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Abstract. This study examines the functioning of the China—Kazakhstan
railway transport corridor as a strategically important component of the Eurasian
logistics system. The relevance of the research is determined by the rapid growth
of freight flows between China, Kazakhstan, Central Asia and Europe, as well as
by the increasing role of Kazakhstan as a transit, distribution and logistics hub in
international supply chains. In the context of global supply chain restructuring,
growing demand for overland transportation and the need to reduce delivery time,
the efficiency of railway corridors depends not only on physical infrastructure, but
also on the quality of institutional coordination, customs procedures and digital
integration. The aim of the study is to analyze the functioning of the China—
Kazakhstan railway transport corridor and assess the impact of digitalization on
its efficiency under conditions of increasing freight flows. The research focuses
on three interrelated areas: the dynamics and structural characteristics of freight
flows, infrastructural and institutional constraints affecting corridor performance,
and the role of digital technologies in improving railway logistics. The empirical
basis of the study includes statistical data, sectoral reports and analytical materials
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for 2023-2025, reflecting the development of railway transportation between
China and Kazakhstan. The methodological basis combines systems analysis,
comparative analysis, elements of descriptive statistics and the theory of constraints.
The results show that the China—Kazakhstan corridor has entered a stage of stable
growth, while its efficiency is increasingly limited by border crossing capacity,
cargo flow imbalance, concentration of transportation at the Dostyk—Alashankou
and Altynkol-Khorgos nodes, differences in railway gauge and procedural
inefficiencies in customs and logistics operations. At the same time, digitalization
significantly improves corridor performance by reducing cargo processing time,
increasing transparency, accelerating document circulation and strengthening
coordination among transport participants. The scientific significance of the study
lies in developing an integrated approach to assessing transport corridor efficiency
based on the interaction of infrastructural, institutional, operational and digital
factors. The practical value of the research consists in substantiating the need to
combine infrastructure expansion with digital modernization in order to strengthen
Kazakhstan’s role in Eurasian supply chains.

