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ABSTRACT

Geopolitical instability in the world has a strong impact on energy prices and international relations. For Kazakhstan, which does not have direct access
to the open ocean, freight transport by road is one of the main sources of transportation, and as a country connecting Europe and Asia, it is located
in a transit environment, and a large number of transit trucks also pass through it daily. In this regard, the study of the impact of energy factors and
the level of digitalization, which is currently widely used to optimize freight transport, on the overall transport turnover has become a topical issue.
In this regard, the purpose of this research work is to determine the impact of energy factors and digitalization on the turnover of freight transported
by road. The following variables, which are not similar to each other, but are closely related both directly and indirectly, were taken at the same time:
Automobile cargotunrover (mln tonna-km), Transport consumer price index, Diesel price, Total final energy consumption in thousands of tons of oil
equivalent in TRANSPORT, Inflation, Length of internal public roads (km), Carbon dioxide (CO,) emissions from Transport (Energy) (Mt CO,e),
ICT service exports (BoP, current USS), Fixed broadband subscriptions, Individuals using the Internet (% of population). Due to the complexity of the
variables, two Nonlinear Autoregressive Distributed Lag econometric models were created. The model results and a number of useful recommendations

are summarized in the Conclusion section.

Keywords: Diesel Price, CO, Emissions, Total Final Energy Consumption, Internet Users, Internal Length of Roads
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1. INTRODUCTION

An essential part of a nation’s energy planning and policy is a
thorough grasp of the various sectors’ energy demands. Road
transportation is vital to society and the vitality of economic
activity (Kdseoglu, 2025). Numerous socioeconomic factors,
including population, urbanization, industrialization, net capital
income, and technological advancement, especially, advancement
and implementation of digital technology, all influence energy
consumption (Hasanuzzaman et al., 2020; Al-lami et al., 2025).
Transportation accounts for 30% of all delivered energy worldwide,
making it the second-largest energy-consuming sector behind the
industrial sector (Atabani et al., 2011). The use of gasoline and

diesel for road transportation is expanding at a higher rate than
other sectors, and it looks like this trend will continue to accelerate
in the near future (Ong et al., 2012). The transportation industry
consumed around 55% of the world’s petroleum and liquid fuels in
2012 (Smith and Parmenter, 2016). Road transportation accounted
for 73.6% of total energy used in transportation in the EU in
2022, significantly more than air transportation (11.4%), water
transportation (13.0%), and rail transportation (1.4%) (Eurostat,
2025). The transportation industry is the most substantial and
uses the most fossil fuels worldwide. Due to the fact that every
nation depends on logistics, this industry has become the global
connective since COVID-19 began in 2019 (Pramuanjaroenkij and
Kakag, 2023). Geopolitical tensions and volatile oil prices have
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had a significant impact on the energy sector and the transportation
sector that depends on it (Zheng et al., 2017). Local economic
and demographic factors, urban form factors like density and
design, and regional traits like polycentricity and opportunity
access all affect how much energy is used for local transportation
(Kaza, 2020). No nation can function at this stage of development
without road freight transportation. This means of transportation
is commonly used in modern civilization to convey commodities
both locally and abroad. The many benefits that come with road
freight transportation are what make it so important (Ragozin,
2024). An efficient economy at the national and international
levels is predicated on the growth of transportation (Domagata
and Kadtubek, 2023).

Thus, the purpose of this research work is to assess the energy
and ancillary factors that influence road freight transportation
in Kazakhstan.The paper is structured as follows: Introduction,
Literature review, Methodology, Data and Findings, and
Conclusion.

