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MODELLING OF GLOBAL CAR MARKET DEVELOPMENT
UNDER GLOBALIZATION IMPACT

Abstract. The aim of the article is to construct a model for the development of the market of
passenger cars taking into account global impact, macroeconomics and marketing factors that
enables automotive companies planning sales volumes, identifying potential markets for operational
and efficient investments. The global processes as well as limitation in accessing to natural
resources and their value increase, society digitalization, enforcement of competition and
governmental regulations, all of them are key factors of car industry developments which have to be
taken into account in the process of cars’ producers marketing activity. Another important impact
factor is innovations as a basic pillar of enterprises’ competitiveness, which is functioning on the
market. Therefore, the need in traditional approaches changes to marketing management under
conditions of global changes in economy is very important for enterprises’ on car market, which are
creating higher value for clients and moreover in long-term prospective such enterprises will have
strong market positions. The results of research define main significant factors influencing sales on
the global automotive market. Quantative model that has been developed, will allow to effectively
plan the marketing activity of enterprises both on the global market and on their regional clusters.
Furtemore, the research helps automotive manufactores with the entry market and efficient
investments desisisions. The methodology of the quantative forecast measurament of cars’ sales
both on global and its regional clusters is based on retrospective sales analysis and main quantitive
impact factors. The quantative model has been checked by real sales data under retrospective
figures that confirms its real practical ability.
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MOJIEJIOBAHHSA PO3BUTKY I'NTOBAJIBHOT'O PUHKY JIETKOBUX ABTOMOBLJIIB
1] BINIMUBOM I'JIOBAJIIBAIIT

AHoTanig. L{uuro cratri € moOynoBa MoAeni PO3BUTKY PHHKY JIETKOBMX aBTOMOLTIB,

ypaxoByroun (hakTopu TII00ATHHOTO BIUIMBY, MAaKpPOCKOHOMIYHI i MapKETHHTOBI IMOKAa3HWKH, SKi

