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Abstract. This article develops a fragmented approach to the study of changes in the 

dynamics of the main indicators of transport development on freight transportation in 

Kazakhstan. Its novelty and originality lies in the fact that the most pronounced indicators, such 

as rail, road and pipeline transport, were assessed using methods of multivariate regression 

analysis; a new regression equation was built; intervals of parameters of multiple regression were 

determined and modern mathematical software of the application software package, focused on 

the processing of statistical materials was used. Moreover, the results of research on transport 

logistics development indicators for freight transportation in Kazakhstan (billion tonnes/km) for 

2016-2021, a schedule for calculating the parameters of the dynamic series, as well as 

econometric analysis of autocorrelation coefficients of freight turnover of the Republic of 

Kazakhstan are presented. 

The relevance of this article lies in the fact that the statistical data on the above indicators 

and their calculations using a mathematical apparatus have been investigated in Kazakhstan for 

the first time. 

The distribution of regional transport in terms of volume of traffic is shown in an 

expanded form. On the basis of the statistical data, a trend line of freight turnover corresponding 

to logarithmic approximation is constructed. All statistical data as well as determination 

coefficients by modes of transport and freight turnover are ranked in ascending order. 

In this paper, a detailed econometric analysis was carried out by mode of transport and 

freight turnover in Kazakhstan, using mathematical methods and the EXCEL application 

software package. 

 

Keywords. Regional transport distribution, regression coefficients and regression matrix, 

autocorrelations of freight turnover, statistical data. 

 

Introduction.  

Since 2010, Kazakhstan has become a leader in trade and logistics operations, developing 

the G-Global platform and reviving the New Silk Road program, thereby defining its economic 

direction and positioning itself as a business hub for the entire Central Asian region. 

In today's world, logistics is an integrated package that provides the necessary quantity 

and quality of services, as well as ensuring the smooth transportation of goods and cargo to any 

region or country over any distance. The first annual Silk Road International Transport and 

Logistics Business Forum were launched in 2011. All the leaders of the world's countries 

professionally involved in transport logistics have met during this event. The event has become a 

platform for discussing transport logistics issues, bringing government and business together, 

and developing a platform for developing joint projects. 

The annual forum takes place within the framework of the Eurasian space, discussing 

new multimodal freight transport routes and the comprehensive development of international 

transport corridors to enhance the transport logistics market. 
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At the annual forum, Kazakhstan's intention to establish the Coordination Council for the 

Development of the China - Customs Union - Europe Silk Road Transport Corridor and the 

Coordination Council for the Development of the Uzen - Bereket - Gorgan Transport Corridor 

was proposed [1]. This event was a pioneer in the field of logistics at the global level, where 

supply chain management issues began to be addressed among CIS countries and Kazakhstan. In 

this regard, Kazakhstan has begun a comprehensive capacity-building effort in transport  services 

and communications. Above all, this was reflected in shorter transport times, reduced regional 

transport costs, improved freight efficiency, optimized tariffs and the safety of cargo to the last 

point of arrival. All these procedures have become an integral part of the overall logistics system 

and an important factor in the training of a new quality staff to ensure that transport logistics are 

fully operational. In Kazakhstan, 70 % of the total amount of all transport traffic is transported 

via rail, both to domestic and foreign markets. 

 

Materials and methods.  

This paper uses statistical data for the analysis of econometric coefficients and study of 

changes in the dynamics of the main indicators of transport logistics development in Kazakhstan 

(billion t/km) for 2016-2021. The notations for cargo turnover of all modes of transport are 

introduced for the parameters of road and urban electric* (X1), railway (X2), pipeline (X3), air 

(X4), sea (X5) and inland waterway (X6) transport parameters (see Table 2). These indicators 

are among the main types of transport logistics. [5] 

 

Table 1 - The main indicators of the development of transport for the transportation of 

goods of the Republic of Kazakhstan (billion tons/km) for 2016-2021 

 

