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Regional distribution networks:
evaluation of the functioning and development efficiency

Abstract. The efficiency of the regional distribution network (DN) has the greatest impact on the timing, cost
of goods delivery and quality of customer service. On the basis of the analysis the main social, economic
and environmental indicators characterizing the activities of distribution networks were identified.

The authors evaluate the effectiveness of distribution networks of the regions of Kazakhstan on the basis of
the selected indicators and develop recommendations for their improvement.

Research methods include correlation and regression analysis; factor analysis of data with reduction
and allocation of the most important factors and the method of data analysis (DEA-analysis) to assess
performance. Statistical data from 17 regions of Kazakhstan for 2000-2020 were used for the analysis.

The results regarding regional distribution network effectiveness show the uneven development of
distribution systems in the regions of Kazakhstan - from high- to low-efficient, which is the reason for the
growth of the return effect in the most prosperous regions and reduction of the return effect in the regions with
inefficient distribution networks. The most important factors affecting the efficiency of DN are investments
in infrastructure, goods turnover and cargo turnover, the value of inventory and retail space, the number of
Internet and mobile app users, the length of roads, employment, the share of recycling and waste disposal.
It is concluded that the reason for such a high differentiation of the regional DN is associated with weak
government support for the trade infrastructure environment, uneven efficiency of the distribution network
in the regions and their unequal development. The regions have been ranked according to the level of
efficiency of DN functioning. The results allow us to conduct differentiated policy on measures to support
and stimulate the development and management of distribution networks in the regions, based on their
level of efficiency. The practical implementation of the recommendations will reduce the gap in the level of
development of regional DN.
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Paimb6ekoB X. C.

JOKTOP EKOHOMIYHMX Hayk, npodecop,

€Bpasiricbknii HauioHanbHMIM yHiBepcuTeT iM. J1. H. T'yminboBa, Hyp-CyntaH, Pecnybnika KasaxcTtaH
Cuspgukbaeea b. V.

[OKTOP EKOHOMIYHMX HayK, Npodecop,

€Bpasilicbknii HalioHanbHMiA yHiBepcuTeT iM. J1. H. TyminboBa, Hyp-CyntaH, Pecnybnika KasaxctaH
XencxaHn 4.

KaHAMOAT EKOHOMIYHMX HayK, OOLLEHT,

Kasaxcbkunin arpoTexHiyHmin yHiBepcuTeT imeHi C. CendynniHa, Hyp-CyntaH, Pecnybnika KasaxcTtaH
MykaHos A. X.

MaricTp eKOHOMIKW, CTapLUnii BUKNana-,

€Bpasilicbknin HauioHanbHMiA yHiBepcuTeT iM. J1. H. TyminboBa, Hyp-CyntaH, Pecnybnika KasaxctaH
OuiHka epeKTUBHOCTI PYHKLIOHYBAHHS Ta PO3BUTKY PerioHasibHUX TOBapONpoOBIAHUX Mepex
AHoTauiga. EdpekTnBHICTb QyHKLIOHYBAHHA TOBApOMpPOBiIAHOT MepeXxi perioHiB Mae HanbinbWuin BNAMB
Ha TepMiHM Ta BapPTOCTi AOCTaBKW TOBApIB i SKiCTb 0OCNYroByBaHHS CrnoXxmBadiB. Ha ocHoBi aHanisy
BUSIBJIEHO OCHOBHI COLjanbHi, EKOHOMI4YHi N €KONOriyHi MOKA3HUKW, WO XapakTepu3ylTb AigNbHICTb
TOBaApOpO3noaineinx mepexi. Meta ctaTTi — ouiHka eeKTUBHOCTI PYHKLIOHYBAHHSA TOBApPONPOBIAHOI
Mepexi (TMNM) perioHis KasaxcTaHy Ha OCHOBI BUAINEHMX NOKa3HUKIB i po3pobka pekoMeHaaLil Wwoao
iX noninweHHa. MeTtoan [OCNIOXEHHA BKIO4YalOTh KOPENAUIMHO-perpecinHnin aHania; ®akrtopHun
aHani3 gaHux i3 CKOPOYEHHSM Ta BUAINEHHAM HaBaxnuBiwmMX akTopiB, a TakoX MeTon aHanisy
DaHnx (DEA aHani3) ans ouiHku edekTUBHOCTI. B aHanidi 6ynn BUKOPUCTaAHI CTAaTUCTU4YHI OaHi 3a
2000-2020 pp. wopmo 17 perioHiB KasaxctaHy. Pe3ynbtaty edekTUBHOCTI dyHKUiOHyBaHHA TIM
cBigYaTb NPO HEPIBHOMIPHUA PO3BUTOK TOBAPOPO3NO4ibYMX CUCTEM Y pPerioHax kpaiHu — Bif, BUCOKO-,
00 HNU3bKOEMDEKTUBHUX, | € MPUUYNHOIO 3POCTaHHA edekKTy Biaaadi B HanNOINbLL 3aMOXHUX perioHax abo
3HMXEHHA edekTy Biafadi B perioHax i3 HeedekTMBHMMM TOBApPOPO3NOAiNLYMMU Mepexamun. BuaoeneHi
HalbiNbLL BaXXIMBI pakTopWU, LLLO BNAMBAKOTb HAa edeKTUBHICTL TIM, a came: iHBeCTULIi BiHOPaCTPyKTypYy,
TOBapOOOOPOT Ta BAHTAXX00OOPOT, BENMYMHA TOBAPHUX 3anaciB i TOProBMX MalhaaH4uKiB, KiNbKiCTb
KOpUCTyBauiB IHTEpHETY Ta MOOINbHUX [04aTKIB, MPOTSXHICTb ABTOMOOINBHUX [O0pPIr, 3aNHATICTb,
nons nepepodkn Ta BUKOPUCTaHHSA BigxoniB.3po6sieHo BUCHOBOK NPO Te, WO NpUYnHa Takoi BUCOKOI
ondepeHuiauii  perioHansHoi TMNM noe’s3aHa 3i cnabkow OepXaBHOK NiATPMMKOK TOProBoi
iIHPPACTPYKTYPHOI CKNa[0BOI cepenoBuLLa Ta HEPIBHOMIPHOIO e(EKTUBHICTIO PO3Mo4inbHOI Mepexi, a
TakoX HEPIBHOMIPHICTIO iX pO3BUTKY.HamMn npoBeaeHo paHXyBaHHSA M KnacunoikaLilo perioHiB i BEINKNx
MICT Yy 3a/1eXXHOCTI Bif, piBHA edeKTUBHOCTI PyHKUioHyBaHHSA TIM. Pe3ynstaTt 403BOAAIOTH NPOBOANTU
andepeHuinoBaHy NONITUKY LWOAO 3axOA4iB MiATPUMKM Ta CTUMYJIIOBAHHS PO3BUTKY W ynpasBiiHHSA
PO3NOAINBHUMU MepexamMn PerioHiB, BUXOAA4YM 3 iX piBHA edekTuBHOCTI. [lpakTuyHa peanisauiqd
pekoMeHaaLlin LO3BOJINTb CKOPOTUTU PO3PUB Y PiBHI PO3BUTKY TIM perioHis.