JI03BOJISIIOTh ABTOMOOUTHHHM KOMIIAHISIM TUIaHYBaTH OOCATH MPOJaxy, BU3HAYATH MOTEHIIIHI

PUHKHU Ui ONEPaTUBHOI IISJIbHOCTI Ta €PEKTUBHOIO 1HBECTYBaHHS. | 7100a/bHI MPOLIECH, a TaKOXK

JIMITOBaHI HPUPOAHI pecypcu Ta IXHA MOCTIHHO 3pocTaroya BapTICTh, JUKUTHII3ALIS
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CYCHJIbCTBA, TOCHJICHHS! KOHKYPEHIII] Ta ypsSA0BUX PErylisiliil,— 1€ BCE € OCHOBHUMH (haKTOpaMu
PO3BHUTKY aBTOMOOLILHOI MPOMMCIIOBOCTI, sIKi TMOTPIOHO BPaxOBYBATH Yy MPOIECI MapKETHHTOBOT
TiSUTBHOCTI aBTOMOOLTHPHUX BHPOOHUKIB. [HIMMM Ba)KIIMBUM YMHHUKOM BIUTUBY PO3BHTKY PUHKY €
iHHOBAIIl SIK OCHOBHHUH (DaKTOp KOHKYPEHTOCIPOMOXHOCTI Kommanii. Tomy mocrae motpeba B
3MiHaX TPAOUIIMHUX MIOXOAIB 1O YIPaBIiHHA MAapKETHHIOBOIO MiSIIBHICTIO TIiJ] BILUTUBOM
r7100ambHUX 3MiH B €KOHOMIIIl, 10 € Ty>K€ Ba)XXJIMBUM JJIsi KOMIaHiil Ha aBTOMOOUTEHOMY PHHKY,
HAINPaBJICHUX HA CTBOPEHHS BUCOKHX IIIHHOCTEH IS KJIIEHTIB 1 MOCWICHHS TMO3MINA KOMIIAHIN y
JIOBTOTEPMIHOBIM  TEPCIEKTUBI.  Pe3ymbrat  JOCHIPKCHHS  TOJSTal0oTh y  BU3HAYCHHI
HallBaXMBIMX (PaKkTOpiB BIUIMBY Ha MNpOJaxi INI0OANbHOTO PUHKY aBTOMOOLTiB. KinbkicHa
Mozenb 3abe3neuye e(QeKTHBHE IUIaHYBAaHHS MApPKETHHTOBOI [IsJIbHOCTI KOMMAHIA SK Ha
r100aTpHOMY pHUHKY, TaK 1 Ha HOro perioHaJbHUX KiacTepax. bijbllle TOro, IOCIHiTKCHHS
JIOTIOMarae aBTOMOOUTFHUM BHUPOOHHUKAM yXBaJFOBATH PIIIEHHS MIOAO BUXOJY Ha TOH abo iHIIHMI
perioHaJbHUI PUHOK Ta MPUIMATH BUBAKEHI IHBECTHLIWHI pimeHHs. MeTOm0NorTis KiUIbKICHOTO
MPOTHO3Y BUMIPY MOTEHIIMHUX MPOAaXX aBTOMOOITIB sIK Ha TN00aIbHOMY, TaK 1 periOHATbHUX
puHKax 0a3yeThCs HAa PETPOCIEKTHBHOMY aHali3l SK MPOAaXiB, TaK 1 y KUIbKICHOMY BHPa)KEHHI
OCHOBHUX (akTopiB BINIMBY Ha HbBoro. [loOymoBaHa kinbkicHa Mozenb Oyia mMepeBipeHa Ha
peanbHiil pEeTPOCIIEKTUBHIN CTATHCTHUII MPOJAXIB, IO MiATBEPIKYE ii Ai€3MaTHICTD y MPAKTUYHINA
IUIOLLIUHI.

Kniouogi cnosa: noka3HUKN aBTOMOOUTBHOTO PUHKY, IMPOJaXi aBTOMOOLTIB, TJI00ai3aris,
MOJIETIOBAaHHS, MOTOPU3AIlisl, POTHO3.
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MOJEJIEJIMPOBAHUE PA3BUTHUA I'/IOBAJIBHOI'O PBIHKA
JETKOBBIX ABTOMOBWJIEN ITOJ1 BTASHUEM I''IOBAJIU3AIINN

AHoTanusi. Llemno craThu sBISETCS NMOCTPOCHUE MOJENM Pa3BUTUS PBIHKA JIETKOBBIX
aBTOMOOWJIEH,  y4uThiBasg  (AaKTOpel  TJIOOAIBHOTO  BIUSHHS, MaKpPOIKOHOMHYECKHE U
MapKETUHIOBbIE TOKa3aTeNH, KOTOpPblE MO3BOJSIIOT ABTOMOOWJIBHBIM KOMIAHUSAM IUIAHHUPOBATH
O0BEMBI TIPOJAXK, ONPEIENATh IOTCHUUAIBHBIC PBIHKH I ONEPAaTUBHOM JEATENLHOCTH W
3¢ (EKTUBHOIO HMHBECTUPOBaHMS. Pe3ynbTaTbl HCCIENOBAaHUS 3aKIIOYAIOTCS B ONpEAETICHUU
HauboJsee BaXXHBIX (PaKTOpax BIUSHUS Ha MPOJAXH II00albHOIO PHIHKA JIETKOBBIX aTBOMOOMIIEH.
KonnyectBennass mozens  oOecrnieunBaeT 3((EeKTHBHOE  IJIAHMPOBAHUE  MapKETUHTOBOU
JeSITEIbHOCTH KOMIIaHMM KakK Ha IJI00AJbHOM pBIHKE, TaK M Ha €ro peruoHalbHBIX KIacTepax.
Bosnee Toro, uccienoBanue Mo3BoJsET aBTOMOOMIIBHBIM MTPOU3BOAUTENSIM IPUHUMATh PEIICHUS O
11e1€c000pa3HOCTH BBIXO/A HA TOT WM JIPYroi pernOHaNbHbIM PBIHOK W IPUHUMAThH B3BEIICHHBIE
MHBECTULMOHHBIE pemeHus. [locTpoeHas KoiaMuecTBeHHas MOJeNb ObUla MPOBEpPEHa Ha peaslbHOU
PETPOCIEKTUBHOM CTATUCTHKE MPOAAXK, YTO MOATBEP)KIAET €€ JeeCloCOOHOCTh B MPAKTUYECKOU
IIJIOCKOCTH.