Years 2016 2017 2018 2019 2020 2021 

Total including: 3 231,8 3 508,0 3 749,8 3 733,8 3 729,2 3 946,1 

By road and 

the city's electrical 

2 718,4 2 983,4 3 129,1 3 174,0 3 180,7 3 322,3 

by rail 294,8 293,7 390,7 341,4 338,9 387,2 

by pipeline 213,2 225,9 225,0 214,6 205,8 232,8 

by air 22,0 23,9 19,1 17,2 18,0 22,5 

by the sea 4,0 4,0 3,6 2,5 2,6 2,1 

Inland water 1,3 1,1 1,3 1,2 1,2 1,6 

Note: Compiled by the authors on the basis of data from [5] 

 

Table 1 shows that in 2020 alone there was a slight decline in freight traffic from 3,733.8 

million tons in 2019 to 3,729.2 million tons in 2020. In 2021, the increase in freight volumes 

increased to 3,946.1 million tons and was the highest significance in the last 6 years. This 

increase is justified by the fact that the volume of transit shipments has increased and export 

shipments to the country have risen. In the presence of the pandemic and crisis of many 

economies, transport logistics play an important role in overcoming protracted problems and 

stabilizing the economy. 

According to the Statistics Agency of the Republic of Kazakhstan, this is 4.1% less than 

the result for the same period of 2019. The percentage of rail transport in total freight turnover 

was 38.10%, the percentage of road transport was 33.91%, the percentage of pipeline transport 

was 27.33%, other modes of transport (air, river, sea) were 0.66%. In spite of this, new TLCs 

will appear on the economic map of Kazakhstan one way or another. Here it will only be 

necessary to deal with the issues of giving priority to which classes of terminals and what will be 

an important argument in determining the locations of logistics facilities. [6] 
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Table 2 - Cargo turnover of all types of transport of the Republic of Kazakhstan (million 

tons/km) for 2016-2021 

 

 The 

railway 

Road and urban 

electric vehicles 

Pipework Air, million 

tonnes/k m 

Maritime Inner water 

(X1) (X2) (X3) (X4) (X5) (X6) 

2016 235,9 132,3 106,9 59,5 2,8 0,06 

2017 231,3 145,3 116,0 63,1 2,7 0,03 

2018 280,7 155,7 116,0 49,3 2,5 0,03 

2019 267,4 161,9 115,4 42,7 1,6 0,03 

2020 239,0 163,3 114,5 42,9 1,8 0,02 

2021 266,6 166,1 166,1 53,8 1,6 0,03 

Note: Compiled by the authors on the basis of data from [5] 

 

 

Figure 1 - Freight transport by all modes of transport in Kazakhstan (million t/km) for 2016- 

2021 

 

 

Figure 1 shows the graph for calculating the parameters of the dynamic series from Table 

2 shows that the correlation is 9663,0, =хуr  , and the constructed  line of the trend corresponds 

to a logarithmic approximation with an equal 9,277)ln(161 +−= XY . Coefficient of 

Determination equal to 9871,02 =R = 0.98 or 98%. 
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Figure 2 - Cargo turnover of all modes of transport in Kazakhstan (million t/km) for 2016-2021 

 

Table 3 -Correlation matrix of cargo turnover of all types of transport Republic of 

Kazakhstan (million tons/km) for 2016-2021 

 

 Y X1 X2 X3 X4 X5 X6 

Y 1       

X1 0,424155 1      

X2 0,94256 0,564354 1     

X3 0,718269 0,37285 0,555192 1    

X4 -0,60352 -0,48801 -0,72645 0,04981 1   

X5 -0,91477 -0,41413 -0,89314 0,54783 0,730101 1  

X6 -0,70421 -0,2722 -0,84016 0,26214 0,549782 0,591506 1 

 

When n=6, the theoretical correlation matrix of the sequence X1, X2,...X6 is a Laurent 

matrix. The elements located on the main diagonal going from "northwest and southeast" are 

equal to each other. From the non-negative definiteness of the Laurent matrix follows certain 

conditions for the compatibility of the autocorrelation coefficients. In this case, the Laurent 

matrix is symmetric with respect to the main diagonal Х11 =X22 =…=X66=1. [6] 

Using Table 2 and analysis of variance investigated: 

- first, a ranking of freight traffic of all modes of transport in Kazakhstan (million t/km), 

for the period 2016 to 2021, and factors by degree of impact on total freight turnover; 

- secondly, to estimate the percentage increase in freight volume with a deviation of one 

of the rail, road and urban electric, pipeline, air, sea and inland waterway transport factors. 

