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AHoTanisa

3a CTaTUCTUYHUMU JaHUMH MOKa3HHUKIB PO3BUTKY Y KpaiHH, T0OYA0BAaHO MHOYXKHHHY PerpeciiHy MOJeb s
TaKOTO y3arajJbHIOIUOro MOKa3HHKA, SIK IliHA Ha OBOYi (3aJeXHa 3MiHHA). BCTaHOBIEHO YMHHUKHU (He3alekKHi
3MiHHI), SIKi BIUIMBAlOTh HAa 3HAYEHHS IIbOTO TOKa3HHMKA. [IpoBeneHO momepenHiii MaTeMaTHKO-CTaTHCTHYHUN
aHali3 MoJeNi: MOOYIOBaHO KOPEIAIiiiHI TOJIA Ta BU3HAYCHO CTATUCTHYHI XapaKTePUCTUKA BHOIPOK, HA OCHOBI
SKHX TIEPEBIPEHO YU MiIKOPSIIOTHCS JaHi CTATHCTUYHUX BUOIPOK HOPMAIBHOMY 3aKOHY PO3MOILTY; PO3paX0OBaHO
napHi KoeilieHTH KOpesLii Ta OI[iHeHO chiTy (UITBHICTB) 3B'3Ky MK yciMa 3MiHHIMHA Mojeneit. [ToOymoBano
OaraToakTOpHY perpecuBHY MOJENb, 3HAUYIIICTh SIKOi MepeBipeHo 3a F-cratucrukoro dimepa, a mapamerpis
Mozeneit — 3a t-ctaructukamu CT'IOAeHTa 3 HOBipUYOr0 WMOBIpHICTIO P = 0,95. Monens nepeBipeHO Ha HAasABHICTh
MYJIBTHKOIiHEApHOCTI 32 MeTonoM Dappapa-I'maybepa. Po3pobdieHy Moers MOKHA BUKOPHUCTATH ISl BIOCKOHA-
JICHHA TUIaHYBaHHA Ta KOPETYBaHHA HiHI/I Ha OBO‘Ii. 3aHpOHOHOBaHy METOAUKY TaKOX MOY>XHAa BUKOPHUCTATH JJId
PO3pOOIIEHHS BiAMOBIMHUX MOJEICH /it OyIb-SKOTO BUAY IPOMYKII POCITMHHHUIITBA.

Abstract

According to the statistics data of Ukraine development indicators, a multiple regression model was devel-
oped for such a generalizing indicator as the price of vegetables (dependent variable). Factors (independent varia-
bles) that affect the value of this indicator have been identified. A preliminary mathematical and statistical analysis
of the model was performed: correlation fields were constructed and statistical characteristics of samples were
determined, on the basis of which the data of statistical samples were checked in relation of the fact if they are
subject to the normal distribution law; paired correlation coefficients are calculated and the strength (density) of
the connection between all model variables is estimated. A multifactor regression model was developed, the sig-
nificance of which was verified by Fisher's F-statistics, and the parameters of the models were verified by Student's
t-statistics with a confidence probability of p = 0.95. The model was tested for the presence of multicollinearity by
Farrar-Glauber method. The developed model can be used to improve the planning and adjustment of vegetable
prices. The proposed technique can also be used to develop appropriate models for any type of crop production.

KuiiouoBi cjioBa: 1iHa, MOMUT, MPOIO3HUIlis, MATEMAaTUKO-CTATUCTUIHUIN aHaii3, OararodakTopHa perpe-
CHBHA MO/JIeJIb, MYJIbTHKOJIiHEAPHICTh, IPOTHO3YBAHHS

Keywords: price, demand, supply, mathematical and statistical analysis, multifactor regression model, mul-
ticollinearity, forecasting.

INTRODUCTION

At the present stage of development of agricultural
enterprises in Ukraine, one of the main tasks is to solve
the problem of pricing of agricultural products. It is
known that the price has a significant impact on the ef-
ficiency of the enterprise, as it depends on the reim-
bursement of production costs and profits of the enter-
prise. In a market economy, the success of agricultural
enterprises largely depends on how competently and
successfully they set prices for their goods.

