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ASSESSMENT OF LOGISTIC FACTORS AND FORECAST OF THEIR
IMPACT ON ECONOMIC GROWTH: ON THE EXAMPLE OF
KAZAKHSTAN

Summary. It is important to form and determine the degree of influence of each factor
of the logistics system on the forecast of economic development.

The article assesses the impact of the development of logistics systems on the efficiency
of the functioning of the economy of Kazakhstan. As complex macroeconomic factors
affecting the development of logistics and economic growth of the country and its
individual regions, transport, investment, economic, information, material and technical,
labor and infrastructure factors are considered.

Using models of regression and factor analysis according to statistical data for 2009-
2020, the most important factors were identified and their relationship with the level and
efficiency of logistics development was determined.

The analysis established the nature of the relationship between the logistics
infrastructure and the regional economy, and also assessed the situation depending on
these factors.

Based on the results of factor and index methods of analysis, mechanisms were
developed for developing the main priorities of logistics systems that affect the efficiency
of the country's economy, and directions for their further development were proposed.
The forecast is based on the studied factors up to 2030.

To improve the efficiency of the functioning of the economy and improve the logistics
components, recommendations were developed to improve the specified criteria for
logistics services, as well as ways to improve the efficiency of the functioning of logistics
links in these sectors of the economy.

The practical significance of the work lies in the fact that its results can be used as
recommendations for long-term development.

OLEHKA JIOTUCTUYECKNX ®AKTOPOB U ITPOI'HO3 UX BJIMSHUA HA
OKOHOMMYECKHNU POCT: HA ITPUMEPE KA3AXCTAHA

AnHotanusa. Baxuo C(l)OpMI/IpOBaTB " OIIPCACIINTD CTCIICHb BJIWSAHUSA KaXXI0T0 (baKTopa
JIOTHCTUYECKOM CHCTEMBI Ha IIPOrHO3 pa3BUTUA SKOHOMUKHU.

B craree MNpoOBCACHA OLCHKAa BJIMAHUA PA3BUTUA JIOTUCTUYCCKUX CUCTCM Ha
3(1)(1)6KTI/IBHOCTI: (I)YHKLII/IOHI/II)OBS,HI/IH sxoHoMuKkH Ka3zaxcrana. B xaduecTBe KOMILIEKCHEBIX
MAaKpOSKOHOMHYCCKUX Q)aKTOpOB, BJIMAOIINX Ha PAa3BUTHUC JIOTUCTUKH U SKOHOMHUYECKHI
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pPOCT CTpaHbl W OTHCIBHBIX €€ PETrMOHOB, pacCMaTPUBAIOTCS TPAHCHOPTHBIN,
WHBECTUIIMOHHBIM, 3KOHOMHYECKWH, WHPOPMALMOHHBIH, MaTepHaJIbHO-TEXHUYECKUH,
TPYAOBOH 1 HH(MPACTPYKTYPHBIH (PaKTOPBHI.

Hcnonb3yss Momenu perpeccCMOHHOrO M (pakTOpHOTO aHajiu3a IO CTATHCTHYECKUM
nmaHHbM 32 2009-2020 1T., BBISBICHBI HAUOOJIEEe BaKHBIC (PAKTOPHI M ONpEelieHa UX
B3aUMOCBSI3b C YPOBHEM ¥ 3(P(HEKTHBHOCTHIO PA3BUTHSI JTOTHCTHKH.

B xome ananu3a YCTaHOBIICH XapakTep B3aMMOCBS3H MEXKIY JIOTUCTUYECKOM
MHQPACTPYKTYpOH U PErHOHATBHON SKOHOMHKOH, a TAKXKe MPOBEICHA OLIEHKA CUTYallhn
B 3aBUCHMOCTH OT YKa3aHHBIX (haKTOPOB.

ITo momydyeHHBIM pe3yibTaTaM (AKTOPHOTO W WHICKCHBIX METOIOB aHaiu3a ObLIH
pa3paboTaHbl MEXaHU3MBbI pa3pabOTKH OCHOBHBIX MPHOPUTETOB JIOTHCTUYECKUX CHCTEM,
BIHMAIONMX Ha 3(QQPEKTUBHOCTH IKOHOMHUKH CTPaHBl, U MPEHJIOKCHBI HAIPABICHUS HX
JmanpHenmero pa3sutus. [Iporao3 ocHOBaH Ha W3y4eHHBIX (akTopax a0 2030 roxa.

Jns moBbieHUsT 3QPEKTUBHOCTH (YHKIIMOHUPOBAHUS SKOHOMHUKH W yIyYIICHUS
JIOTHCTUYECKUX KOMIIOHEHTOB BBIPa0OTaHbI PEKOMEHAALMH TI0 yIYUIICHHIO YKa3aHHBIX
KPUTEPHEB JIOTHCTUYECKOTO 00CITYKMBAHUS, a TAKXKE MyTH MOBBINICHUS 3()(HEKTHBHOCTH
(GYHKIIMOHUPOBAHUS JIOTUCTUICCKUX 3BEHBEB B YKA3aHHBIX OTPACIIAX SKOHOMUKH.

[IpakTrdeckass 3HAYUMOCTb Pa0OTHl COCTOMT B TOM, YTO €€ pe3yJibTaThl MOTYT OBITH
WCIIOJIb30BaHbI B KAYECTBE PEKOMEH/IAINH MIPU TOJITOCPOYHOM Pa3BUTHH.

1. INTRODUCTION

Factors that determine the effectiveness of logistics systems (LS) are the driving forces for
economic development and growth. Transport, investment, economic, information, logistics, labor and
infrastructure factors are considered as complex factors in the study.

However, as the analysis shows, many issues of the development of logistics with the development
of the transport complex are not linked to the development of the regional economy, are fragmented
and are not associated with the spatial and territorial development of the country's regions. This, in our
opinion, is primarily due to the lack of an adequate methodology for assessing the impact of factors on
the economy of regions and the country as a whole.