KniouyoBi cnoBa: ToBaponpoBigHa Mepexa; edeKTUBHICTb PO3Mnoaiibv40i CUCTEMW TOBApIB; TOPriBNS;
JoricTnyHa iHbpacTpykTypa; MeToa aHanidy gaHmx DEA.

Panmb6ekoB X. C.

[OKTOP 9KOHOMUYECKNX HayK, Npodeccop,

EBpasuniicknin HauMoHanbHbIN yHneepcuteT um. J1. H. 'ymunesa, Hyp-CyntaH, Pecnybnuka KasaxcraH
Coizpbik6aeBa B. Y.

[OKTOP 3KOHOMUYECKMX HayK, Npodeccop,

EBpasuniicknini HauyoHanbHbIN yHUBEpcuTeT uM. J1. H. T'ymunesa, Hyp-CyntaH, Pecnybnuka KasaxcrtaH
XeHcxaHn [.

KaHOuOaT 3KOHOMUYECKNX HayK, OOLLEHT,

Kasaxckuii arpotexHudeckuii yHuesepcuteT um. C. Cendynnuna, Hyp-CyntaH, Pecnybnvka KasaxcraH
MykaHos A. X.

MarucTp SKOHOMWKW, CTapLUui npenosaBarterib,

EBpasuiicknini HauyoHanbHbIN yHUBEpcuTeT uM. J1. H. T'ymunera, Hyp-CyntaH, Pecnybnuka KasaxcrtaH
OueHka 3¢ peKTUBHOCTU PYHKLIMOHUPOBAHUSA U Pa3BUTUS PeruoHasibHbIX TOBApONpoOBOAALLUX CeTen
AHoTaumsa. 3SPDEeKTUBHOCTL (PYHKUMOHUPOBAHUS TOBAPOMPOBOASALLEN CETU PErvOHOB OKa3blBAET
HanbosblLUEeE BAUSIHNE HA CPOKM M CTOMMOCTb JOCTaBKN TOBAPOB 1 KAYECTBO 0OCNYXNBaHWUA NoTpebuTenen.
Ha ocHoBe aHanusa BbiFB/IEHbI OCHOBHbIE COLMANbHbIE, 3KOHOMUYECKNE N IKOJIOTUHECKME MOoKa3aTenu,
XapakTepusyloLlime aeatenbHOCTb ToBaponpoBoasulen cetn (TMNC) pernoHor Kasaxcrtana.Llenb ctatbu —
oueHka 3PpPekTUBHOCTM yHKUMoHMpoBaHua TIMC pernoHoB KasaxcTaHa Ha OCHOBE BblAENIEHHbIX
nokasarener n paspaboTka pekoMeHZauuM Mo UX yaydweHuio. MeToabl MccnepoBaHus BKIOYAKOT
KOPPENSUNOHHO-PErpPeCCNOHHbBIN aHann3; GakTOPHbIM aHanM3 AaHHbIX C COKpalleHMEM W BblAeNIeHUEM
Hambonee BaxHbIX GaKkTOPOB U METOA aHann3a AaHHbIx (DEA aHanna) ansa oueHkn addekTMBHOCTU. [na
aHanusa OblNn NCNOoNb30BaHbl cTaTucTudeckme aaHHble 3a 2000-2020rr. no 17 pernoHam KasaxcrtaHa.
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Peaynbtatbl OLEHKMAIPDEKTUBHOCTU PYHKUMOHMPOBaHUA TIC cBUOETENLCTBYIOT O HEpPaBHOMEPHOM
pasBuTUK  TOBapopacrnpenenuTeNibHblX CUCTEM B permoHax KasaxctaHa — OT BbICOKO- [0
HN3KO3(PDEKTUBHLIX,UTO ABNSETCA MNpUYMHON pocTa addekTa oTaaum B Hambosiee 61aronosnyyvHbIX
pervoHax uam CHuxeHua acpdekTa oTaayqm B permoHax ¢ HeadpOeKTUBHLIMY TOBapopacnpeaenmTesibHbiMun
ceTamMmn.Hamum BblaeneHbl Hanbonee BaxHble dakTopbl, Bamsowme Ha addekTnBHocTb TMC: nHBecTuumMn
B MHPPACTPYKTYPY, TOBAPOOOOPOT 1 rpy30000pOT, BENMYMHA TOBAPHbLIX 3anacoB W TOProBbIX MOLLaAewn,
KONMYecTBO nosb3oBatenen NHTepHeTa U MOBUIIbHBIX MPUIOXEHWA, NPOTAXKEHHOCTb ABTOMOOWUIIbHBIX
[0pOr, 3aHATOCTb, 40149 NepepaboTkm 1 yTunmaaumm otxonoB. CaenaH BbIBOA O TOM, YTO NPUYMHA CTOJb
BblcOKOW anddepeHumnaumm permoHansHon TMNC cBadaHa co cnaboli rocyaapCTBEHHOW MOAAEPXKKOWN
TOProBon MHPPACTPYKTYPHOW Cpefbl N HepaBHOMEPHON 3D@EKTUBHOCTLIO pacrnpenennTesibHoOn ceTu, a
Takxeee pas3sBuUTu4.