KuiroueBble cioBa: 1oka3zaTelnd aBTOMOOMJIBHOTO pBIHKA, MPOJAXH aBTOMOOMIIEH,
rino0anu3anus, MOAEIUPOBAHNE, MOTOPU3ALKs, IPOTHO3.

®opmyin: 2; puc.: 1; Tabn.: 2; 6ubm.: 21.

1. Introduction. Studying marketing activities of companies in the passenger car market
and the prospects for their effective functioning is one of the important components of the
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development of modern business, which can not be successfully carried out without studying world
experience. It’s necessary to take into account globalization processes, restrictions in access to and
increase in prices of natural resources, society digitalization, strengthening of competition and state
regulations, which are the key factors influencing the world automotive industry development.
Another important impact factor is innovations as a basic pillar of enterprises’ competitiveness,
which is functioning on the market. Therefore, the need in traditional approaches changes to
marketing management under conditions of global changes in economy is very important for
enterprises’ on car market, which are creating higher value for clients and moreover in long-term
prospective such enterprises will have strong market positions.

From the point of marketing, the modern global car market is the important part of the world
economy, that is characterized by the complex system of commercial relations as well as there is the
necessity of plenty market subjects’ quantity actions and their interests’ synchronization. Moreover,
the supply and demand fluctuating on this market can lead to economic crisis and slow down global
economy development.

The purpose of the article is to identify the world economy component, which is
characterized by a complex system of commercial communications in the global market for
passenger cars, as well as the need to coordinate the actions of a large number of economic entities
and their economic interests. The object of the research is the processes of ensuring the effective
management of the marketing activities of car manufacturers in the market of cars in the conditions
of globalization changes in the economy.

The practical and theoretical value of the research is the proposed methodological principles
and methodical approach to increasing the competitiveness of the automobile industry through the
systematic use of the marketing complex in the interconnection and interdependence of the trends of
the development of national and international markets for automobile.

2. Literature review and the problem statement. There is a need to explore the
peculiarities of industrial enterprises marketing activities management in the automotive market.
From a marketing standpoint, the modern global car market is an important component of the world
economy, which is characterized by a complex system of commercial communications, as well as
the need to coordinate the actions of a large number of business entities and their economic
interests. Fluctuations in demand and supply in this market can provoke economic crises and can
slow down the development of the world economy. So we need to change traditional approaches to
managing marketing activities in the face of globalization changes in the economy is essential for
companies in the automotive market, which create a higher value for customers, and in the long run
will have significant market positions. To do this, we need to plan our own sales in the long run, as
well as forecast possible scenarios for market development. This will allow automakers to more
effectively distribute their efforts, marketing budgets and avoid investing in times of crisis in the
market and in the economy as a whole.

The researches of enterprises’ marketing activity on global car market and its efficient
functioning is one of important part of the modern business development, that is impossible to run
successfully without world experience studying. So, adopting of national car markets development
to world economy global conditions is one of the main tasks of car producers’ marketing researches.
In addition, the global processes as well as limitation in accessing to natural resources and their
value increase, society digitalization, enforcement of competition and governmental regulations, all
of them are key factors of car industry developments which have to be taken into account in the
process of cars’ producers marketing activity. Therefore, the need in traditional approaches changes
to marketing management under conditions of global changes in economy is very important for
enterprises’ on car market, which are creating higher value for clients and moreover in long-term
prospective such enterprises will have strong market positions.

