regiones
del pais no ha alcanzado la saturacién de pro-
ductos agricolas y que existen importantes
reservas para un mayor desarrollo de este
sector. Las funciones de produccién desarro-
lladas son herramientas de gestion eficaces,
que permiten evaluar el nivel de utilizacion de
los recursos financieros y laborales. Los nue-
VoS conocimientos y herramientas adquiridos
para evaluar las actividades de la agricultu-
ra en las regiones rusas son de importancia
cientifica y practica. Pueden utilizarse en la
investigacion del sector agricola de la econo-
mia, en el seguimiento de los volimenes de
produccion, en la determinaciéon de las nece-
sidades de recursos necesarios para el desa-
rrollo de la agricultura, en la fundamentacion
de planes y programas para su desarrollo.

Palabras clave:
duccion, agricultura,
tivos fijos, salarios y regiones de Rusia.

Funcion de pro-

inversiones en ac-

O estudo foi baseado no desenvolvimen-
to das funcdes de producdo, que caracte-
rizam as atividades das empresas agricolas
nas regides da Russia. Foram utilizadas infor-
macdes estatisticas oficiais sobre 65 regides
da RUssia para o periodo 2017-2018. A pes-
quisa realizada permitiu identificar fatores
(investimentos em ativos fixos, saldrios dos
funcionarios e relacdo entre producdo agri-
cola e producdo animal) que afetam o volu-
me de produc¢do no setor agricola nas regi-
6es da Russia e sugerem o uso de funcdes de
producao com trés fatores de alta qualidade
para descrever essa influéncia. Esta prova-
do que a economia das regides do pais nao
atingiu a saturacdo com produtos agricolas
e que existem reservas significativas para o
desenvolvimento deste setor. As funcdes de
producao desenvolvidas sao ferramentas de
gestdo eficazes, que permitem avaliar o ni-
vel de utilizacao dos recursos financeiros e
de mdo-de-obra. Os novos conhecimentos e
ferramentas adquiridos para avaliar as ativi-
dades da agricultura nas regides russas sao
de importancia cientifica e préatica. Eles po-
dem ser utilizados na pesquisa do setor agri-
cola da economia, no monitoramento dos
volumes de producdo, na determinacao das
necessidades de recursos necessarios para
o desenvolvimento da agricultura, através da
fundamentacao de planos e programas para
seu desenvolvimento.

Palavras-chave:
tiva, Agricultura,
vos fixos, Salarios, e Regides da RuUssia.

Funcdo produ-
Investimentos em ati-
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1. Introduction

To date, agriculture in Russia has re-
ceived significant development. Currently,
it is among the top four countries, which
have the largest areas of arable land. Ac-
cording to some estimates, about 9% of
the world’s farmland is located in Russia
(Petrikov, 2020). The solution of manage-
rial tasks in the Russian economy requires
an understanding of the factors that af-
fect the volume of agricultural produc-
tion. In Russia, there is currently an urgent
need for accelerated development of
agriculture. The efficiency of agricultur-
al production, as one of the directions of
increasing the productivity and compet-
itiveness of this branch of the economy,
is directly related to the use of resourc-
es, with the degree of their involvement in
the production process. To a large extent,
efficiency depends on the quantitative
and qgualitative ratio of resources among
themselves, on their balance. Determin-
ing the cost structure, which ensures an
increase in output per unit of resource,
becomes an urgent task of the manage-
ment system. Therefore, in recent years,
one of the most pressing problems is to
determine the growth reserves of this
sector of the economy in each region of
Russia. The justification of these reserves,
as well as the resources necessary for the
effective functioning of agriculture, can be
based on such economic and mathemati-
cal models as production functions.

The purpose of our research was to
develop economic and mathematical

models to assess the impact of indica-
tors characterizing the use of resources
on agricultural production in the regions
of Russia. Our study responds to the calls
for taking into account the regional char-
acteristics of agricultural production, for-
mulated by Margono and Sharma (2004)
and Zhang Dengjun et al. (2017).

