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Passenger transport is an important part of urban infrastructure, and economic efficiency is crucial for
the functioning of cities. The study uses the methods of multiple linear regression, correlation analysis
and dispersion analysis. The aspects of increasing the investment attractiveness of the transport sector are
investigated.

The results of the analysis show that the number of subway cars, passenger transportation revenues, CPI
and fixed capital investments have a significant impact on passenger transportation revenues in Almaty.
The multiple regression model showed a high degree of explanation of data fluctuations. In particular, the
following factors were assessed here: the number of passenger buses, trolleybuses, subway cars, transportation
tariffs and the amount of investment, etc. Correlation analysis showed that there is an important relationship
between the number of passenger vehicles and transportation revenues, the rate of consumer price index,
transportation tariffs and the volume of investment in fixed capital.

The purpose of the study is to analyze the economic factors affecting passenger transportation revenues
and the level of GRP in Almaty. The regional development program ”Almaty - 2025” is aimed at modernizing
the transport infrastructure, improving the quality of services and increasing investment in the transport
sector. The data obtained indicate the importance of organizing the transport infrastructure and the level
of development of economic factors in generating income. The paper provides recommendations for
improving the development of the transport system of the city of Almaty.
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[Taccaxupckuil TpaHCHIOPT SIBJSIETCS BA)KHOM YACThI0 TOPOJACKON MH(PACTPYKTYPhl, U SKOHOMUYECKAS
SCI)(I)CKTI/IBHOCTB HUMECT pCUIAOIICE 3HAUYCHUC AJIA (I)YHKI_II/IOHI/IPOBaHI/IH ropoaos. B nucciea0oBaHNM UCIIOJIb-
3YIOTCA METOIbI MHO>KECTBEHHOI JIMHENHON perpeccuu, KOppeIAMOHHOIO aHajin3a U JUCIICPCUOHHOIO
aHaJIn3a. I/ICCJIGIIyIOTC}I ACIICKTHI ITOBBIINICHU A I/IHBCCTI/IL[I/IOHHOﬁ MMPUBJICKATEJIbHOCTU TPAHCIIOPTHOI'O CEK-
TOpAa.

PesynbraTsl aHanM3a MOKa3bIBAIOT, YTO KOJIMYECTBO BATOHOB METPOIOJIUTEHA, JOXOAbI OT MACCAKUPCKUX
nepeBo30kK, MIIL 1 oCHOBHbIE KanMTajIbHbIE BJOKEHUS OKA3bIBAIOT 3HAYUTEIBHOE BIMSIHUE HA JOXOMAbI OT
MACCaKUPCKUX MEPEBO30K B AyMaThl. Mozeb MHOKECTBEHHOU PErpeccuy MoKa3aja BbICOKYIO CTENEHb
00bsICHEHU KoJIeOaHU# JaHHBIX. B yacTHOCTH, 371€Ch ObLIM OLICHEHbI TaKKe (DAaKTOPbI: KOJIMYECTBO Macca-
KUPCKUX aBTOOYCOB, TPOJUIEHOYCOB, BATOHOB METPO, Tapu(OB Ha MEPEBO3KU U KOJINIECTBO MHBECTUIINH 1
ap. KoppensioHHbIi aHaIM3 OKAa3al, 4To CYIIECTBYET BaXKHAs CBA3b MEXK/1y KOJIMYECTBOM [ACCAKUPCKUX
TPAHCIOPTHBIX CPEJICTB U JOXOJAMHU OT MEPEBO30K, TEMIIAMH WHJIEKCA MOTPEOUTEIbCKUX 1IeH, Taprudamu
Ha MepeBO3KU U 00HEMOM MHBECTHIIMN B OCHOBHOW KarUTal.
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Ilenpio MccnenoBanus SABIAETCA aHAJIUM3 SKOHOMUYECKUX (PAaKTOPOB, BIMAIOIIMX Ha JOXO/B! OT racca-
KUPCKUX MepeBOo30K U ypoBeHb BPII B ropone Asnmarel. PernonansHas nporpamma pasBuTus ~AJIMaThl
- 2025” HanpaBiieHa Ha MOAEPHU3ALIMIO TPAHCIIOPTHON MH(PACTPYKTYPbI, MOBBIILIEHUE KAueCTBa YCIYT U
yBeJIMYEeHUE MHBECTULIMI B TPAHCIIOPTHBIN ceKTOp. [1orydeHHbIe JaHHbIE CBUAETEbCTBYIOT O BaXKHOCTH Op-
raHU3alluK TPAaHCIIOPTHOM MH(PACTPYKTYPbI M YPOBHS Pa3BUTHsI SKOHOMUUECKUX (PaKTOPOB B MOJIYyYEHUH
noxoja. B pabote npuBeieHbl PEKOMEH/IAIMY 110 COBEPIIEHCTBOBAHUIO PA3BUTHSI TPAHCIIOPTHOW CUCTEMBI
ropoga AJIMaThl.