Based on the analysis of foreign sources and summarizing various methodologies, we came to the
conclusion that in different countries, logistics factors affect socio-economic development in different
ways. This requires an individual approach when using certain methods and indicators for research.

The purpose of the study is to assess the factors affecting the efficiency of the functioning of
logistics systems and economic growth.

The main difference of the study lies in the establishment of a group of factors affecting the
country's economy as a whole and their combination in the schedule with regional logistics
development indices, which gives a clear and complete picture of the impact of each logistics
component on the development of the regional economy and on the country's economic growth.

2. LITERATURE REVIEW

The development of transport usually occurs in parallel with the growth of the economy, and the
growth of the transport sector generates an increase in the share of employees and their incomes.

The harmonious development of the economy and logistics leads to sustainable economic growth
only through more efficient use of logistics resources [1].

The relationship between regional logistics and the regional economy was determined by taking 20
key factors [2]. A study of the impact of investments on logistics showed a positive growth in exports
in Spain [3], in particular, a 10% increase in capital increased regional exports by 4%.

Kai Hu et al [4] assessed the impact of logistics on regional GDP and investment in China. The
paper [5] analyzed changes in the GDP structure of Lithuania and 28 EU countries in 2008-2012 and
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found that the import of transport and logistics services will increase transport and logistics services
by 59%.

Many countries are now increasing their investment in logistics, and it has become a rapidly
growing segment for economic development [6]. The development of fixed capital in logistics leads to
sustainable economic growth only through more efficient use of resources [1]. It has been established
that the obsolescence and deterioration of the material and technical bases of logistics and the lack of
personnel hinder the effective development of logistics [7, 8].

Through the use of advanced technologies such as computer networks, barcodes, and navigation
systems, traditional logistics has evolved into a high-performance, high-tech, and high-content
information industry [7]. Therefore, as information support factors, we took: the volume of
communication services; mobile subscribers; people who use the internet.

In [9], a close relationship is established between economic development and logistics components
such as: transportation, warehousing, processing, delivery and information technology. The degree of
influence of the logistics infrastructure on the competitiveness and efficiency of the functioning of the
economy was determined and studied in [10, 11]. It is determined that the main driving forces for the
development of transport are industry, trade and agriculture.

C. Bensassi et al. [12] in their study studied the relationship of geographical and transport factors to
the economy and found that the number, size and quality of logistics facilities have a positive impact
on export flows.

A generalization of various areas for measuring and evaluating the logistics potential can be
presented as an aggregate indicator that takes into account individual territorial correlation coefficients
[13]: an assessment of the attractiveness of the economic and geographical location, an indicator of the
transit potential of the territory, and an assessment of the efficiency of the transport and storage
infrastructure.

The above authors point out that the relationship between regional logistics and economic growth is
closely related. However, modern research focuses on the following aspects: empirical analysis of the
logistics system and economic relations, many of which reflect the level of development of the
logistics system and the economy, respectively, using general social logistics costs and GDP, for
example, using one parameter to determine the development of logistics or economic development, the
level is determined logistics development and economic development.

Thus, in our opinion, the calculation of the indicator of the development of transport and logistics
potential should be either a multiplicative criterion or an index evaluation method.

Measuring the indicators and potential of the transport and logistics system becomes an argument
for making decisions in the field of investing in regional infrastructure in terms of conducting an
effective policy of socio-economic development.

3. METHODOLOGY

The following methodology is proposed for assessing the impact of transport and logistics systems
on the economy of Kazakhstan, which consists of the following stages.

At the first stage, we single out the logistics factors that affect the economic growth and efficiency
of the economy of Kazakhstan, from seven main groups of factors, according to pre-selected indicators
based on factor regression analysis [14]. In particular, there are several key factors that affect logistics
at the macroeconomic level: 1. factors of investment in logistics; 2. logistics of transport; 3. possibility
and level of use of information technologies; 4. transportation factors, i.e. logistics factors; 5.
economic factors; 6. human resources and personnel factors; and 7. infrastructure factors.

At the second stage, their effectiveness was determined by a standard discrete analysis of the 7th
group of factors in Kazakhstan for the period from 2009 to 2020, the actual change in these categories
was determined using a general annual comparison. The influence of each factor on GDP is
determined on the basis of regression analysis.

At the third stage, with the aim of assessing the indicators of logistics development in the regions
on the average for 2014-2020 and brought to the same level based on them based on linear scaling.
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The interval is between 0; 1, that is, 1 is the maximum value, 0 is the minimum value. Data evaluation
based on linear scaling was used to normalize the indicators according to the method [14], and the
overall index llog was calculated using the formula (1.1)

b= .
rze, Ii - uagexc specific considered economic or logistical indicator of the region; Ieurrent — the initial value of the
indicator for the analyzed region;

The effectiveness of the development of the logistics system and economic growth is determined
by a comprehensive comparison of the interval of regional development and the border of the display
range and is interpreted as follows: effective development (0.32<I); close to effective development
(0.3<1<0.32); development with signs of inefficiency (0.27<1<0.30); inefficient development (1<0.27).

At the fourth stage, a regression analysis was carried out to assess the influence of individual
factors on economic growth. To assess the influence of factors on economic growth, 20 variables were
proposed, considered as independent variables.

At the fifth stage, a factor analysis was carried out based on the economic and mathematical model
of the study in order to determine the sufficiency of variables and their division into specific groups.

At the sixth stage, on the basis of an expert questionnaire, strategic directions for the Republic of
Kazakhstan were identified, a SWOT analysis was carried out on them, and ways for their further
development were proposed.

All analyzes are performed in SPSS. Among the studied factors affecting economic growth are the
main elements of the influence of the logistics macro- and regional environment (Table 1), where the
variables for the country are used to assess the impact of factors on economic growth and forecast, and
the variables for the regions are used to assess the level and effectiveness of logistics development.