Our article makes a certain contribu-
tion to the knowledge about the regional
peculiarities of the development of ag-
riculture in Russia. The theoretical con-
tribution is related to the methodology
proposed by the authors, which makes it
possible to assess the dependence of ag-
ricultural production volumes on factors,
such as investments in fixed assets, wag-
es of employees, and ratio of crop pro-
duction to livestock production based on
the development of economic and math-
ematical models representing production
functions. Based on empirical data in the
course of the study, new knowledge was
obtained about the impact of each fac-
tor on the volume of agriculture produc-
tion. In addition, regions were identified
in which high and low values of resource
efficiency were noted.

2. Literature Review
Scientific
twenty-first century has shown the pos-
sibility of applying production functions
in the economic analysis of the activi-

research conducted in the

ties of enterprises and entrepreneurs,
which operate in the agricultural sec-
tor. Production functions are economic
and mathematical models of production
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processes and guantitatively express a
stable natural relationship between fac-
tors describing capital and labor costs
and an indicator characterizing the vol-
ume of agricultural production (Parlins-
ka & Dareey, 2011, Ahmetov et al,, 2019;
Petrick & Kloss, 2018). Most scientific
publications considered data for a num-
ber of years (the so-called time series).
For example, according to Ghoshal and
Goswami (2017) efficiency of agricultural
sector of India was evaluated, by using
the Cobb-Douglas production function.
When constructing this function, data
for the 2005-2014 period were analyzed.
Modeling of agricultural production in
China was described by Binghun and
Zhou (2021). While data were analyzed in
12 prefectures during the 2009-2019 pe-
riod. In contrast to the above articles, Kea
et al. (2016) developed models, by using
spatial data for 25 provinces of Cambo-
dia. Four models were built correspond-
ing to the information for each of the four
years from 2012 to 2015.

Capital and labor costs were used as
factors influencing agricultural produc-
tion volumes in most previously per-
formed scientific studies (Czyzewski
& Majchrzak, 2017; Prager et al.,, 2015;
Nowak et al, 2015; Rezitis & Kalant-
zi, 2016). As a factor of the production
function Carpenter et al. (2015) showed
opportunity of using the ratio of crop
production volumes to livestock produc-
tion volumes. At the same time, complex
mutual connections were taken into ac-
count, namely the consumption of feed
by farm animals and the creation of or-
ganic fertilizers by them.

A certain place in scientific publica-
tions on the problem of the development
of production functions of the agricultur-
al sector is occupied by studies in Russia.
Table 1 shows an analysis of the agricul-
tural sector’s production volumes, by us-
ing examples from Russian studies.

Table 1. Characteristics of Russian studies

Authors Factor of

Factor of
labor

Research object

capital
1 2

3 4

Shestakov and Yakovlev

(2020) Capital expenditures

Labor costs

Agricultural production volumes
for 2005-2018 in Russia as a
whole

Indices of the physical

Tolmachev (2011
olmachev (2011) volume of fixed assets

Index of total working
time expenditures

Indices of the physical volume of
agricultural products in Russia for
1996-2008

Costs of mechanical en-
gineering products, fuel
and energy resources,
chemical products

Potapov (2020)

Gross agricultural output in Rus-
sia for 2011-2015

Production volumes in agricul-

Number of employ-

Naumov (2017) Fixed capital cos ture in the Chelyabinsk region for

2005-2015
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Factor of Factor of .
Authors capital labor Research object

Number of people
employed in agricul-
ture per 100 hectares
of acreage

Three groups of regions of Rus-

Kutenkov (2020) sia, data for 2017

Cost of fixed assets

Volume of production of the agri-
cultural complement of the Kursk
region for 2000-2011

Zyukin and Zhilin (2014) Production funds Value of labor costs

Agricultural production volumes
in the Rostov region for 2004-
2006

Number of

Fixed assets
employees

Zhilyaskova (2008)

Production volumes in agriculture

R
Germanova and Rudaya of the Krasnodar Territory for

(2017)

Number of employed

Fixed assets
workers

2000-2014

Source: Compiled by the authors.