Keywords: China—Kazakhstan transport corridor; railway logistics; freight
flows; infrastructure constraints; transport digitalization; supply chain efficiency;
containerization
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Annortauus. byn 3eprrey Kpitait—Kazakctan Temipxon kemik gamizinig Eypa-
3USIIBIK JIOTUCTHKAJIBIK KYHEHIH CTpaTerusIbIK MaHbI3/Ibl KypaMaac Oeiri peTi-
JieTi KbI3METIH Tanjayra apHainraH. 3eprreynid e3ekriniri Kpitait, Kazakcran, Op-
TaJbIK A3us skoHe Eypona apachiHIarbl )KYK aFbIHAAPBIHBIH KapPKBIHIBI ©CYIMEH,
coHpmaii-ak KaszakcTaHHBIH XalbIKapasblK >KETKi3y Ti30eKTepiHAeri TPaH3WTTIK,
TapaTy >KOHE JIOTUCTUKAIBIK Xa0 peTiHJeri pejiHiH KyLIeloiMeH alKbIHIalabl.
JKahaunplk >keTki3y Ti30eKTepiHiH KalTa KYpBUIYbl, KYPJBIKTHIK TachIMaigapra
CYPaHBICTBIH apTybl JKOHE KETKi3y YaKbITHIH KBICKAPTY KaKETTINIr >KarJaibiHIa
TEMIpXKOJ JRIi3AEPiHiH THIMALTIT TeK (U3MKaNbIK HHPPaKYphUIBIMFA FaHA EMeC,
COHBIMEH KaTap MHCTHTYLHOHANBIK YHIECTIpY camachlHa, KeACH K paciMaepIiy
TUIMJIUTITIHE KOHE MU PIIBIK UHTETpaIus JCHICHIHE JIe Toyemni. 3epTTey/IiH MaK-
carbl - Kpitait—-Kazakcran TeMipikoJl KeJIiK JIoNi3iHIH KbI3METIH Talijjay )KOHE KYK
aFbIH/IAPBIHBIH OCYy1 JKarnaibiHaa H(PIaHABIPYIBIH OHBIH THIMIUITIHE dcepiH
Oaranay. 3epTTey yi e3apa OalIaHbICThI OaFBITKA HETI3/IeIIe/i: )KYK aFbIHapbIHBIH
JMHAMHUKACHl MEH KYPBUIBIMJIBIK CHUTIATTaMaIaphbl, 1913 >KYMBICBIHA BIKIIAT €TETiH
WHPPaKYPBUIBIMIBIK KOHE WHCTUTYLHOHAIABIK IEKTEYIIEP, COHa-aK TeMipxKol
JIOTHCTUKACHIHBIH THIMAUIITIH apTTHIPYAarbl THQPIBIK TEXHOIOTHSIAPABIH POIIi.
3eprreyaid AMnupuKkaiblk Oazackin 2023-2025 xeuinapaarbl Keitaii men Ka-
3aKCTaH apachIHAAFbl TEMIPIKOJI TACHIMAJIBIHBIH AaMYybIH CHUIATTaWTBIH CTATUCTH-
KaJIbIK JIEPEKTep, CANANbIK €CENTep KOHE aHAINTHKAJIBIK MaTepHaliap Kypauisl.
OpicHaMalbIK HETi3 peTiHAe KYHeNiK Taljaay, CalbICTBIPMalbl Talldy, CUIaTTa-
MaJIBIK CTATHCTHKA JEMEHTTEPI KOHE HIEKTEyJep TEOPHUSCHIHBIH TACUIAEPl KO-
NaHbUIEL. 3epTTey HoTkenepi Keirai—Ka3zakcraH Kellik Joui3iHIH TYPaKThl 6cy
Ke3eHiHe oTKeHIH kepceTTi. COHBIMEH KaTap OHBIH THUIMJIUIIT IIEKapaIblK ©TKE-
JIep/iH 6TKi3y KaOiJIeTiHe, )KYK aFbIH/IapbIHBIH TCHIePIMCI3IiriHe, TaChIMa AP IbIH
JocThlk—ATNamanbpkoy skoHe ANThIHKen—KopFac TopanTapbiHAa HIOFBIPJIAHYBI-
Ha, TEeMip:KoJa TabaHbl albIPMalIBbUIBIFBIHA, COHMAN-aK KEeICHIIK JKOHE JIOTHUCTH-
KaJBIK pacimMiepAeri YHBIMAACTBIPYIIBUIBIK IIEKTEYIepre Toyenai OOJbII OTHIp.
Hudpnanaplpy XYK ©HJIEY YaKbITBIH KbICKAPTY, KYKaT allHaIBIMBIH KEICNICTY,
MPOLECTEPAIH AIBIKTHIFBIH apTTHIPY KOHE TAChIMaAay KaThICYIIbLIAPhl apachlH-
JaFbl YHJIECTIpyAl KYIIEHTY apKbUIbl AQJI3MA1H THIMAUIITIH apTThIPaThlH MaHbI3-
Ibl (GaKToOp peTiHAe KapacThIpbUIabl. 3epTTEYIiH FHUIBIMA MaHBI3ABUIBIFBI KOIIK
JOMI3iHIH THIMIAUTNH UHQPaKYPBUIBIMIBIK, HHCTHTYLUHOHAIBIK, OTMEPaLUsIIbIK
XoHe HUPIBIK akTopIapAbH e3apa OaiyaHbICkl HeTi3iHae Oaranayra MYMKIHIIK
OepeTiH UHTerpalrsIIbIK TOCUII YChIHYBIMEH aiKbIHAaTa b1, [[pakTHKAIBIK MaHbI-
30bUTbIFEl KazakcTaHHBIH Eypasusiiblk skeTki3y Ti30eKTepiHAeri OpHBIH HBIFAUTY
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YUIH HHPPAKYPBUTBIMIBI KEHEUTY/ H(PIBIK KAHFBIPTYMEH YIITACTHIPY KaXeT-
TIJITiH HET13/IEY/IeH TYPAIbL.
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arbIHAaphl; WHOPAKYPBUIBIMIBIK IIEKTEYJIEp; KONIKTI HUGPIaHABIPY; KETKi3y
Ti30€riHiH THIMUTIT]; KOHTeHHEpU3aIus
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AHHOTALIUS. Hacrosee HCCTIEIOBaHNE MOCBSIIIICHO aHaIu3y
(DYHKIMOHMPOBAHUSA JKEIE3HOAOPOKHOTO TPAaHCIOPTHOTO Kopumopa Kwuraii—
Kazaxcran kak cTpaTernueck 3HaUUMOTO JIEMEHTA eBPa3UCKOM JTOTUCTHYECKOM
CUCTeMBI. AKTYaJdbHOCTh HCCJEOBaHUS OOYCIIOBIEHA OBICTPBIM POCTOM
rpyzonorokoB Mmexay Kwuraem, Kazaxcranom, crpanamu IleHTpanbHOU
Aszun u EBpomoii, a Takke ycuwieHuem poiu Kazaxcrana kak TpPaH3UTHOTO,
pacipenenuTeNT,HOTO U IOTUCTUYECKOTO Xa0a B MEXTyHAPOHBIX IIETISIX MOCTABOK.
B ycnoBusix nepecTpoiku rio0aibHbIX JOTMCTUYSCKUX MapIIPyTOB, MOBBIIICHUS
CIpoca Ha CYXOITyTHBIE IEPEBO3KH W HEOOXOIMMOCTH COKpAIIEHUS CPOKOB
N0CTaBKH 3(h(HEKTUBHOCTH KEJIC3HOIOPOKHBIX KOPUIOPOB OIPEILIISICTCS HE TOIBKO
COCTOSIHHEM (PH3UYECKON MHPPACTPYKTYPHI, HO U KAYECTBOM HHCTUTYIIHOHAIBHOMN
KOOpDAMHAIINK, TaMOXKEHHBIX Tmporenyp W nudpoBoil wuHTerpammu. lLlems
WCCJICZIOBAaHUS 3aKIIFOYACTCSl B aHAIHM3e (PYHKIIMOHHPOBAHUS KEJIC3HOIOPOKHOTO
TpaHcmopTHOTO Kopuaopa Kuraii—Kazaxcran u orieHke BIUSHUS ME(PPOBHU3AIINHI Ha
ero A3(PeKTUBHOCTh B YCIOBHSIX POCTa IPY30II0TOKOB. B paboTe paccmarpuBaroTcst
TPU B3aUMOCBSI3aHHBIX HANPABJICHUS: TUHAMUKA U CTPYKTYPHBIE XapaKTEPUCTUKHI
TPY30BBIX ITOTOKOB, MH(PPACTPYKTYPHBIE W WHCTUTYIHOHAIHHBIC OTPAHUUICHIS,
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BIUSIONINE Ha paboTy KOpUAOpa, a TakkKe pOib IM(PPOBBIX TEXHOJOTHH B
MOBBIIICHUN 3(P(HEKTUBHOCTH IKEIE3HOIOPOKHONW JIOTHCTUKH. DMITHPHYECKYIO
OCHOBY MHCCJEIOBAHHS COCTaBWJIM CTAaTUCTUYECKUE JAaHHBIE, OTpAacCiEBbIE
OTYETHl U aHAIUTHYECKUE Marepuaiibl 3a 2023-2025 rr., oTpakaroniue pa3BUTHE
KeJIe3HOIOPOKHBIX MepeBo30k Mexk Ay Kuraem u Kazaxcranom. Merogonornueckas
0a3a BKIIIOYae€T CHCTEMHBIH aHajdW3, CPAaBHHUTEIBHBIA aHANIHM3, DIEMEHTHI
ONMCATEIbHOM CTaTUCTUKM M IOAXOJAbl TEOPUM OrpaHUYeHHU. Pe3ynbrarsl
WCCIICIOBaHUS TIOKA3bIBAIOT, YTO TpaHCIOPTHBIH Kopuaop Kuraii—Kazaxcran
TIeperIes K CTalu YCTOWIUBOTO POCTa, OHAKO €T0 3(PPEKTUBHOCTE BCE B OOIBIIICH
CTETIEHH OIPaHUYMBAETCSI TIPOITYCKHOM CIIOCOOHOCTHIO IOIPAaHUYHBIX MIEPEXOA0B,
mucOamaHcoM TPY30IOTOKOB, KOHIIGHTpAIlMel IepeBO30K Ha y3max JlocThik—
AnamaHbpKoy U AJITBIHKOIB—XOPTOC, Pa3iNyUsIMU B IIMPHUHE KEJIE3HOTOPOKHON
KOJIEH, & TAKXKe MPOLEAYPHBIMI OTPAaHUUCHUSMH B TAMOXCHHBIX U JIOTUCTHYECKUX
omepanmax. Llnpposuzanus paccMaTprBaeTcsl Kak BaKHBIA (PAKTOP ITOBBIIICHUS
3 PEKTUBHOCTH KOPHUIOPA, TOCKOJIBKY OHA CIIOCOOCTBYET COKPAILICHHIO BPEMEHU
00paboTKH TPy30B, YCKOPEHUIO JOKYMEHTOOOOPOTA, MOBBIMIEHUIO TIPO3PAYHOCTH
MPOLIECCOB U YIYYILICHUIO KOOPAWHAIIMHM MEXJy yYaCTHHUKaMH MEpPEeBO30YHOIO
mporiecca. HaydyHast 3Ha4MMOCTh WCCIENOBAaHMS 3aKIIO4aeTcs B pa3padoTke
WHTETPUPOBAHHOTO TO/IX0/1a K OLIeHKE AP (PEKTHBHOCTH TPAHCIIOPTHOTO KOPHI0pa HA
OCHOBE B3aUMOCBSI3U HHPPACTPYKTYPHBIX, HHCTUTYHOHAIBHBIX, ONEPAIMOHHBIX
n mudpoBeIX (akTopoB. lIpakTHdeckas 3HAYMMOCTH COCTOHUT B OOOCHOBAHHUH
HEOOXOJMMOCTH COYETaHMs PACHIMPEHUs] TPAHCHOPTHOW HMHQPACTPYKTyphl ¢
nn(poBoil MotepHHU3aNHEH AT YKperuleHns no3unnn Kazaxcrana B €Bpa3sHiCKIX
LEMAX MOCTABOK.