Thus, G. Assel (Assel, 1999) prospected company strategies as the main method of
influencing buyers in specific markets and planning the activities of the companies in terms of their
use of strategies in specific markets. At the same time, P. Kotler (Kotler, 2012) determined the
target markets of the enterprise depending on the purchasing power of the buyers, and V.P.
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Pylypchuk (Pylypchuk, 2011), believed that only push-sales formed the potential of markets.
K.Hoffman (Hoffman, 2010) and P. Barden (Barden 2013) argued that effective branding and
service marketing could create additional market demand in the future, and D. Kennedy (Kennedy
2015) and J. Konrath (Konrath, 2012) tried to model market development based on the human
factor as the main driver of the impact on the sale of goods in a global environment. However,
despite the significant contribution of these scholars to the development of the theory of marketing
management by industrial companies, insufficient attention is given to questions and problems of
modeling of global car market development under globalization impact.

3. Research results. The theoretical and methodological basis of the study were the
following techniques, such as expert judgment analysis (for assessing the effectiveness of
management, analysis of marketing activities, and determining the competitive positions of the
company); sociological research (in the process of questioning specialists in order to form
competitive marketing strategies for autoproduces); comparison, economic analysis (to determine
the effectiveness of marketing activities of autoproduces); economic-mathematical modeling (for
predicting capacity of the car market); cluster analysis (to determine consumer preferences and
effectiveness of marketing tools). For the effective use of these techniques, statistical data from
2006 to 2018 was used. All predicted data was built from 2007 to 2019. Data for 2018 on sales
volumes is left without analysis in order to compare the result of calculating using the model with
real data that was not taken into account when constructing it. The following methods were outlined
in the basic scientific methods: systematic approach, synthesis, abstraction and modeling.

The methodology of sales volumes measuring within global market and its regional parts
taking into account marketing factors impact that differs from existing methodologies in markets’
clusterization and definition of key impact factors at cars’ sales volumes in forecasted prospect, that,
in its turn, allows efficient marketing budget spending of cars’ producers has been offered by authors.

In our research we modofied the methodology for calculating the potential volume of the
automobile market. We used the current level of motorization index in Eastern Europe, Europe,
Asia and the world, as well as the corresponding population and dynamics, which allows more
reasonably to develop marketing strategies and make strategic marketing decisions at the level a
diferrent producing company.

First of all we identified patterns of certain factors’ impact on the cars sales on world
markets in order to obtain the possibility of forecasting sales volumes in the future. To achieve this
goal, we propose to use a statistical selection for the following group of indicators: market («Car
Salesy», «Car Park», «Motorizationy»), demographic («Populationy», «Urbanizationy), infrastructure
(«Major Roads Lengthy, «Retail fuel cost (average for gasoline and diesel fuel)», macroeconomic
(«GDP», «Inflation», «Unemployment», «Population expenditures, consumption»), marketing
(«Annual Average Sold Car Price», «Average Fuel Consumption of Car Sold», «Average Cost of
Sold Car Operation», «Car Manufacturer Localization in the Regiony», «Young generation as the
largest consumer in the share of all consumers in the region», «The consumer’s advantage in
relation to compactness, safety, design, ecology, assortment, premium status, car efficiency in the
region»,» The impact of the price and cost of ownership on the sale in the region», the efficiency of
personal sales, online sales, coverage of the region, events, digital advertising, mass media, TV and
radio advertising, family and friends’ recommendations, motivations and qualifications of sellers by
countries’ clusters), world and regional indicators, clusters (cluster of the former CIS countries, the
European Union, North American Free Trade Area (NAFTA), South America, Asia, Africa). These
figures, according to our research, on the one hand characterize the world car market, and on the
other influence its development (Boston Consulting Group, 2018; Focus to move, 2018; Deloite,
2017; World GDP..., 2019; World motorization..., 2017; World sales..., 2018).

