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Abstract: The article is devoted to cluster analysis of the regions of the potential location of logistics terminals.  The 

subjects of Uzbekistan are divided into four clusters depending on the level of their socio-economic, infrastructural 

development, geographical location and the volume of transport work performed. A statistical model is developed that 

includes a set of equations and dependency functions of such socio-economic factors in the formation of the logistics 

infrastructure of the regions as average per capita income of the population, the gross regional product (GRP), specific 

volume of trade and industrial production, exports and imports, the level of investment, the number of the economically 

active population, the volume of fixed assets and transport services, as well as indices of transport work - the physical 

volume of transportation by road and rail. The dependence of the volume of transport services in the regions of the 

Republic of Uzbekistan on the income of the population, the gross regional product, the density of roads, the volume of 

exports and belonging to clusters was established. As a result, the regions of Uzbekistan, in terms of the location of freight 

infrastructure on the railways in order to develop potential transport and logistics clusters, were grouped depending on the 

indices of socio-economic and infrastructure development. 

Key words: railway transport, statistical model, logistics terminal, distribution center, shortest distance, cluster, cluster 

analysis, correlation analysis, regression. 

 

1. INTRODUCTION 
 

When solving the problem of the optimal location of transport logistics terminals on the railway network in 

order to provide logistics capacities to existing and emerging industrial processing clusters, it is required to find 

such a location of distribution centers or sites relative to their suppliers and consumers, at which a certain target 

function of total logistics costs reaches its minimum values with a comprehensive account of all significant 

influencing factors. Mathematically, this problem serves the purpose of multi-objective optimization in the 

presence of a system of restrictions. The solutions of such problems were studied in detail in the works of 

Mukhamedova Z.G. (Mukhamedova, 2016; Mukhamedova, 2020;), Ibragimova G.R. (Mukhamedova and 

Ibragimova, 2022), Fayzibaev (Fayzibaev et al., 2022), Suyunbaev Sh.M. (Suyunbaev et al., 2023), Boltaev S.T. 

(Saburov et al., 2022) and etc. 

 

2. RESEARCH METHODS 

 

2.1 Task stages 

The problem of the optimal location of the logistics terminals with the possibility of loading and warehousing 

should take into account such basic factors as the distance between the warehouse and suppliers and consumers, 

the volume of cargo transported, transport rates and the time of delivery of goods from suppliers to the 

warehouse and from the warehouse to consumers, and be solved by determining the coordinates (x, y) of the 

logistics terminal so that the logistics costs equal to the sum of the products of the distances from suppliers to 

the logistics terminal and from the logistics terminal to the destination, which has coordinates (xi, yi), and the 

volumes of cargo transported   (need or demand) were minimal, as shown by formula 1: 
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where: id  is the distance from the logistics terminal to the i -th supplier or to the destination point ( i =1, 2, … 

n ). 

If the task is enlarged to the level of location of distribution logistics centers in the country, then the model 

development procedure should be divided into several stages (Sai, 2015). 

 

2.2 First stage 

To determine the level of dependence between the factors influencing the location of logistics centers; the 

values of dependent (endogenous) variables 1y , 2y , … my   are estimated depending on the values of 

independent (exogenous) variables 1x , 2x , … kx   taking into account the influence of random components 1 , 

2 , … 
т  that cannot be measured (the influence of factors and random errors in the measurement of indicators 

is not included in the model). 

The exogenous or independent variables of the statistical model include climatic zones, availability of roads and 

railways, availability of transport corridors in the region, and population. 

The remaining variables are defined as dependent (endogenous) ones. 

Thus, a data array that statistically describes and allows assessing the change in time and space in the system of 

factors for the location of logistics centers consists of P factors for N regions of Uzbekistan over time intervals 

T (Ivanova et al., 2012). 

A preliminary analysis showed that the logistics centers available in Uzbekistan are located in regions with high 

trade and industry development, dense population and a favorable geographical location in relation to land 

transport corridors (Makhkamov et al., 2022).  