KuaroueBnbie  cioBa: Tpa"cnopTHeli  kopuzpop  Kuraii—Kasaxcran;
YKEJIe3HOIOPOYKHAS JIOTHCTHKA; TPY30MOTOKN; HH(PACTPYKTYpHBIE OTpaHUYCHUS;
nugpoBU3aus TpaHcnopTa; 3QGEeKTUBHOCTS IeTel MOCTaBOK; KOHTCHHEePU3aIUs

Introduction. In the context of the transformation of the global economy and
the increasing complexity of international supply chains, transport corridors are
acquiring particular importance as strategic mechanisms that ensure the stable and
predictable movement of goods between major production, transit and consumption
regions. Over the past decade, the importance of land-based transport routes has
increased significantly due to the need to reduce delivery times, diversify logistics
risks and strengthen the resilience of supply chains. In this regard, railway corridors
connecting China, Central Asia and Europe are becoming one of the key elements of
the emerging Eurasian transport architecture (Rodrigue, 2020; World Bank, 2023).

The China—Kazakhstan railway transport corridor occupies a special place in
this system. Its strategic significance is determined by the geographical position
of Kazakhstan, which links the industrial regions of China with the markets of
Central Asia, the Eurasian Economic Union, the Caucasus, Turkey and Europe.
Within the framework of the Belt and Road Initiative and the development of
transcontinental logistics routes, Kazakhstan is gradually moving beyond the role
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of a simple transit territory and is becoming a logistics hub where cargo flows are
redistributed, consolidated and integrated into broader international supply chains
(Asian Development Bank, 2023; Eurasian Development Bank, 2024).

The relevance of the study is further strengthened by the rapid growth of
freight flows along the China—Kazakhstan route. The increasing volume of railway
transportation reflects the growing demand for faster and more reliable overland
logistics solutions. Compared with maritime routes, railway transport provides a
shorter delivery cycle and allows companies to diversify transport risks in conditions
of global uncertainty. At the same time, the development of containerization
has contributed to the standardization of cargo transportation and has increased
the operational efficiency of international logistics systems (Christopher, 2016;
Notteboom and Rodrigue, 2009).

Kazakhstan’s role in this process is not limited to the physical transit of goods.
The country acts as a key overland gateway for Chinese freight flows directed
toward Central Asia and further westward. The main railway flows pass through
the Dostyk—Alashankou and Altynkol-Khorgos border crossings, which have
become critical nodes of the China—Kazakhstan transport corridor. These crossings
concentrate a substantial share of freight operations and determine the overall
capacity and stability of the corridor. However, the growing concentration of cargo
at a limited number of nodes increases the vulnerability of the transport system and
creates risks of congestion, delays and rising logistics costs (Eurasian Development
Bank, 2024; Sheffi, 1985).

At the present stage, the growth of transportation volumes is accompanied by
a number of infrastructural and institutional constraints. These include limited
capacity at border crossings, differences in railway gauge, uneven distribution of
freight flows, insufficient development of logistics infrastructure in some directions
and administrative barriers in customs and transport procedures. Such constraints
reduce the predictability of deliveries and limit the ability of the corridor to process
increasing freight volumes without operational losses (Woxenius, 2010; Goldratt,
1990).

In this context, digitalization is becoming a decisive factor in improving the
efficiency of transport corridors. Digital technologies make it possible to reduce
transaction costs, accelerate the processing of transport and customs documents,
increase transparency and improve coordination among participants in the logistics
chain. The implementation of electronic documents, automated transit procedures
and digital platforms contributes to the transformation of railway logistics from a
fragmented system into an integrated and more predictable transport environment
(OECD, 2022; ITF, 2021; UNECE, 2023).

Despite the growing number of studies devoted to transport corridors, railway
logistics and digital transformation, the issue of the integrated impact of digitalization
on the efficiency of the China—Kazakhstan transport corridor remains insufficiently
explored. Most existing studies focus either on infrastructure development, trade
connectivity or digital transport procedures separately. However, the interaction
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between freight flow growth, infrastructure constraints, institutional barriers and
digital solutions requires a more comprehensive analytical approach (World Bank,
2023; UNESCAP, 2019).

The purpose of this study is to analyze the functioning of the China—Kazakhstan
railway transport corridor and to assess the impact of digitalization on its
efficiency under conditions of increasing freight flows. To achieve this purpose,
the study examines the dynamics and structure of freight transportation, identifies
key infrastructural and institutional constraints, and evaluates the role of digital
technologies in improving operational coordination and reducing processing time.

The scientific contribution of the study lies in developing an integrated
approach to assessing the efficiency of an international transport corridor by
combining infrastructural, institutional, operational and digital factors. The
practical significance of the research is related to the possibility of using its findings
in the development of transport policy, logistics infrastructure planning and the
implementation of digital solutions aimed at strengthening Kazakhstan’s position
in Eurasian supply chains.

Literature Review. Modern studies in the field of transport logistics and
international freight transportation consider transport corridors as complex systems
in which infrastructural, institutional, technological and spatial factors interact. In
this approach, a transport corridor is not limited to a physical route connecting two
points. It is understood as a functional system that includes railway lines, border
crossings, logistics hubs, dry ports, customs procedures, information flows and
institutional coordination mechanisms (Rodrigue, 2020).

Rodrigue (2020) emphasizes that transport corridors play a key role in the
spatial integration of economic regions, since they connect production centers with
consumer markets and distribution networks. This interpretation is particularly
relevant for Eurasian land corridors, where the effectiveness of transportation
depends not only on distance, but also on the quality of infrastructure, the level
of logistics services and the degree of coordination between states and transport
operators.

A similar approach is presented by Notteboom and Rodrigue (2009), who
developed the concept of logistics regionalization. According to this concept,
transport nodes gradually transform from simple transit points into logistics centers
where cargo redistribution, consolidation, warehousing and value-added operations
take place. This means that the development of a transport corridor creates not only
a transport effect, but also an economic effect, since logistics activity begins to
generate additional value within the territory of transit countries.

For landlocked countries, this approach is of particular importance. Kazakhstan,
having no direct access to the sea, uses its geographical position as a competitive
advantage in the development of railway transit. The transformation of Kazakhstan
from a transit territory into a logistics hub corresponds to the logic of dry port
development, in which inland logistics centers perform part of the functions
traditionally associated with seaports. Roso (2009) defines dry ports as inland
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intermodal terminals directly connected with seaports or international corridors,
capable of handling, storing and distributing cargo flows.

The development of dry ports and logistics hubs is closely connected with the
growth of containerization. Container transport makes it possible to standardize
cargo handling, reduce transshipment time and improve the reliability of international
transportation. Christopher (2016) notes that modern supply chains require not
only low transport costs, but also speed, flexibility and predictability. Therefore,
countries participating in international corridors must develop not only railway
infrastructure, but also logistics services and digital coordination mechanisms.