Next year «Car Sales» indicator was defined as efficient one (Y). When forecasting cars’
sales volumes it is necessary to select the factors that have the greatest influence, and build the
corresponding economic-mathematical model on this basis. In modelling, we propose the use of a
step-by-step regression method to determine the best subset of regressors for explanation of Y,
which makes it possible to use a step-by-step procedure with sequential exclusion of variables in the
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regression equation. When constructing mathematical models, it’s necessary to provide such a
number of observations that will exceed the number of parameters of these models. If the number of
model parameters is less than the selection size, the model tries to most accurately reproduce the
given data set. In the extreme case, when the number of model parameters is equal to the number of
selection elements, the model will be able to accurately reproduce all data. With further increase in
the number of parameters of the model, the possibility of error in reproduction of observations in
the selection will equal zero. The deviation of the model’s forecast from real values will not help to
identify the patterns. To avoid such a phenomenon, it will be sufficient that the volume of the
statistical selection was one observation greater than the number of parameters of the economic-
mathematical model (Assel, 1999).

The study contains a selection of 14 indicators (Tabl. 1). Given the limited selection size (9
observations), we need to significantly reduce the list of input factors of the model. The final list of
factors will be selected on the basis of the F-criterion, which is a statistical characteristic of
assessing the significance of the explanation of the resulting variable by the input indicators. We
will analyze the influence of variables on the «Car Sales» indicator, with further selection of the
most important ones.

Table 1
Correlation of «Car Sales» with the corresponding index with a year lag

Indicators World Total| CIS EU Asia
Car Park, thousands units 0,9 -0,6 -0,6 0,9
Motorization, Quantity of cars per 1000 of population 0,9 -0,5 -0,3 0,9
Population, number of people 0,9 -0,6 -0,8 0,9
Urbanization, % 0,9 -0,6 -0,7 0,9
Major Roads Length, km 0,9 -0,6 -0,6 0,9
Retail fuel cost (average for gasoline and diesel fuel), USD 0,2 0,3 -0,7 -0,5
GDP, USD 0,9 -0,1 0,3 0,9
Inflation, % -0,8 -0,6 0,3 0,4
Unemployment, % 0,4 -0,6 -0,6 -0,3
Population expenditures, consumption, % of change -0,1 0,7 0,6 -0,1
Annual Average Sold Car Price, USD 0,7 0,01 -0,1 0,3
Average Fuel Consumption of Car Sold, liters per 100 km -0,9 0,5 0,6 -0,9
Average Cost of Sold Car Operation, USD 0,9 0,6 -0,7 0,5
GDP per capita, USD 0,9 0,1 0,9 0,9
Car Sales, it 0,9 0,3 0,7 0,9

Correlation coefficients between all of the indicators and the volume of Car Sales listed in
Table 1 are paired (Y) with respect to all the indicators given by countries / markets. In addition,
most correlation coefficients for «Car Sales» in the Asia, as opposed to others, are close to +1 and
are closer to the correlation of these indicators in the world. This can be explained by paying
attention to the initial values of the explanatory variables. The Asian region has been developing
dynamically over the past 10 years, showing a positive trend towards the growth of all groups of
economic indicators (World sales..., 2018). And the correlation coefficient is calculated as the sum
of the multiplications of the subtractions of values of the studied indicators at the same moment of
time from their average over the analyzed time interval, normalized to the multiplication of standard
deviations. If both indicators are constantly increasing, then, at first, the subtractions of their values
from their averages is negative (and their multiplication is positive), and then they become positive
(as well as their multiplication). The sum of such subtractions’ multiplication, adjusted for the
multiplication of the mean square deviations, becomes a positive number approaching +1.