MpoBefeHbl paHxXupoBaHne N knaccudukaumsa PeErmoHOB N KPYMHbIX FOPOAOB B 3aBMCUMOCTU OT YPOBHS
3P PekTMBHOCTU pyHKUMOHUPOoBaHMA TIC. Pe3aynbtatbl NO3BONSIOT NPOBOAUTL AN DEpPEeHLNPOBaAHHYIO
NOSINTUKY MO Mepam NoaaEPXKN U CTUMYNIMPOBAHNS Pa3BUTUA N yrpaBieHns pacrnpenennTesibHbiX ceTen
PEMNMOHOB, NCXOAS N3 NX YPOBHS 3PP EKTUBHOCTU. NpakTrnyeckas peanmaaums pekoMeHgaunim no3BoanT
COKpaTuTb pa3pbiB B ypoBHE pa3utus TINC pernoHos.

KnioueBble cnoBa: T0BaponpoBoasaLLas cetb; 3OPEeKTMBHOCTb pacnpenenmTenbHONCUCTEMbl TOBAPOB;
TOProBAs; NOrnMcTnyeckas MHGPacTpykTypa; MeTo aHann3a aaHHbix DEA.

1. Introduction

The uneven development of the distribution network in different parts of the country leads to
higher costs, lower efficiency of goods delivery and lower quality of service. The main reason for
the uneven development of the distribution system is the low density and uneven location of trade,
transport and logistics infrastructure across the country (Raimbekov et al., 2016).

In the western regions of Kazakhstan, where oil and gas are mostly produced, and in the nor-
thern regions, where agro-industrial products are produced, the volume of cargo turnover is much
higher than in the central-eastern regions and the southern region. Simultaneously, if we look at
the structure of retail trade by regions, we can see the opposite picture. The highest rates of retail
turnover are in the south, including Aimaty and the central-eastern region. The lowest indicators
are in the northern and western regions. Commaodity turnover unevenly develops, the difference
between the highest indicator and the lowest is from 3 to 17 times (Agency for Strategic Planning
of the Republic of Kazakhstan, 2020).

This indicates the existing problems in the functioning and effectiveness of the use of these in-
frastructures.

Due to the significant differentiation of the Republic of Kazakhstan economy by regions, the
priority of these tasks in the regional projection is not the same. Therefore, it is important and re-
levant to monitor the main indicators of the development of distribution network efficiency in the
regions, their comparative analysis and the choice of methods for generalizing evaluation for their
optimal planning and support.

The current work assesses the effectiveness of the functioning and the corresponding typolo-
gy of regional distribution systems of distribution network of Kazakhstan in terms of differentiated
support for developing logistics infrastructure in the regions of Kazakhstan.

The difference in our study is also that we considered social, economic and environmental fac-
tors.

2. Brief Literature Review

The efficiency of the goods distribution system is important in the logistics system because it is
this aspect that leads to significant losses: downtime of trade and transport infrastructure waiting
for service, broken delivery dates, unsecured cargo and so on, and, as a consequence, to in-
creased costs.

There are many methods and models for assessing the integral efficiency of various entities
(enterprise, industry, region). Methods for assessing the development potential of the distribu-
tion infrastructure are investigated in (Vilko et al., 2011; Kugan, 2019). The method of Data Enve-
lopment Analysis (DEA) (Charnes, W. W., 1994), which is used in various areas becomes a promi-
sing tool for analyzing the performance of various entities by a wide set of input and output indi-
cators of their activities.

This also applies to the regional distribution network. Despite the existence of individual studies
to assess the effectiveness of regional logistics distribution systems, they are poorly understood.
Vaz, C. B., Camanho, A. S. (2012) investigates the efficiency of retail chains using the DEA method.
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The method for analyzing the efficiency of the process of distribution of goods and services
using various modifications of the DEA-analysis method and various input and output parameters
is used in the works of Farsi et al. (2007); Tovar et al. (2011); Lau, Kwok (2013); Dano, F. (2014),
Tang et al. (2015); Sun Qi, Liu Shifeng (2018); Izadikhah, M. (2019); Brzezinski et al. (2020). The
studies explain the performance and effects of different areas: trade (Vaz et al., 2012), energy
(Farsi, F., 2007), industry (Liu, Li, 2012); agriculture (Paul, Nehring, 2005); logistics service
providers (Cagliano et al., 2017); e-retail suppliers (Shi Yong et al., 2017); electricity suppliers
(Farsi et al. 2007); trade network efficiency (Brzezinski et al., 2020); and others. The proposed
models combine operational indicators, quality indicators, and quantitative indicators (energy,
warehousing, and transportation).