However, currently the slow formation of the pric-
ing process in agricultural enterprises indicates the lack
of effective theoretical and methodological support for
decision-making in the field of pricing policy, which

often leads to serious miscalculations in setting prices,
and, consequently, to significant losses. Thus, there is
a need to study the principles, methods and features of
the pricing process in the industry and their impact on
the efficiency of agricultural enterprises.

The purpose of our study is to elucidate the pecu-
liarities of price formation for certain types of agricul-
tural products and the impact of the pricing mechanism
on the development of the agricultural sector of the
economy based on econometric modeling.

In the process of developing the econometric
model, the following issues were addressed: statistical
data quality; assessment of the dynamics of indicators;
use of specific methods for estimating autocorrelation
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of variables and residues; the possibility of including
variables in the model; assessment of the significance
of parameters and adequacy of the econometric multi-
factor model.

The result of econometric analysis is the forecast
of the average price of agricultural products (vegeta-
bles).

When writing the article, statistical data of the
State Statistics Service of Ukraine, regulations, scien-
tific works of domestic and foreign scientists, textbooks
and manuals were used.

Analysis of the target of econometric research

The target of the study is the average selling price
of crop products in Ukraine for the period 2011-2019.

Prices for agricultural products are sensitive to the
impact of a number of economic, socio-political,
weather, technological and other factors and are a sig-
nificant condition influencing the development of the
industry and, consequently, the state of food security.
Significant instability and weak predictability of the
dynamics of sales prices of agricultural products reduce
the investment attractiveness of the agricultural sector
and exacerbate existing disparities in the development
of its individual components. That is why there is an
urgent need for state support of agricultural enterprises,
which would be aimed at reimbursing costs and main-
taining demand for agricultural products by means of
price regulation. At the same time, excessive price con-
trol violates the mechanism of market pricing based on
the interaction of supply and demand laws, which limits
price competition in the industry. In this situation, the
role of pricing policy of agricultural enterprises, aimed
at strengthening competitiveness and increasing the ef-
ficiency of their production and commercial activities
become more important.

In any economic model, a special place is occu-
pied by the pricing mechanism, which should balance

the diverse interests of sellers (producers) and buyers
(consumers) of goods, allocate resources, stimulate the
rational allocation of production, innovation and etc.
The circumstances and tendencies of development of
both separate sectors of the economy and the national
economy as a whole depend on the efficiency of perfor-
mance of the functions assigned to it by this mecha-
nism. Price dynamics is an important indicator of the
state of individual sectors of the economy, and the im-
pact on price formation is one of the tools for optimiz-
ing economic processes. This fully applies to pricing in
the domestic agricultural sector.

In Ukraine, prices for agricultural products, as
well as for all other goods of domestic producers, are
characterized by an upward trend. This objective phe-
nomenon is associated with inflation in the economy,
which reflects the rise in price of almost all resources
involved in the national economy. Rising prices for ag-
ricultural products is one of the main factors causing
the rise in food prices. According to official data, the
food price index from 2006 to 2014 was 206.9%, and
the consumer price index in general was 217.4%. For
comparison, the price index of domestic industrial pro-
ducers in general during the same period was 262.7%
[13]. As we can see, the growth rate of prices for agri-
cultural products significantly exceeded the growth rate
of consumer prices and the price index of industrial pro-
ducers. At the same time, in contrast to other major
product groups, prices for certain types of agricultural
products in the dynamics are characterized by signifi-
cant fluctuations — in the direction of both increase and
decrease.

Here is a global graph of the dynamic pattern of
inflation indices and prices of agricultural products in
Ukraine in recent years (increasing result) - Fig.1.1.
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So, we see that the final price index for agricul-
tural products, despite seasonal fluctuations, keeps pace
with the inflation index, and even ahead of it.

Setting objectives

As you know, price is a market condition category,
its formation depends on the ratio of supply and de-
mand in the market. That is, in a market economy,
prices shall be dictated primarily by the market. How-
ever, it should be noted that, in addition to supply and
demand, there are a number of factors in agriculture
that affect the pricing process and price level. Analyz-
ing the process of pricing, first of all, it should be noted
the nature of the price, and hence the formation of prof-
its by agricultural producers. It is associated with the
existence of the so-called differential land rent, the es-
sence of which is that the price of agricultural products
is formed by the cost of the worst fertility of land, and,
accordingly, in the best areas there is a surplus — rent.
However, due to the difficulty of determining prices for
agricultural products on the worst lands, they have not
become practical in its pure form, and are formed
mostly according to average cost [4, p. 5]. This, in turn,
exacerbates the problem of disparity in prices for agri-
cultural products and material and technical resources
used in the process of its production. The problem of
price disparity arose as a result of property reform and
the transition to market economic relations and the un-
controllability of this process.