In the Eurasian context, the importance of transport corridors is confirmed
by analytical studies of international organizations. The World Bank (2023)
emphasizes that transport connectivity in Central Asia is one of the key conditions
for expanding trade, reducing logistics costs and increasing the competitiveness of
landlocked economies. The Asian Development Bank (2023), within the CAREC
framework, also highlights the importance of corridor performance measurement,
since delays at borders and inconsistencies in procedures can significantly reduce
the benefits of infrastructure investments.

The Eurasian Development Bank (2024) considers Eurasian transport corridors
as a strategic direction for the development of regional connectivity. In its analytical
materials, Kazakhstan is identified as one of the key transit countries connecting
China with Europe, Russia, the Caucasus and Central Asia. This confirms the
growing role of the China—Kazakhstan corridor not only as a bilateral route, but
also as a segment of a broader Eurasian logistics system.

A significant part of the literature focuses on infrastructure constraints and
their impact on transport system efficiency. Sheffi (1985), within the framework
of transport network analysis, shows that when the load on a transport system
approaches its maximum capacity, waiting time and operational costs increase
disproportionately. This principle is important for understanding the functioning
of border crossings, where even moderate growth in freight flows can lead to
substantial delays if capacity is limited.

Woxenius (2010) draws attention to the problem of interoperability in
intermodal transport systems. Differences in technical standards, railway gauge,
documentation procedures and operational rules increase the complexity of
international transportation. In the case of the China—Kazakhstan corridor, the
difference in railway gauge creates the need for additional operations at border
crossings, including transshipment or bogie exchange, which increases processing
time and affects the overall efficiency of the route.

The theory of constraints proposed by Goldratt (1990) is also applicable to
the analysis of transport corridors. According to this approach, the performance
of the entire system is determined by its weakest element. In the context of the
China—Kazakhstan corridor, such bottlenecks may include border crossings,
customs procedures, terminal capacity and limited coordination between logistics
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participants. Therefore, increasing total infrastructure length does not automatically
improve corridor efficiency unless the most critical constraints are addressed.

Another important research direction concerns the relationship between
transport costs and international trade. Hummels (2007) shows that transportation
costs and delivery time remain significant factors influencing global trade patterns.
Limao and Venables (2001) demonstrate that poor infrastructure and geographical
disadvantage increase trade costs and reduce competitiveness. For Kazakhstan, these
findings are particularly relevant, since the country’s ability to use its geographical
location depends on the quality of transport connectivity and logistics services.

Korinek and Sourdin (2011) also emphasize that high-quality logistics services
facilitate trade by reducing uncertainty, delays and transaction costs. This argument
supports the idea that the efficiency of the China—Kazakhstan corridor should be
assessed not only through physical infrastructure indicators, but also through the
quality of logistics management, documentation procedures and digital integration.

In recent years, digitalization has become one of the most important areas of
transport research. OECD (2022) notes that digital transformation of transport
systems can significantly improve efficiency by reducing administrative costs,
increasing transparency and enabling real-time data exchange. Digital tools
help synchronize the actions of customs authorities, railway operators, logistics
companies and border services, which is especially important for international
corridors involving several jurisdictions.

The International Transport Forum (2021) emphasizes that transport innovation
contributes to sustainable development by improving the use of existing
infrastructure and reducing inefficiencies in logistics operations. This is important
because digital solutions may increase system capacity without immediate large-
scale capital investment in new infrastructure. In this sense, digitalization can act as
a mechanism for increasing the effective capacity of transport corridors.

UNECE (2023) highlights the role of digital transport documents, including
electronic railway consignment notes, as a key element of international
transport digitalization. The transition from paper-based procedures to electronic
documentation reduces processing time, lowers the risk of errors and increases the
transparency of cargo movement. UNESCAP (2019) also notes that digitalization
of transport documents in Asia and the Pacific is essential for simplifying cross-
border transport operations and improving regional connectivity.

At the same time, the literature indicates that digitalization produces the greatest
effect only when it is implemented systematically. Fragmented digital solutions
may improve individual procedures, but they do not necessarily change the overall
efficiency of the transport corridor. Therefore, the integration of digital platforms,
harmonization of data exchange and institutional coordination are necessary
conditions for achieving a sustainable effect (OECD, 2022; ITF, 2021).

The review of the literature shows that existing studies provide a strong
theoretical and empirical basis for analyzing transport corridors, but several
gaps remain. First, many studies examine infrastructure, logistics hubs or digital
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technologies separately, while the functioning of a specific corridor depends on
the interaction of these factors. Second, the China—Kazakhstan transport corridor
is often considered within the broader framework of Eurasian connectivity, but
its internal structure, border node concentration and digital transformation are not
always analyzed in an integrated way. Third, the role of digitalization as a factor
that can partially compensate for infrastructure constraints remains insufficiently
developed in the academic literature.

Thus, the present study seeks to fill this gap by examining the China—Kazakhstan
railway transport corridor as an integrated system. In this study, digitalization is
considered not as an auxiliary element of logistics modernization, but as a systemic
factor that affects capacity, processing time, transparency and the resilience of
freight flows under conditions of increasing transportation volumes.

Materials and Methods. The empirical basis of the study consists of
statistical and analytical materials reflecting the development of railway freight
transportation between China and Kazakhstan in 2023-2025. The research uses
aggregated data on freight volumes, transit flows, border crossing capacity, cargo
processing time and the implementation of digital solutions in railway logistics. In
addition, the study relies on analytical reports of international organizations and
development institutions, including the World Bank, Asian Development Bank,
OECD, International Transport Forum, UNECE, UNESCAP and the Eurasian
Development Bank, as well as academic studies on transport corridors, logistics
hubs, infrastructure constraints and digital transformation of transport systems
(World Bank, 2023; Asian Development Bank, 2023; OECD, 2022; ITF, 2021;
UNECE, 2023; Eurasian Development Bank, 2024).

The methodological basis of the study is a systems approach, according to which
the China—Kazakhstan transport corridor is considered not as a single railway route,
but as an integrated logistics system consisting of several interrelated components.
These include physical infrastructure, border crossings, logistics hubs, customs
procedures, operational coordination mechanisms and digital platforms. This
approach makes it possible to assess the corridor as a complex system in which
efficiency depends on the interaction between infrastructure capacity, institutional
regulation and technological modernization (Rodrigue, 2020; Sheffi, 1985).

The study applies several complementary methods. First, statistical analysis
was used to examine the dynamics of railway freight flows between China and
Kazakhstan. This method allowed identifying the scale and direction of changes in
transportation volumes, including total freight flows, export-import asymmetry and
projected growth for 2025. Second, comparative analysis was applied to compare
the functional role of key border crossings, including Dostyk—Alashankou and
Altynkol-Khorgos. Third, system analysis was used to identify bottlenecks and to
assess how local constraints at border nodes can influence the performance of the
entire corridor (Goldratt, 1990; Woxenius, 2010).

Particular attention was paid to the assessment of digitalization as a factor
influencing transport corridor efficiency. Digitalization was analyzed through its
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impact on cargo processing time, transparency of procedures, automation of transit
declarations and coordination between participants in the logistics chain. This
corresponds to the approach of OECD and UNECE, according to which digital
transport documents, automation and real-time data exchange reduce transaction
costs and improve the operational performance of international transport systems
(OECD, 2022; UNECE, 2023).