Andrejic et al. (2013) proposed the DEA model to measure the performance of commo-
dity distribution centers (DCs). The modified DEA model using a series of evaluation indi-
ces is constructed to evaluate the performance of logistics services (Tang et al., 2015) and
e-commerce logistics distribution center (Sun et al., 2017), performance evaluation and ran-
king of two-stage supply chains (supplier-producer) (Ang et al., 2019). The models have the
advantages of handling uncertain or inaccurate input data. However, because of the large
number of indicators describing DC performance, the main problem is the choice of indica-
tors. Also, the model of Ang et al. (2019) is complex in terms of resources used and time and
requires a large number of indicators.

Dixit et al. (2020) evaluated the efficiency of drug warehouses using DEA. The inputs are
the volume and cost performance of the warehouse; the outputs are drug quantity, inventory
turnover rate, and time efficiency. Based on the results, efficient and inefficient drug warehouses
were identified and recommendations for improvement were given.

Cagliano et al. (2017) identified the main factors affecting the efficiency and productivity of lo-
gistics service providers (LSP) using regression analysis. Raimbekov et al. (2018) highlighted the
main key factors of logistics infrastructure in Kazakhstan and assessed their impact on the eco-
nomy using regression analysis. However, regression models do not allow determining the effi-
ciency of the regions under study.

The review of the available works on assessing the effectiveness of the distribution network of
goods and services allows us to state the insufficient development of methodological aspects of
the study of the effectiveness of regional goods distribution activity, in particular:

1) methods for assessing the effectiveness of the regional distribution network from the perspective
of a broad approach in regional, interregional and national levels of economy are not presented;

2) there is a limited object area of performance research - the predominance of the study of eco-
nomic efficiency of micro-units - enterprises, industry.

The advantage of the DEA-analysis method is the calculation of a single aggregate perfor-
mance indicator for each region without the use of weighting coefficients for the variables used in
the analysis, as well as the ability to assess the effectiveness of the CDN of the region considering
multiple types of resources and the volume of gross regional product or gross output, etc.

3. Purpose

The purpose of the study is to evaluate the effectiveness of distribution networks of the regions
of Kazakhstan on the basis of the selected indicators and develop recommendations for their im-
provement.

4. Methodology and Data
Our research methodology consists of two parts: factor analysis and DEA analysis.

1) The purpose of factor analysis of data using the principal component method is to reduce and
classify factors and to isolate the most important factors (Rummel, 1970).The entire factor ana-
lysis (FA) process consists of several stages:

a) basic stages of factor analysis;

b) calculation of the correlation matrix;
c) factor extraction;

d) factor selection and rotation;

e) factor interpretation;

f) calculation of factor values;

g) model quality assessment.
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2) The purpose of DEA data analysis is to evaluate the performance of the distribution system.
The classical DEA approach (Charnes et al., 1994) is based on a linear programming method
to find the optimal solution among a set of admissible ones.

Efficiency in DEA-analysis is defined as the ratio of the weighted sum of outputs (useful results
of activity, for example, the gross value added of an industry) to the weighted sum of its inputs
(consumed resources), which allows to classify objects as efficient only when they produce the
largest outputs for the smallest inputs.

We have chosen the DEA method as a tool for evaluating the performance of the CDN distribu-
tion network. Often the DEA calculation is checked through the Malmquist index, which will also
be presented next.

The model itself in DEA analysis is described as follows:

D My, — max (1)

J=1

at

Zr: tx, =1
i=1

Hs >0.

where:

X; - input indicators;

y; - output indicators;

t; - output weights;

M- input and output indicators, respectively;
1 - the number of units that are compared;

7 -the number of input factors;

s -the number of output parameters.

To assess the dynamics of technological efficiency, an aggregate index such as the Malmquist
index proposed by Malmquist (1953):

DO | =

ik &
M = ‘954-1()(&1’ ~y;‘,+1) . et (Xt+1’ ‘yz+1) , (3)

k k k
0t+1(Xt’ }’;) 9’ (Xt’ }/r)

where:

M, - the index of realization of the Malmquist - potential for the object;

kand Gf(xl., ;) - the value of the technological efficiency of the object k, characterized by the vec-
tors of costs and output of the moment j with respect to the technological set at the time .

If an object j improves its performance, its Malmquist index will be greater than unity (]\/[j > 1)
Conversely, a Malmquist index value less than unity can be interpreted as a decrease in object
performance (Fare, 1995).

For the FA, we used data from the Bureau of Statistics of the Republic of Kazakhstan for the
period from 2000 to 2020.

At the first stage of our study, based on the purpose of the research, to characterize the object
of research, we selected the following indicators from various literature sources (Table 1). The cal-
culation of the correlation matrix for the variables involved in the analysis allowed us to exclude
dependent (correlating) parameters, to select the most significant 16 factors (see Table 1).

The SPSS program was used for factor analysis. The software package EMS (Efficiency
Measurement System) was used to calculate the DEA method.
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Variables after exclusion of correlated parameters

N Scores Designation| Unit of measure Full name of Variables
1 | Indicators Y1 thousand tg GRP per capita
of economic y2 % Share of GVA in GDP
activity (value X1 % Volume of sales of products and services in GDP
indicators) X2 % Share of commodity turnover in GDP%
X3 billion tenge Inventories in the retail network
X4 % Share of investment in trade, transport and warehousing, and communications in GDP
2 | Economic X5 billion tkm Cargo turnover of all modes of transport
indicators X6 unit Length of public roads
characterizing X7 thousand units | Availability of motor vehicles
the scale X8 unit Number of commodity exchanges
of CDN X9 unit Number of markets
(quantitative) X10 sg.m. Total selling and storage area
X11 unit The number of trading places in the markets
X12 % Share of Internet users in the total population
3 | Environmental X13 % Share of recycling and disposal of municipal waste
indicators
4 | Social X14 man Employment in the distribution of goods
indicators

Source: Compiled by the authors based on data from the Bureau of National Statistics
of the Republic of Kazakhstan (2021)

5. Results

5.1. Results of factor analysis

In the first stage of our study, the significance of the indicators was assessed and insignificant
factors were excluded (Table 2 presents the results of the assessment of significant correlation in-
dicators at the 0.01 level).