As a result, every year there was an increase in the
disparity between prices for agricultural products and
prices for the resources of industrial origin consumed
by them, which grew faster. Now we can talk about a
sevenfold difference in the price index [4, p. 7]. The
annual lag in the growth of prices for agricultural prod-
ucts has resulted in a significant reduction in their pro-
duction.

Pricing and prices are one of the most difficult
problems, in which most of the economic, social and
political problems of the state intersect. Price is a trans-
formed form of value, its monetary expression. Accord-
ing to the theory of labor value, the latter is determined
by the cost of socially necessary Hours of Labor for the
production of goods. In the process of intersectoral
competition of capital, the value is converted into the
price of production, which provides the average rate of
return on advanced capital. Under these conditions, the
effect of the law of value is manifested through fluctu-
ations in market prices around the price of production,
so the dynamics of the latter in national markets has a
decisive influence on the dynamics of market prices.
The dynamics of price movements is associated with
changes in quality, volume of production and supply in
the market, with the solvency of consumers and the
level of consumption of this product, the volume of in-
ventories, the general economic condition of enter-
prises and more. The use of each price in the domestic
market requires consideration of the peculiarities of
marketing activities of enterprises. It should be borne
in mind that the system of current prices is isolated. Un-
der the influence of various factors, it is constantly
changing and evolving, and prices themselves are im-
proving. All pricing factors, depending on the nature of
the manifestation, the company's attitude to them and

the peculiarities of the impact on the process of market-
ing pricing can be grouped into two main areas. De-
pending on the ability of the enterprise to control and
influence their action in price formation, they are di-
vided into controlled (internal) and uncontrolled (exter-
nal) [4]. Price change occurs under the influence of a
number of pricing factors.

In a market economy, the most important are the
social price of production, the ratio of supply and de-
mand, inflation and purchasing power of money, the
degree of state administrative and economic regulation
of prices, the state of price and non-price competition,
the degree of monopolization of production [1]. In ad-
dition to these, the price level is influenced by such
pricing factors that act only at certain stages of devel-
opment of commodity-money relations, such as the
terms of supply of goods, the relationship between
seller and buyer, the way products move from producer
to consumer and price franking, i.e. the inclusion in its
composition of the costs of insurance and delivery of
goods under certain conditions. It should be noted that
it is a scientifically sound basis for calculating produc-
tion costs that will be the basis for regulating market
prices. In these circumstances it is taken into account
that each business entity shall make a profit based on
its average rate. And if market prices for agricultural
products are set at this level, the state does not need to
regulate pricing. But if prices fall below this level, the
state, without interfering in the market pricing process,
is forced to compensate the producer for losses from
market prices. This means that the state shall conduct a
so-called “intervention” in the agricultural market. If
demand exceeds supply in the market of agricultural
products, prices rise sharply and the state stabilizes
prices through foreign economic activity. Regulation of
prices for agricultural products as an important stabili-
zation measure is used in various forms in the arsenal
of agricultural policy instruments of developed coun-
tries. However, the experience of price regulation of ag-
ricultural production in the world shows that interfer-
ence in the natural functioning of the market mecha-
nism distorts the signal and regulatory function of the
price and can result in ineffective socio-economic con-
sequences [7]. Producers of agricultural products with
a certain shortage of products cannot offer it at prices
higher than the world ones, because exporters of the
same products will offer it at lower prices.

The peculiarity of pricing and prices for agricul-
tural products is that most of its kinds show seasonal
price fluctuations. In particular, prices for grain, sun-
flower and vegetables are significantly reduced during
the mass harvest and in the initial period after harvest.
In the future, prices begin to rise and often reach their
maximum with the approach of the next harvest season
(grain, sunflower). For certain types of livestock prod-
ucts, such as milk, eggs, seasonal price fluctuations are
associated with changes in production and supply dur-
ing the year.