2. LITERATURE REVIEW

Road transport is one of the most actively developing sectors
(Stadkowski and Turayev, 2024). The road freight industry is
fiercely competitive, and transportation expenses make up between
35% and 50% of the entire cost of logistics, both of which help
transport companies increase their logistical efficiency. Reducing
transportation costs is therefore essential for transportation
companies (Shedenov and Askarov, 2018). In 2023, private
automobiles and vans accounted for over 10% of energy-related
CO, emissions and over 25% of the world’s oil consumption.
Car efficiency would need to increase by 5% annually in order
to double the world’s annual improvement in energy intensity by
2030 (IEA, 2025). Huge fuel and energy intensity plays important
role in pricing of transportation services (Song et al., 2014;
Sharapiyeva et al., 2019; Li and Wang, 2025). Fuel prices and fuel
use in transportation, or energy efficiency, have a significant impact
on transportation expenses (Milewski and Milewska, 2023). The
optimally formed volume of cargo transportation, achieved via
the use of several forecast models based on the collection and
analysis of pertinent indicators (factors) that influence the desired
indicator, is a necessary condition for the ongoing and efficient
operation of the logistics process (Ragozin, 2024). Road transport
can most fully satisfy the needs of the customers since it adheres
to its timetable, which is set by agreement between the contractor
and the customer (without referring to station, airport, or port
schedules, for example) (Chatti, 2021). Individual cost components
are determined by the vehicle’s worth, the allowable total weight,
the engine type, and the fuel (Jacyna and Wasiak, 2015). Although
electrifying heavy-duty vehicles is a huge challenge because of the
high technical requirements and cost competitiveness, low-carbon
road freight transport is essential to reducing global warming
(Link et al., 2024). There are several methods to determine the
fuel consumption of a vehicle. First, there is the consumption
specified by the manufacturer, but this value is often obtained only
under ideal road conditions. Additionally, some software programs
calculate fuel consumption using an incorrect formula that suggests
a 24% consumption for an empty truck and an additional 0.5% for

each ton loaded. In the case of grain transport, where the mass of
the load is approximately 24 tons, the consumption of a truck is
36%, plus or minus 0.5% (lamandii et al., 2025). By examining
the various categories of the aggregate consumer price index
(CPI), the authors examined how changes in domestic fuel prices
affected consumer price inflation. They discovered the following:
Compared to industrialized economies, the inflation response to
shocks to the price of gasoline is less but more widespread and
persistent in developing economies. Second, we demonstrate that
previous research that estimated the pass-through to inflation using
crude oil prices rather than retail fuel prices greatly underestimated
it. Third, the distributional effect is progressive even though all
households’ purchasing power decreases as gasoline prices rise
(Kpodar and Liu, 2022).

Franco (2014) looked at how the Vellore district’s rising vehicle
density was affecting emissions and energy usage. The results
showed that the growth of automobiles also increased CO,
emissions. Rasool et al. (2019) used an autoregressive distributive
lag model to investigate how population density, economic
growth, oil prices, and the energy intensity of road transport
affect Pakistan’s transportation sector’s carbon dioxide (CO,)
emissions. According to study results, rising energy intensity,
population density, and road infrastructure raise CO, emissions
in the transportation sector, whereas fuel prices and economic
expansion lower CO, emissions. The subject of whether the
economy (GDP and exports and imports) and energy costs (crude
oil and diesel) have an impact on road and rail transport in Poland
was investigated by Przekota and Szczepanska-Przekota (2024).
Results indicated that rail travel is positively affected by changes in
fuel prices, yet the basic energy resource employed in rail transport
is not gasoline but electricity. Haxhimusa and Liebensteiner (2025)
claim that higher fuel prices encourage electric/hybrid adoption,
decrease traditional automobile purchases. Gasoline price is a
crucial modifier of interventions’ effectiveness but largely in
context where infrastructures are accessible (Chevance et al.,
2024). Zou and Chau (2019) evaluated the long- and short-run
effects of fuel prices on freight volumes in various forms of
transportation in Shanghai. Irrespective of either in the short- or
long-run, real fuel prices had no impact on freight transportation
volumes. However, authors discovered a Granger causation going
from rail to road freight, whereby in the short-run (1 month), a 1%
change in rail freight would lead to a loss of 0.07% in road freight.