KuiroueBsble cjioBa: TpaHCcropTHast MHPPACTPYKTYpa, SKOHOMETpUYECKask MOJesb, MAaCCAKUPCKUE Tie-
PEBO3KH, TOpoJT AJTMAThI

AJIMATBI KAJIACBIHBIH KOJIIK )KYﬁECIHIH 9KOHOMMKAJIBIK JAMY EPEKIIIEJIIKTEPI
II. CmarynoBa , >A. OmapoB, A. Aiméekosa, *B. Omaposa

13 Kenowceranu Caradues amuinoarsl Xanvikapanvix busnec Yuusepcumemi, Aamamot, Kazaxcmarn,

24 Xanvixapanvix Kenik-Tymanumapavix, Yuueepcumemi, Aavamot, Kazaxcmar,
e-mail: shsmagulova@mail.ru

Konaymibinap KeJiri Kajayiblk MH(PAKY PbUIBIMHBIH MaHbI3bl 061iri 00Jibl TaObuIaIbl, a1 SKOHOMHU-
KaJIBIK TMIMJUIIK KaJaJdap/blH KYMBIC iCTEYl YIIIH ©eTe MaHbI3Abl. 3epTTeyie KOIl ChI3BIKTBIK, pErpeccus,
KOPPEJISILMSUIBIK TaJI/1ay JKOHE AUCIIEPCUSTHBI TaJllay 9icTepi KogaHblIaabl. Kelik ceKTOpbIHbIH NHBECTHU-
LUSUIBIK, TAPTHIMABUIBIFBIH apTTBIPY aCMEKTLIepi 3epTTeNe .

Tannay HoTmxkenepi AJMaThl KaJlaChIHAAFBI XKOJAyIIbLIap KipiciHe METpO BarOHJAPbIHBIH CaHBbI, JKOJa-
yubsiap kipici, TBM koHe Herisri Kanurtajn calbMIapbl auTapibIKTaild ocep eTeTiHiH kepcerTi. Kemnrik
perpeccusi MoJieJi AepeKTeperi aybITKyJIap bl TYCIHAIPY/IiH KOFapbl JOpeKeCiH KopceTTi. Atan alTKaH/a,
MYH/1a KeJieci (pakTopiiap OGaraiaH/Ibl: KOJAyIIbuIap aBTOOYCTapbIHBIH, TPOJUIEHOYCTap/IbIH, METPO BaroH-
JapbIHBIH CaHbI, TACBIMAJIIAY TApUQTEePi MEH MHBECTUIIHS KoJieMi skoHe T.0. Koppesausibik Tangay sxosna-
yIIbUIap KOJITiHIH CaHbl MEH TachIMaJlJIayJdaH TYCKEH Kipic, TYThIHY OarajlapbhiHbIH MHACKCIHIH HOPMACHI,
TacekiMangay TapudTepi KoHe HEri3ri KanuraiFa MHBECTHIIMS KeJieMi apachliHIa MaHbI3/bl OaiiaHbic 6ap
€KEHIH KOpCeTTi.

3eprTeyaiH MakcaThl — AJIMaThl KaJdachblHAAFbl JKOJAYIIbLIap TaChIMAJIbIHBIH KipiciHe xkoHe KOO nen-
refiie acep eTeTiH SKOHOMUKABIK, (pakTopnappl Taigay. «AnMaTel — 2025» eHipIik gaMy OaraapiaMachl
KOJIiK MH(PAKYPbUIBIMBIH KAHFBIPTYFa, KbI3MET KOPCETY CalachiH apTThIPyFa kKoHE KOJliK cajlachlHA UHBe-
CTULIMSI KOJIEMiH apTThIpyFa OarbITTaIFaH. AJIBIHFAH MAJIIMETTEP KOJiK MH(PPAKYPbUIbIMBIH YIABIMIACTHI-
PYAbIH MaHBI3IBUIBIFBIH KOHE TaOBIC ayAarbl SKOHOMHKAIBIK, (hbaKTOpIApIbH AaMy IEeHIreliH KepceTeli.
Kymbicta AMaThl KAJIACHIHBIH KOJIIK KYHeCiH JaMbITy bl KaKcapTy OOMBIHIIA YChIHBICTAP OepiireH.

Tyitin ce3aep: Kok HHPPaKYPUIBIMbI, SKOHOMETPUKAJIBIK, MOJIE b, KOJIAYIIbUIAP TAChIMaJIbI, AJIMa-
TBI KQJIAChI

Introduction. The transport system is an integral urbanization and growing demand for transport
part of the urban infrastructure, which plays a services.

significant role in ensuring economic and social In addition, according to the “Concept of
mobility. This is especially true for megacities [pvestment Policy of Kazakhstan until 2029”
such as Almaty, where the efficiency of transport (Resolution of the Government of the Republic
is directly related to the quality of life of the of Kazakhstan dated October 18, 2024, No. 868),
population and the dynamics of socio-economic he transport sector includes important measures to
development. Analysis of the state and development  jncrease investment in: construction of new roads,

of the transport system is becoming an urgent t‘ask renewal of freight transport and improvement of the
due to the rapid growth of the urban population,
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infrastructure of the transport hub.