Tab. 1

Factors affecting macro- and regional logistics systems

Macro environmental factors

Category

Variables by Republic

Regional Variables

Economic factors

The volume of industrial production, (Industry),
billion tenge (goods, services)

The volume of industrial production in
the region, min. tenge

Gross output of agricultural products (services),
(Agriculture), billion tenge

Gross output of agricultural products
(services) in the region

Trade turnover in tenge (export), Export, million
dollars

Wholesale volume, million tenge

Trade turnover in foreign currency (import),
Import, million dollars

Retail trade volume, million tenge

Investment factors

Investments in fixed capital (Inv), billion tenge

Investments in fixed assets, in transport
and warehousing by regions, million
tenge.

Investments in fixed capital at the expense of all
sources of financing by types of transport
(InvTr), billion, tenge

Availability of fixed assets at initial
cost, million tenge.

Fixed assets by transport enterprises (OS) billion
tenge

Investments in fixed capital, million
tenge

Transport factors

Transported (transported) cargo, luggage, cargo
luggage (Tasymal/ Cargo transp.), million tons

The volume of postal and courier
services, million tenge.

Freight turnover (Turnover), billion t-km

Volume of freight traffic, thousand tons

Gross output of transport services (Output
tr.serv.), billion tenge

Freight turnover, million tkm

Material-technical
support

Import of vehicles (ImportTr), thousand units

Investments in machinery, equipment,
vehicles, tools and their overhaul

Commissioning of the main production capacities
of transport through the construction of new,

Commissioning and acquisition of new
fixed assets
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expansion and reconstruction of
enterprises (NewTr), million tenge

existing

Availability of trucks owned by citizens, (Truck),
thousand units

Availability of trucks, units

Human Resources
and Personnel

Employed population in the transport industry,
(Labor), thousand people

Number of enterprises

Average monthly salary of employees of
transport enterprises, (Salary), thousand tenge

Average monthly salary in transport
and warehousing, tenge

Number of transport enterprises, (Firm), units

Employed in the economy, total, units

Information
technology factors

Volume of communication
(Communication), billion tenge

services,

The volume of communication services
by regions, million tenge.

Mobile cellular subscribers (per 100 people),
Mobile

Share of households with access to the
Internet, %

Individuals using the of the

population), (Internet)

Internet (%

Number of fixed Internet subscribers,
thousand units

Transport
infrastructure
factors

Railway network density, km/thousand km2

(DReal)

Operating length of the railway network
in the region, thousand km.

Road density, km/thousand km2 (Davto)

Length of motor roads in the context of
regions, thousand km

Inland waterways (operated), km (Diwatw)

Share of waterways in regions, %

4. RESEARCH RESULT

4.1 Analysis of the effectiveness of the use of the logistics component in the development of the

economy

According to the second stage of the methodology, seven groups of factors were evaluated.
Economic factors. Between 2009 and 2020, the data for all four variables are positive, i.e. figures
are growing every year.
We have analyzed the discrete logistics statistics of the real sector of the economy, where R? =
0.95, i.e. these variables affect about 95% of GDP, Fvalue <0.0001, standardized coefficients Industry
= 0.427, Agriculture = 0.564, Exports = -0.288, imports = 0.175, all but exports are positive, and
deviations are negligible.
With an increase in the calculated GDP (Pred (GDP)) by one unit, the export variable decreases by

-0.2102, and the other variables increase in parallel, industry by 1.815 units, agriculture by 4.288 units,
import by 0.311 units (see Table 2). However, each year in 2009-2019, the standard deviations were
significantly between -1 and 1. The largest negative deviation was in 2013, where the standard
deviation was less than 0.891 units, and the maximum positive deviation in 2015 was greater than the
standard deviation by 0.971 units (Fig. 1).

Investment factors. Between 2009 and 2020, the data for all two variables are positive, i.e. figures
are growing every year. On the contrary, investments in fixed capital at the expense of all sources of
financing of the falling variable mode of transport decreased only by 9.7%. From 625.666 billion
tenge to 564.350 billion tenge.

We analyzed the discrete statistics of LS on investment income, where R? = 0.978, i.e. these
variables affect approximately 97% of GDP, F value <0.0001, values of standardized coefficients
BInv=0.163; BInvIr=0.056; BOS=0.809, has a positive value and deviations are insignificant. With an
increase in the estimated GDP (Pred GDP) by one unit, all variables increase in parallel, if investments
in fixed assets increase by 1.1 units, investments in fixed assets from all sources of transport by mode
of transport increase by 5.115 units, fixed assets of transport enterprises by 3.87 units (see Table 2).
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Fig. 1. Discrete statistical analysis of the factor of the real sector of the economy for the period 2009-2020

Freight transport variables. Transport is a factor that performs the main functions of the logistics
system. Between 2009 and 2020, the data for all three variables are positive, i.e. figures are growing
every year.

Discrete statistics analyzes have the following values, where the correlation has a value of R? =
0.95, i.e. these variables affect the formation of GDP by 95%, and the Student's value is less than 0.05,
% (Pvalue = 0.0001). The values of cargo, freight turnover and total transport output are positive and
less than 1 (BTasymal=0.491, BTurnover=0.609, BOutputTr=0.817), which means that the deviation
level is very low and negligible.

As Prev (GDP) grows, freight turnover will increase by 128.0 units, and transport output by 7.444
units, and traffic volume will increase by 1,048 units. (see table 2).

Material-technical support factors (MTS). Between 2009 and 2020, the data for all three
variables differ. To analyze the impact of the relationship between GDP and economic growth, we
also analyzed the logistics factor for discrete statistics, where the correlation has a value of R? = 0.70,
i.e. these variables affect 70% of GDP, and Student's value is 0.05%, small (Pval=0.017), the report is
built correctly according to the standard. In addition, the values of imports of vehicles, commissioning
of the main production capacities of transport through the construction of new facilities, expansion and
reconstruction of existing enterprises are negative, although less than -1. On the contrary, the value of
the number of trucks owned by citizens is positive and less than 1 (BImportTr=-0.221, fNewTr=-
0.029, BTruck=0.879), which means that the level of deviation is very low and negligible. With an
increase in Pre (GDP) by 1 unit, the variable of car imports will decrease by -37.836 units, the variable
of input of the main production capacities of cars due to the construction of new capacities, expansion
and restructuring of existing enterprises will decrease by -1.219 units. The number of vehicles
increases by 683.5 units. (See Table 2).