The second step was to decide on the optimal number of factors using the principal compo-
nent method.

Table 3 shows the eigenvalues obtained from the factor analysis analyzed for 16 variables for
the years 2000-2020. The factor analysis of the correlation matrix selected the groups of factors
in which the variables have variance and eigenvalues greater than one. Two groups of factors were
selected. As you can see from Table 3, the total percentage of variance explained by the first fac-
tors is 80.946 and with the second factors -88.96%, which is high.

The eigenvalues of the factors in the first group of factors amounted to 12.951, the percentage
variability of which was 80.9%, i.e. the influence of the variables in this group of factors is large.
Then, the value of the second group of factors fell sharply to 1.282, and its variability was 8.04%.
That is, the variables in these two groups of factors accounted for 88.96% of 100% and they had
to have an overall estimated effect, while the influence of other groups of factors was low or un-
changed (Table 3). In what follows, we will use the influence of these two groups of factors on the
efficiency of the distribution system.

The test of internal consistency of the characteristics under study using Cronbach’s alpha
test (G. Chelsea, 2015) showed high reliability of the indicators with the coefficient - 0.813
(Table 3). The Kaiser-Meyer-0Olkin (KMO) criterion, equal to 0.788, shows high sample adequacy
(Darton, 1980).

At the next stage, the calculation and analysis of factor loadings were conducted. Note that the
original matrix of factor loadings did not allow us to identify a clear factor structure, so the Varimax
rotation method was applied for a clearer interpretation of the solution. The correlation between
a factor and a variable was considered a strong if the modulus of the factor loading took a value
greater than 0.70. The results of the calculations are presented in Table 4.

Analysis of the data in Table 4 shows that the first, i.e. general, factor includes 12 variables with
positive values of the correlation coefficient.

The first group of factors is associated with the scale of production of logistics infrastructure.
Generally, the factor weight was 80.946%.The second group of factors characterizes the econo-
mic activity of the distribution network. Generally, the factor weight was 8.0%.

Thus, two important groups of factors were identified, namely:

Factors F1 (factors of production scale): The turnover of all types of transport; Length of public
roads; Availability of vehicles; Number of Internet users per 100 people; Total retail space, sq.m.;
Employment in the distribution of goods; Share of recycling and disposal of municipal waste.
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Table 2:
Results of the correlation matrix of indicators of distribution network of Kazakhstan
for the period 2000-2020

Notes:

*. - The correlation is significant at the 0.05 level (bilateral).
**_ - The correlation is significant at the 0.01 level (bilateral).
c. - Listvalue N=2.

Source: Calculated by the authors based on quantitative data from the Bureau of National Statistics
of the Republic of Kazakhstan (2021)

Table 3:
Eigenvalues of factor analysis
Factors 1 2 3 4 5 ce ... 15 16
Eigenvalue 12.951 | 1.282 0.769 0.401 0.205 0.001 0.000
% variance 80.946 | 8.014 4.808 2.505 1.283 0.002 0.000
Cumulative % 80.946 | 88.961 | 93.769 | 96.274 | 97.558 100.0 100.0
Cronbach's Alpha coefficient 0.908 0.813 0.521 0.241 0.213 0.102 0.065

Source: Calculated based on data from the Bureau of National Statistics of the Republic of Kazakhstan (2021)

Table 4:
Rotated component matrix after Varimax rotation
Variables Group of factors 1 Group of factors 1

GRP per capita 0.127 0.961
Cargo turnover of all modes of transport 0.753 0.050
Length of public roads 0.955 0.103
Availability of motor vehicles, thousand units 0.924 0.330
Number of Internet users per 100 people 0.914 0.340
Total sales area, sq.m. 0.810 0.228
Employment in the distribution of goods 0.744 0.245
Share of recycling and disposal of municipal waste 0.701 0.695
Share of GVA in GDP 0.332 0.801
Inventories in the retail network 0.278 0.770
Share of trade turnover in GDP 0.134 0.740
Share of investment in trade, transport and warehousing, communications -0.241 -0.752

Source: Calculated based on data from the Bureau of National Statistics of the Republic of Kazakhstan (2021)

Factors F2 (factors of economic activity): GRP per capita; Share of GVA in GDP; Commodity
stocks in the retail network; Share of commodity turnover in GDP; Share of investment in trade,
transport and warehousing, communication.

After determining the two main groups of factors, we analyzed the relationship between these
groups of factors and GRP (Table 5). GRP per capita is taken as the dependent variable, and the
other variables remain independent variables. The calculations showed that the unit change in
F1 and F2 increases GDP per capita by 443.125 and 135.110 units.

5.2. Analysis of CDN effectiveness using the DEA method
At the third stage was assessed the effectiveness of CDN using the DEA method.
The values of factors F1 and F2 from Table 4 were used to evaluate the effectiveness of CDN.
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The input parameters used were Cargo turnover of all modes of transport, bin.tkm (X1); Share
of commodity turnover in GDP (X2); Commodity stocks in retail network, bin.tkm (X3); Share of
investment in trade, transport and storage, communications, % (X4); Length of roads, km (X6);
Availability of motor vehicles, unit (X7); Total commercial and storage area, sq.m (X10); Share of
Internet users in the total population (X12); Share of recycling and disposal of municipal waste, %

(X13); Employment in trade and delivery of goods, people (X14).
The output parameters are GRP per capita, thousand tenge. (Y1); GVA share in GDP (Y2).
Table 6 shows the values of input and output data from the regions of Kazakhstan.