Investments in fixed assets and modernization of
vehicles are key factors in increasing the economic
efficiency of passenger transportation systems. An
integral part of this process are public and private
investments aimed at developing infrastructure
and improving the quality of transport services.
The main objective of the study is to determine
the factors that have the greatest impact on the
revenues received from passenger transportation in
Almaty. The study of factors affecting passenger
transportation revenues not only identifies the main
factors of economic activity in the region, but
also provides recommendations for optimizing the
city’ s transport system. The study is conducted
within the framework of the «Strategic Plan of
the Almaty Development Program — 2025», which
is aimed at modernizing and developing transport
infrastructure, improving the quality of services
and the efficiency of urban transport systems. The
inclusion of initiatives such as updating vehicles,
expanding and improving transport routes is part of
a long-term plan aimed at improving the quality of
life in the city.

In recent years, the transport system of large
cities has been actively studied by researchers, since
efficient transport infrastructure plays an important
role in economic development and quality of life of
the population. Many studies are aimed at studying
the impact of transport factors on the economic
development of cities.

Thus, energy policy in European countries
stimulates economical and rational energy
consumption, as well as increased energy
productivity through the use of innovative and
digital technologies. In particular, the work of
Gruetzmacher, Vaz, Ferreira (2025) is devoted
to the sustainability of transport activities in
the EU. Here, scientists have implemented an
economic analysis of the transport industry
within the framework of applying alternative
“Benefit-of -the-Doubt” models [1]. The authors
concluded that in order to reduce the negative
impacts on harmful emissions from transport, it
is necessary to develop a strategy for improving
green technologies and implement energy efficiency

methods.

At the same time, today the organization
and development of underground transport
infrastructure "CCS” (Peng et al. 2024) is of
significant importance for reducing harmful CO2
emissions. We believe that the use of the "CCS”
system will provide an opportunity and incentives
for the promotion of environmental monitoring
projects and transport infrastructure sensing
technology [2]. In addition, such systems will lead
to increased transport safety in cities.

An analysis of existing studies on the impact of
transport systems on the economic development of
cities has shown that this issue is still relevant and
multifaceted.

In general, transport infrastructure plays an
important role in increasing population mobility,
accessibility to markets and quality of life.
However, the degree of its impact on the economic
development of the city remains uneven. Almaty,
as the largest economic center of Kazakhstan, faces
a number of problems related to the modernization
of the transport system, increasing tariffs and the
impact of inflation. These factors not only affect
production, but also create general conditions for
the socio-economic well-being of the city.

Thus, this article describes the main relationship
between the economic indicators of Almaty
and revenues from passenger transportation. It
is expected that the development of transport
infrastructure and increased investment in the
transport sector will have a significant impact on the
growth of revenues from passenger transportation.
To better understand these relationships, multiple
correlation analysis was conducted to identify the
most important factors affecting the efficiency
of the transport sector. Addressing these issues
is essential to developing an effective passenger
transport management strategy and increasing the
economic sustainability of urban transport systems.

Materials and methods. There are many
approaches and models that explore the relationship
between transport infrastructure and economic
performance. However, the question of how the
transport system affects the long-term economic
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development of the city remains an active topic of
discussion in the scientific community.

In a European study, the authors Mamcarz et
al. (2023) conducted economic and mathematical
modeling on determining the role of public transport
in Europe for consumers of these services [3].
Using a survey, the researchers proved that there
are both positive and negative results of satisfaction
with transport services among 642 respondents. For
example, it was found that waiting time and free
travel on public transport seem to be a positive factor
in the consumption of services.

There are works that reveal the level of influence
of different types of transport on travel in cities
(Mouratidis et al. 2023). For example, here, using
the methodology of quantitative and qualitative
assessment of statistical data, it was checked
how passengers are satisfied with public transport
services in Greek cities. Based on the results
obtained, it was found that it is necessary to
develop urban transport infrastructure, modernize
the pedestrian and road system [4].

Castagna, Lobo, Coppola, Couto (2024) carried
out a comparative assessment of the performance
of 23 European metro systems using econometric
regression based on the Cobb-Douglas production
function. The findings demonstrated high efficiency
of metro service companies in the short term [5].
This characterizes the achievement of maximum
profitability and profit from the operation of
subways in the first years. In subsequent years,
operating costs for the maintenance of subways
increase significantly.

Therefore, given the social significance of the
metro, local and state support for this type of
transport should be provided. At the beginning of
the 21-st century, bus rapid transit (BRT) appears
to be the most innovative type of transportation for
urban passengers.

However, as Alnsour (2023) notes, the
introduction of a new type of "BRT” presents certain
organizational, technical and economic risks [6]. In
this regard, the analysis of the questionnaire by A.
Alnsour using the SPSS software showed that it is
necessary to assess the above risks. For this, already

at the initial stage it is necessary to carefully consider
the planning process, then at the stage of technical
operation and practical implementation of BRT. The
results of the modeling revealed the following risks
of the transport system: volatility of fuel prices,
underdeveloped infrastructure, traffic violations,
corruption, etc. Accordingly, for the normal course
of BRT activities, it was recommended to consider
the noted risk factors.