Human Resources and Personnel variables. Between 2009 and 2020, data for all three variables
were positive, i.e. The numbers have been growing every year. The population with the smallest
increase in variable employment increased by only 1.1 units, from 7,903.4 thousand to 8,780.8
thousand people. The number of transport enterprises increased from 1119 units to 2092 units, an
increase of 1.86 times. The average monthly salary of employees of transport enterprises, brought to
the highest level, increased by about 2.5 times (Table 10).

The analysis of discrete statistics of LS on labor resources was carried out, where R? = 0.96, i.e.
these variables affect approximately 96% of GDP, the value of F < 0.0001, the values of the
standardized coefficients fLabor=-0.094, BSalary=0.804, BFirm=0.278. The employed population is
negative, but not less than -1. The other two variables are positive and the deviations are insignificant.
(See Table 2).
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As the estimated GDP (Pred (GDP)) increases by one unit, the employed population variable
decreases by -29.28, the remaining wage increases by 321.9 units, and the number of firms increases
by 13.08 units.

Variables on the use of information technology. The number of mobile communication
subscribers with the least change varied from 106,359 units per hundred to 138,582 units, an increase
of 1.3 times. The volume of additional communication services amounted to UAH 438.4 billion. 854.6
billion tenge. tenge and almost doubled. The number of people using the Internet increased from
18.2% to 81.9%, more than quadrupling.

The discrete statistics of LS on information support is as follows, where R? = 0.864, i.c. these
variables affect about 86% of GDP, F<0.0001 value, standardized coefficients: communication =
1.313, mobile communication = -0.149, Internet = - 0.29, except for communication, all have a
negative value, but the deviations are insignificant, since they do not exceed - one.

If the calculated GDP (Pred (GDP)) increases by one unit, then the communication variable will
increase by 91.05 units, mobile communication will decrease by -164.0 units, the Internet will increase
by 247.48 units (see Table 2).

Transport infrastructure variables. The density of the rail and road networks is directly
proportional to economic growth, while the density of inland waterways is inversely related (see Table
2).

As a result, we can say that the development of the logistics sector in the country is one of the most
important factors determining economic growth. Thus, the implementation of the state policy to
encourage investment in this area will have a positive impact on economic growth. For example, the
services provided by the transport infrastructure, which is an important aspect of the logistics sector,
play an important role in a country's economic activity. While investment in this area reduces transport
costs, it facilitates trade by increasing the mobility of goods and services. Similarly, changes in
telecommunications will facilitate search, information services, human resources, logistics,
advertising, sales, orders, and transportation.

The quality of the constructed regression models for each of the 22 considered main indicators was
assessed using the following criteria: 2) Fisher-Snedekor F-test (Rnabl); 3) Student's t-test; 4) multiple
coefficient of determination (R”2); 5) Beta coefficients (Bi) or standardized regression coefficients.

This study showed that there is a strong relationship between logistics variables and economic
growth, and that this has a direct impact on economic growth. First, we used a dynamic structural
model for the six obtained factors: transport, investment income, logistics, real sector of the economy,
human resources, information support. By using a dynamic structural model, we can observe how
relationships change over time and make more accurate estimates. Therefore, it can be assumed that
the above factors in the country have a significant impact on the development of the climate industry
and accelerate growth and development, providing significant competitive advantages.

From the point of view of conducting an effective policy of socio-economic development, the
assessment of the efficiency and capacity of the logistics system is evidence of decision-making both
at the macro level and at the micro level. Since, today, the creation of logistics centers on the basis of
public-private partnerships requires investments not only in terms of financial and economic analysis,
but also in terms of describing the growth potential of the logistics system and management efficiency.

Thus, when calculating the development of the logistics system, it is necessary to use either a
multiplicative criterion or an index criterion. The multiplicative test is best used at the macro level, but
the index test is best used at the regional level.

4.2 Index analysis of logistics systems at the regional level and its impact on the efficiency of the
national economy

Taking into account the analysis of existing methods for assessing the development of the logistics
potential of the region, a comparative assessment of all regions of Kazakhstan was made on the basis
of the economic indicators of the region and the indicators of the logistics system. The development of
the logistics potential of the region was assessed using formula 1.1 based on the economic indicators
of the region and the indicators of the logistics system [14].
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Tab. 2
Regression statistical analysis of the influence of factors on the development of the economy