In addition, due to the widespread use of digital technologies
and the Internet, these factors are also having an impact on the
movement of goods by road. For instance, according to Wang et al.
(2025) the level of supply chain digitization can boost industrial
businesses’ competitiveness; logistics effectiveness can help
businesses become more competitive; the relationship between
industrial businesses’ competitiveness and logistical efficiency is
positively moderated by environmental legislation. Khamdamov
etal. (2025) claim that digital platforms promote freight operations
by cutting down on journey times, improving route management,
and automating cargo handling procedures.

As one of the main economic sectors in Kazakhstan, the
transportation and logistics industry supports the prosperity
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and well-being of the country (Assanova and Jaroslaw, 2025;
Zhumanov et al., 2024; Ayaganova, 2024). For Kazakhstan, which
has no direct access to the world water ways, road and rail freight
transport play a highly vital role, and logistical ties between
neighboring nations have not only economic, but also political
weight (Bodaubayeva et al., 2024). Even though Kazakhstan has
spent $35 billion on this industry over the previous 15 years,
projections indicate that the country’s transportation and logistics
sector will account for 9% of its GDP by 2025, up from 6.2% in
2022 (Saktaganova et al., 2024). Three refineries in Kazakhstan
provide finished oil products. However, there is a considerable
demand for gasoline and diesel due to the ongoing growth in
transit freight traffic. The price increase has also been made
worse by Kazakhstan’s erratic inflation. The energy sector’s
fixed asset depreciation ranges from 60% to 70%. Additionally,
there is a dearth of investment inflow, which lowers thermal
efficiency, raises logistics costs for the delivery of energy raw
materials, deteriorates the environment, and stops the nation’s
economy from developing further (Nurgaliuly and Smagulova,
2025). Also, the expansion of the transportation and logistical
complex is mostly constrained by low levels of information and
digital technologies as well as high levels of physical and moral
deterioration of the majority of the infrastructure (Polukhina and
Mizanbekova, 2022). It is evident that road traffic has an impact
on CO, emissions for Kazakhstan, which has set itself the goal
of adopting sustainable development goals (Dildebayeva et al.,
2025; Kakizhanova et al., 2024). Road freight transportation
will continue to be important for a very long time since electric
vehicles cannot travel very far. The demand for gasoline and
diesel is continuously rising due to the increase in domestic cargo
turnover and the purchase of fuel as “reserve” by transit carriers.
For instance, The Republic of Kazakhstan’s transportation system
carried 3944.8 million tons of freight in 2020. Road transport
accounted for 83% (3287 million tons) of the total volume of
products transported, followed by railways at 10% (402.3 million
tons), pipelines at 6.5% (253.7 million tons), and other modes
of transportation at <1% (Aitkaliyeva et al., 2021).

3. METHODS

Taking into account the results of the reviews in the previous
section, we examine the relationship between AutoCar and
explanatory factors in the Republic of Kazakhstan for the period
2003-2023. In this case, AutoCar is defined by the following
equation:

AutoCar = f(TCPI, DP, TFEC, inf, LIPR, CO2E, ICTE, FBS, IUI)
(D

Where all of their definitions and measurements are given in the
Table 1.

he ADF test revealed that all variables were stationary at the I(0) or
first difference I(1) levels (Table 2), except for the first difference
without Intercept and trend. Therefore, two nonlinear models
were estimated for this case. ARDL methodology was also used to
conduct long- and short-run analyses of the relationships between
variables. The order of integration of variables was first considered

Table 1: Model variables and sources

Definitions
Automobile cargotunrover
(mln tonna-km)

Sources
Bureau of National
Statistics of RK

Variables
AutoCar

TCPI Transport consumer price Bureau of National
index Statistics of RK
DP Diesel price (Tr/n) Globalpetrolprices.com
TFEC Total final energy consumption World development
in thousands of tons of oil indicators (WDI)
equivalent in TRANSPORT
inf Inflation, % World development
indicators (WDI)
LIPR Lenth of internal public roads ~ Bureau of National
(km) Statistics of RK
CO2E Carbon dioxide (CO,) World development
emissions from transport indicators (WDI)
(energy) (Mt CO,e)
ICTE ICT service exports (BoP, World development
current US$) indicators (WDI)
FBS Fixed broadband subscriptions ~ World development
indicators (WDI)
1UI Individuals using the Internet ~ World development
(% of population) indicators (WDI)

Source: Authors

to determine the suitability of the ARDL model for the study, and
a special test was used to select a maximum of one lag (Table 3).