The data, in Table 1, show that in most cas-
es, the objects of research are agricultural
sectors in specific regions (five cases). The
other three publications discuss production
functions for Russia as a whole. The initial
data in seven studies were time series, only
one publication used spatial data for one
year. In most studies (seven cases), the num-
ber of employees was used as labor costs.
In two publications, the values of working
time costs were considered. Data on fixed
assets of agricultural enterprises were used
as capital factors in six publications. In two
cases, the costs of production assets were
considered, and in one case, the costs of
purchasing products from the machine-tool,
fuel, and chemical sectors. It should be not-
ed that previous Russian scientific publica-
tions did not pay sufficient attention to the
comparative analysis of regional features of
agricultural production in Russia.

3. Methodology

Agricultural complexes located in the re-
gions of Russia were considered as the
object of the study. The use of initial data
for several years (time series) is compli-
cated by the fact that inflationary pro-
cesses, which have taken place, should
be taken into account. In addition, it is
necessary to proceed from the assump-
tion that the conditions of functioning of
the object under consideration for a cer-
tain period will be identical or, at least,
undergo few changes, which in practice
is not always fulfilled. Time series are of-
ten limited in length, especially since due
to crisis phenomena in the economy, the
dynamics of changes in indicators expe-
riences significant fluctuations. The influ-
ence of these trends is especially great
when evaluating functions in which there
are restrictions on the sum of exponents
with factors, i.e. with a constant return on
scale. When using the values of fixed as-
sets as a factor describing capital expen-
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ditures, the main problem is the reliabili-
ty of information regarding the share of
fixed assets actually used in production
processes of the economic system un-
der consideration. The assumption of the
full use of fixed assets does not always
correspond to their actual utilization. The
situation is similar to the second factor.
The number of people directly employed
in production processes does not always
match the actual labor costs since work-
ers are often not employed all day. This
leads to erroneous indicators when as-
sessing labor factors.

The number of factors, in accordance
with the recommendation of Granberg
(1988), should be small since, in this case,
the necessary calculations and interpreta-
tion of the results are simplified. By tak-
ing into account the analysis, we consid-
er investments in fixed assets, wages of
employees, and ratio of crop production
to livestock production as factors of pro-
duction functions. Correlation analysis has
shown that these factors have the great-
est impact on the volume of agricultural
production in the regions. At the same
time, there is no mutual connection (collin-
earity) between them. It should be noted
that the flow of investments provides more
acceptable results compared to such a
factor as fixed assets. This conclusion was
drawn by Bessonov and Tsukhlo (2002)
and Gavrilenkov (2000) based on the in-
complete use of fixed assets in agricultural
production. Wages of workers employed
in agriculture is a complex indicator, which

not only takes into account labor costs for
production, but also the characteristics of
a particular region (price level, employ-
ment, and other socio-economic aspects).
In addition, the use of workers’ wages as a
factor ensures the same dimensionality of
indicators of production functions, which,
as shown by Felipe and McCombie (2012),
ensures high quality of construction of the
corresponding models.

In our study, spatial data were used to
characterize the factors under consider-
ation and the resulting indicators for ag-
ricultural sectors in the regions of Russia.
It should be noted that spatial data allows
you to get away from the problems, which
are characteristic of time series. The ad-
vantages of using spatial data in the eval-
uation of production functions are proven
by Charoenrat and Harvie (2013).

Our study included the following

stages:

1. Collection and processing of initial
statistical data. Formation of arrays of
information based on data, by characte-
rizing the activities of enterprises and en-
trepreneurs in the agricultural sector of
65 regions of Russia. These arrays des-
cribe the values of production volumes,
investments in fixed assets, wages of
employees, and ratio of crop production
to livestock production.

2. Linearization of the data obtained at
the first stage, which characterize the in-
dependent factors and resulting variables
for agricultural production in the regions.
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3. Development of production func-
tions, by using the least squares method.

4. Evaluation of the quality of func-
tions, by using correlation and determi-
nation coefficients, Fisher-Snedekor and
Student tests, as well as the correspon-
ding significance levels.