Weather conditions also have a significant impact
on the pricing of agricultural products. Prices for pota-
toes and vegetables depend on favorable weather con-
ditions. If it is a plentiful growing season, then the
prices for these products are lower — this is due to the
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large supply; and vice versa, if the year seemed low-
yielding — prices rise (decrease in supply). Agricultural
producers focus on the purchase prices of processing
enterprises, which do not reimburse production costs,
especially for products of animal origin. When deter-
mining selling prices focus is placed on the retail price
without a trade increment. In conditions of market sat-
uration with food products, selling prices become com-
petitive and are formed primarily under the influence of
demand. An equally important factor influencing prices
is the level of paying capacity of the population.

The pricing process is regulated at the level of the
economy through a system of economic levers by
changing not the prices themselves, but the factors that
affect them (the tax system, inflation, etc.). Pricing pol-
icy should promote break-even production of agricul-
tural products with an appropriate level of productivity.

In a market environment, pricing is a complex pro-
cess that is influenced by many factors. At the same
time, they can create favorable conditions for the activ-
ities of agricultural enterprises or constrain it, which is
explained by the peculiarities of the manifestation,
changes in the ratio and their impact on the market. As
a result, the market perception of the company’s prod-
ucts and its prices change. The level of product prices
affects the volume of purchases made by customers.
Prices are closely related to all components of market-
ing and business in general. It is the prices that largely
determine the real commercial results, and the right
pricing policy affects the state of the enterprise in a
competitive environment.

Thus, the problem is as follows: to develop an
econometric model that considers the dependence of
the price of vegetables in Ukraine on demand (con-
sumption of vegetables), supply (vegetable production)
and material costs of growing vegetables.

Model specification

A complex combination of causes leads to differ-
ent results. Acting on the consequence in the same di-
rection, they increase each other’s influence. If part of
the causes has the opposite direction in relation to the
object of action, then their joint effect on the conse-
guence may both weakening and even nullify it. There
may even be a situation where a well-defined, real
cause has no obvious consequence. This means that
along with this cause, there is another action absorbing
the first one. Therefore, it is necessary to investigate the
influence of different causes, i.e. to investigate the de-
pendence of one phenomenon on a number of other
phenomena that cause the first one. Not all causes and
factors to some extent affect the phenomenon under
study and can be investigated. Therefore, they are lim-
ited only by the essential reasons. The economic phe-
nomenon is determined by many simultaneously and

collectively acting reasons. The problem of multiple or
multifactor regression analysis is the problem of study-
ing the dependence of one dependent variable on sev-
eral explanatory variables xi, Xz ..., Xn in the conditions
of a specific place and a specific time. The main limi-
tations are:

1. Between the dependent change y and the ex-
planatory variables xi, Xz ..., Xn there is a linear relation-
ship.

2. With a nonlinear relationship between varia-
bles, a linear approximation is possible.

In multifactorial or multiple regression there may
be the following events [19]:

1. Explanatory variables X; ..., X, have a common
simultaneous effect on the dependent variable y.

2. Due to the impossibility to cover the whole set
of reasons and take into account the randomness, equa-
tions are limited by the most important explanatory var-
iables.

In the expression of the regression function there
is an additive component e, which describes the random
perturbations and the total effect of the influence of all
unaccounted factors and cases.

Thus, the perturbing variable is interpreted in the
same way as the simple linear regression.

4. bi coefficients are regression parameters. The
regression constant by performs the alignment function
in the regression equation and determines the point of
intersection of the regression hypersurface with the axis
of ordinates.

The values of b; are estimates of the regression co-
efficients. The index at the coefficient corresponds to
the index of the explanatory variable. b; indicates the
average change in the factor y when changing xi by one
unit provided that the other variables remain constant.

Based on the main characteristics of the economic
area studied, the econometric model of changes in
working capital can be represented by the following
specification:

Y=/, %2, Xa) 1)
where
y is the selling price of vegetables, UAH/centner;
x1is demand for crop products (consumption);
X2 is supply of crop products (production vol-
umes);
X3 - material costs.