NARDLI-2 nonlinear models were estimated using the logarithm
of AutoCar and first differences, respectively, and long- and
short-run analyses of the relationships between variables were
conducted. In NARDL1-2 nonlinear distributed-lag autoregressive
models, the procedure determines the presence of cointegration
between the sample variables. The bounds test examines long-run
relationships, and the results of the boundedness test are presented
in Table 4.

Two main models were constructed. In the NARDL1 model,
the linear specification was transformed into a logarithmic
specification, and in NARDL?2, a semi-logarithmic specification.

Thus, NARDLI1 power-law model structure 1 is expressed in
form 2:

LOG(AutoCart) =+ Z‘ﬁlLOG(AutOCart_k )+
k=1

n

V4
D BLOG(LIPR_)++ Y BLOG(CO2E, ;)
k=0 k=0

q r
+> BLOGUIUI,_ )+ Y SLOG(TFEC, )
k=0 k=0
++y,LOG(AutoCar,_;)+y,LOG(LIPR,_;)
+7,LOG(CO2E, ,)+y,LOG(IUI, ;)
+7/4L0G(TFECH)+£, )

Where, operator A represents the differencing operation.

And the NARDL?2 exponential model 2 structure is expressed in
equation 3:
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This study examines the impact of key factors on the automotive

sector in the Republic of Kazakhstan. The study uses data

from 2003 to 2023, obtained from national and international

databases, as shown in Table 1. The explanatory variables in
P e P e this study include TCPI, DP, TFEC, inf, LIPR, CO2E, ICTE,
— O ™ O e

Definitions and measurements of all indicators are given in Table 1

S2sf88 Sgo0o0 below.
8282588495 §
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NS 2 The dynamic change of all indicators presented in the table in the
SEER S S - period 2003-2023 is depicted in the following graph:
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From the analysis of the graph presented in Graph 1, it is clear
=8 Samorst@ that the variables under study are suitable for analysis because the
15938858 8ch | : |

SR A RSEARSE R I graph shows obvious, consistent and stable time patterns.
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CESZEARD & s 4.2. Descriptive Statistics
A R - In this study, descriptive statistics and the NARDL1-2 models
; were used to test the hypothesis. Descriptive statistics provide
E: insight into various aspects of the dataset. The descriptive
; statistics results, presented in Table 5, show pooled means, such
2 as the median and mean, as well as measures of variation and
e~~~ 2 spread, such as the standard deviation, maximum, minimum,
cCe-Te -S| Jarque-Bera statistic, and skewness, for each variable used in
A NTAAA 5 our model.
=
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*S *g @ E *g 2 *gl i 8|2 indicating relatively stable values. The Jarque-Bera statistic is 1.9,
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" N Lt R N and the probability of association is 0.4, which is >0.05, indicating
2 . g that the series is uniformly distributed. The standard deviation for
E g § o % @ g § > k! all indicators except TFEC and ICTE exceeds 0.10. Table 5 shows
o = Sxasd 2SL 22 that for all indicators except LIPR, FBS, and IUI, the skewness
= S ’f N = B Z coefficient is >0, indicating that they are right-skewed. The kurtosis
: =28= E R g Sz value for all indicators indicates that the distribution is nearly
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< 2 Sl o & 8 5 A S| Before examining long-run relationships between series, it is
= <EAEEIC=E =[S necessary to determine whether they are stationary. To test the
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Table 3: Selection order criteria

0 —13.95519 NA 4.58e—06 1.895519 2.144452 1.944113
1 81.34050 133.4140%* 4.46e—09* —5.134050* —3.640451* —4.842484*
0 —914.9451 NA 3.99¢e+32 92.09451 92.39323 92.15282
1 —796.4733 154.0133* 1.26e+29%* 83.84733* 85.93837* 84.25552%

Graph 1: Evolution of all variables for Kazakhstan (2003-2023)
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stationarity of the levels or differences of time series variables,
augmented Dickey-Fuller (ADF) unit root tests were used. Some
variables can be used at the I(0) level, while other variables should
be stationary at the first difference I(1).