dependent variable GDP GDP =0+ p1 X1 + 2 X2 + 3 X3+ p4 X4+ 5 X5+ 6 X6+ 7 X7

Independent variables: coefficient | stderror | t-stat | B -koadd. prob
1) Economic variables: R"2=0.9904; F=181.2
Industry 1.8154*** 0.322 5.637 0.427 0.0007
Agriculture 4.2887** 1.208 3.550 0.564 0.0380
Export -0.2102** -0.077 2.729 -0.288 0.0299
Import 0.3114* 0.133 2.324 0.175 0.0566
bo 81.6577 52.244 1.563 0.9825
2) Variable investments: R*2=0.9859; F=186.5
Inv 1.100*** 0.163 6.748 0.163 0.0030
InvTr 5.115%** 0.056 91.339 0.056 0,0054
0s 3.8712%*= 0.809 4.258 0.809 0.0096
bo 2476.941 291.925 8.488 0.8934
3) Transportation variables: R"2=0.9510; F=51.8
tasymal/cargo transps 1.048*** 0,049 3.482 0,491 0.0030
Turnover 128.035** 56.778 2.255 0.609 0.0281
OutputTr 7.444%** 1.620 4.594 0.817 0.0017
bo -6141,634 128.423 47.823 0.000
4) Material-technical support variables: R"2=0.8857; F=30.6
ImportTr -37.836* -17.461 2.167 -0.221 0.0553
NewTr -1.219* -0.525 2.321 -0.029 0.0492
Truck 683.583*** 99.457 6.8731 0.879 0.0001
bo -136781.362*** | 524,241 260.913
5) Human Resources and Personnel variables: R*2=0.8858; F=185.2
Labor -29.2811** -10.017 2.923 -0.094 0.0305
Salary 321.9038*** 64.349 5.0024 0.804 0.0010
Firm 13.0280* 4.634 2.8112 0.278 0.0672
bo 73319.411 1114.54 65.784
6) Variables on the use of information technology: R"2=0.9723; F=93.8
Communication 91.0547*** 23.546 3.867 1.313 0.0070
Mobile -164.0071** -57.973 2.829 -0.149 0.0324
Internet 247.4811*** 8.916 27.754 0.290 0.0025
bo -40689.2661 285.825 142.357
7) Transport infrastructure variables: R"2=0.9301; F=35.9
DReal 86975.188*** 9751.764 8.9189 0.899 0.0001
Davto 432.204** 192.224 2.2551 0.015 0.0488
Diwatw -48650.983* 32051.49 -1.5179 -0.157 0.1675
bo -383786.259*** | 116643.84 -3.290 0.0110

Note: Significance level *p < 0.05, **p < 0.01, ***p < 0.001

All regions of Kazakhstan were developed based on the criteria in Table 3, divided into four
groups.

The regions with the highest scores for all criteria are Almaty (0.38), Almaty (0.37), Mangistau
(0.34), Akmola (0.32) and Pavlodar (0.32).

Weak development and the lowest indicators of logistics are in Atyrau (0.26), East Kazakhstan
(0.26) and Zhamby! (0.24) regions, satisfactory in terms of economic indicators (0.13 and 0.13) and
very low in terms of logistics indicators (0.10 and 0.10). Akmola (0.15), West Kazakhstan (0.13) and
Mangystau (0.16) regions are at a satisfactory level in all indicators.

As can be seen from Table 3, the possibilities of the logistics potential of the regions of Kazakhstan
are different. Export-raw material regions have a higher potential than agro-industrial zones.

For example, the highest level of logistics potential is in the Almaty region, Mangystau region,
Almaty, Akmola region, Pavlodar region. In addition, the development of logistics potential is close to
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effective: Aktobe region, Nur-Sultan city, Turkestan region and West Kazakhstan region. The lowest
level of logistics potential is in Atyrau, East Kazakhstan and Zhambyl regions. However, in other
areas, the logistical potential is moderate (Table 3).

Tab. 3
Regional results in terms of logistics development indicators
Rank | Regions index Categories of LS index
1 Almaty 0.38
2 Almaty city 0.37
2 Mangystau 0.35 High pace and effective LS development
3 Pavlodar 0.33
3 Akmola 0.32
4 Aktobe 0.31
4 Nur-Sultan 0.31
4 Turkestan 0.31 The level of development is close to effective or
5 West Kazakhstan 0.30 average
6 Kustanai 0.29
6 Kyzylorda 0.29 Average level of development or satisfactory
6 East Kazakhstan 0.29 development
7 Karaganda 0.27
8 Atyrau 0.26
8 North Kazakhstan 0.26 LS is ineffective or very poorly developed
9 Zhambyl 0.24

A comparative analysis of individual indicators allows us to conclude that the growth rates of
investment and logistics are high, evenly distributed across regions, but in economically
underdeveloped regions, the logistics potential of these indicators is low.

4.3. Formation of logistical factors affecting the efficiency of the functioning of the economy of
Kazakhstan

Analyzing the studies of other authors, we have formed 22 macroeconomic indicators of
Kazakhstan. Of these, gross domestic product (GDP) is an indicator, and the remaining 21 indicators
are independent variables and conducted a factor analysis.

As a result of the study, we focused on the following issues: correlation matrix of variables; Kaiser-
Meyer-Olkin results; internal significance of factors; factorial model, factors after varimax rotation.

The first results show the summary statistics of the correlation matrix between the selected
variables. The closer the coefficients are to the coefficient |1|, the closer the linear dependence. OS
was excluded from the next factor analysis due to the high correlation value (0.71).

According to the results of factor analysis, the following results were obtained: Cronbach's alpha -
0.725, the reliability of these results is evidenced by the ratio of the actual score and the total score
(error plus actual score), which determined that the selected variables are acceptable [15]. The Kaiser-
Meier-Olkin (KMO) index indicates the adequacy of the sample. The KMO in our model was 0.733,
which means a satisfactory sample value [16].

Table 4 shows the eigenvalues obtained as a result of factor analysis analyzed for 20 variables for
2009-2020, as a result of which we identified 9 factor groups. In the factorial analysis of the
correlation matrix, factor groups were selected in which the variables have a variance of more than 1
for each variable and have a scale of more than 1. Thus, 2 groups of factors were selected, and for
these 2 groups of factors, you can see a high percentage of variability in the primary data of 91.53%.

The eigenvalue of the factors in the first factorial group was 8.856, its percentage variability was
73.8%, i.e. the influence of variables within this factor group is high. Then the value of the second
group of factors fell sharply to 2.127, and its variability was 17.73%. That is, we proved that the
variables within these two factor groups were 91.53% of 100% and in general had all the calculated
effects, the influence of the remaining factor groups is very low or does not change. The structure of
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the factorial group - variables after rotation using the Varimax method and the control coordinates are
shown in the following table 5.