The assessment of the system of factors for the location of logistics centers was conducted based on a space-

time sample (17 indices for 13 regions (the city of Tashkent was excluded from the sample due to sufficient 

availability of logistics centers), the study period was 2010-2022). 

The indices are included in the statistical model with different regression coefficients, the values of which 

depend on whether the region belongs to a particular cluster. To obtain more accurate regression coefficients 

and take into account the influence of the region of Uzbekistan belonging to a certain cluster, dummy variables 

were introduced:  
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The model of dependence of the i-th factor has the form: 

 

  
    ipi rrrrXXXYfXY  432121 ,,,,,,,, 

 (3) 

 

where: i  is the random component. 

The form of dependence of the i-th index ( iY
) on X  has the form: 

 

  
  jjjkki XrXY   0  (4) 

 

where: jX
 is the value of 

j
 variable that has the strongest influence on i  index;  

0  and j
 are the unknown coefficients of the regression equation; 
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kr  is a dummy variable, where k  is the cluster number; 

kr  is the regression coefficient for a dummy variable. 

To estimate the parameters of the regression equation, multiple regression analysis is used, since the number of 

variables on which the j -th index depends is more than one (Sai et al., 2010). 

 

2.3 Second stage 

Cluster analysis is performed using various software systems (for example, Statistica) to group 

multidimensional objects and present the results of individual observations by points of appropriate geometric 

space, followed by the selection of groups as clusters. Objects included in a certain cluster have similar 

properties. 

Similarity with other objects is defined as the corresponding distance between objects in space, that is, the value 

of abd
 satisfies the axioms (Bureeva, 2007): 
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It is appropriate to use the geometric distance between two points in a multidimensional space (the Euclidean 

distance) as a measure of distance: 
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where: iaX
, ibX

  are the values of i - th attribute of the a -th ( b -th) object ( i = 1, 2, ..., k , a , b  = 1, 2, … n ). 

Cluster analysis was conducted using the Excel program. All indices are normalized by the ratio of the 

difference between the initial and arithmetic mean values of the indices to the standard deviation (in the 

developed model, this tab is called “Cluster analysis”). 

Next, the resulting data is selected and, using the Insert-PivotTable algorithm, is opened in a new sheet (in the 

developed model, this tab is called “Shortest Distances”). Here, the “regions” parameter is transferred to the 

columns, and the “region number” parameter (No) is transferred to the rows according to the selected value 

“Volume of freight rail transportation” ( .перV
 railway, million tons) with the field parameters set to the value 

“Maximum by field” (Figure 1). 

 
Fig. 1. Setting parameters to determine the shortest distance to the center of the cluster in 

the cluster analysis of the regions of Uzbekistan 
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Having previously chosen the value of 4 as k  (the number of clusters), formulas are set for the resulting data 

arrays, highlighting such factors as the distance to each cluster, the shortest distance, the cluster number, and the 

number of regions in each cluster. The target function is set (the sum of the shortest distances). The “Search for 

a solution” tool is used in the “Data” tab, where it is selected as the value restriction with the search for the 

smallest value. The “Evolutionary search for a solution” method is used. The resulting data is split using the 

“Color Scale” tool in the “Conditional Formatting” tab; the regions of each cluster are classified by data 

commonality, as shown in Figure 2. 

 

 

Fig.2. Setting the parameters of the “Search for a Solution” tool in the cluster analysis of the regions of 

Uzbekistan 

 

As a result of the cluster analysis, 4 clusters were identified: 

1st cluster - Khorezm region; 

2nd cluster - Samarkand region; 

3rd cluster - Republic of Karakalpakstan, Andijan region, Bukhara region, Jizzakh region, Kashkadarya region, 

Navoi region, Surkhandarya region, Syrdarya region, Tashkent region, Fergana region. 

4th cluster - Namangan region. 