First of all, we are talking about a constant
influx of investments in the development of
transport infrastructure and optimization of local
management of city routes and bus schedules. The
purpose of this study is to analyze the influence of
various factors, including types of transport on the
level of GRP using the example of Almaty. To study
these relationships, correlation analysis and the
multiple linear regression method are used, allowing
us to assess how various independent variables affect
the dependent variable. Statistical tests (t-statistics)
were conducted, including regression coefficient
analysis to assess the importance of the impact of
each independent variable on the poverty level. It is
important to note that the significance level of 0.05
is adopted for statistical significance, meaning that
if the p-value of a variable is below this threshold, it
is considered statistically significant for the model.
After analysis using the multiple linear regression
method, a model will be created to measure the
impact of each factor on the level of GRP.

The regression coefficient reflects the intensity
and direction of the relationship between the
independent and dependent variables. High
coefficients indicate a significant impact on the level
of GRP, while p-values demonstrate the statistical
significance of these relationships. Large standard
errors or high p-values may indicate instability or
lack of significance of the estimate, which requires
careful interpretation of the results. The overall
significance of the model and individual predictors
is assessed using these statistical tests. The following
hypotheses were tested in the study:

Null Hypothesis (H,): Economic indicators
such as fares, consumer price index, and fixed
capital investment, as well as the number of
passenger buses, trolleybuses, and subway, do not

595



KasTbY XABAPIIBICBI - VESTNIK KazUTB - BECTHUK KazVTb

have a statistically significant effect on passenger
transportation revenues in Almaty.

Alternative Hypothesis 1 (HI): The number
of passenger buses, trolleybuses, and subway
has a statistically significant effect on passenger
transportation revenues in Almaty.

Alternative Hypothesis 2 (H2): Changes in the
fare index and CPI significantly affect passenger
transportation revenues in Almaty.

Alternative Hypothesis 3 (H3): Fixed capital
investment plays an important role in increasing
passenger transportation revenues in Almaty.

The study examines the following main questions.

1) The role of transport infrastructure in
generating revenues. How do the number and type
of transport (buses, trolleybuses, metro cars) affect
the efficiency of transportation? This clearly shows
to what extent the number of transports is a decisive
factor in the economic efficiency of transportation.

2) Economic factors affecting revenues. How do
the fare index and the consumer price index (CPI)
affect revenues from passenger transportation?
This issue analyzes how changes in tariff policy
and inflation processes affect revenues from
transportation.

3) Investments in infrastructure and their
impact on the transport economy. How do capital
investments, including the modernization of
vehicles and the development of infrastructure,
affect revenues from passenger transportation? The
problem is to assess the effectiveness of public and
private investments in the development of the city’
S transport sector.

This analysis is based on the longitudinal
construction of time series of the study, since it
covers changes in indicators over a long period of
time (14 years).

Sample. Sample type: secondary data. Number of
observations: 140 observations (from 2010 to 2023)
for each variable (one for each year).

The econometric model is presented as follows:

Y=p0+XI *B1+ X2 *B2 + X3 * B3 + Xde *
B4 + X5 * B5 + X6 * p6 + X7 * B7 +

where:

1. Y— Gross regional product, million tenge,
dependent variable.

2. Independent variables:

X1 — Number of passenger buses, units

X2 — Number of passenger trolleybuses, units
X3 — Number of passenger subway cars

X4 — Revenue from passenger transportation,
million tenge

X5 — Indices of transportation tariffs (in %)
X6 — Rates of CPI %

X7 — Investments in fixed capital, in %

3. (0 is a constant (intercept).

Bl, B2, p3, p4, p5, p6, p7 — coefficients for each
independent variable, showing the magnitude and
direction of their influence on GRP.

4. e — error coefficient.

Expected results: Assessment of the influence of
factors: determination of the degree and nature of
the influence of independent variables on GRP.

Statistical ~ significance:  Identification  of
statistically significant influencing factors to
confirm or refute hypotheses.

Thus, the research methodology offers a

comprehensive approach to the analysis of GRP,
aimed at identifying the main factors and assessing
their impact on the development of effective
socio-economic strategies in the Almaty transport
system.

Results and discussions. Currently, the world
is undergoing an active process of urbanization
(Larriva et al. 2023). The growth of the territory
and population of cities requires the same pace
of construction and new introduction of public
transport routes [7]. Larriva et al. (2023) used
econometric methodology to determine the level
of influence of urban public transport projects on
the well-being of different socio-economic groups.
Thus, the researchers analyzed the influence of the
first metro line on the adoption of rational decisions
on planning investments in the development and
mobility of transport infrastructure.

The transport system plays a very important
role in the economic development of the city. It
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directly or indirectly affects various aspects of life,
including production, employment, consumption
and distribution of goods and services.

Today, there is significant urban sprawl in the
world (Giduturi, 2015). For the efficient operation
of urban space, the availability of passenger
transportation and services is necessary [8]. It is
noted that the efficiency of urban planning should
be observed in order to ensure the sustainability of
urban transport infrastructure.

In the modern world, transport is an important

element of infrastructure that contributes not only
to the efficient movement of people and goods,
but also to economic growth. Almaty, as the largest
economic and cultural center of Kazakhstan, has a
developed transport system, which includes buses,
trolleybuses, metro and other types of transport. In
recent years, the load on the transport infrastructure
has increased due to the growth of the urban
population and increased economic activity. Thus,
the efficient operation of the city’ s transport system
directly affects the economy.