Table 5:

Regression analysis after factor analysis

Variable GRP GRP = B0 + B1 F1 + B2 F2
Variable std error t-stat prob
F1 443.125 43.337 11.609 0.000
F2 135.110 43.365 10.225 0.000
B0 490.977 42.292 3.116 0.005
R-sq 0.929 mean dependent var 21.3236
Adj R-sqg 0.914 s.d. dependent var 4.8091
S. E. of reg. 135.2321 akaike info criterion 11.0525
F-Stat 56.8825 Durbin-Watson stat. 2.6356
Prob F-stat 0.0005
Source: Calculated by the authorsusing the SPSS program based on data from the Bureau
of National Statistics the Republic of Kazakhstan (2021)
Table 6:
Statistics of the «input» and «output» variables of the DEA model for assessing
the comparative effectiveness of CDNs
Factors - F1 Factors - F2
X5 X6 X7 X10 X12 X13 X14 X2 X3 X4 Y1 Y2
Observation 21 21 21 21 21 21 21 21 21 21 21 21
Minimum 39.5 250.0 | 6831.0 | 157.9 63.0 8.6 5.7 14.7 13.2 16.9 1008.1 0.6
Maximum 825.6 | 11961 | 56505 | 1617.7 | 89.4 20.4 37.0 103.5 132.5 274.8 | 14584.4 1.4
Average 209.6 | 5715.3 | 27163 | 745.0 74.7 12.2 14.2 45.4 39.2 75.0 4085.6 0.9
Standard 210.4 | 3456.5 | 12688 | 465.9 6.7 3.0 7.5 22.5 35.3 71.3 3239.6 0.2
deviation

Source: Calculated based on data from the Bureau of National Statistics of the Republic of Kazakhstan (2021)

Analysis of the results obtained by the DEA method

The ranking of the regions of Kazakhstan in terms of the quality of logistics development condi-
tions and performance evaluation showed the following (Table 7).

The efficiency of CDN functioning in large regions (Almaty, Nur-Sultan, Mangistau region) is
in the best conditions for developing trade logistics, which can be seen from the efficiency in-
dex equal to 100, or close to it. Zhambyl, Kyzylorda and Turkestan regions (15™"-17t" places) have
the worst conditions in terms of efficiency, where efficiency is within 63%-69%. The remaining re-
gions have intermediate values in terms of efficiency: Group 2 within 90%-95%, Group 3 within
81%-87%, Group 4 within 70%-80% and Group 5 within 60%-69% (Figure 1).

Analysis of data from the Bureau of Statistics of Kazakhstan and our calculations of CDN effi-
ciency showed the following results:

Group 1 regions: Excellent conditions for logistics development: developed infrastructure (31%)
with a large wholesale trade turnover (29%) and active freight traffic (28%) with a high level of in-
vestment in transport (30%). These regions are transshipment points with high storage volumes
due to their favorable geographical location, as well as the main centers of extractive industries and
consolidation centers;

Group 2 regions: The most favorable conditions for developing logistics: geographical location
and developed transport networks are favorable for freight transport (27%), infrastructure is un-
derdeveloped (16%) with an active turnover of wholesale trade (32%), the average rate of invest-
ment in transport (24%);

Group 3 regions: Average conditions for developing logistics: good transport accessibility, so
the transportation of goods by road takes the first place of all groups (29%), actively developing
infrastructure - fixed assets account for 25%, investments account for 19%;

Raimbekov, Zh., Syzdykbayeva, B., Zhenskhan, D., & Mukanov, A. / Economic Annals-XXI (2021), 191(7-8(1)), 114-126

121



ECONOMIC ANNALS-XXI

PRODUCTIVE FORCES DEVELOPMENT AND REGIONAL ECONOMY

Table 7:
Assessment of distribution network efficiency in the regions of Kazakhstan
Region/City Rating Efficiency of scale of production Performance The Malmquist Index
2018 [2019 [2020 [Average| 2018 [ 2019 [ 2020 [ Average | 2019/2018 | 2020/2019
1 group of regions
Almaty 1 100 100 100 100 100 100 100 100 1.00 1.01
Nur-Sultan 2 100 97.9 100 99.3 95.3 | 96.7 | 100.0 97.3 0.99 1.01
Mangistau 3 100 100 98.5 99.5 94.6 | 97.3 | 97.6 96.5 1.01 1.00
Medium 100 99.3 99.5 99.6 96.6 | 98.0 | 99.2 97.9 1.00 1.01
Group 2 regions
Aktobe 4 95.6 94.3 100.0 96.6 91.3 | 90.8 | 92.3 91.5 0.95 1.01
Pavlodar 5 93.6 93.3 94.9 93.9 92.1 | 92.3 | 92.3 92.2 0.96 1.00
Almaty 6 94.9 93.5 94.8 94.4 88.2 | 89.1 | 88.3 88.5 0.99 0.98
West Kazakhstan 7 92.1 91.2 92.1 91.8 87.3 | 88.3 | 89.4 88.3 0.98 0.97
Medium 94.1 93.1 95.5 94.2 89.7 | 90.1 | 90.6 90.1 0.97 0.99
Group 3 regions
Akmola 8 86.5 87.2 88.9 87.5 82.3 | 83.5 | 84.8 83.5 0.93 0.92
East Kazakhstan 9 87.3 87.6 88.2 87.7 83.2 | 84.3 | 83.0 83.5 0.99 0.98
Shymkent 10 86.3 85.2 87.8 86.4 81.3 | 82.3 | 83.1 82.2 0.96 0.95
Karaganda 11 87.3 85.3 85.3 86.0 80.3 | 82.3 | 84.3 82.3 0.99 0.98
North Kazakhstan 12 84 84.2 85.2 84.3 80.8 | 80.3 | 81.2 80.8 0.93 0.96
Medium 86.2 85.9 87.1 86.4 81.6 | 82.5 | 83.3 82.5 0.96 0.96
Group 4 regions
Kostanay 13 76.2 77.1 79.2 77.5 69.4 | 72.8 | 75.6 72.6 0.95 0.95
Atyrau 14 74.2 76.5 78.5 76.4 68.1 | 71.4 | 70.5 70.0 0.91 0.89
Medium 75.2 76.8 78.9 77.0 68.8 | 72.1 | 73.1 71.3 0.93 0.92
Group 5 regions
Zhambyl 15 71.2 69.2 67.8 69.4 67.8 | 65.2 | 65.2 66.1 0.88 0.87
Kyzylorda 16 72.3 67.2 66.5 68.7 62.7 | 61.3 | 62.3 62.1 0.88 0.86
Turkestan 17 70.3 68.2 64.3 67.6 60.9 | 61.8 | 59.4 60.7 0.85 0.84
Medium 71.3 68.2 66.2 68.6 63.8 | 62.8 | 62.3 63.0 0.87 0.86