Formation of the information base

The information base of the econometric model is
statistical samples of the average selling price of vege-
tables in Ukraine, consumption of vegetables, their pro-
duction and material costs for vegetable production in
Ukraine (table 1)
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Table 1
Average price for vegetables of Ukraine, 2007-2019, UAH per centner
Average price
Period Years for vegeta- Demand for Vegetable Material costs
number bles, UAH vegetables supply
per centner
1 2007 171.3 6871 4965 1053409.1
2 2008 182.1 6904 5012 088998.8
3 2009 212.3 7180 5045 831781.8
4 2010 241.2 7317 5509 628764.5
5 2011 224.1 8489 5975 649298.6
6 2012 186.8 8976 6312 794669.3
7 2013 259.1 8873 6581 906747.8
8 2014 220.7 10562 7440 1095417.4
9 2015 207.7 10815 7452 1138416.5
10 2016 235.4 10668 7431 1153107.5
11 2017 274.6 10323 7019 1268629.2
12 2018 390.3 9792 6890 1644212.1
13 2019 392.4 9998 7030 1828927.2
Basic assessments
No. Assessment category
1 amount 3026.7 109897 77696 12928970.7
2 average 246 8982.154 6358.53846 1075567.677
3 minimum 171.3 6871 4965 628764.5
4 maximum 392.4 10815 7452 1828927.2
5 variation range 221.1 3944 2487 1200162.7
6 average absolute increase 18.425 260.5833 172.083333 64626.50833
7 average growth rate 1.07151347 1.03175 1.02940516 1.047048051
8 variance 4636.20308 2094948 852760.249 1.14977E+11
9 mean square deviation 68.0896694 1447.393 923.450187 339081.9499
10 coefficient of variation 0.27678727 0.161141 0.14522994 0.315258591

According to the calculations of Table 2.1 in the
period 2007-2019, the average expected value of the
average price of vegetables in Ukraine was UAH 246
per metric centner. The average absolute increase
showed that every year the price of vegetables increases
by an average of 18, 4 UAH per metric centner or by
1.07 times. This corresponds to an increase of 7%. The
average deviation of the indicator from the average ex-
pected value was UAH 68.08. The coefficient of varia-
tion of the indicator is 27.67%, so the statistical sam-
pling is subject the normal distribution law.

As for vegetable consumption, in the period 2007-
2019 the average expected value of vegetable con-
sumption in Ukraine was 8982.15 million tons. Every
year the vegetable consumption increases by an aver-
age of 260.58 million tons or by 1.03 times. The stand-
ard deviation is 1447.39 million tons, and the coeffi-
cient of variation is 16%. Conclusion — statistical sam-
pling can be used to build an econometric model.

According to the output indices movement of veg-
etable production in Ukraine, it can be stated that in the
period 2007-2019 the average expected value of vege-
table production was 6358.54 million tons, the mini-
mum — 4965 million tons, which was observed in 2007,
and the maximum 742 million tons was observed in
2015. Every year, vegetable production increases by an
average of 172.08 million tons or by 1.03 times. The
incremental value increases every year by an average
of 3%, and the consumption increases at a higher rate
of 3.17%. The coefficient of variation of the indicator

is 14%, which makes it possible to use a statistical sam-
pling in the econometric studies.

Analysis of the changes of material costs for veg-
etable production in Ukraine is given in Table 1. Thus,
in the study period, the average expected value of ma-
terial costs for vegetable production in Ukraine [4] was
equal to 1075567,677. The average absolute increase in
this indicator showed that the average annual increase
was 64626.50833 or by 1.05 times. Thus, the fastest in-
creasing ones are material costs for their production.
This is due to the fact that in Ukraine the ecological
principles of vegetable production are increasingly
used.

According to the analysis, it should be noted that
all factors influencing the average price of vegetables
had a general tendency to increase over time.

Thus, the statistical sampling shown in Table 1 can
be used as an information base for developing and esti-
mating an econometric model of changes in the average
price of vegetables in Ukraine. The regressand is the
price of vegetables, and the regressors are demand, sup-
ply and material costs of production. The data sampling
is equal to 13 years, i.e. 2007 — 2019, and we may say
that the calculation period is equal to one year. The
main array of information was obtained from public in-
formation of the State Statistics Service of Ukraine.
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Estimation of model parameters

The model is estimated on the basis of calculations
of partial correlation coefficients and regression param-
eters calculated by the root mean square method
(RMS).