5. Checking the developed functions
for the presence of autocorrelation, hete-
roscedasticity, and multicollinearity, as well
as determining whether the distributions
of residuals for each of the regressions
are functions of the normal distribution.

6. Consideration of theoretical and
practical results arising from the analysis
of the developed production functions
and the possibilities of their use.

The study used data from the Feder-
al State Statistics Service on agricultural
activity in the regions of Russia for 2017
and 2018 (Federal State Statistics Ser-
vice, 2021). It was during these years that
in-depth statistical monitoring of the ac-
tivities of agricultural enterprises and en-
trepreneurs was carried out. The work is
based on information on 65 regions of
Russia in which agricultural production
has received the greatest development.

In the course of the study, two pro-
duction functions were developed, by
reflecting the dependence of agricultur-
al production volumes on investments in
fixed assets, wages of employees, and

ratio of crop production to livestock pro-
duction by regions of Russia. The func-
tions constructed by the authors have
a specification similar to the well-known
Cobb-Douglas functions. The parameters
of production functions were determined,
by using the regression analysis method-
ology (Pindyck & Rubinfeld, 2013). The
first function describes the activity of
sets of all enterprises and entrepreneurs,
which are located in each of the 65 re-
gions under consideration for 2017, and
the second function - according to data
for 2018.

4. Research Results

In the course of the computational ex-
periment, two production functions were
developed that reflect the dependence
of agricultural production volumes on in-
vestments in fixed assets, wages of em-
ployees, and ratio of crop production to
livestock production in Russian regions.
The formulas and tables given in the arti-
cle are developed by the author.

The first production function reflects
the dependence of the production vol-
ume agricultural industry in 2017:
nix,x,,x,)=25625x x:"g"" X xg'm X x;"m, )
Y, - the turnover of all enterprises and
entrepreneurs in the agriculture sector,
which are located in a certain region of
Russia per year, billion rubles;

x, - the investments in fixed assets of all re-
gional enterprises and entrepreneurs in the
agriculture sector per year, billion rubles;
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X, " agricultural industry employees’ wag-
es in the region per year, billion rubles;

X, - ratio of crop production to livestock
production in the region per year.

The second production function re-
flects the dependence of the production
volume agricultural industry in 2018:

(5, %,%,)=22.5600 2 % P 2 5. (3

Y,- the turnover of all enterprises and
entrepreneurs in the agriculture sector,
which are located in a certain region of
Russia per year, billion rubles;

X, - the investments in fixed assets of all
regional enterprises and entrepreneurs
in the agriculture sector per year, billion
rubles;

X, - agricultural industry employees’ wag-
es in the region per year, billion rubles;

x, - ratio of crop production to livestock
production in the region per year.

Table 2 shows the analysis of the func-
tion’s quality. It presents the calculated
values of the correlation and determina-
tion coefficients, Fisher-Snedecor and Stu-
dent’s tests (Column 2), as well as the sig-
nificance of the Fisher-Snedecor test and
p-values for Student’s test (Column 3).

Table 2. Values of calculated statistics

Characteristics

Function (1)

Calculated Values

Significance Level

Function (2)

1 2 3 4
Determination coefficient 0.823 0.822 -
Correlation coefficient 0.906 0.907 -
Standard error 0.374 0.373 -
Calculated value of the Fisher-Snedecor test 94223 94.168 Less than 0.01
Calculated val f the Student’s test f
alcdiated value of the student's test Tor y-n™ 34 145 27.091 Less than 0.01
tersection
Calculated val f the Student’s test f
couatec value ofthe student s testtor 4216 4.411 Less than 0.01
.xl and .x4
Calculated value of the Student’s test for X,
2 4927 5.016 Less than 0.01
and xs
Calculated value of the Student’s test for x3 3.243 2.519 Less than 0.01

and x6

The correlation coefficients are great-
er than 0.9 and close to 1in both func-
tions. Regression models are known to
be of high quality when the coefficient

of determination is greater than 0.8; for
both functions this requirement is met.
The coefficient of determination char-
acterizes the proportion of dispersion,
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which is caused by the influence of the
considered factors. The difference be-
tween 1 and this coefficient describes
the influence of factors, which are not in-
cluded in the regression equation. Thus,
the effect of variables not included in the
functions under consideration is less than
18 percent. The calculated statistic values
(94) are higher than the table value of the
Fisher-Snedecor test, which is 3.98 at a
significance level of 0.05. For three func-
tions, all calculated Student’s test values
for the coefficient and the exponents are
in the range from 2.52 to 34.15. In abso-
lute value, they exceed the table amount,
which is 1.99 at a significance level of 0.05.