As shown in Table 2, the ADF results show that most of the study
series are not stationary at the Level. However, only in the case
of 1% difference without Intercept and trend, all variables are
stationary (are stationary at the first difference). Therefore, the
ARDL cointegration methodology is the best way to estimate or
test the long-run relationship between study variables.

Table 4: Results of cointegration test

NARDLI (1,0,1,0,0) 8.671929***  3.01-4.44  Cointegration
NARDL2 6.824601%*%*  293-421  Cointegration
(1,1,1,1,0,1)

Critical bounds are reported at 1% (***) and 10% (**) level of significance

Table 5: Values of descriptive statistics of the displayed series

The unit root results are consistent with the main assumptions that
require the use of the ARDL model test to confirm the existence
of long-run relationships between Kazakhstani AutoCar and the
significant explanatory factors proposed in the study.

4.4. Lag Selection Criteria

The ARDL bounds testing procedure is used in this study to
examine the long-run relationship between TCPI, DP, TFEC, Inf,
LIPR, CO,E, ICTE, FBS, IUI, and AUTOCAR in the Republic
of Kazakhstan. NARDL1 models were selected to examine the
long-run relationship between the logarithms of the variables under
consideration and ALOG(AUTOCAR), and NARDL 2 models
were selected to examine the relationship between the variables
and ALOG(AUTOCAR). Before conducting the cointegration
test, it is important to determine the lag length criterion. The lag
length criterion is determined based on LR, FPE, AIC, SC, and
HQ. Table 3 presents the results of the selected lag. As can be seen
from Table 6, the selected lag length is 1, since it has more stars
and was used throughout the study.

Mean 31794.7 107.9 123 5516.9
Median 30005.4 106.8 110 5191.5
Maximum 66253.7 1159 280.0 10239
Minimum 9438.5 100.6 33.0 3092.2
Standard deviation 18130.8 39 69.0 1762.0
Skewness 0.6 0.3 0.8 1.0
Kurtosis 2.1 22 2.8 3.8
Jarque-Bera 1.9 0.8 2.1 43
Probability 0.4 0.7 0.3 0.1
Sum 667689.2 2266.7 2583 115855
Sum Sq. deviation 6.57E+09 306.8 95180 62095661

8.7 3788.2 15.0 1.61E+08 1543801 50.6
7.4 4062.9 14.4 1.24E+08 1958820 63.3
17.1 4150.9 23.6 7.32E+08 2916490 92.9
52 21133 8.7 60020092 998.0 2.0
35 697.2 4.3 1.56E+08 1117387 35.1
1.3 -1.9 0.6 2.863918 -0.3 -0.3
3.2 4.8 2.5 10.28914 1.4 1.5
5.6 15.8 1.3 75.19716 24 2.5
0.1 0.0 0.5 0.000000 0.3 0.3
183.3 79551.3 315 3.38E+09 32419815 1062
248.7 9720498 373 4.89E+17 2.50E+13 24678

Table 6: Results of NARDL1 and NARDL?2 estimation (2003-2023)

Short run
LOG —1.0380%** —6.33561
(AUTOCAR[-1])
LOG (LIPR) 1.8218*** 3.674721
LOG (COE[-1]) 8.7128*** 4.198393
LOG (IUI) —1.2579%** —5.69596
LOG (TFEC) —2.7086** —2.82097
ALOG (CO,E) 4.2457%* 2.88469
Long run
LOG (LIPR) 1.7552%*% 4.081605
LOG (CO,E) 8.3042% 4.656306
LOG (IUl) —1.2119%%** —8.171409
LOG (TFEC) —2.6096** —2.881675

LOG ~0.8588%** ~5.781690
(AUTOCAR(-1))