Within the framework of the study, an analytical model was developed to assess
the efficiency of the China—Kazakhstan transport corridor. The model includes four
groups of factors: transport-operational, infrastructural, institutional and digital.
Such a classification makes it possible to identify not only the sources of efficiency,
but also the factors that limit the development of the corridor under conditions of
growing freight flows.

Table 1 — Analytical framework for assessing the efficiency of the China—Kazakhstan transport

corridor

Factor group | Indicators Substantive interpretation

Transport and | freight volume, transit speed, reflect the actual performance of the

operational delivery reliability corridor

Infrastructural | capacity, border crossings, logistics | determine the physical constraints of the
hubs, network development system

Institutional customs procedures, regulation, characterize administrative barriers and
coordination between participants governance quality

Digital automation, electronic documents, reflect the level of digital maturity and
digital platforms, system integration | transparency

Note: Compiled by the authors based on relevant sources (Rodrigue, 2020; OECD, 2022; UNECE,

2023).

The presented framework performs a methodological function and establishes
the logic of the subsequent analysis. It demonstrates that the efficiency of the China—
Kazakhstan transport corridor cannot be explained by one indicator alone. Freight
volume growth may indicate demand for the route, but it does not automatically
mean that the corridor operates efficiently. If infrastructure capacity, customs
procedures and information exchange mechanisms do not develop at the same
pace, increasing freight flows may lead to congestion, longer processing times and
declining system stability (Sheffi, 1985; Goldratt, 1990).

To assess the relationship between freight flow growth and operational load,
the study uses a comparative analytical approach. It compares the dynamics of
transportation volumes with changes in processing time, node load and system
stability. This approach is important because transport systems often demonstrate
nonlinear behavior: when utilization approaches maximum capacity, even a
relatively small increase in freight volume can lead to a disproportionate increase
in delays and costs (Sheffi, 1985).

The study also uses elements of the theory of constraints. According to this
approach, the overall efficiency of a system is determined by its weakest element.
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In the case of the China—Kazakhstan corridor, the most important constraints are
concentrated at border crossings, where differences in railway gauge, customs
procedures, transshipment operations and document processing are combined
within one limited operational space (Goldratt, 1990; Woxenius, 2010).

The limitations of the methodology should also be noted. The available data
are aggregated and do not allow conducting a full econometric analysis at the level
of individual trains, stations or logistics operators. Therefore, the study does not
claim to provide a micro-level operational simulation of the corridor. Instead, it
focuses on identifying systemic patterns and developing an integrated analytical
interpretation of the relationship between freight flow growth, infrastructure
constraints and digitalization.

Thus, the chosen methodology makes it possible to combine quantitative
indicators of freight flow dynamics with qualitative and system-based analysis of
infrastructural, institutional and digital factors. This provides a basis for assessing
the China—Kazakhstan transport corridor as an integrated transport and logistics
system.

Results. The results of the conducted analysis show that the China—Kazakhstan
railway transport corridor has entered a stage of stable growth and has become one
of the key overland routes in the Eurasian logistics system. Previously, this route
was mainly considered as an element of bilateral trade between two neighboring
countries. At the present stage, however, it performs a broader function by ensuring
transit connectivity between China, Central Asia, the Eurasian Economic Union,
Russia, the Caucasus, Turkey and Europe. This confirms the transformation
of Kazakhstan from a transit territory into a logistics hub that redistributes and
organizes freight flows within the Eurasian transport system (Eurasian Development
Bank, 2024; World Bank, 2023).

The first important result is the sustained increase in railway freight transportation
between China and Kazakhstan. According to available analytical data, in 2024 the
total volume of railway freight transportation reached approximately 32 million
tons, which is about 13% higher than in 2023. In 2025, further growth is expected,
with projected volumes reaching 33—35 million tons. This indicates that the China—
Kazakhstan route is developing not as a temporary alternative, but as a stable and
systemically significant corridor in Eurasian logistics (Asian Development Bank,
2023; Eurasian Development Bank, 2024).

Table 2 — Dynamics of railway freight transportation between China and Kazakhstan

Indicator 2023 2024 2025 forecast
Total freight volume, million tons ~28 32 33-35
Growth rate compared to previous period, % — +13 +10

Freight volume from Kazakhstan to China, million tons ~20 21-22 |~22

Freight volume from China to Kazakhstan, million tons ~8-10 |[12-13 |>13

Note: Compiled by the authors based on analytical materials on railway transportation between
Kazakhstan and China (Eurasian Development Bank, 2024; Asian Development Bank, 2023).

The data presented in Table 2 show that freight flow growth is stable and
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sustained. This growth can be explained by several factors. First, demand for the
delivery of Chinese goods to Central Asia, the Eurasian Economic Union and Europe
remains high. Second, Kazakhstan continues to act as the most important overland
channel for westbound transportation. Third, in conditions of global uncertainty and
disruption risks in maritime logistics, railway transport is becoming a competitive
alternative due to shorter delivery times and greater predictability (Christopher,
2016; Hummels, 2007).

However, the increase in total freight volume does not fully reflect the internal
structure of transportation. A more detailed analysis shows that freight flows between
China and Kazakhstan are asymmetrical. Freight flows from Kazakhstan to China
are larger in tonnage terms, but they are mainly represented by raw materials and
semi-processed goods, including coal, iron ore, metals and grain. In contrast, flows
from China to Kazakhstan and further westward mainly consist of manufactured
goods, machinery, equipment, electronics and consumer products. This means that
the corridor serves cargo flows with different economic characteristics and different
logistics requirements (World Bank, 2023; Korinek and Sourdin, 2011).

The asymmetry of freight flows has important implications for corridor efficiency.
Uneven cargo distribution complicates the planning of rolling stock, increases the
risk of empty or partially loaded return movements and creates additional pressure
on logistics coordination. Therefore, the same increase in total freight volume
may be associated with different levels of operational efficiency depending on the
structure of cargo flows and the balance between directions.

The second important result concerns the spatial concentration of freight flows.
The main load is concentrated at two key border crossings: Dostyk—Alashankou and
Altynkol-Khorgos. These nodes form the backbone of railway interaction between
China and Kazakhstan and determine the overall performance of the corridor. From
the perspective of transport network theory, such concentration increases system
vulnerability because congestion or delays at one node can quickly affect the
functioning of the entire route (Sheffi, 1985; Rodrigue, 2020).

Table 3 — Distribution of freight flows across key railway border crossings between China and

Kazakhstan
Border crossing Estimated volume in | Functional characteristics | Analytical significance
2024, million tons
Dostyk—Alashankou |~18 the oldest and most the main backbone
heavily loaded crossing | channel for bulk freight
flows
Altynkol-Khorgos ~14 a newer node associated |a growing center of
with container operations | containerization and
and dry ports cargo redistribution
Bakhty—Chuguchak / |under development | prospective additional potential instrument for
Tacheng crossing relieving congestion at
existing nodes
Note: Compiled by the authors based on materials on the structure of cross-border railway
transportation (Eurasian Development Bank, 2024; World Bank, 2023).
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The data in Table 3 demonstrate that the two existing crossings perform
complementary but different functions. Dostyk—Alashankou remains the historically
established and most heavily loaded channel, especially for bulk freight. Altynkol—
Khorgos is more closely connected with container transportation, dry port
infrastructure and modern logistics services. Together, these crossings form a dual-
node framework of the corridor, but their high load also creates a bottleneck effect.
This confirms the theoretical assumption that the efficiency of the entire system is
determined by the capacity of its most constrained elements (Goldratt, 1990).