Here it is necessary to emphasise the dependence of the factors, which are presented in 

quantitative terms in tables, and, of course, the analysis of variance that can be carried out. In 

this case we are dealing with one- or two- and multivariate analysis of variance. [7] 

It should be noted, that analysis of variance acts as the main and practically visible 

approach in both regression and discriminant and cluster analysis. In short, virtually all statistics 

essentially use this approach in analysis. 

The calculation of the data below is carried out with the Data Analysis application 

package on EXCEL. 

 



ҚазККА Хабаршысы № 2 (125), 2023             ISSN 1609-1817 (Print)                          The Bulletin of KazATC 

Вестник КазАТК № 2 (125), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

92 

Table 4 - One-factor analysis of variance  

 

TOTALS     

Groups Account Amount Average Dispersion 

Column 1 6 12087 2014,5 3,5 

Column 2 6 1520,9 253,4833 423,5016 

Column 3 6 924,6 154,1 168,944 

Column 4 6 734,9 122,4833 468,6456 

Column 5 6 311,3 51,8833 71,8416 

Column 6 6 13 2,1666 0,3146 

Column 7 6 0,2 0,0333 0,0001 

Analysis of variance  

Source of 

variations 

SS df MS F P- 

Value 

F 

critical 

Between the groups 19195187,48 6 3199197,914 19700,3982 3,19091E60 

Within groups 5683,7392 35 162,3925    

       

Total 19200871,22 41     

 

Linear regression analysis is used to describe the relationship between the factors and the 

dependence of the values on each other. Through this analysis, the GDP of any country can be 

found as a function of the average wage of workers, world prices of petroleum products and the 

dollar exchange rate. In addition, a linear regression analysis can be used to find the connection 

between the weather and the number of visitors, as well as to predict the number of customers, 

which will depend on the size of the advertising budget. 

All of the above phenomena can initially be solved with multivariate regression analysis. 

Let us use a concrete example to show the possibilities of regression analysis. In our case a 

multivariate regression of road (X1), rail (X2) and pipeline (X3) transport. 

As a result of the calculation, estimates were obtained (Table 5): Multiple coefficient 

R=0.9830 and R-squared=0.9663, normalised R2 =0.9157, standard error=0.5429 with number of 

observations n=6. 

 

Table 5 - Regression of road rail and pipeline transport in the Republic of Kazakhstan for 

2016 to 2021 

 

CONCLUSION TOTAL  

Regression Statistics  

Multiple R  

0,9830 

R-square 0,963 

Standardised R-square  

0,9157 

Standard error  

0,5429 

Observations 6 
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Analysis of variance 

 

 df SS MS F Significance of 

F 

 

Regression 3 16,9104 5,6368 19,1207 0,0501 

Remainder 2 0,5895 0,2948   

Total 5 17,5 

 Ratio tents Standard error t- Statistics P- 

Value 

Lower 95% Top 95% 

 

Y- 

Crossing 

 

1996,0471 

 

3,3537 

 

595,1686 

 

2,823E- 

06 

 

1981,617 

 

10,4771 

Variable X 1  

-0,0167 

 

0,0143 

 

-1,1669 

 

0,3635 

 

0,0784 

 

0,04493 

Variable 0,1268 0,0253 5,0051  0,0178 0,2358 

X 2    0,0376   

Variable X 3  

0,0257 

 

0,0135 

 

1,9004 

 

0,1977 

 

0,0325 

 

0,0839 

 

The results of calculation of multiple regression parameters of railway, road and pipeline 

transport of the Republic of Kazakhstan for 2016-2021 were obtained: multiple correlation 

coefficient R=0.9830 and R2 - square of correlation coefficient =0.9663, normalized coefficient 

R2 =0.9157, standard error=0.5429, Fisher F-criteria F=19.12075, δ2 - residual variance δ2 = 

SS=0.5895. 

The parameters of the regression equation are also as follows: Coefficient values a=- 

0.01674, b=0.12683, c=0.02572. Then the regression equation can be written as follows: 

 

Y=-0,01674+0,12683X2+0,02572X3. 