The analysis of the individual indicators’ correlations on a regional basis with the resulting
variable «Car Park» has a very high correlation coefficient with the indicator «Car Salesy.
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Especially in Asia, where there is a simultaneous growth of both these indicators. In Europe and in
the clusters of the former CIS countries, the volumes of Car Parks continue to grow, however, sales
of new cars are substantially reduced. If in Europe this reduction is due to the saturation of the
market, then in the cluster of the former CIS countries, most likely, a decrease in solvent demand is
due to falling rates of national currencies and lower real incomes.

Note that the coefficient of pair correlation indicates the power of the linear relation between
the two indicators (Tabl. 2).

Table 2
Coefficients of pair correlation between variables in the world in general
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Major Roads Length [09(09(09(09|10/0,2| 09 | -0,7 | 0,3 -0,1 08 [-09] 09|09 09
Retail Fuel Cost 02|01/02]01|00]120| 05 | 04 | 01 02 |-00|-02]03]05] 03
GDP 09/09(09|09(09|05| 10 | -05 | 0,3 -0,1 06 [-09] 09|09 09
Inflation -0,7/-0,7|-0,7|-0,7|-0,7/0,3| 05| 10 | -05| 03 |-04 | 08 | -0,7 | -04 | -0,7
Unemployment 03/04(04/03/03|0,1| 0,3 |-05]| 1,0 -05 |-02|-04|04]| 03] 0,3
Population
expenditures,
consumption -0,2(-0,2(-0,2|-0,3|-0,1|10,2| -0,1 | 0,4 | -0,5 1,0 051(021]-021-01] 00
Annual Average
Sold Car Price 07/07(0,7|06|08(-00| 06 | -04 | -0,2 0,5 10| 06| 06 | 06 | 0,8
Average Fuel
Consumption
of Car Sold -0,9(-0,9(-0,9/-0,9(-0,9|-0,2| -09 | 0,8 | -0,4 0,2 -06 | 10 |-09|-09|-09
Average Cost
of Sold Car
Operation 09/09/09/09|/09|03|09 |-07| 04| -02 |06 |[-09]| 10|09 | 09
GDP per capita 09|08/09/09|/08|05/09 |-04]03| -01 |06 [-09|09 |10 09
Car Sales 09/09/09]/09|09|03| 09 | -0,7 | 0,3 0,0 08 1-09109 |09 |10

That is, with a positive correlation with the growth of one indicator, the second one
increases, and in the case of negative— it will decrease, but only in the case of a common normal
distribution of random variables. T-statistics, distributed according to the Student’s law, with n-2
degrees of freedom and Fischer (F-criterion) are used to test the hypothesis of zero-equality of the
pair correlation coefficient. Determination coefficient (denoted as R> — R-square) is a statistic
indicator used in statistical models as a measure of the dependence of the variation of a dependent
variable on the variation of independent variables, indicating how the observations confirm the
model. For a pair coefficient of correlation, the critical value of t-statistics is calculated initially, and
later on the basis of it the critical value of the correlation coefficient is calculated. If the calculated
value is more than critical, then the hypothesis about the zero equality of this correlation coefficient
is denied at the appropriate probability level. Similar conclusions are made when checking the
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significance of partial correlation coefficients. Since in our task the explanatory variables for the
year precede the effective indicator, then by their change we can draw conclusions, whether to
expect increase or decrease in the volume of car sales the next year. And the closer the value of the
correlation to unit by module (up to £ 1), the greater the confidence of the correctness of such a
forecast. If the value of the correlation coefficient is close to zero, then there is no linear relation
between these two indicators. So, when constructing a model, our task will be to select the variables
that have the most correlation in module with the indicator «Car Sales» and provide the significance
for the F-criterion and the highest accuracy of prediction in the test selection.

When selecting the factors for the model, it is important to ensure their logic in explaining
the resulting indicator. That is, with the growth of the population, the demand for cars in the
unchanged conditions should increase. For Europe and the countries of the former CIS countries
cluster, there is a reverse situation: the population is increasing, and car sales are reducing. It is
clear that the causes are different (in Europe it is due to the over-saturation of traffic, the increase in
the cost of owning vehicles and the efficient development of public transport, and in the CIS cluster
— due to the decline in real incomes), the correlation between population and the volume of car
sales is negative. It is better not to include such controversial factors to the model of forecasting the
«Car Salesy indicator.