The third result is related to the geographical scope of the corridor. Kazakhstan
acts not only as a bilateral partner of China, but also as a transit gateway for a broad
group of countries. Cargo flows from China to Uzbekistan, Kyrgyzstan, Tajikistan,
Turkmenistan and other Central Asian destinations are largely routed through
Kazakhstan. In addition, the corridor is integrated with routes leading to Russia,
Europe, the Caucasus, Turkey and Iran. This means that the China—Kazakhstan
railway corridor functions as the initial overland segment of a broader Eurasian
logistics system (Eurasian Development Bank, 2024; World Bank, 2023).

Table 4 — Geographical coverage of the China—Kazakhstan transport corridor

Level of coverage Directions Logistical significance
Direct service Kazakhstan domestic distribution, consolidation,
warehousing and processing of flows

Regional service Uzbekistan, Kyrgyzstan, | Kazakhstan as a transit gateway for
Tajikistan, Turkmenistan | Central Asia

Extended Eurasian service |Russia, Europe, integration of the corridor into
Caucasus, Turkey, Iran | international overland supply chains

Integration with TITR / Caspian direction diversification of access to Europe and

Middle Corridor increased multimodality

Note: Compiled by the authors based on materials on route geography and the development
of the Trans-Caspian International Transport Route (Eurasian Development Bank, 2024; Asian
Development Bank, 2023).

Table 4 shows that the corridor cannot be analyzed only as a bilateral China—
Kazakhstan route. Its function is multi-level. At the first level, it supports domestic
distribution in Kazakhstan. At the second level, it provides access to Chinese cargo
flows for Central Asian countries. At the third level, it becomes part of broader
Eurasian routes connecting China with Europe and the Middle East. This strengthens
Kazakhstan’s geo-economic role, but at the same time increases the requirements
for infrastructure resilience, operational coordination and digital integration.

The fourth result concerns the relationship between transit growth and operational
load. The increase in freight flows has a dual effect. On the one hand, it confirms
the competitiveness of the route and the growing demand for railway logistics.
On the other hand, it increases pressure on border crossings, customs procedures,
transshipment operations and information exchange systems. This means that the
corridor is moving from a stage of quantitative growth to a stage of operational

strain.
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Table 5 — Comparative analysis of transit growth and operational load

Indicator 2024 2025 Change | Interpretation

Transit volume, million tons | 9.93 11.04 +11% growth in demand for the route
Average load on nodes baseline | high 1 increase in congestion and queues
Processing time stable increasing | 1 overload effect

System stability medium | decreasing | | risk of disruptions

Note: Compiled by the authors based on analytical data on transit transportation dynamics and
system load indicators for the China—Kazakhstan transport corridor (Eurasian Development Bank,
2024; Sheffi, 1985).

The results presented in Table 5 demonstrate that freight growth is not a purely
positive factor. As transportation volumes increase, the system begins to operate
closer to its capacity limits. Under such conditions, processing time and the risk
of delays may increase disproportionately. This finding is consistent with transport
system theory, according to which congestion effects intensify as system utilization
approaches maximum capacity (Sheffi, 1985).

The fifth result concerns the multilevel nature of infrastructural and institutional
constraints. These constraints do not arise at one level only. They are formed
simultaneously in physical infrastructure, technological procedures, customs
processes and the spatial organization of freight flows.

Table 6 — Multilevel model of infrastructural and institutional constraints

System level | Type of constraint | Mechanism of occurrence System effect
Physical capacity limitations | constraints of tracks, terminals | accumulation of trains
and stations
Technological |railway gauge transshipment and bogie increase in processing
difference exchange operations time
Process-related | customs clearance | manual or weakly integrated delays and uncertainty
procedures
Systemic concentration of limited number of border nodes | bottleneck effect
flows

Note: Compiled by the authors based on the analysis of infrastructural and institutional constraints
within the China—Kazakhstan transport corridor (Woxenius, 2010; Goldratt, 1990; UNECE, 2023).

The key conclusion from Table 6 is that the constraints generate not isolated
problems, but an interconnected system of delays. A cascading effect emerges:
freight growth increases pressure on infrastructure; infrastructure pressure leads to
congestion; congestion overloads customs and logistics procedures; and procedural
delays reduce the overall capacity of the corridor. As aresult, even localized constraints
at border nodes can become systemic constraints affecting the entire route.

The sixth result relates to the role of digitalization. The analysis shows that
digital solutions can significantly reduce cargo processing time and increase the
effective capacity of the corridor. In particular, automation of transit procedures and
electronic documentation can reduce processing time per train from approximately
180 minutes to 30 minutes. This creates a substantial increase in potential throughput
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without immediate physical expansion of infrastructure (OECD, 2022; UNECE,
2023; UNESCAP, 2019).

Table 7 — Estimation of the impact of digitalization on system capacity

Indicator Before digitalization After digitalization Change
Processing time per train | 180 min 30 min -83%

Trains per day, estimated |8 48 +6 times

System capacity baseline significantly higher "

Time losses high minimal |

Note: Compiled by the authors based on analytical assessment of the effect of digitalization on cargo
processing time (OECD, 2022; UNECE, 2023).

The data in Table 7 show that the reduction of processing time has a nonlinear
effect on system capacity. If the time required to process one train is reduced from
three hours to 30 minutes, the number of trains that can be processed within the
same time frame increases significantly. Therefore, digitalization can be interpreted
as a form of “virtual infrastructure expansion,” since it increases the effective
capacity of the corridor without constructing new tracks or terminals.

The seventh result is based on the comparison of two models of corridor
development: the traditional infrastructure-based model and the digital model.
Infrastructure expansion remains necessary in the long term, but it requires large
investments and long implementation periods. Digitalization, by contrast, can
provide a faster and more scalable effect, especially in the reduction of administrative
and operational delays (ITF, 2021; OECD, 2022).

Table 8 — Comparison of transport corridor development models

Criterion Infrastructure-based approach Digital approach
Implementation time long-term short-term

Investment requirements | high moderate

Effect gradual rapid

Scalability limited high

Impact on efficiency partial systemic

Note: Compiled by the authors based on a comparative analysis of transport corridor development
models (OECD, 2022; ITF, 2021).

The comparison shows that the traditional infrastructure-based approach cannot
fully respond to the rapid growth of freight flows in the short term. New railway
lines, terminals and border crossings are necessary, but their construction takes
time. Digitalization provides a faster mechanism for increasing efficiency by
reducing processing time, improving transparency and synchronizing the actions
of logistics participants.