 

2.4 Third stage 
Paired correlation analysis was used to determine the presence and type of relationship between the studied 

factors. For correlation coefficient r < 0.25 - the correlation is weak, for 0.25 < r  < 0.7, it is moderate, for r > 

0.75, it is strong (the relationship between the variables is close to linear). 

The Pearson correlation coefficient is determined by the following formula: 
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where jx and jy   are compared factors j of the subject; 

n  is the number of compared observations;  

x  and y  are standard deviations in comparable series. 

The analysis was conducted using the Data Analysis tool in Excel using the obtained correlation matrix. 
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3. RESEARCH RESULTS AND DISCUSSION 

 

According to the results of the calculations, the volumes of transport services are correlated with population 

income, GRP, industrial production, trade, exports and imports. 

Correlations in this case are not considered causal, they show that with a change in one index, other indices also 

change; this can be influenced by a large number of different reasons. There is an obvious need for additional 

statistical studies of the type and levels of dependencies between indices. Dependency graphs are shown in 

Figures 3-15. 

In Figure 3, the dependence of the volume of transport services per capita on the population is moderately 

inverse (correlation coefficient is minus 0.31679). The higher the population in the region, the lower the 

indicator. 

As seen in Figure 4, between the specific volume of transport services and the average per capita income of the 

population there is a moderate correlation (correlation coefficient is 0.67106). The higher the income of the 

population, the greater the volume of transport services. 

At the same time, in Figure 5, the dependence of the volume of transport services per capita on the volume of 

GRP is moderately positive (correlation coefficient is 0.691116). The lower the GRP of the region, the higher 

the volume of specific transport services. 

In Figure 6, the dependence of the volume of transport services per capita on the volume of industrial 

production is moderate (correlation coefficient is 0.65673). The volume of transport services is growing with the 

growth in industrial production. 

 

 
 

Fig. 3. Dependence of the volume of transport services per 

capita on the population 

Fig. 4. Dependence of the volume of transport services 

per capita on the average income of the population 

 

  
Fig. 5. Dependence of the volume of transport services per 

capita on the gross regional product 

Fig. 6. Dependence of the volume of transport services per 

capita on the volume of industrial production  

 

As shown in Figure 7, the dependence of the volume of transport services per capita on the volume of retail 

trade turnover per capita is strong (correlation coefficient is 0.795605). The higher the retail turnover, the 

greater the volume of transport services. 

The dependence of the volume of transport services per capita on the volume of exports per capita is moderately 

positive (correlation coefficient is 0.61924), there is a direct impact of foreign trade on the volume of 

transportation (Figure 8). 
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Fig. 7. Dependence of the volume of transport services per 

capita on the volume of retail trade turnover per capita 

Fig. 8. Dependence of the volume of transport services per 

capita on exports per capita 

 

From Figure 9, it can be seen that the dependence of the volume of transport services per capita on the volume 

of imports per capita is moderately positive (correlation coefficient is 0.662933), import directly affects the 

volume of transportation. 

In Figure 10, there is a weak negative correlation between the volume of transport services per capita and the 

physical volume of freight transportation by rail (correlation coefficient is minus 0.07812). 

 

  
Fig. 9. Dependence of the volume of transport services per 

capita on the volume of imports per capita 

Fig. 10. Dependence of the volume of transport services per 

capita on the volume of cargo transportation by rail 

 

Figure 11 shows a weak positive dependence of the volume of transport services per capita on the physical 

volume of cargo transportation by rail (correlation coefficient is 0.124004). 

In Figure 12, there is a weak positive correlation between the volume of transport services per capita and the 

density of the railway network (correlation coefficient is 0.19887). There is no dependency. 

 

  
Fig. 11. Dependence of the volume of transport services per 

capita on the volume of cargo transportation by road 

Fig. 12. Dependence of the volume of transport services per 

capita on the density of the railway network 

 

Figure 13 shows a weak negative correlation between the volume of transport services per capita and the density 

of roads (correlation coefficient is minus 0.21887); there is no dependence. 