Tab. 4
Specific values of factor groups for 20 variables for 2009-2020
Factor group 1 2 3 4 5 6 7 8 9
eigenvalue 8.856 |2.127 |0.44 |0.301 |0.157 |0.075 |0.027 |0.015 | 0.001
22;“ of variables | ;5 a1 17729 | 3.666 | 2507 | 1.312 | 0.626 | 0.223 |0.124 | 0.012

Cumulative

73.801 | 91.53 | 95.197 | 97.704 | 9.016 | 99.642 | 99.864 | 99.988 | 100.0
amount (%)

Tab. 5
Factor group model in the country after varimax rotation
Variables Factor group 1 Factor group 2
Investments in fixed capital from all sources of financing by -0.073 0.089
means of transport
Investments in fixed assets 0.319 -0.098
Import of vehicles 0.033 -0.210
Availability of trucks owned by citizens 0.053 0.050
Carried cargo, hand luggage 0.038 0.054
Cargo turnover 0.090 -0.076
Average monthly salary of employees of transport enterprises 0.086 -0.065
Number of transport companies 0.003 0.064
Volume of industrial production (goods, services) 0.082 -0.046
Gross output of agricultural products (services) 0.053 0.053
Scope of communication services 0.307 -0.067
Mobile subscribers 0.044 0.067
Railway network density 0,079 -0,025
Road density 0,089 -0,040
Inland waterways 0,024 -0,664

As shown in Table 5, the maximum value is chosen in absolute terms to determine the components
of each factor. For example, 0.089 is the absolute highest number for the fixed investment variable of
all funding sources for two modes of transport, so we chose this variable. Thus, we have chosen two
important groups of factors, and they are as follows (Table 6).

After identifying the two main groups of factors, we conducted a regression analysis. GDP was
taken as dependent variable and other variables as independent variables:

Mooenv ](BBIY): ﬁ'o + ,Blinv+ﬂ2Truck+,B3Salary + ﬂATurnover"‘ ﬁSIndustry + ,BSCommunication+ ﬂ?DReal (2)
Mooens Z(BBIY): ﬁo +ﬂ1lanr+ﬂ2ImportTr+ ,B3Firm +,B4Agriculture+ﬁ5Tasymal+ ,BSMobiIe + ﬂ?Davto (3)

The results of the ANOVA test showed a very high correlation between factors and GDP models
(Tables 7 and 8). Model (2) shows (Table 7) that with an increase in GDP by one unit, investments in
fixed assets increase by 2.558 units. (BInv = 0.418), competitive industrial output by 0.313 units. (f =
0.305), communication services by 73.3 units. (B =0.586), freight turnover 8.214 units. (f = 0.139), the
average monthly salary of employees of transport enterprises will increase in a positive proportion to
45.429 units. (fp = 0.110). However, the number of trucks owned by citizens decreases inversely by -
79,237 units (fp = -0.104). In addition, R? = 0.997, i.e. these variables affect about 99% of GDP, F
value = 0.001.

Model (3) shows (Table 8) that the R-squared values (97%) are very high. In all three samples, the
F value was 0.05 or 5% lower, and the F-Stat values were significantly higher, which means that they
are statistically significant and show an econometrically correct model from the Student and Fisher
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tests. As can be seen from Table 8, with an increase in GDP per unit, the import of vehicles increases
by 12.203 units (BImportTr = 0.056), the total output of agricultural products (services) is 7.04 units (3
= 0.541). The number of mobile communication subscribers will increase by 130.93 units (B = 0.159),
the number of transport enterprises will increase by 1.94 units. (f = 0.042). The volume of transported
goods, luggage, hand luggage will increase by 14.9 units (=0.528).

Tab. 6
Factors affecting the effective functioning of the logistics system in the Republic of Kazakhstan
Group of factors Variables Factor group 1 Factor group 2
Economic factors Industry
éf;ﬁlture Industry Agriculture
Import
Investment factors Inv
InvTr Inv InvTr
0S
Transport factors Cargo transp Turnover Cargo transp
Turnover
Output tr.serv
Material-technical support ImportTr
NewTr Truck ImportTr
Truck
Human resources and Labor
personnel Salary Salary Firm
Firm
Information technology Communication
factors Mobile Communication Mobile
Internet
Transport infrastructure DReal DReal Davto
factors Davto
Diwatw
Tab. 7

Regression analysis of the influence of factors on economic growth after factor analysis according to
the model (2)

DEDendent Mooenv 1(BBIl)= po + ,Blinv+ﬁ2Truck+,B3Salary + Baturmovert+ ﬁSIndustry + Becommunication-+
variable-GDP BDReal

Independent coefficient std error Beta coefficient | t-stat significance
variables

B0 -102150,762 17727.404 -5.762 0.005
Blinv 2.558 0.385 0.418 6.645 0.003
B2Truck -79.237 28.750 -0.104 -2.756 0.054
B3Salary 45.429 18.889 0.110 2.405 0.502
B4Turnover 8.214 4.144 0.139 1.982 0.038
B5Industry 0.313 0.105 0.032 2.953 0.050
B6Communication 73.319 21.078 0.586 3.479 0.025
B7DReal 17492.231 3346.008 0.169 5.228 0.006

F stat 149.44 R? 0.997
Durbin-Watson 2.642 P-value 0.001

However, investments in fixed assets from all modes of transport by modes of transport decreased
by -4.844 units. (BInvTr = -0.096).
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Tab. 8

Regression analysis of the influence of factors on economic growth after factor

analysis according to the model (3)

Dependent variable- | Mooexw 2(BBII)= fo +punvte+f2importTr+ f3Firm +faagriculture5Tasymal+ femobile  + fS7Davto
GDP

Independent coefficient std error Beta t-stat significance
variables coefficient

p0 63025.233 87026.741 0.724 0.509
plinvTr -4.844 1.789 -0.039 -2.707 0.530
p2ImportTr 12.203 2.542 0.056 4.799 0.048
p3Tasymal 14.190 6.295 0,528 2.254 0.032
p4Firm 1.948 1.041 0.042 1.871 0.408
PSAgriculture 7.046 2.250 0.541 3.132 0.035
p6Mobile 130.937 22.478 0.159 5.825 0.062
f7Davto 2230.175 1136.105 -0.079 1.963 0.209