Table 1 - Initial data

Y X1 X2 X3 X4 X5 X6 X7
Gross Number of | Number of | Number of | Revenue from Indices of Rates | Investments
Years regional passenger passenger passenger passenger transportation of in fixed
product, buses, trolleybuses, | subway cars | transportation, | tariffs (in %) | CPI % | capital, in %
million tenge units units million tenge

2 010,00 | 3923412,6 1 564,00 191,00 0,00 80 000,00 100,20 107,80 100,40
2011,00 | 48602139 1 780,00 113,00 7,00 90 000,00 100,10 107,40 100,60
2012,00 | 5715 879,2 1 580,00 136,00 7,00 110 000,00 128,30 106,00 106,30
2013,00 | 71279164 1 709,00 239,00 7,00 130 000,00 102,50 104,80 102,50
2014,00 | 8143570,2 1 855,00 212,00 7,00 140 000,00 113,50 107,40 94,80
2 015,00 | 9100006,0 | 9327,00 135,00 7,00 160 000,00 153,80 113,60 102,40
2 016,00 | 10 601 347,8 | 9 058,00 139,00 7,00 180 000,00 107,80 108,50 104,00
2017,00 | 118932259 | 8433,00 160,00 7,00 219 661,50 100,60 107,10 104,80
2 018,00 | 12132 649,7 | 8 315,00 172,00 8,00 257 365,20 110,10 105,30 110,90
2019,00 | 135469584 | 8758,00 180,00 9,00 295 068,80 103,00 105,40 108,30
2 020,00 | 13459 802,6 | 2 245,00 196,00 10,00 144 197,10 104,80 107,50 117,90
2 021,00 | 15000 060,4 | 2 058,00 196,00 10,00 306 140,40 113,30 108,40 115,10
2022,00 | 19154 536,7 | 2137,00 246,00 11,00 304 877,80 106,60 120,30 112,50
2 023,00 | 24 895989,6 | 2 154,00 296,00 15,00 375 046,20 101,20 120,30 125,20
Note - compiled by the authors based on sources [https://taldau.stat.gov.kz; https://stat.gov.kz]

This analysis is devoted to identifying and
assessing the factors affecting the gross regional
product. The study was conducted using multiple
regression, using various transport and economic
variables to assess the impact of various factors on
passenger revenues. Among the included variables
are the number of passenger buses, trolleybuses,
metro cars, the tariff index for transportation, the
consumer price index (CPI) and investment in
fixed assets. The main objective of the study is

to determine the statistical significance of each
factor and their impact on passenger transportation
revenues (Table 1).

Analysis of the correlation between various
economic and transport indicators will allow us
to determine the relationship between them and
assess the impact of one indicator on another.
In this case, we consider several variables: gross
regional product (GRP), the number of passenger
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buses, trolleybuses, the number of cars, income indices, consumer price index and investment in
from passenger transportation, transportation tariff fixed capital.

Table 2 - Correlation model

Indicators GRP | Number of | Number of | Number of | Income from Indices of Rates
million | passenger | passenger | passenger | transportation | tariffs for | CPI %
tenge buses trolleybuses | carriages, | of passengers | transportation
meter
Number of passenger buses, 0,049
Number of passenger trolleybuses 0,674 -0,433
Number of passenger carriages, meter | 0,875 -0,051 0,521
Revenues from passenger transportation | 0,918 0,214 0,552 0,774
Transportation tariff indices -0,190 0,279 -0,375 -0,066 -0,161
CPI rates, % 0,711 -0,141 0,538 0,566 0,545 0,113
Investments in fixed capital 0,847 -0,109 0,530 0,788 0,730 -0,188 0,499
Note - Compiled by the authors

1. Correlation between GRP and other variables.

GRP shows a strong positive correlation with
passenger transportation revenues (R=0.918). This
shows that the growth of economic activity in
Almaty is closely related to the increase in revenues
in the transport sector. GDP has a significant impact
on the development of transport infrastructure,
especially passenger transportation.

GRP also shows a strong positive correlation with
the number of metro passenger cars (R=0.875) and
investment in fixed assets (R=0.847). This confirms
that economic growth affects the development of
infrastructure and the modernization of the transport
sector, which contributes to an increase in the
number of transport units, especially the metro.

In particular, Yang, Lin (2024) identified
the criteria and favorable conditions for the
construction of metro stations in cities using
the example of the northern regions of China
[9]. In order to improve the quality of metro
construction, a system of engineering prefabricated
and waterproofing structures is proposed.
Such innovative engineering technologies of
prefabricated metro construction contribute to the
growth of quality, productivity and safety for the
construction of public metro stations in cities.

2. Correlation between the number of passenger
buses, trolleybuses and metro cars.

The number of passenger buses has a weak
positive correlation with the number of passenger
trolleybuses (R = 0.674), which may indicate that an
increase in one mode of transport is associated with
an increase in another mode of transport. However,
this correlation is not strong enough, indicating
differences in the demand and use of these modes
of transport.