The dependence is not observed in Figures 14 and 15 with correlation coefficients of 0.46175 and minus 0.0871, 

respectively. 
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Fig. 13. Dependence of the volume of transport services per 

capita on the density of roads 

Fig. 14. Dependence of the volume of transport services per 

capita on the availability of transport corridors 

 
Fig. 15. Dependence of the volume of transport services per capita 

on the climatic zone 

 

The main functions of the dependence on factors influencing the location of logistics centers are presented in 

Table 1. 

 
Table 1. The main functions of the dependence of factors influencing the location of logistics terminals in 2022 

Equation  

Multiple 

correlation 

coefficient, 

R 

Multiple 

correlation 

coefficient, 

R2 

F-test 

significance 

Durbin-

Watson 

statistic, 

DW 

Social-economic factors 

ChUChR0ChNChN   1 1 7.37E-129 0.39 

4*1267.2753*258.985

1*2908*78514.0*44799.157.2216

rr

rOPVRPD




 0.932 0.868 0.008041 2.71 

3*09.2492*49.7771*4.1369

*522.7*7144.0*4717.0

*8496.6*5365.09.2379

rrr

OFChNZEOT

invIOPVRP







 0.999 0.998 0.000461 2.52 

4*46.9664

3*2.105922*74.8155*6843.16*3903.57.30732

r

rrChNZEOFOP




 0.848 0.7196 0.072447 1.46 

 

4r*35,3473r*02,5982r*689,1473avtPl*014,2

E*9653,1OP*0275,0D*2225,07929,899OT




 0.8796 0.774 0.202727 2.09 

3*54.432*199.1601*3.98*4858.0

*217.217*0064.041.991

rrrjdPl

TKOPE





  0.781 0.609 0.322535 2.31 

 

3*08.1272*85.3031*997.411*21.118*188.1

*034.0*01295.0*0549.0903.398

rrrKZE

ChNVRPOTI





 0.885 0.784 0.340326 1.55 
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4*305.253*84.1921*711.4*435.0

*3606.0*00185.0*046.00186.102.

rrrE

avtPlVRPDusltrV




 0.941 0.886 0.058044 2.07 

 

4*02.20973*36.31482*94.1624

*07396.0*4411.083.2827

rrr

OPDOF





 0.893 0.798 0.028323 2.04 

 

4*87.10103*14.11041*883.269

*012.0*588.0*108.135.6578

rrr

ОТOPVRPinvI




 0.969 0.940 0.004052 1.86 

 

4*7827.343*7523.101*328.10

*604.33*40597.03146.73

rrr

KZChNChNZE





 0.995 0.991 2.975E-06 1.93 

Transportation indices 

 

3*23701*835.2*953.1

*0014.0.*063.0*0005.0*00029.0

*0003.0*005.0957.17.

rrTK

OTavtperUOFI

jdPlavtPljdperV







 0.980 0.960 0.057949 2.61 

 

4*0929.153*0205.10

2*989.38*006.0*002.0*097.0

*023.0*626.1*039.0408916.

rr

rOFDavtPl

ОТTKChNV avtper







 0.986 0.972 0.033467 2.04 

 

The variables and symbols of the equations of the statistical model are presented in Table 2. 