Source: Calculated by the authors on the basis of quantitative data from the Bureau
of National Statistics of the Republic of Kazakhstan

Figure 1:
Dynamics of change in the efficiency of functioning of the regional CDN
in the Republic of Kazakhstan
Source: Data from the authors’ study

Group 4 regions: Close to average conditions for logistics development: geographically loca-
ted near economically developed neighboring regions, existing infrastructure is developing (17%),
but not enough use of wholesale trade (10%) and transportation of goods (15%), investments ac-
count for 16%;

Group 5 regions: Underdeveloped conditions for the formation of logistics: the infrastructure
is underdeveloped (11%) due to underloading of the regions with cargo (7%) and wholesale trade
(8%), the production potential is average, investments -11%.

Table 7 shows that three regions out of seventeen were efficient; each of them corresponds to
a high level of gross value added. In the second and third groups of regions, there is a slight in-
crease in the absolute indicator of efficiency in both scale and economic indicators of efficiency
compared to previous years.

In three regions (group 5), there is a decrease in the absolute efficiency indicator relative to the
previous yeatr.
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The Malmquist index indicates the efficiency of the use and redistribution of funds between re-
gions. Here, twelve regions have an index less than one, which indicates a decrease in the efficien-
cy of resource use, the remaining five regions have an index equal to or greater than one. Based
on these data, we can judge the effectiveness of regions and cities.

The contribution weights of the criteria to the system performance indicator and their reliability
are shown in Table 8. The average weight of the evaluation indicators of the participating regions
(1) and the average weight of the reliability coefficient (u(© = 1)) were calculated based on the
current state of the distribution network.

Table 8 shows that the largest increases occurred in the number of Internet users and Mer-
chandise inventory in the retail network.

The largest shares are Investment in Transportation (0.28), Share of Turnover in GDP (0.10),
Area of Distribution Networks (0.11), Cargo Turnover (0.08), Merchandise Inventory (0.12),
Number of Internet Users (0.10). Less influential is Length of Roads (0.04), Employment (0.05),
Share of Processing and Recycling (0.08).

Thus, investments primarily influenced by logistics performance (gross value added of trans-
port and trade) in transport and warehousing, the volume of goods turnover and freight transpor-
tation, the area of distribution systems and commodity stocks.

The low average weight of industry employment and length of roads means that for most of the
logistics area, human resources and road use are negligible, so their weight value will be low.

It is also possible to determine the percentage contribution of each region to the overall «inef-
ficiency».

Based on the DEA-analysis, we conclude that we must pay more attention to investment in fixed
assets and their use, the use of employees, the volume of transportation, inventory and space to
increase the economic efficiency of the CDN.

The Malmquist index, which characterizes the efficiency of the use of resources, is positive in
5 regions, for the same period GVA in these regions was growing. In 12 regions, the index is less
than one, which indicates a decrease in the efficiency of resource use in these regions.

The results of the work can be applied in determining the priorities of regional policy for deve-
loping logistics and trade infrastructure. In particular, in regions with low CDN efficiency, it is ne-
cessary to conduct additional research on the feasibility of public investment in this sector.

Table 8:
Average weight of input criteria evaluation indicators
Criteria 2018 (medium) 2019 (medium) 2020 (medium) Average for 3 years
U wo=1 U wo=1 u wo=1) U wo=1
Share of trade turnover in GDP 0.09 0.21 0.11 0.24 0.10 0.23 0.10 0.41
Inventories in the retail network 0.09 0.29 0.13 0.35 0.14 0.32 0.12 0.39
Share of investment in GDP 0.30 0.83 0.29 0.78 0.26 0.83 0.28 0.81
Cargo turnover 0.08 0.21 0.08 0.17 0.07 0.23 0.08 0.35
Length of roads 0.06 0.18 0.04 0.32 0.03 0.38 0.04 0.35
Availability of motor vehicles 0.04 0.41 0.03 0.33 0.03 0.39 0.03 0.38
Retail and warehouse space 0.11 0.62 0.11 0.61 0.10 0.67 0.11 0.28
Share of Internet users 0.09 0.21 0.08 0.19 0.13 0.18 0.10 0.19
Share of recycling and disposal 0.08 0.16 0.07 0.13 0.09 0.17 0.08 0.15
of municipal waste
Employment 0.06 0.15 0.06 0.11 0.05 0.13 0.06 0.13
Total: 1.00 1.00 1.00 1.00

Source: Calculated by the authors

6. Discussion

DEA-analysis allowed us to devise the main conclusions in the context of this research study.

We have established indicators for assessing the performance of the regional CDN. Many indi-
cators are used in previous studies before us (Dano, 2014, Izadikhah et al., 2019, Brzezinsk, 2020),
but we additionally investigated social, environmental and economic factors.