The number of passenger buses and trolleybuses
is negatively correlated with the number of
passenger metro cars (R =-0.051 and R =-0.433).
This may mean that the increase in the number of
buses and trolleybuses is not always related to the
increase in the number of metro cars, and may also
be related to different passenger needs depending
on the type of transport network. Giagnorio,
Borjesson, D’ Alfonso (2024) examine the degree
of electrification of city buses using Stockholm as
an example. They found that optimization of fares
and pricing policy of the bus fleet has a positive
effect on improving the well-being of city residents
[10].

3. Fare Index and CPI.

The fare index shows a weak negative correlation
with passenger revenue (R =-0.161) and the number
of passenger buses (R = -0.190). This suggests
that the growth of transport costs may have some
negative impact on total passenger revenue and
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demand for buses. However, the correlation with
the number of buses and trolleybuses remains small
(R =-0.141 and R = -0.141), indicating that there
is no direct relationship between inflation and the
dynamics of the number of vehicles.

4. Fixed Capital Investments.

Fixed capital investments have a strong positive
correlation with passenger revenues (R = (0.788) and
GRP (R = 0.847), confirming the importance of
investment in transport infrastructure for income
growth in this sector and contributing to economic
development.

Table 3 - Model of coefficients

Term Coef SE Coef T- P-Value | VIF
Value

Constant -44201719 | 9183958 -4,81 0,003
Number of passenger buses, 274 123 2,22 0,068 2,37
Number of passenger trolleybuses 19515 9460 2,06 0,085 3,00
Number of passenger carriages, meter 447799 164063 2,73 0,034 | 3,78
Revenues from passenger transportation 16,79 6,80 2,47 0,048 5,35
Transportation tariff indices -36972 23086 -1,60 0,160 1,51
CPI rates, % 272964 76534 3,57 0,012 | 2,04
Investments in fixed capital 168181 60758 2,77 0,033 3,18
Note - Compiled by the authors

Thus, the correlation analysis showed that
factors such as economic activity (GRP), transport
infrastructure (number of passenger cars in the
metro) and investment in fixed capital have
the greatest impact on passenger transportation
revenues in Almaty. These results highlight the
importance of an integrated approach to the
development of the transport sector, including the
modernization of existing facilities and increased
investment. On the other hand, tariff policy,
although it affects transportation, does not have
such a pronounced relationship with passenger
transportation revenues, which is confirmed by a
negative correlation with a number of variables.
The data obtained in the correlation analysis can be
used to improve the transport system and optimize
tariff policy in Almaty, develop effective strategies
to increase profitability and improve the quality
of passenger transportation. For example, Hlusko,
Stanek, Dur&ek, Kusendova (2024) determined the
location and activity of public transport in Bratislava
at different times of the day [11]. Thus, the authors

modeled how convenient and accessible it is for
certain categories of city residents based on the
“"UPTS” transport route. The peculiarity here is that
the "UPTS” route has a high level of occupancy
in the morning and evening. This is of particular
concern to women, pensioners and children. Next,
we will conduct a regression analysis. The regression
equation looks like this:

Y = —44201719 4 274 - X, + 19515 - X+
447799 - Xy + 16.79 - X, — 36972 - X+
272964 - X, + 168181 - X,

The results of the regression analysis are
presented in Table 3.

Evaluation of the significance of factors.

1) The number of passenger buses (thousand
units). The coefficient of the number of buses is
274, which indicates that an increase in the number
of buses by 1 thousand units is associated with
an increase in passenger transportation revenue by
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274 thousand tenge, all other things being equal.
Everything else is the same. However, the p-value
(0.068) is greater than 0.05, so this factor is not
statistically significant at the 5% level. The t-value
(2.22) indicates low statistical significance, which
can be significant at the 10% level.

2) The coefficient of the number of trolleybuses
is 19.515, which indicates an increase in passenger
transportation revenue by 19.515 thousand tenge
and an increase in the number of trolleybuses by
1 unit. However, the p-value (0.085) is greater
than the threshold of 0.05, which indicates that
5% is statistically insignificant. -value (2.06) shows
moderate significance of this parameter.

3) The coefficient of the number of metro cars
is 447,799, which means that an increase in the
number of vehicles by one unit is associated with
an increase in passenger transportation revenue by
447,799 thousand tenge. P-value (0.034) indicates
the statistical significance of this parameter at
the 5% level, therefore, it is an important factor
affecting transportation revenue.

4) Passenger transportation revenue. The
coefficient of passenger transportation revenue is
16.79, which means an increase in revenue by 1
thousand tenge is associated with an increase in
transportation revenue by 16.79 thousand tenge.
P-value (0.048) confirms the statistical significance
of this parameter at the 5% level. This indicates that
it is important to consider current revenues in the
process of forecasting future revenues.

5) Transportation tariff indices. The coefficient
for the indices of transportation tariffs is

-36.972, which indicates that as tariffs increase,
transportation revenues decrease. However, the
blood value (0.160) significantly exceeds the
threshold of 0.05, so this parameter is statistically
insignificant at the 5% level.

6) CPI (%). It is a coefficient of 272,964, which
indicates that if the CPI increases by 1%, passenger
transportation revenues will increase to 272,964
thousand tenge. The t-value (3.57) and p-value
(0.012) confirm the statistical significance of this
parameter at the 5% level.