F stat 41.998 R? 0.971
Durbin-Watson 1.824 P-value 0.010

On Fig. 2 shows a summary diagram of models (2) and (3) resulting from this factor analysis. It can
be seen here that the deviation of the 1st group of factors from total GDP1 to real GDP is very small.
Only the latest 2018-2020 years show a slight deviation. At the same time, although the diagram of
factor group 2 has some deviations, it has changed little from changes in real GDP. This is due to the
fact that the influence of the first group of factors on GDP is 73.8%. and the second factorial group is
only 17.7%. The sum of the two groups of factors is 91.5%, and it is found that the variables
belonging to this group of factors have a high impact on GDP. Therefore, using the data of these two
factor groups, it is possible to predict the future. F1 group factors show a rather high impact on
logistics and economic growth (B = 0.851). This means that the growth of industrial production,
freight turnover indicators, the volume of communication services, the density and quality of the
railway network, investments in the fixed capital of the economy have a positive effect on the growth
of logistics and the GDP of the Republic of Kazakhstan.

The influence of the group of factors (F2) is less significant ( = 0.149). The priority factor is an
increase in investment in the transport industry, an increase in the volume of agricultural products, the
volume of communication services, and the density of automobile networks.

75000,00
65000,00
55000,00
45000,00
35000,00

25000,00

15000,00
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
e GDP — — GDP1

*GDP - real GDP for 2009-2020.
**GDP1 - GDP obtained as a result of using indicators according to the formula (2) of the 1st factor group 1
***GDP2 - GNP formed as a result of using the indicators of the applied formula (3) of the 2nd factor group 2
Fig. 2. Diagram comparing GDP1 and GDP2 with real GDP, formed as a result of factor analysis using formulas

(2) and (3)
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In other words, the high level of investment in fixed capital in these regions does not require the
allocation of funds from the state budget, i.e. the chances of attracting private and foreign investment
in these regions are very high. Because the factors affecting the efficiency of the economy; freight
turnover, the average monthly wage of transport workers, the volume of industrial production (goods,
services), the volume of communication services have a high impact on economic growth.

It is necessary to introduce a comprehensive program for the development of logistics in the
regions included in this group, and plan to increase the following indicators: an increase in agricultural
production, an increase in the number of mobile subscribers, an increase in investment in fixed assets
from all sources of financing through transport, freight, luggage. , increase the number of freight and
transport enterprises. These regions have good chances to solve these problems at their own expense.
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* WKO-West-Kazakhstan, North Kazakhstan - North-Kazakhstan region, East-East-Kazakhstan region
** |EC-Real sector of the economy, Ilabor-Labor resources, linv-Income from investments, Itasim-Transport, Iteh-
Logistics, linform-Information support, I-Consolidated index
*** 1 and F2 - index diagrams of variables of the first and second factorial groups.
Fig. 3. Chart of factor groups 1 and 2 and regional indices for Kazakhstan

Group 2 - the level of development or medium development zones close to the effective LS, which
affects economic growth. It is closest to the aggregated indicator and has a positive value in two factor
groups - Nur-Sultan, logistics, investment income, real sectors of the economy and information
support, positive in the first factor group, negative in the second factor group - Aktobe region. This
group includes East Kazakhstan and West Kazakhstan regions, although the second group of factors is
positive, and the first group of factors is negative.

For the second group, the improvement of the logistics systems of the region should be taken into
account in the programs of projects of national importance with the participation of the state in
financing and design.

Here it is necessary to create measures to increase the F2 coefficients in WKO and East Kazakhstan
regions. Here, at the regional and republican levels, investments in transport infrastructure under
programs, imports of vehicles, and an increase in freight traffic have increased the number of transport
enterprises. All this is directly related to the increase in agricultural, commercial and industrial
production.
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And vice versa, the factors included in the F1 group: investments in fixed capital, the availability of
trucks in the ownership of citizens, trade turnover, the average monthly salary of transport workers,
the volume of industrial production (goods, services), the volume of communication services - are
steadily developing. and do not require additional measures.

The main sources of financing for improving these indicators are the budget, extra-budgetary
funds, enterprise funds and private funds.

Group 3 - the average level of development of LS or satisfactory development. Kostanay region is
positive in the second factor group, and negative in the first factor group, Turkestan region, on the
contrary, is positive in the first factor group, and the second factor group is negative. In addition,
Kyzylorda and Karaganda regions have negative values in both factor groups.

For the third group of regions, the program is based on benefits provided at the facilities of logistics
services and other state support. At the national level, the infrastructure development master plan
should be developed taking into account the factors affecting these regions.

Group 4 - ineffective level of development or very poor development. These include Atyrau, North
Kazakhstan and Zhamby! regions (Fig. 3). These are areas with low investment attractiveness and low
need for infrastructure development.

For the period from 2021 to 2030, we made a forecast using statistical methods, using time series,
using real GDP data for 1991-2020. As forecast variables for the group of factors F1, investments in
fixed capital, the number of trucks owned by citizens, trade turnover, the average monthly salary of
employees of transport enterprises, the volume of industrial production, and the volume of
communication services were used. As can be seen from Table 9, the value of F1 increases by an
average of 5.0% per year and has a positive value. The total value of F2 also increases from year to
year and has a positive value with an average growth rate of 2.6%.

If we look at the group of forecast factors in Table 9, real GDP is projected at 2% annually
compared to the previous year (2022-2030), only in 2021 is expected to grow by 3% compared to
2020. The influence of F1 factors on the economy averages 85%, and the factors of the F2 group have
a low influence -15%.

5. DISCUSSION

The analysis of factors influencing macro- and regional logistics systems according to the proposed
methodological approach allows us to determine the degree of influence of each factor on the
economy and determine the level of development of logistics in each region of the country.

The study showed that there is a strong relationship between the components of the logistics system
and economic growth, and that this has a direct impact on economic growth.

Based on the index method, the level of development and efficiency of logistics in the regions was
identified, which made it possible to build an index map of the efficiency of regional logistics systems
in Kazakhstan.