Results presented in Table 2 allow us
to conclude that there is a high-quality
correlation between the resulting values
and the three factors of the functions (1)
and (2). All levels of significance given
in Column 3 of Table 2 have values less
than 0.01. Therefore, the coefficients of
the developed functions and the degree
values in these functions are statistically
significant with the precision of 99 per-
cent. Functions (1) and (2) were checked,
by using the Durbin-Watson test, which
showed the absence of autocorrelation;
the Breusch—-Pagan test indicated the ab-
sence of heteroscedasticity. Collinearity
does not exist, which is proven by the cri-
terion of Inflation Dispersion Factors (VIF).

In the process of the source data ap-
proximation, by using the least squares
method, residues are obtained, by show-

ing deviations of the calculated values
from the source data. Checking the dis-
tribution of these residues, by produc-
tion functions, is carried out based on
histograms assessment, distri-
bution functions, and tests of normality
for these functions. Residue histogram

normal

charts are characterized by the maximum
heights of the constructed rectangles in
the middle of the histogram and the mini-
mum heights of the rectangles, which are
located on the right and left sides of the
histogram (so-called “tails”). Histograms
are symmetric in relation to the middle.
They demonstrate that residues are con-
centrated around zero. The same con-
clusion can be drawn after conducting
the analysis of the density functions of
the normal distribution (3) and (4), which
have average values close to zero.

The distribution function of residuals
corresponding to the production function
(1) is shown below:

~(x,~0.001)

4875 2x0.088<0.088 3

V()= 088 v2n

The test shows the high quality of the
function (3) and confirms the normality of
the distribution described by this func-
tion. These conclusions are drawn after a
check, by using three tests:

e the calculated value of 0.97 according
to the Shapiro-Wilk test is greater than
the tabular one - 0.93;

e the calculated value of 2.09 for the
Pearson test is less than the tabular
one - 9.49;
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e the calculated value of 0.03 by Kolm-
ogorov-Smirnov test is less than the
tabular one - 0.15.

The distribution function of residuals
corresponding to the production function
(2) is shown below:

(%, ~0.003)

SO88  2x0.097x0.097 (4

Yin)= 0.097-427

The test shows the high quality of
the function (4) and confirms the nor-
mal distribution, described by this func-
tion. These conclusions are drawn after a
check, by using three tests:

e the calculated value of 0.98 according
to the Shapiro-Wilk test is greater than
the tabular one - 0.93;

e the calculated value of 0.69 in the
Pearson test is less than the tabular
one - 9.49;

e the estimated value of 0.02 by Kolm-
ogorov-Smirnov test is less than the
tabular one - 0.15.

The data obtained allow us to draw a
general conclusion that the developed
functions (1) and (2) fully meet the econo-
metric requirements. Therefore, they can
be used to describe the dependencies of
agricultural production volumes in the re-
gions on investments in fixed assets and
workers’ wages.

5. Discussion

The developed production functions (1)-
(2) prove the influence of investments on
fixed assets, wages of employees, and

ratio of crop production to livestock pro-
duction on the volume of production of
enterprises and entrepreneurs, which
belong to the agricultural sector of the
economy of the regions of Russia. It
should be noted that in both functions
there are small differences in the values
of both coefficients and degrees. Thus,
it can be concluded that the developed
functions show the existence of estab-
lished stable dependencies of agricultur-
al production volumes in the regions on
the factors under consideration for the
2017-2018 period.