Let us check the input data arrays for multicollin-
earity.

Let us determine the partial correlation coeffi-
cients.

Y X1 X2 X3
Y 1
X1 0.425269 1
X2 0.447545 0.9902322 1
X3 0.784417 0.5332652 0.514706 1

From the correlation matrix we draw the following
conclusions:

r (yx1) = 0.425 — the relationship between the fac-
tors is average, straight direction.

r (yx2) = 0.447 — the relationship between the fac-
tors is average, straight direction.

r (yxs) = 0.784 — the relationship between the fac-
tors is close, straight direction.

r (xax2) = 0.990, the relationship between the fac-
tors is very close, straight direction.

r (Xoxs) = 0.515, the relationship between the fac-
tors is average, straight direction.

r (xaxs) = 0.533, the relationship between the fac-
tors is average, straight direction.

Estimates of the partial correlation coefficients
show that the model may have a linear relationship be-
tween the variables x1 and x2 — supply and demand.

So, let us check the presence of multicollinearity
by the Farrar-Glauber algorithm. This requires:

1. Normalize explaining variables.

2. Find the correlation matrix.

3. Calculate the determinant of the correlation ma-
trix r and the criterion: %2

4. Find the matrix inverse to the matrix r.

5. Determine Fisher’s variance ratio.

6. Calculate the partial correlation coefficients.

7. Determine the t-test.

8. Build an econometric model by the RMS
method 1.

9. Draw conclusions about multicollinearity.

In the first step, we normalize the matrix with the
input data (Table 2).

Table 2.
Normalized Data Matrix
Y X1 X2 X3
-1.09708 -1.45859 -1.50906 -0.06535
-0.93847 -1.43579 -1.45816 -0.2553
-0.49494 -1.2451 -1.42242 -0.71896
-0.0705 -1.15045 -0.91996 -1.31768
-0.32163 -0.34072 -0.41533 -1.25713
-0.86944 -0.00425 -0.0504 -0.82841
0.192393 -0.07541 0.240903 -0.49787
-0.37157 1.091511 1.17111 0.05854
-0.56249 1.266308 1.184105 0.18535
-0.15568 1.164746 1.161364 0.228676
0.420034 0.926387 0.715211 0.569365
2.119264 0.55952 0.575517 1.677012
2.150106 0.701845 0.727123 2.221762
2. Correlation matrix: r
X1 X2 X3

X1 1

X2 0.990232 1

X3 0.533265 0.514706 1

3. Its determinant is equal to 0.013734
2= -(n-1-1/6*(2*m+5))*In(d)=-(10-1-

1/6*(2*3+5))*In(0.013734)=30.73

When the degree of freedom m* (m - 1)/2 = 3 and
significance levels oo = 0.01 criterion i %ape = 11.34.
Since the calculated value is larger than the value in the
table, we conclude that there is multicollinearity in the
array of variables.

4. Find the matrix inverse to the matrix r. We use
the MINVERSE function.

53.52361 -52.1168 -1.71746
-52.1168 52.10739 0.972117
-1.71746 0.972117 1.415509
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5. Determine Fisher’s variance ratio. Using the di-
agonal elements of the matrix C, calculate Fisher’s var-
iance ratio:

Fi=(cu-1)(n-m)/(m-1)=(53.52-1)*(13-3)/(3-1)=37.6
Fo=(Ca-1)(n-m)/(m-1)=(52.11-1)*(13-3)/(3-1)=25.56
Fa=(Cs-1)(n-m)/(m-1)=(1.42-1)*(13-3)/(3-1)=2.1

For the level of significance o = 0.05 and degrees
of freedom 1y =7 and 2 y = 2 the critical (table) value
of Fisher’s variance ratio = 4.74.

Since F1 and F2 are actually larger than the table
value, the variables x1 and x2 are characterized by mul-
ticollinearity.

6. Calculate the partial correlation coefficients.

Ri2,3=-€12/(c11*c22)"?=0.99

Ri32=-c32/(c11*c33)Y2=-0.11

R231=-€23/(c22*c33)Y2=0.11

The partial correlation coefficient between the
variables x1 and x2 is very close. Therefore, there is
multicollinearity between these variables.