The dependence and degree of influence of each factor on GDP is determined.

On the basis of factor analysis using 20 variables, two groups of factors were identified that have a
high degree (91.5%) influencing GDP. Similar studies carried out in [4, 9] and the resulting groups of
factors are infrastructural factors. economic factors are consistent with our research.

The identified most characteristic factors in the development of logistics infrastructure that have an
impact on economic growth in Kazakhstan make it possible to obtain the following benefits for the
country: increased competitiveness; development of the commaodity distribution services market in the
region; optimization of the commodity distribution network in the regions; development of growth
poles of the regional economy in [3, 10, 12, 16]. The conclusions obtained in our study once again
confirms the consideration of these factors and a differentiated approach to the development of
regions.
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Tab. 9
Forecast of GDP, F1 and F2 for the Republic of Kazakhstan for 2020-2030
years forecast F1, billion | F2, billion | Annual Annual Annual
(GDP), tenge tenge GDP growth growth rate
billion tenge growth rate F1% F2%
rate%
2020 70 649 71592 67 648 - - -
2021 72 442 71 950.6 68 508 2.54 0.50 1.27
2022 74 222,7 76 258.2 72 376.5 2.46 5.99 5.65
2023 76 003 80 565.8 74 2445 2.40 5.65 2.58
2024 77783 84 873.3 76 112.6 2.34 5.35 2.52
2025 79 563.5 89 180,9 79980.7 2.29 5.08 5.08
2026 81343.8 93 488.5 80 848.7 2.24 4.83 1.09
2027 831241 97 796.1 81 716.8 2.19 4.61 1.07
2028 84 904.4 102 103.6 83584.8 2.14 4.40 2.29
2029 86 684.6 106 411.2 85 452.9 2.10 4.22 2.23
2030 88 464.9 110718.8 87 320.9 2.05 4.05 2.19

We have established that the increase in production, investment in fixed assets; increase in fixed
assets for transport enterprises; an increase in freight turnover and the production of transport services,
an increase in the availability of freight vehicles, an increase in the volume of communication services
provided, and the density of railway and road networks lead to positive economic growth.

These groups of factors provide a GDP development forecast of just over 2.0% annually compared
to previous years (2009-2021), where growth due to these factors is less than 2.0%. It has been
established that the influence of F1 factors on the economy is on average 5% more than the F2 group.

If we look at the group of forecast factors (Table 9), real GDP is projected at 2% annually
compared to the previous year (2022-2030), only in 2021 is expected to grow by 3% compared to
2020. The influence of F1 factors on the economy averages 5%, and the factors of the F2 group have a
lower impact - 3%.

That is, when compiling a program for the development of the regional economy, it is necessary to
pay more attention to factors F1, compared to F2.

These factors F1 have a more positive effect on economic growth and increasing the
competitiveness of the logistics services market, which must be taken into account when drawing up a
program for the development of the territory.

For the effective functioning of the transport and logistics system, it is necessary: to increase the
capacity and improve the quality of transport links and networks; formation of the infrastructural basis
of a modern intermodal transport and logistics system in Kazakhstan; optimization of cargo flows, as
well as reduction of the operational and infrastructure component of the cost of transportation;
ensuring the growth rate of investments in fixed capital "transport and warehousing" at least 15% per
year; infrastructure support for the growth rate of the gross regional product in the regions at a level of
at least 8-10% per year;

For the development of LS in the Republic of Kazakhstan at different levels of economic
management (enterprises, industry, region, national economy), the following organizational and
economic mechanisms should be developed. First of all, this is the introduction of strategic
management tools, that is, the planning of logistics processes. Secondly, the use of organizational,
economic and financial mechanisms to stimulate the development of logistics and the introduction of
modern logistics technologies, improve logistics processes and solve the logistics problems of
economic growth. Thirdly, it is the active participation of the state in the regulation of logistics
processes. One such means is the use of a concession mechanism for financing toll roads.
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The solution to these problems is also the construction of new (in large centers of macroregions)
and the improvement of the economic mechanism for the functioning of existing logistics
infrastructures for each selected region, taking into account the prospective need and attractiveness in
the movement of goods, as well as the development of support measures from the state, business and
society for the development of logistics infrastructure in the specified regions.

6. CONCLUSION

The analysis of the factors influencing the macro- and regional logistics systems according to the
proposed methodological approach, which allows us to determine.

To determine the impact of the development of transport and logistics systems on the development
of the economy, we have identified a complex of factors. The considered factors have a positive effect
on economic growth and the efficiency of regional development, which must be taken into account
when drawing up a program for the development of territories.

In order to improve the development of logistics systems to improve the efficiency of the economy
of Kazakhstan, an analysis of the current state and foreign experience in the development of LS was
carried out, an assessment of the effectiveness of logistics development based on regression and factor
analysis and an assessment of regional indicators made it possible to determine the current level of
development of domestic LS. In this study, using economic and mathematical methods, it has been
established that the restoration and development of LS is impossible without optimal state regulation.

On the basis of factor and index analysis, mechanisms were developed for developing the main
priorities of logistics systems that affect the efficiency of the country's economy, and directions for
their further development were proposed. The forecast is based on the studied factors up to 2030.

The analysis carried out confirms the need to include in the regional policy the development of the
transport and logistics infrastructure of the regions as an important factor in their socio-economic
development, increasing competitiveness and reducing costs by optimizing commodity distribution
networks.

The following measures to improve the transport infrastructure, which have the greatest impact on
the economy, are important for Kazakhstan: renewal and increase in the efficiency of the use of fixed
assets; construction and creation of high-speed roads and high-speed railways connecting large regions
in the most populated parts of the country and serving export-transit cargo flows; multimodal transport
and logistics centers, digitalization of the industry.

All this will allow the transport and logistics industry to give momentum to reduce costs, increase
the competitiveness of the national economy, improve the quality of service and increase the
contribution of logistics to the economy.
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