7) Investment in fixed capital. The coefficient of
investment in fixed capital is 168,181, which means
that transportation revenues increase by 168,181
thousand tenge with an increase in investment by 1
thousand tenge. T-value (2.77) and p-value (0.033)
indicate statistical significance of this parameter is
at the level of 5%.

Multicollinearity problem. The VIF indicator for
most variables is within the acceptable limit (VIF
<5), indicating a low level of multicollinearity. The
exception is the variable "passenger revenue”. This
variable is specified on December 5.35, which may
indicate a correlation between these variables.

To assess the quality of the regression model,
it i1s important to consider several basic statistical
indicators: standard error (S), coefficient of
determination (R-sq), adjusted coefficient of
determination (R-sg(adj)) and predicted coefficient
of determination (R-sq(pred)). These indicators not
only assess the accuracy of the model, but also check
the ability to generalize to new data (Table 4).

Table 4 - Model

S R-sq

R-sq(adj)

R-sq(pred)

991709 | 98,63%

97,03%

89,38%

Note - Compiled by the authors

Here are the obtained results of the model.

1) The standard error for this model is 991.709.
This indicator shows the average deviation from
the calculated value of the actual observation. The

smaller the value of the standard error, the more
accurate the model. In this case, the value is very
low, which indicates good quality of the model in
terms of forecasting.
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2) Determination Ratio (R-sg): The decision ratio
is 98.63%, which is a very high level of explanation
of the variability in the dependent variable model.
This means that the model accounts for almost
99% of the total variability in the data. Such high
scores indicate good quality of the model. This
indicates that the selected variable really affects the
dependent variable.

3) The adjusted determination ratio (R-sq(adj))
1s 97.03%, which is a very effective result. The
adjusted decision factor considers the number of
independent variables in the model and adjusts the
square root of R-sq to avoid over-fitting the model.
This indicator confirms that the model remains very
stable even for possible additional variables.

4) Predicted coefficient of determination (R-
sq(pred)) its value is 89.38%, which indicates that
the model has a high generalization ability with

unprecedented new data. This indicator evaluates
the degree to which the model can predict the
value of the tested sample and is an important
indicator confirming the stability of the model
in real conditions. A high value of this indicator
confirms that the model can not only describe the
current data well, but also predict the behavior of
the dependent variables in future observations.

Based on the analysis of statistical indicators, it
can be concluded that the proposed regression model
is very effective for data analysis. High values of
the measurement coefficients (R-sq and R-sq(adj))
and the predicted decision coefficients R-sg(pred)
indicate the ability to describe the existing data
well and adequately predict the results in new
samples. The standard errors in the model also
indicate high accuracy. Overall, this model can be
considered reliable for use in other studies and
practical applications.

Table 5 - Analysis of variance

Source DF Adj SS Adj MS F-Value | P-Value
Regression 7 | 4,24726E+14 | 6,06752E+13 | 61,69 0,000
Number of passenger buses, 1 | 4,86174E+12 | 4,86174E+12 4,94 0,068
Number of passenger trolleybuses 1 | 4,18512E+12 | 4,18512E+12 4,26 0,085
Number of passenger carriages, meter 1 | 7,32675E+12 | 7,32675E+12 7,45 0,034
Revenues from passenger transportation | 1 | 6,00035E+12 | 6,00035E+12 6,10 0,048
Transportation tariff indices 1 2,52234E+12 | 2,52234E+12 2,56 0,160
CPI rates, % 1 | 1,25105E+13 | 1,25105E+13 12,72 0,012
Investments in fixed capital 1 | 7,53559E+12 | 7,53559E+12 7,66 0,033
Error 6 | 590092E+12 | 9,83487E+11
Total 13 | 4,30627E+14
Note - Compiled by the authors

To further assess the importance of the influence
of various factors on passenger transportation
revenues in Almaty, we used the analysis of
variance. This method allows us to determine the
importance of independent individual variables such
as the number of passenger buses, trolleybuses,
metro cars, passenger transportation revenues, the

transportation tariff index, the consumer price
index, and the amount of investment in fixed capital
(Table 5).

1. Overall regression effect. The overall F-
statistic value for the model is 61.69 and the
p-value 1s 0.000, indicating that the overall model
is statistically significant. This means that the set of
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independent variables significantly affects Almaty’
s passenger transportation revenue.

2. The number of passenger buses is one
thousand. The F-value for the number of buses is
4.94 and the p-value is 0.068, which is slightly higher
than the standard significant level of 0.05. This
means that the coefficient of the number of buses is
positive, but its effect on transportation revenue is
statistically insignificant at 5%. However, given the
p-value of 0.068, the effect of the number of buses
can be significant at the 10% level.

3. The number of passenger trolleybuses. The
f-value for the number of trolleybuses is 4.26 and
the p-value is 0.08. Furthermore, it is not statistically
significant at 5%, but it can be significant at 10%.
Therefore, the impact of the number of trolleybuses
on transportation revenues should also be the subject
of further study.