TCPI(-1) 0.0742%%* 5.548775

DP(-1) 0.0160%** 3.445921

INF(-1) 0.1130%%* 3.228422

ICTE ~3.JE-9%x ~3.282391
FBS(-1) ~5.5E-07** -3.073630
A(TCPI) 0.0138 0.992667

A(DP) ~0.01280% ~2.158092
A(INF) 0.0328 1.330743

A(FBS) ~3 4E-6*** ~5.186454
TCPI 0.0864%** 24.66408

DP 0.0186%%* 4.069010

INF 0.1317%%+ 3.517737

ICTE —4 3E-9x* ~3.669461
FBS —6.AE-T** -3.830666

Serial correlation 1.248211 0.3218
Heteroskedasticity 0.723784 0.6383
Jarque-Bera 1.090173 0.5798

Serial correlation 0.161115 0.8539
Heteroskedasticity 1.647204 0.2328
Jarque-Bera 0.01045 0.9995

1) Coefficients are statistically significant at ***1%, **5%, *10% level of significance. 2) Compiled by the authors
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4.5. Results of Long - and Short Run Relationship

The study estimated nonlinear NARDLI1-2 models to conduct
a long-run and short-run analysis of the relationships between
variables. The results are presented in Table 6.

The results of the cointegration F-test for these models (Table 4)
show that the resulting F-statistics (8.671929 and 6.824601)
exceed the upper bound of 4.44 and 4.21, respectively, and are
statistically significant at the 1% significance level. These results
demonstrate that the selected variables are cointegrated and, in the
Kazakhstani case, a long-run relationship exists between them.

Given that the selected variables are cointegrated in the long run,
we can proceed to the next step, which requires estimating the long-
run and short-run coefficients. Given that the NARDL1-2 models
were estimated using first-difference methods, we can assess how
changes in the explanatory variables affect the dependent variable
in both the long and short runs.

Table 6 shows that all estimated long-run and short-run coefficients
of the selected NARDLI1(1, 0, 1, 0, 0) model are significant at the
10% significance level. The coefficient of LOG(LIPR) is positive
and significant at the 1% significance level, which confirms the
statement that Lenth of internal public roads has a noticeable
positive impact on AUTOCAR, with a coefficient of 1.7552,
all other things being equal. The CO,E variable with a positive
coefficient of 8.3942 also has a positive impact on AUTOCAR
in the long run. IUI and TFEC have a long-run negative impact
on ALOG(AUTOCAR), the corresponding elasticity coefficients
are —1.2119%, —2.6096.

Furthermore, the coefficient of the lagged variable
LOG(AUTOCARJ[—1]) in period t-1 in the short term was negative
(—1.0380) in the short term. All other things being equal, the
positive effects of LOG(LIPR), LOG(CO,E[~1]) and LOG(CO,E)
on ALOG(AUTOCAR) were confirmed, with the corresponding
coefficients of 1.8218, 8.7128 and 4.2457. The logarithms of the
variables LOG(IUI) and LOG(TFEC) correlate negatively with

ALOG(AUTOCAR) (with coefficients of —1.2579 and —2.7086,
respectively) in the short term, which is consistent with the long-
term result.

NARDL2(1, 1, 1, 1,0, 1) estimate. Table 6 presents the empirical
results of the Automobile cargotunrover AUTOCAR model. The
table shows that the two variables ICTE and FBS have a long-
term negative impact on ALOG(AUTOCAR), with coefficients
of —4.3E—-9 and —6.4E—7, respectively. Conversely, the variables
TCPI, DP, and INF, with positive coefficients (0.0864, 0.0186, and
0.1317, respectively), have a positive impact on LOG(AUTOCAR)
growth in the long run.

Furthermore, the coefficient of the lagged variable LOG
(AUTOCAR [—1]) in period t-1 also turned out to be negative in
the short run (—0.8588). All other things being equal, the positive
impacts of TCPI(—1), DP(—1), and INF(—1) on ALOG(AUTOCAR)
were confirmed, with coefficients of 0.0742, 0.0160, and 0.1130,
respectively. But the change in A (DP) negatively affects
ALOG(AUTOCAR) with a coefficient of —0.01280. ICTE,
FBS(-1), A (FBS) correlate with ALOG(AUTOCAR) negatively
(with coefficients of —3.67E—09, —5.5E—07 and —3.4E—6
respectively) in the short term, which is consistent with the long-
term result.