7. Determine Student’s t-test.
t12:I’12,3*(n-m)1l2/(1-r212,3)1/2:0.99*3.16/0.14:31.284
t13= ri32*(N-m)¥2/(1-r?5)Y?=-0.11*3.16/0.99=-0.351
ta23=r231*(N-M)¥2/(1-r%531)"?=0.11*3.16/0.99=0.351

The table value of Fisher’s variance ratio under n-
m = 10 degrees of freedom and significance levels o, =

0.05 is equal to 1.69. The numerical values of the Stu-
dent’s t-test found for every second and third pair of
variables are less than their table values, and for the first
pair more than their table values. From this we con-
clude that the first and second variables have a high
level of correlation, so one of them should be excluded
from the study or the ratio of demand to supply should
be replaced.

8. Develop an econometric model by the RMS
method 1.

The general type of the regression equation is de-
scribed by the equation:

where y is the actual value of current assets,
)7 is a theoretical (regression) value of the aver-

age price of vegetables,

e is an uncertainty on a result.

The linear form of multifactor regression on a set
of 3 factors in general is as follows:

y=b, +b -x +b, - X,
where
X1 is the ratio of demand to supply of vegetables,
X2 is material costs for the growing of vegetables,
bi is parameters of the regression equation calcu-
lated according to RMS.

Input data for model development — Table 3.
Table 3.

@)

Input data for model development

Sale price Demand/supply Material costs
year
Y X1 X2

2007 171.30 1.3839 1053409.10
2008 182.10 1.3775 988998.80
2009 212.30 1.4232 831781.80
2010 241.20 1.3282 628764.50
2011 224.10 1.4208 649298.60
2012 186.80 1.4221 794669.30
2013 259.10 1.3483 906747.80
2014 220.70 1.4196 1095417.40
2015 207.70 1.4513 1138416.50
2016 235.40 1.4356 1153107.50
2017 274.60 1.4707 1268629.20
2018 390.30 1.4212 1644212.10
2019 392.40 1.4222 1828927.20

The calculation of the equation of the multifactor
econometric model is performed using the application
“Data Analysis”. The multifactor model of changes in
working capital has the following form:

¥ =592,46-379,79x, +0,00018x, )

According to the model obtained we have the
characteristics of changes in the factor “y”:
- with the increase of ratio of demand to supply by

one (x1), the selling price will decrease by UAH 379.79

per metric centner provided that material costs remain
unchanged,;

- with an increase in material costs by UAH 1 mil-
lion the price of vegetables will increase by UAH
0.00018 per metric centner, provided that the ratio of
demand to supply remains unchanged.

Comparison of actual and theoretical values of the

factor “y” is shown in Fig.2.



The scientific heritage No 63 (2021)

35

450,0000
400,0000
350,0000
300,0000
250,0000
200,0000
150,0000
100,0000

50,0000

0,0000

Fig. 2. Comparison of actual and theoretical values of the factor “‘y
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Checking the quality of the model developed
The obtained model is significant, which is con-

firmed by the value of the multiple coefficient of deter-
mination R? = 0.6528. Factors x(i) have 65.28% of the
impact on the resulting “y”, and the other 34.72% of the
impact belongs to factors not taken into account in the
model.

The multiple correlation coefficient r (y, X1, X2, X3)
is 0.816, which indicates a high level of closeness be-
tween the factors. The model is adequate, which con-
firms the calculations of Fisher’s statistic. Feaicu™> =
Fineor (@ = 0.05, dfy = 3, df; = 4), i.e. 9.40> = 6.59.

7 8 9 0 11 12 13

predicted Y

ITANT)

The significance of the regression parameters is
confirmed by the evaluation of Student’s t-statistics un-
der degrees of freedom (n-2, o= 0.05) tineor = 2.31. The
significance of the model parameters showed that they
are all significant: tmeor = 2.31 (Appendix B):

- bo: teareul (1,91)> = tineor (2,31) — insignificant;

- b1: teaicul (-1,04)> = tineor (2,31) — insignificant;

- b2: teacuih (4,25)> = teor (2,31) — significant.

Predictive assessment of factor influences
Estimation of predictive fluctuations of theoretical
and actual values of the model is given in table 4.