Thus, the results of the study demonstrate that the China—Kazakhstan transport
corridor has reached a stage at which its efficiency is determined not only by the
availability of physical infrastructure, but also by the quality of flow management.
Freight flow growth increases pressure on the system and reveals infrastructure
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constraints, while digitalization acts as a mechanism for compensating these
constraints and improving the resilience of the corridor. This supports the conclusion
that the future development of the China—Kazakhstan route should be based on the
formation of an intelligent logistics system integrating infrastructure, institutions
and digital technologies.

Discussion. The results obtained in the course of the study make it possible
to move beyond a descriptive analysis of freight flow dynamics and to identify
the mechanisms that determine the efficiency of the China—Kazakhstan railway
transport corridor. In contrast to approaches in which transport corridors are
interpreted mainly as physical infrastructure, the present study shows that their
performance depends on the interaction of infrastructure, institutional procedures,
operational coordination and digital technologies. This corresponds to the modern
understanding of transport corridors as integrated logistics systems rather than
simple linear routes (Rodrigue, 2020; Notteboom and Rodrigue, 2009).

The first important discussion point concerns the nonlinear relationship between
freight flow growth and corridor efficiency. The results show that an increase in
transportation volumes strengthens Kazakhstan’s role in Eurasian logistics, but at
the same time creates additional pressure on border crossings, terminals, customs
procedures and rolling stock management. This means that growth itself cannot
be considered an unconditional indicator of efficiency. If infrastructure capacity
and operational coordination do not expand at the same pace as freight flows, the
system begins to experience congestion and delays. This conclusion is consistent
with transport network theory, according to which the closer a system comes to its
capacity limit, the faster waiting time and operational costs increase (Sheffi, 1985).

The China—Kazakhstan corridor demonstrates this effect quite clearly. The
increase in total railway freight volume to approximately 32 million tons in 2024
and the forecasted growth to 33—35 million tons in 2025 indicate the high demand
for this route. However, the concentration of flows at the Dostyk—Alashankou and
Altynkol-Khorgos crossings shows that the system’s efficiency depends not on the
total length of the railway network, but on the performance of its most loaded
nodes. This confirms the relevance of the theory of constraints, according to which
the total performance of a system is determined by its weakest or most overloaded
element (Goldratt, 1990).

The second discussion point is related to the structural asymmetry of freight
flows. The analysis demonstrates that transportation from Kazakhstan to China is
dominated by raw materials and semi-processed goods, whereas freight flows from
China toward Kazakhstan and further westward consist mainly of manufactured
goods, machinery, equipment and consumer products. This asymmetry affects the
organization of logistics processes because different types of cargo require different
handling, storage, documentation and delivery conditions. As a result, the efficiency
of the corridor depends not only on tonnage indicators, but also on the structure and
balance of freight flows (Christopher, 2016; Korinek and Sourdin, 2011).

This finding is significant because many assessments of transport corridors focus

(0 O & 580




ISSN 1991-3494 3.2026

primarily on total volumes. However, the case of the China—Kazakhstan corridor
shows that two corridors with similar freight volumes may differ substantially
in operational efficiency if their cargo structures are different. The imbalance
between directions increases the probability of empty or partially loaded return
movements, complicates rolling stock planning and reduces the predictability of
logistics cycles. Therefore, transport policy should consider not only the expansion
of freight volumes, but also the qualitative structure of transportation.

The third discussion point concerns the role of Kazakhstan as a logistics hub.
The results show that the China—Kazakhstan corridor cannot be analyzed only
within the framework of bilateral trade. In practice, Kazakhstan acts as a gateway
for Chinese cargo flows directed to Central Asia, Russia, the Caucasus, Turkey,
Iran and Europe. This confirms the concept of logistics regionalization, according
to which transport nodes gradually transform from simple transit points into centers
of cargo redistribution and value creation (Notteboom and Rodrigue, 2009). In this
context, Kazakhstan’s strategic task is not only to ensure transit passage, but also to
develop logistics services, warehousing, consolidation, multimodal operations and
digital flow management.

The development of dry ports and logistics hubs is especially important in
this regard. The Altynkol-Khorgos node demonstrates the potential of a new
logistics model based on containerization, terminal operations and integration
with international supply chains. This corresponds to the concept of dry ports,
which are considered inland logistics centers capable of performing part of the
functions of maritime ports and strengthening the position of landlocked countries
in international trade (Roso, 2009). For Kazakhstan, this approach creates an
opportunity to transform geographical location into an economic advantage.

The fourth discussion point concerns infrastructure constraints. The results
indicate that the most significant limitations are concentrated at border crossings
and in procedures associated with gauge change, transshipment, customs clearance
and document processing. These constraints are not isolated. They interact with
each other and create a cumulative effect. For example, limited terminal capacity
increases waiting time; longer waiting time creates additional pressure on customs
and logistics services; procedural delays reduce system stability; and instability
affects delivery reliability. This mechanism corresponds to the logic of bottlenecks
in complex systems (Goldratt, 1990; Woxenius, 2010).

Therefore, solving infrastructure problems requires not only the construction
of new railway lines or terminals, but also the synchronization of all operational
processes. If new physical infrastructure is created without improving customs
procedures, digital documentation and data exchange, the effect of investment
may be limited. This is why the development of the China—Kazakhstan corridor
should be based on a combined model that integrates infrastructure expansion with
institutional and digital modernization.

The fifth and most important discussion point concerns the role of digitalization.
The results of the study show that digital technologies can significantly reduce cargo
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processing time and increase effective system capacity. The reduction of processing
time from 180 minutes to 30 minutes demonstrates that digitalization affects not
only individual procedures, but also the overall performance of the corridor. In this
sense, digitalization performs the function of “virtual infrastructure expansion,”
since it allows the system to process more trains and cargo flows without immediate
large-scale capital construction (OECD, 2022; UNECE, 2023).

This result expands the traditional interpretation of digitalization in transport
logistics. In many studies, digital technologies are considered mainly as instruments
for improving transparency, simplifying documentation or reducing administrative
costs. The present study shows that under conditions of infrastructure overload,
digitalization becomes a systemic factor of capacity management. It reduces the
negative effect of bottlenecks, increases the speed of cargo clearance, improves
coordination between participants and strengthens the resilience of the transport
corridor (ITF, 2021; UNESCAP, 2019).