 

Standard error: ma =0,01434, mb =0,02534, mc =0,01353. Confidence t-statistics 

intervals:  ta =-1,16690, tb  = 5,0051, tc =1,90045. 

The confidence probability of the above equation is P=0.95 and estimates of the 

regression parameters are determined in the intervals γamin =-0,078,   γamax =0,0449   γbmin =0,017   

γbmax =0,2358  γcmin = -0,032  γcmax =0,0839., then the confidence intervals of the regression 

parameters are -0.078 < a < 0.0449, 0.017 < b < 0.2358, -0.032 < c < 0.0839. 

The application of this multivariate analysis of variance for rail, road and pipeline freight 

and turnover is an innovative calculation method on which the correctness of established 

logistics routes in Kazakhstan depends. 

 

Results and discussion.  

At present, Kazakhstan Temir Zholy JSC manages transportation in the sea port of Aktau, 

as well as controlling cargo deliveries through a number of        major terminals in airports across 

the country and road terminal complexes. The logistics services market has only recently found 

its niche in Kazakhstan, although in the context of integration and globalization, logistics has a 

key role to play in developing the industrial side of the country. One way or another, all cargo 

shipments coming into Kazakhstan and vice versa from Kazakhstan to other countries depend on 

properly set up logistics routes. 

The plan is to create an intelligent transport system by using digital technology to create 

integrated, targeted and measurable communication that helps to acquire and retain customers by 

building deeper relationships with them [2]. 
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The implementation of ITS will help to solve a plethora of problems in Kazakhstan, 

namely [3]: 

- to increase the transit capacity of the country through TC management (i.e. to 

optimize the route of the transit route, to plan the traffic flow in compliance with the established                  

service standards and rules, to establish normalized times for transit flows within the country, to 

consolidate the on-board equipment that is necessary for transit transport management; 

- strengthen the safety of traffic flows on the roads; 

- ensure the management of passenger and freight transport, including dangerous loads; 

- improve the level of service and safety of regular passenger transport by automating 

the transport control functions in the supply chain; 

- speed up the response and improve the efficiency of all transport services. 

In recent years, the market for transport services in Kazakhstan has become much more 

complex, because all segments of the transport process and logistics in general have started to 

integrate into one supply chain. Analyzing global trends in transport logistics development, it can 

be said that the period of prototyping in relation to unconventional modes of transport and 

transportation services is almost over. The commodity market and all kinds of transport services 

dictate the country's need to develop a new infrastructure - the transport and logistics 

infrastructure, which will create multifunctional terminal and logistics centers (TLCs). The latter 

in turn will create an integrated system of interaction, which will lead to the transition of the 

profitability point from physical transport processes to the transport-logistics domain. [4] 

 

Conclusion.  

As a result of this study, it has been revealed that the transit potential should be considered as a 

point of economic growth of the country. In this regard, it is first necessary to improve the 

competitiveness and attractiveness of modern efficient transport logistics in Kazakhstan, taking 

into account the development of digital technologies. It is also necessary to improve transport 

and logistics infrastructure, taking into account the provision of a wide range of services in any 

direction. Here it is necessary to consider the competitiveness of tariffs and to create conditions 

for further improvement of corridors for transit cargo flows on a permanent basis. In transport 

logistic terms of cargo passage and         their directions, cost and systematic use of transport 

corridors should be clearly defined. In Kazakhstan, as a transit route for many cargoes, it is 

necessary to improve management of optimal cargo transportation routes and service conditions, 

as well as to develop infrastructure for internal and external cargo transportation. 

It should be emphasized that this study has not dealt with all the tasks that need to be 

implemented in the near future, taking into account the maximum use of Kazakhstan's transit 

potential. If these tasks are implemented in the nearest future, Kazakhstan will significantly 

improve its level and benefit from the contribution of transport logistics to the country's 

economy. 
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ҚАЗАҚСТАНДАҒЫ КӨЛІК ЛОГИСТИКАСЫН КӨП ӨЛШЕМДІ  

СТАТИСТИКАЛЫҚ ТАЛДАУ 
 

Андатпа. Бұл мақалада Қазақстанда жүктерді тасымалдау үшін көлікті дамытудың 

негізгі көрсеткіштер динамикасындағы өзгерістерін зерттеуге фрагментті тәсіл әзірленді. 