The values of degrees for three factors
in the functions are positive. Therefore, it
can be stated that the stimulation of agri-
cultural production in the regions can be
provided by an increase in the wages of
employees, investments in fixed assets,
and ratio of crop production to livestock
production. The production functions for
all the considered values of the factors
do not reach their maximum. This is con-
firmed by the fact that the values of the
maximum return on three factors for all
functions are positive on the considered
ranges of changes in the values of the
factors. Thus, it can be concluded that
the economy of the Russian regions has
not reached saturation with agricultural
products. In all regions, there are signif-
icant reserves for the further develop-
ment in this sector of the economy, by
including on the basis of increasing the
number of enterprises and the num-
ber of employees in them, as well as of
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increasing the ratio of crop production to
livestock production.

The factor wage of employees in both
production functions affects turnover to
a greater extent than the factors of in-
vestment in fixed assets, the ratio of crop
production, and livestock production.
This follows from comparing the values
of the degrees, in the first function 0.378
is greater than 0.235 and 0.266, and in
the second function 0.392 is greater than
0.239 and 0.206, respectively. A com-
parison of the returns on scale accord-
ing to data for 2017 and 2018 shows that
the values of this indicator (equal to the
sum of the values of the degrees in the
functions) are close to each other and
amount to 0.879 (function 1) and 0.837
(function 2). This suggests that with a si-
multaneous increase in three factors, the
growth in agricultural production over the
years under consideration was almost
the same. The return on scale in agricul-
ture over the years under consideration
was less than 1. This is due to the rela-
tively small number of people employed
in every agricultural enterprise, which
leads to a combination of the functions
performed. According to the authors of
the study (International Labor Confer-
ence, 2015), this leads to a relatively low
level of personnel training, a decrease in
labor productivity and, as a result, low
resource efficiency in such enterpris-
es. To increase agricultural production
in the Russian regions, it is advisable to
ensure the simultaneous growth of three

factors, that is, investments in fixed as-
sets, wages of employees, and ratio of
crop production to livestock production.
It should be noted that for regions with
an excess of able-bodied population in
rural areas, the main direction of agricul-
tural production development is associ-
ated with attracting new workers, by in-
cluding the creation of family businesses.
In regions where there are not enough
potential workers, the main direction of
increasing agricultural production is as-
sociated with investments in fixed assets.
The cross-derivatives of the production
functions for each of the three factors
are positive for all values of the range of
changing factors, so increasing one fac-
tor improves the conditions for using oth-
er factors. The second derivatives of all
isoquants are positive. The level of con-
vexity decreases with an increase in the
volume of production, which indicates an
increase in the elasticity of replacement
factors: with the growth of agricultural
production, the possibility of replacing
one factor with other factors increases.

The use of production functions is pos-
sible when solving such an important task
as ranking regions by resource efficiency,
namely investments in fixed assets and
wages of employees. In addition, produc-
tion functions can be used to compare the
actual volume of production of agricultur-
al sector enterprises in the region and the
amount of agricultural production in the
same region, projected on the basis of
the production function. In our opinion, a
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relatively large positive value of this value
(that is, the excess of the actual turnover
over the estimated one) indicates a good
use of available resources in the region.
And accordingly, a large negative value of
this value allows us to conclude that there
are problems with the functioning of en-
terprises specialized in agriculture in the
relevant region.

Table 3. Comparative analysis of actual and

predicted values on the data of 2017

Deviations of the

actual values from

production function (1) in 2017 is shown
in Table 3. In this table, there are lists of
regions with high and low levels of using
resources. Moreover, Column 2 of Table 3
indicates the deviations of the actual val-
ues from the predicted values.