 
Table 2. Variables and Symbols of the Statistical Model 

№ Designation Variable 
Unit 

measurements 

Exogenous (independent) variables  

1 KZ Belonging to the climatic zone score 

2 ТК Availability of transport corridors on the territory of the subject score 

3 Plavt Provision of the subject with railway tracks km/10000 m2 

4 Pljd Availability of paved roads km/1000 m2 

5 ChN Population thousand people 

6 ChR The number of people born per 1000 people per year thousand people 

7 ChU The number of deaths per 1000 people per year thousand people 

Endogenous (dependent) variables 

8 D Average per capita income of the population soum/person 

9 VRP Volume of gross regional product per capita soum/person 

10 ОP Volume of industrial production per capita soum/person 

11 ОТ Volume of retail trade turnover per capita soum/person 

12 E The volume of export products per capita in the region USD/person 

13 I The volume of imported products per capita in the region USD/person 

14 Vtr.usl Volume of transport services per capita soum/person 

15 ОF Fixed assets per capita soum/person 

16 Iinv Investment in fixed assets per capita soum/person 

17 ChNZE Population employed in the economy thousand people 

18 Vper.jd. The volume of goods transported by rail per capita t/person 

19 Vper.avto The volume of goods transported by road per capita t/person 

Auxiliary variables 

 r1 A dummy variable denoting the subject's membership in the first cluster - 

 r2 A dummy variable denoting the subject's membership in the second cluster - 

 r3 A dummy variable denoting the subject's membership in the third cluster - 

 r4 Dummy variable denoting the subject's belonging to the fourth cluster - 

 

To check the adequacy and accuracy of the developed model, calculations were performed for all model 

equations: the multiple correlation coefficient ( R ), characterizing the closeness of the relationship between the 

dependent variable and the set of indicators that determine it; coefficient of determination ( R 2), characterizing 

the reliability of the statistical model; F-test significance for testing the hypothesis on the dependence of the 

variables and the predicted indicator; the Durbin-Watson (DW) statistic to assess the presence of 

autocorrelation.  
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All calculations were performed in Excel; when the initial data changes, the developed template can be used to 

assess the situation of previous periods and to forecast for the future periods. 

Based on the results of the calculations, we can draw conclusions confirming the viability of the model: 

- since the coefficient for all equations of the model is greater than 0.8, and for the majority is more than 0.9, the 

model reveals at least 80-90% of the variations of dependent variables; 

- 95% reliability was established - the significance of the coefficients of the regression equation and its free term 

at the 5% level; 

- the level of the standard error of estimating dependent variables according to the equations does not exceed 5% 

of the average value of the variable; 

- the remainders of the regression equation correspond to the normal distribution law. 

 

4. CONCLUSIONS 

 

Thus, the equations of the developed statistical model made it possible to establish the dependence of the 

volume of transport services in the regions of the Republic of Uzbekistan on the income of the population, the 

gross regional product, the density of roads, the volume of exports and belonging to clusters. For the second 

cluster (Samarkand region), there is no such dependence. 

The dependence of rail transport volumes on the density of roads and railway coverage, imports, the cost of 

fixed assets per capita, road transport volumes, retail trade volumes and the availability of transport corridors 

was statistically confirmed. At that, the indicator increases due to belonging to the first cluster (Khorezm region) 

and decreases due to belonging to the third cluster (Republic of Karakalpakstan, Andijan, Bukhara, Jizzakh, 

Kashkadarya, Navoi, Surkhandarya, Syrdarya, Tashkent, Fergana regions). 

In the course of the study, it was found that the volume of cargo transportation by road is determined by the cost 

of fixed assets per capita, the number of people employed in the economy, trade volumes, per capita income of 

the population, the presence of transport corridors and the density of roads. The subject's belonging to the 

second, third, and fourth clusters (Namangan region) reduces the values of these indicators. This is explained by 

the high value (in comparison with road transport) of the length of railways, and the transportation is more 

profitable. 

It is appropriate to study the interaction of the proposed factors in dynamics using the simulation method. This 

is justified by the fact that it is difficult to express the assessment of the development of the system of factors for 

the location of cargo objects by analytical dependencies. 

The use of the dependencies stated in the process of research in the development of a simulation model will 

allow us to establish the influence of factors on the formation of demand for logistics infrastructure facilities in 

dynamics and obtain predictive values of indicators to assess the prospects for the development of cargo 

facilities in the regions of the Republic of Uzbekistan. 
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