Table 4
Estimation of factor influences in econometric model
Deviation of

Period Period Sale price, Price regression the actual Lower data Upper data

No. UAH value, UAH value from the range range

regression one
1 2007 171.30 251.86 -80.56 -2079.83 456.9028
2 2008 182.10 242.98 -60.88 -2077.59 428.9658
3 2009 212.30 198.016 14.28 -2145.28 360.7751
4 2010 241.20 198.44 42.75 -2048.9 272.7193
5 2011 224.10 166.89 57.20 -2157.64 281.6257
6 2012 186.80 191.93 -5.13 -2147.03 344.6781
7 2013 259.10 239.63 19.46 -2049.61 393.2906
8 2014 220.70 245.66 -24.96 -2118.96 475.1233
9 2015 207.70 241.19 -33.49 -2153.15 493.7736
10 2016 235.40 249.72 -14.32 -2133.21 500.1456
11 2017 274.60 256.68 17.91 -2165.45 550.2515
12 2018 390.30 341.45 48.85 -2074.91 713.1552
13 2019 392.40 373.51 18.89 -2060.65 793.2727
Amount 3198 3198 0
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As shown by the evaluation results, the range of
changes in the parameter values is within:

Blower <bi< bupper
-516,6<b0<1701,49

1000

500

-500

-1000

-1500

-2000

-2500

Price regression value

Upper data range

-1193,3<b1<433,74
0,0000837<h2< 0,000268185
The graph of the range of changes of regression
values of the econometric model is given in fig. 3.

Lower data range

Fig 3. Graph of the range of changes of the econometric model regression values

In general, for the period 2007 — 2019, the price of
vegetables in Ukraine remains almost stable with slight
short-term fluctuations.

Economic and mathematical analysis

The standardized regression coefficient indicates
the share of the influence of the i-th explanatory varia-
ble on y in comparison with the change iny. The larger
the s value, the more influential is the i-th factor. Es-

timated values of standardized regression coefficients
can be calculated by the following formula, which can
also be a definition:

where

bi is 1 RMS estimate of the regression coefficient
b;;

Oxi IS the empirical standard (mean-square) devia-
tion of the i-th regressor Xi.

dy is the empirical standard (standard deviation) of
the regression y.

The standard deviation of the variable xo for a free

member equals to zero, then By = 0. It makes no sense

to calculate a standardized free member. When inter-
preting the beta coefficient, it is assumed that the em-
pirical standardized deviations dyx; and oy are typical
(characteristic) changes of the studied variables.
Standardized model:
Y =53.25* x; + 0.00016™* x>
Conclusion: supply and demand have a greater im-
pact on the selling price than the cost of growing them

CONCLUSIONS

Prices for agricultural products are the most dy-
namic characteristic of the agricultural market. They
are sensitive to the influence of numerous economic,
technological, weather, socio-political factors and in
turn determine the vectors and rates of development of
individual agricultural sectors, the level of food secu-
rity of the country. Significant differentiation and fluc-
tuations in the variations of sales prices of agricultural
products indicate poor controllability of processes in
the agri-food market. This creates instability, which re-
duces the investment attractiveness of the agricultural
sector, exacerbates the disparities in the development
of its individual components. Price instability has in-
tensified due to the deep economic crisis in Ukraine,
which necessitates the continuation of a systematic
analysis of the causes and consequences of the pro-
cesses associated with the formation of prices for agri-
cultural products.

Based on the results of the article, the following
conclusions can be drawn:

1. Modern requirements for the study of economic
processes require the introduction of econometric
methods and models that allow the analysis of the sell-
ing price of vegetables on the basis of the stochastic in-
fluence of factors of supply, demand and material costs.

2. The studied model has a high degree of reliabil-
ity and significance. The multiple correlation coeffi-
cient showed a close relationship between the factors
(more than 0.75), and the multiple determination coef-
ficient showed the significance of the flow of more than
65% of the studied factors.
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3. The study of multicollinearity by the Farrar-
Glauber algorithm showed that the factor characteris-
tics of supply and demand are correlated. The model in
which replacement of variables is carried out is devel-
oped. A new variable, which is equal to the ratio of de-
mand to supply has been introduced.

4. Estimation of parameters was carried out on the
basis of the root mean square method. Standardized re-
gression parameters are determined. Based on them the
concluded can be made that the selling price is more
influenced by supply and demand than the cost of grow-
ing vegetables.
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