Diagnostic Tests were performed to ensure the stability of the
nonlinear NARDL1-2 models (Table 6). These include serial
correlation, normality, and heteroscedasticity tests. For this model,
the null hypothesis of no serial correlation, homoscedasticity, or
normality cannot be rejected. This indicates that the NARDLI
model is free of serial correlation and heteroscedasticity. According
to the results of the diagnostic tests, the LM statistic is 1.248211,
with a probability value of 0.3218. As a result, we accept the null
hypothesis in this analysis and conclude that the model does not
have serial correlation. The F-statistic for the heteroscedasticity
test is 0.723784 and a probability value of 0.6383, which is >0.05
significance level, indicating that the model is homoscedastic.
For NARDLI, the null hypothesis of no serial correlation,

Graph 2: CUSUM and CUSUM squares tests

Model 1- NARDL1

10 11 12 12 14 15 16 17 18 19 20 21 22 23

—— CUSUM ——. 5% significance

Model 2- results of NARDL2

10.0
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25
0.0

-2.5
-5.0
-7.5

-10.0
14 15 16 17 18 19 20 21 22 23

—— CUSUM —— 5% Significance

10 11 12 13 14 15 16 17 18 19 20 21 22 23

—— CUSUMof squares —— 5% Significance

14 15 16 17 18 19 20 21 22 23

—— CUSUM of Squares ——— 5% Significance

Source: Authors
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homoscedasticity, and normality is not rejected. The NARDL?2
model stability is also explained accordingly.

4.6. Stability Tests

The CUSUM and CUSUM squares tests are used to test whether
the coefficients of the estimated models remain constant over time,
which is an indicator of model stability.

The results of the CUSUM and CUSUMSAQ stability tests are
shown in Graph 2. The plot of the tests at the 5% significance level
shows that the model is stable, as the significance of not exceeding
the critical thresholds is significant. This test is also used to study
the long-term dynamics of the regression.

5. CONCLUSION

For Kazakhstan, where the main source of freight transport is
road transport, it is important to study and evaluate the factors
affecting its price. For this purpose, the research work created
two NARDL models. The following variables were taken for
the study: Automobile cargotunrover (mln tonna-km), Transport
consumer price index, Diesel price, Total final energy consumption
in thousands of tons of oil equivalent in TRANSPORT, Inflation,
Lenth of internal public roads (km), Carbon dioxide (CO,)
emissions from transport (Energy) (Mt CO,¢), ICT service exports
(BoP, current USS$), Fixed broadband subscriptions, Individuals
using the Internet (% of population).

The results of the NARDL1 model are as follows: Length of internal
public roads, Carbon dioxide (CO,) emissions from Transport
(Energy) (Mt CO,¢) have a positive impact on the volume of truck
traffic in both the long and short term. Individuals using the Internet
(% of population), Total final energy consumption in thousands of
tons of oil equivalent in TRANSPORT have a negative impact on
the volume of truck traffic in both the long and short term.

The results of the NARDL2 model are as follows: Transport
consumer price index, Diesel price, Inflation factor have a positive
impact on road freight turnover in both the long and short run. ICT
service exports (BoP, current USS), Fixed broadband subscriptions
factors have a negative impact on road freight turnover in both
the long and short run.

5.1. Some Policy Implications

It can be assumed that the negative impact of digitalization on
the volume of truck traffic is due to the fact that a number of
information that was previously transmitted through paper is now
available through digital sources. The influence of other factors
reflects economic laws. As Kazakhstan is a country that carries a
large number of transit trucks in Central Asia, it is appropriate to
reconsider environmental tax rates, since the growth of truck traffic
leads to an increase in CO, emissions and harms the environment.
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