4. Number of metro cars. The f-statistic is -7.45
for the number of metro cars, and the p-value is
0.034, which is statistically significant at the 5%
level. This confirms that the number of metro cars
has a significant impact on passenger transportation
revenues in Almaty.

5. Passenger transportation revenues, million
tenge. The F coefficient for passenger transportation
revenues is 6.10, and the p-value is 0.048, which
indicates statistical significance of this parameter
at the 5% level. This confirms that passenger
transportation revenues in the previous period had
a significant impact on future revenues.

6. Transportation tariff index. The F-statistic
is 2.56, and the p-value is 0.160. This value is
significantly higher than 0.05 and shows that the fare
index is not statistically significant in this model.

7. Consumer Price Index %. The f-value for
CPI is 12.72 and the p-value is 0.012, indicating
that the statistical significance of this indicator was
confirmed at the 5% level. This shows that changes
in the consumer price index have a significant
impact on passenger transportation revenues in
Almaty.

8. Fixed Capital Investment. The f-value for
fixed capital investment is 7.66 and the p-value is
0.033, indicating that this parameter is statistically

significant at the 5% level. This confirms the
importance of investment in transport infrastructure
to increase passenger transportation revenues.

Conclusions. Khademi-Vidra, Nemecz, Bakos
(2024) conducted a case study on public transport
operations in Hungary, Budapest. The authors
conducted a survey among passengers using public
transport in electronic form [12]. The study found
that the following factors influence the growth of the
number of passengers: investments in the quality of
public transport, cleanliness, innovation, safety, and
schedule. These results can allow local authorities to
improve the development of urban public transport
in the world.

The results of our analysis of variance confirm
that the number of metro passenger cars, passenger
revenues, consumer price index, and investment in
fixed capital have a statistically significant effect on
Almaty’ s passenger revenues. However, the effect
of the number of passenger buses and trolleybuses
is less significant, which may be due to their smaller
role in the entire transport system of the city during
the study. This model is generally important, and
its results can be used to develop new political and
economic strategies aimed at improving transport
infrastructure and increasing passenger revenues.

The study allowed us to conclude that transport
infrastructure and macroeconomic factors have a
heterogeneous effect on the gross regional product
in Almaty. Regression analysis conducted from
2010 to 2023 showed that factors such as the number
of passenger buses, trolleybuses and metro cars,
consumer price index (CPI), transportation tariffs
and investment in fixed assets significantly affect
the revenue generated from passenger transportation
in Almaty. Transport means such as metro and
economic indicators related to tariffs and inflation
are the most important for generating transportation
revenue, which is confirmed by the high value of
regression coefficient and the importance of factors.
Multiple linear regression and analysis of variance
methods analysis showed that effective management
of transport infrastructure and economic factors can
significantly improve the profitability of passenger
transportation. In particular, improving transport
infrastructure and increasing investment in transport
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development, i.e. modernizing cars and expanding
transport routes, can be important strategies to
increase revenue. In addition, existing Almaty
city development programs such as the «Almaty
Development Program - 2025» are aimed at
modernizing transport infrastructure and improving
the quality of urban transport. This coincides with
the conclusion of the study.

Improving the efficiency of transport systems
is directly related to increasing revenues from
transportation. According to the city’ s strategic
documents, transport services should be further
improved, and the investment attractiveness of the
sector should steadily grow. Thus, in the context
of city development and improving the transport
system, it is necessary to continue investing in
upgrading infrastructure and vehicles to ensure
stable growth in passenger transportation revenues
in Almaty, and also consider the economic situation,
such as the consumer price index and electricity
prices. transport fees.

The prospects for the development of the
urban transport system in the global economy
include the introduction of zero-emission buses
(Avenali et al. 2024). For example, Avenali et
al. (2024) analyzed the factors affecting the use
of zero-emission buses (ZEB) in cities. During
the quantitative assessment, negative factors
were revealed that lead to the inhibition of the
development of "ZEB” [13]. In particular, these
include: technological, organizational, managerial
and economic factors. And the promotion of
institutional, social and environmental indicators -

stimulated the introduction of buses (ZEB).

The results of the study emphasize the need for an
integrated approach to the development of transport
infrastructure and macroeconomic regulation in the
city of Almaty. In order to improve the efficiency
of the urban transport system, it is recommended to
modernize the existing infrastructure, optimize the
tariff policy and promote the growth of passenger
transportation.

Some experts assess traffic jams in cities
that interfere with the normal movement of
public transport (Cantos-Sidnchez et al. 2011) The
authors’ recommendations are aimed at the strategic
development of road infrastructure and optimization
of the schedule of transport modes in cities [14].

In addition, stabilizing inflation and increasing
the profitability of the transport sector can further
stimulate economic growth. Recently, significant
emphasis has been placed on the development of
”Green Economy” measures in the world. In this
regard, the processes of introducing innovations
that reduce emissions into the atmosphere in the
organization of public transport are increasing
(Stepniak et al. 2023). At the same time, maintaining
environmental sustainability in the operation of
passenger transport is also supported [15].

It should be noted that future research could focus
on studying the nonlinear effects of transport and
macroeconomic factors, analyzing the long-term
impact of transport investments, and developing
multifactor models to more accurately forecast
GRP.
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