The last line in Table 1 contains coefficients of autocorrelation of the «Car Salesy indicator.
The coefficient of autocorrelation is calculated through the data of dynamics series, when the actual
levels of one series are considered as the value of the factor’s characteristic, and the levels of the
same series with the shift in one period are taken as a resulting feature. The deviation of the actual
levels from the trend is defined, which characterizes the main trend of each row of dynamics. The
question of the feasibility of using this indicator, as well as other variables from the Table 1, in one
or another model for forecasting the volume of sales of cars for each of the selected regions or the
world in general will be solved separately in the process of their further construction.

Table 2 provides a pair correlation between market variables of world indicators, which will
serve as the basis for constructing a model. Linear regression serves as a basis for the construction
of economical and mathematical models of forecasting the volume of cars sales, due to the
simplicity of construction and the transparency of the interpretation of the results (the
positivity/negativity and the value of the pair coefficient in the variable can be used to drive
conclusions as to its effect on the resultant indicator). The analytical form of the linear regression
record looks as follows:

Y=ag+aprXi+ ... +ayXp, (1)
where Y is the value of «Car Sales» indicator;

Xi is the value of i-factor a year prior to forecasted variable;

a; is linear regressional dependence parameters;

ap Is the equation paremeter, constant.

The essence of constructing a linear regression is to find its parameters a;, i =0,n, which, on

the basis of the vector of input variables {X1, ..., Xn}, will allow the output to be obtained as close
as possible to the corresponding real value of the resulting parameter Y. The search for the
parameters of the model is based on a standard procedure based on least squares method. In order to
obtain the most effective model for forecasting car sales in the world and in a particular region, it is
necessary first of all to determine the list of input factors, to optimize the parameters of the model
and to evaluate its adequacy according to the F-criterion and test data.

From the full list of explanatory variables, we should select the variables with the highest
degree of linear relation with the indicator of «sales next year» (see Table 1) In the process of
selection of input factors for the model, it is important to avoid the phenomena of multicollinearity.
The result of multicollinearity is a significant decrease in the accuracy and stability of the results of
calculations, increase in the variance of the estimates of parameters, increase in the sensitivity of the
parameters to the volumes of statistical selection, shifting of parameters and erosion of the content
of the model in general (Nakonechny, 2005). Accordingly, in the process of selection of factors to
the model it is necessary to ensure a minimum level of correlation between them.
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We will construct a regression model for forecasting the volume of car sales in the world in
general, in accordance with the above-mentioned provisions, subject to the conditions for the
absence of multicollinerarity. We will calculate the correlation matrix for all variables for the world
in general (see Table 2). Note that the coefficients of pairwise correlation between all variables
given in Table 2, are auxillary when constructing a model for car sales forecast. At the start, the
model will select the factors that have the greatest impact on the output variable «Car Sales», on
which conclusions can be drawn based on the data of the Table 1.

From the list of explanatory variables model forecasting car sales in the world, the indicators
«Retail fuel cost (average for gasoline and diesel fuel)» and «Population expenditures,
consumption» were removed. However, among the remaining variables, ten have a correlation
coefficient with a resulting index of about one. In addition, they are highly correlated with each
other. This means that, with the involvement of any of them, virtually all other explanatory
variables can not be included in the model, since there will be manifestations of multicollinearity.

The first factor in this model is the «GDP per capita» indicator. In Table 2, let’s choose a list
of variables with which it does not have a high correlation value. These variables include: «Retail
fuel cost» (correlation with «GDP per capita» is 0.548), «Inflation» (-0.443), «Unemployment»
(0.310), «Population expenditures, consumption» (-0.112) and «Annual Average Sold Car Price»
(0.557). Involving any other factor in the model at once will result in multicollinearity and,
accordingly, its degeneration.