The research allowed us to obtain a single performance indicator that considers many different
input and output parameters of distribution networks in the regions.

We confirmed the positive relationship between the macroeconomic indicator (GVA share in
GDP) and the study groups of factors (F1 and F2) (Figure 1).

This fact confirms the truth from economic theory that economies of scale work up to a certain
period, then, with the subsequent returns go down or remain unchanged. Here, to increase the
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efficiency of the distribution network, we should increase investment and use innovative technolo-
gies (blockchain, digitalization, intelligent systems, etc.).

We have established a correlation between the indicators of the regional distribution network
and their efficiency of operation. In 2020, two of the 17 regions became effective (in 2019 one re-
gion was technically effective, in 2018 - two regions). Among them are Almaty, Nur-Sultan, and
Mangistau region. Three regions had a decrease in efficiency (Zhambyl, Kyzylorda and Turkestan
regions). In other regions there was a slight increase in performance.

The Malmquist index, confirms the presence of higher rates of technical development of re-
gions with a high level of development of macroeconomic indicators compared to the regions-
outsiders (Table 7).

The index of efficiency of the scale of production was higher than the efficiency of activity in all
regions. It is consistent with research that the effect of returns to scale is greater than the effect of
returns on economic activity (Paul, 2005, Liu, 2012, Andrejic, 2013).

Large regional CDN (group 1 and 2) have a high level of development of distribution systems
compared to other regions of Kazakhstan and, accordingly, have a high positive return on scale.
This statement is consistent with many studies on the overall positive increasing returns of large
entities (banks, enterprises, distribution center stores (Tang et al., 2005, Vaz,2012).

We also found that there was an increase in the efficiency of scale factors in the regions with a
higher level of development (Group 1 and 2), while in the inefficient regions (Group 4 and 5) there
was a decrease (Table 7).

The efficiency difference between Group 1 and Group 5 regions is 25% (1.1 and 0.88), and the
growth rate of factor productivity between the best and worst groups of regions increased from
14.9% to 27.9% between 2017 and 2020, indicating even greater unevenness in distribution net-
work development.

We confirmed that the greatest influence on the efficiency of CDN has investments, areas,
inventories (by their specific weight), which is consistent with the research of the authors
Andrejic (2013), Raimbekov et al. (2018), Brzezinski (2020). Simultaneously, we identified other
factors: the greatest influence of the share of the population using the Internet, mobile applica-
tions, which indicates their importance in the development of distribution networks.

The main empirical results are as follows.

1. Estimates of the level of technological efficiency of national economies are consistent with
the conclusion on the ranking of regions by the degree of infrastructure development presented in
earlier studies (Raimbekov, 2016 and 2018).

The regions with the developed and developing CDNs show greater dynamism in the techno-
logical development of the first and second groups of regions compared to the rest of the regions.
Thus, for the first group of regions, the growth rate of the benchmark the Malmquist index for the
period 2017-2020 was 1.0%, while the second group was 2.1%, while the fourth and fifth groups
of regions decreased by 1.07 and 1.15%, respectively.

2. The analysis of CDN of the regions of the Republic of Kazakhstan, which comprehensively
considers the efficiency of the use resources, has revealed different positions of the regions from
highly efficient to low-efficient. Large cities and regions of Kazakhstan are positioned as highly ef-
ficient. A common negative feature of CDN in the regional economy was noted - low economic in-
dicators compared with the scale of production. The CDN of two regions (group 1 and 2) is distin-
guished by high efficiency of the scale of production and efficiency of economic activity.

The results allow us to speak about the possibility of using the DEA method along with the mo-
dification of the data under study, both in the primary economic analysis in the preliminary pre-
paration of projects for developing regional distribution networks, and in the process of current
monitoring of the dynamics of their performance, considering trade, transport and logistics in-
dicators.

The results of the analysis can be used in planning the development of regional CDN.

7. Conclusion

Formed and proposed a system of indicators necessary for an objective assessment of the
effectiveness of the regional commodity distribution system.

Assessment of the effectiveness of CDN development in the regions of Kazakhstan by the
method of DEA-analysis allowed the classification and ranking of regions in terms of economic
efficiency and scale of activity.
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The most important factors influencing the efficiency of the CDN are highlighted. For a coun-
try with a huge territory with sparsely populated regions with low density and, accordingly, uneven
development and low density of the infrastructure of the commodity distribution network, the im-
portant factors are investments in infrastructure, goods turnover and cargo turnover, the value of
inventory and retail space, the number of Internet and mobile app users, the length of roads, em-
ployment, the share of recycling and waste disposal.

Recommendations for assessing the effectiveness allow to identify the distribution of regions,
reflecting the prospects of development of logistics infrastructure of the commodity supply chain,
which allows to propose a differentiated state policy for developing CDN with the participation of
business and in the future - development of indicative plans, improve planning and management
tasks of supply chains in the CDN.

Regions should first improve large-scale indicators to improve the quality of service, then to
increase the indicators of economic activity by the experience of developed countries. This also
applies primarily to regions with medium and low CDN efficiency with the provision of preferen-
tial investment, incentives for producers and trade through the provision of subsidies or tax re-
ductions, etc.

In this regard, we wanted to outline the following areas of problem solving

+ uneven development and placement of transport, logistics, trade and distribution network in
major regions and cities require planning and regulation of them at the state level in Kazakhstan,
rather than at the regional level, which will require differentiation in the distribution of investment
in infrastructure development;
increasing the efficiency of CDN requires an integrated approach to the provision of quality lo-
gistics services, optimization and management of goods movement processes by increasing
the number of logistics trade distribution centers, their optimal location by service areas, the
use of digital technologies.
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