Оның жаңалығы мен өзіндік ерекшелігі-көп өлшемді регрессиялық талдау әдістерін 

қолдана отырып, теміржол, автомобиль, құбыр көліктері сияқты ең айқын көрсеткіштерге 

баға берілді; Жаңа регрессия теңдеуі құрылды; көптік регрессия параметрлерінің 

интервалдары анықталды және статистикалық материалдарды өңдеуге бағытталған 

қолданбалы бағдарламалар пакетін заманауи математикалық қамтамасыз етілуі 

қолданылды. Сондай-ақ, 2016-2021 жылдары Қазақстанда жүктерді  тасымалдауда 

көліктік логистиканың дамытудағы көрсеткіштерін (млрд т/км) бойынша зерттеулердің 

нәтижелері мен динамикалық қатар параметрлерінің көрсеткіштерін есептеу кестесі 

келтірілген, сондай-ақ Қазақстан Республикасының жүк айналымының автокорреляция 

коэффициенттерінің эконометрикалық талдауы ұсынылды. 

Бұл мақаланың өзектілігі жоғарыда көрсетілген көрсеткіштер бойынша 

статистикалық деректер және олардың математикалық аппаратты пайдалана отырып 

есептеулері Қазақстанда алғаш рет зерттелгендігінде. 

Орналастырылған түрде аймақтық көліктің тасымалдау көлемі бойынша бөлінуі 

көрсетілген. Статистикалық мәліметтер негізінде логарифмдік жуықтауға сәйкес келетін 

жүк айналымының тренд сызығы құрылды. Барлық статистикалық деректер, сондай-ақ 

көлік түрлері мен жүк айналымы бойынша детерминация коэффициенттерінің өсу ретімен 

сараланған. 

Бұл жұмыста математикалық әдістер мен EXCEL қолданбалы бағдарламалар 

пакетін қолдана отырып, Қазақстанның көлік және жүк айналымы түрлері бойынша 

егжей-тегжейлі эконометрикалық талдау жүргізілді. 
 

Түйінді сөздер. Аймақтық көліктің таралуы, регрессия коэффициенттері мен 

матрицасы, жүк айналымының автокорреляциясы, статистикалық мәліметтер. 
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МНОГОМЕРНЫЙ СТАТИСТИЧЕСКИЙ АНАЛИЗ  

ТРАНСПОРТНОЙ ЛОГИСТИКИ В  КАЗАХСТАНЕ 

  

Аннотация. В данной статье разработан фрагментальный подход к исследованию 

изменений динамики основных показателей развития транспорта по перевозкам грузов по 

Казахстану. Его новизна и оригинальность состоит в том, что была получена оценка 

наиболее выраженных показателей, таких как железнодорожный, автомобильный, 

трубопроводный транспортов, с помощью методов многомерного регрессионного анализа; 

построено новое уравнение регрессии; определены интервалы параметров множественной 

регрессии и использовано современное математическое обеспечение пакета прикладных 

программ, ориентированных на обработку статистических материалов.  А также,  

представлены результаты исследований по показателям развития  транспортной 

логистики  по транспортировке грузов в Казахстане  (млрд т/км) за 2016-2021 гг., график 

расчета показателей параметров динамического ряда, а также эконометрический  анализ 

коэффициентов автокорреляции грузооборота Республики Казахстан.  

Актуальность данной статьи заключается в том, что статисктические данные по 

вышеуказанным показателям и их расчеты с использованием математического апарата 

впервые исследованы в Казахстане. 

В развернутом виде показано распределение регионального траспорта по обьемам 

перевозок. На основе статистических данных построена линия тренда грузооборота, 

соответствующая логарифмическому аппроксимацию. Все статистические данные, а 

также коэффициенты детерминации  по  видам транспорта  и грузооборота ранжированы в 

возрастающем порядке. 

В данной работе был проведен подробный эконометрический  анализ по  видам 

транспорта  и грузооборота Казахстана с применением математических методов и пакета 

прикладных программ EXCEL. 

 

Ключевые слова. Распределение регионального транспорта,  коэффициенты и 

матрица регрессии, автокорреляции грузооборота, статистические данные. 
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