Among the selected factors, we will get rid of two immediately, because they have no
impact on the resulting variable— the correlation between the indicator «Retail fuel cost» and «Car
Sales» next year is 0.170, and the indicator «Population expenditures, consumptiony is (-0.112). Of
the other selected variables, the highest linear connection with the resulting indicator is «Inflationy,
which is -0.780 (see Table 2), then — «Annual Average Sold Car Price» (0.715) and
«Unemployment» (0.420). Among themselves, all of these variables do not have a significant
correlation, so they can all be included in the model at the same time.

We begin, in turns, to add factors to the global car sales volumes forecasting model by the
degree of their impact on the resulting variable, checking each time the accuracy of the model by
the F-criterion. We will check the accuracy of the model (1) with different sets of variables, as with
the inclusion of the constant ag, and without it.

Explanatory variables are data from 2006 to 2017, and forecasted data is derived from 2007
to 2019. Data for 2018 on sales volumes is left without analysis in order to compare the result of
calculating using the model with real data that was not taken into account when constructing it.
Moreover, data for 2018 is not provided yet by International Organization of Motor Vehicle
Orgainization (World sales..., 2018).

We build a model of forecasted volumes of world cars sales based on «GDP per capita» and
«Inflation». The determination coefficient R? of such a model without the constant a, is 0.998, and
the F-criterion is 2086.26 with seven degrees of freedom. When adding the constant R? falls to
0.942, and the F-criterion — to 48.46 with six degrees of freedom. It is clear that the accuracy of
the model is extremely high in both cases, although without a free term a; model is more efficient
(despite the fact that it has fewer parameters and more degrees of freedom).

We will continue to gradually add explanatory variables to the model. With the involvement
of two already selected factors of the indicator «Annual Average Sold Car Pricey, the determination
coefficient of the model without the constant ag is 0.999, and the F-criterion is 3578.62 with six
degrees of freedom, and with the constant ay it is 0.964 and 45.44 with five degrees of freedom,
accordingly. With the addition of the fourth factor «Unemployment», the R* of the model without
the constant is 0.999, the F-criterion is 2249.98 with six degrees of freedom, and with the constant it
is 0.983 and 58.27 with four degrees of freedom, respectively.

The most accurate among the constructed models for cars sales volume forecast in the world
in general, was a linear regression based on three factors without a constant, which takes on an
analytical form:

Y world total = 4427,8:X1 — 167158770,5-X;, + 1064606,2-X3, where 2

280



X1 — GDP per capita;

X, — inflation;

X3 — average sold car price.

The real world car sales quantity for the period 2007—2017 and their forecast based on the
model (2) for the period 2007—2019 are shown in Fig. 1.
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Fig.1. World Car Sales Forecast based on Model (2)

The forecast of world car sales in 2017 by the model (2) was 69 342 thousand units, while in
reality 70 849 thousand were sold. That is, the forecast deviation from reality is within 2% that can
be considered an acceptable result. The model predicts the slow down of global car narket growth
up to 1% in 2018 and stability with furter trend to decline beginning from 2109 due to global
inflation level growth.

4. Conclussions. The basis of our research is identified and found:

1. The main significant factors influencing sales on the global automotive market have been
determined among the many investigated: GDP per capita; inflation; Average annual price of the
car sold.

2. The car market is highly interdependent, primarily from macroeconomic factors: GDP,
GDP per capita, inflation and unemployment, and less from marketing (the average car sales price).

3. Author’s model of forecasting is developed that will allow to effectively plan the
marketing activity of enterprises both on the global market and on their regional clusters.

4. The proposed model is effective because it has a slight margin of error of up to 2%.

5. The model predicts the slow down of global car narket growth up to 1% in 2018 and
stability with furter trend to decline beginning from 2109 due to global inflation level growth. We
expect negative trend in 2020—2022 due to global macroeconomics factors forecasts of Global
organazations and market maturity in Asia.
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