A comparative analysis of the actual
values of agricultural production volumes
and the data predicted on the basis of
the production function (2) in 2018 is
shown in Table 4. In this table, there are
lists of regions with high and low levels

of using resources. Moreover, Column 2

Regions .
the predicted of Table 3 indicates the deviations of the
VA .
actual values from the predicted values.
1 2
High level of resource efficienc . .
o Y Table 4. Comparative analysis of actual and
Orenburg region 9.4 .
- predicted values on the data of 2018
Rostov region 10.2 —
i
Saratov region 1.2 Regions the predicted
Republic of Sakha 1.3 values, %
Belgorod region 12.7 1 5
Republic of Tatarstan 14.0
Republic of Bashkortos- High level of resource efficiency
14.3 -
tan Saratov region 10.2
Chelyabinsk region 16.2 Samara region 10.4
Republic of Kalmykia 41.1 Chelyabinsk region 15
Low level of resource efficiency Republic of Tatarstan 13.4
Khabarovsk territory -29.6 Repug:ic O; Tyvfwk 14.2
) Republic of Bashkortostan 14.3
Vologda reg|on 150 Belgorod region 15.1
Kaluga region 133 Karachay-Cherkess republic 15.5
Kaliningrad region -12.3 Republic of Ingushetia 17.4
Smolensk region -12.0 Republic of Kalmykia 30.6
Primorsky territory 1n7 Low level of resource efficiency
Kirov region 101 Khabarovsk te'rritory -24.0
Oryol region 98 Primorsky te'rrltory -17.8
Kost - 94 Vologda region -16.1
o3 rorﬁa reAg|on = Smolensk region -14.3
Vladimir region 91 Kaliningrad region -13.7
republic of Adygea -12.2
. . Kaluga region -11.7
A comparative analysis of the actual Kirov region s
values of agricultural production volumes Kostroma region .4
Vladimir region -10.0

and the data predicted on the basis of the
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As shown in tables 3 and 4 most of the
regions in 2018 retained their charac-
teristics in 2017. Of the ten regions with
high values of resource efficiency in 2017,
seven regions confirmed high efficiency
in 2018. Of the ten regions with low re-
source efficiency values in 2017, nine re-
gions retained low efficiency in 2018.

6. Conclusion

The conducted research has a certain
scientific and practical significance. The
scientific significance of the study is as
follows. To estimate the volume of agricul-
tural production in the regions of Russia
in accordance with the author’s method-
ology. It is proposed to use three-factor
regression models. It is proposed to use
investments in fixed assets as a capital
factor, and workers’ wages as a labor
factor. In addition, as a third factor, it
seems appropriate to consider the ratio
of crop production and animal husband-
ry. Spatial data on agricultural production
volumes by region for the year are used
as empirical information. In the course of
the study, two three-factor production
functions similar to the Cobb-Douglas
functions were developed. These func-
tions describe the dependence of pro-
duction volumes in the agricultural sec-
tors of each region on the factors under
consideration. With the help of statistical
tests, the high quality of both developed
production functions and a good approx-
imation of empirical data were confirmed.
Both production functions have shown
that there are significant reserves for

the further development of agricultural
sectors of the economy in all regions of
Russia. An increase in one of the factors
of the production function improves the
conditions for the use of other factors.
With the growth of agricultural produc-
tion in the regions, it becomes possible
to replace each of the three factors with
two others. Based on the developed pro-
duction functions, lists of regions of the
country with high, and low levels of effi-
ciency in the use of available agricultural
resources were compiled.

The developed production functions
are effective management tools, which
allow assessing the level of use of finan-
cial and labor resources in agriculture in
specific regions of Russia. The results of
the work can be in demand in the current
activities of state, municipal, and public
organizations related to the regulation
and support of agriculture, by including
when adjusting their actions based on
scientific data.

The practical significance of the work
lies in the possibility of using the results
obtained to justify resources and moni-
tor the level of efficiency of agriculture.
The results of the study can be used by
state and regional authorities to monitor
the effectiveness of investments in fixed
assets and wages, i.e. to assess how well
these resources are used. In addition, the
functions allow you to identify an imbal-
ance in the values of factors for each of
the regions. The functions can be used in
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the justification of programs to increase
investments in fixed assets and wages,
the formation of plans, and programs for
the further development of agriculture.

There were limitations in the research
process since 65 regions of Russia were
considered in which agricultural produc-
tion has received significant develop-
ment. At the same time, data on 17 re-
gions of Russia in which the agricultural
sector has not received significant de-
velopment, were not taken into account
when constructing production functions.
Further research may be related to the
development of similar functions in the
years following the publication of the rel-
evant official statistics.
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