Based on the results obtained, the efficiency of the China—Kazakhstan transport
corridor can be represented through a conceptual model in which freight flow
growth acts as an external driver, while infrastructural capacity, institutional
environment, operational logistics and digital ecosystem form the internal structure
of the system. The interaction of these elements determines cargo processing time,
delivery reliability and overall corridor performance.

| EXOGENOUS DRIVER |

Growth of Transcontinental Freight Flows (Q)

i

INTERNATIONAL TRANSPORT CORRIDOR SYSTEM
(China — Kazakhstan — Eurasia)

INFRASTRUCTURE INSTITUTIONAL OPERATIONAL DIGITAL ECOSYSTEM
CAPACITY ENVIRONMENT LOGISTICS |_Dyieia |
(Physical constraints) (Customs & Regulation) (Flow management) (Automation & Data)
Capacity Limits Administrative Digital Integration
(Bottlenecks) Frictions & Automation
SYSTEM CONSTRAINTS ACCUMULATION
(Congestion, Delays, Queue Formation)

| PROCESSING TIME (T) / SYSTEM LATENCY |

+

| TRANSPORT CORRIDOR PERFORMANCE ’

Flow Concentration
& Imbalance

(Efficiency, Throughput, Reliability, Stability)

DIGITAL MODERATION EFFECT (D)

(! ion of latency, sync ization of processes,
mitigation of bottlenecks impact)

Figure 1 — Conceptual model of the efficiency of the China—Kazakhstan international transport
corridor considering the moderating effect of digitalization
Note: Compiled by the authors.
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The proposed conceptual model includes several analytical levels. At the first
level, the growth of transnational freight flows increases pressure on the transport
corridor. At the second level, this pressure is absorbed or intensified by four
internal components: infrastructure, institutions, logistics operations and digital
systems. At the third level, the interaction of these components produces specific
outcomes, including processing time, congestion, reliability and system capacity.
Digitalization performs a moderating function because it reduces the negative
impact of infrastructure and institutional constraints on overall efficiency.

This interpretation contributes to the development of transport corridor theory.
In the works of Rodrigue (2020), corridors are primarily analyzed as spatial and
infrastructural systems. In this study, the approach is expanded by including
institutional and digital dimensions. In OECD and ITF studies, digitalization is often
considered as a separate area of transport modernization (OECD, 2022; ITF, 2021).
In the present study, digitalization is integrated into the overall model of corridor
efficiency and is interpreted as a mechanism for compensating infrastructure
constraints.

The practical implications of the study are also significant. First, the results show
that Kazakhstan’s transport policy should not rely only on the physical expansion
of infrastructure. Although new railway lines, border crossings and terminals
remain necessary, they cannot fully solve the problem of efficiency without digital
integration. Second, the implementation of electronic documents, automated transit
declarations and integrated data exchange platforms can provide a faster effect
than large-scale construction projects. Third, digitalization creates the conditions
for Kazakhstan to move from the role of a transit country to the role of an active
logistics operator capable of managing freight flows and generating added value.

From a policy perspective, the development of the China—Kazakhstan corridor
requires the simultaneous implementation of three groups of measures. The first
group includes infrastructure measures aimed at increasing the capacity of border
crossings, terminals and connecting railway lines. The second group includes
institutional measures related to simplifying customs procedures, harmonizing
documentation and strengthening coordination between railway, customs and
logistics operators. The third group includes digital measures aimed at creating
integrated platforms for cargo tracking, electronic documentation, data exchange
and operational decision-making (UNECE, 2023; UNESCAP, 2019).

The scientific novelty of the study lies in the fact that it interprets digitalization
not as an auxiliary element of transport modernization, but as a central factor in
improving corridor efficiency under conditions of increasing freight flows. The
study also identifies the nonlinear effect of freight growth on system stability and
demonstrates that the concentration of cargo at a limited number of border nodes
creates systemic vulnerability. These findings make it possible to develop a more
comprehensive approach to the assessment of international transport corridors.

At the same time, the discussion should acknowledge several limitations.
The study is based on aggregated statistical and analytical data, which limits the
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possibility of conducting detailed econometric modeling. The available data do not
allow assessing the exact processing time at each station, the behavior of individual
logistics operators or the micro-level structure of delays. Therefore, future research
should focus on building quantitative models based on operational data, including
train-level information, terminal processing time, customs clearance duration and
digital platform usage indicators.

Thus, the discussion confirms that the China—Kazakhstan transport corridor has
reached a stage where its development cannot be assessed only through freight
volume indicators. The decisive factor is the system’s ability to process increasing
flows quickly, transparently and reliably. Under these conditions, digitalization
becomes a key mechanism for increasing effective capacity, reducing bottlenecks
and strengthening Kazakhstan’s position in the Eurasian logistics system.

Conclusion. The conducted study was aimed at analyzing the functioning
of the China—Kazakhstan railway transport corridor and determining the role of
digitalization in improving its efficiency under conditions of increasing freight flows.
The results made it possible to identify the key patterns of corridor development
and to reveal the mechanisms that shape its operational performance within the
broader Eurasian logistics system.

First, the study established that the China—Kazakhstan transport corridor has
entered a stage of stable and sustained growth. The increase in freight volumes
in 2023-2025 confirms the growing importance of this route for overland
transportation between China, Central Asia and Europe. Kazakhstan performs not
only a transit function, but also increasingly acts as a logistics hub where cargo
flows are consolidated, redistributed and integrated into international supply chains
(Eurasian Development Bank, 2024; World Bank, 2023).

Second, the study showed that the growth of freight flows is accompanied by
increasing pressure on infrastructure and logistics procedures. The main load is
concentrated at the Dostyk—Alashankou and Altynkol-Khorgos border crossings,
which form the dual-node framework of the corridor. This concentration strengthens
the strategic role of these nodes, but also creates a bottleneck effect, where the
performance of the entire system depends on the capacity and stability of a limited
number of border points (Sheffi, 1985; Goldratt, 1990).

Third, the analysis revealed the asymmetrical nature of freight flows. Cargo
moving from Kazakhstan to China is dominated by raw materials and semi-
processed goods, while flows from China to Kazakhstan and further westward
consist mainly of manufactured goods, machinery, equipment and consumer
products. This asymmetry complicates the planning of rolling stock, increases the
risk of empty or partially loaded return movements and affects the overall efficiency
of the corridor (Christopher, 2016; Korinek and Sourdin, 2011).

Fourth, the study demonstrated that infrastructural and institutional constraints
are interconnected and form a system of cumulative delays. Capacity limitations,
differences in railway gauge, transshipment operations, customs procedures and
insufficient digital integration create a cascading effect in which local delays
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can influence the entire transport corridor. This confirms that the efficiency of
the corridor is determined not by one factor, but by the interaction of physical,
institutional, operational and digital components (Woxenius, 2010; UNECE, 2023).

Fifth, particular importance was given to digitalization. The results show that
digital solutions, including automated transit procedures, electronic documentation
and integrated information platforms, can significantly reduce cargo processing
time and increase the effective capacity of the system. The reduction of processing
time from 180 minutes to 30 minutes demonstrates that digitalization can function
as a mechanism of “virtual infrastructure expansion,” allowing the corridor to
process greater freight volumes without immediate large-scale capital investment
(OECD, 2022; ITF, 2021).

The scientific contribution of the study lies in the development of an integrated
approach to assessing transport corridor efficiency. In contrast to studies that
examine infrastructure, logistics or digitalization separately, this research considers
the China—Kazakhstan corridor as a complex system in which efficiency is
determined by the interaction of freight flows, infrastructure capacity, institutional
procedures and digital technologies. The proposed conceptual interpretation shows
that digitalization acts as a moderating factor that reduces the negative impact of
infrastructure constraints and improves system resilience.

The practical significance of the study lies in the possibility of using its results
in transport policy and logistics planning. The findings confirm that Kazakhstan’s
transport strategy should combine long-term infrastructure expansion with short-
and medium-term digital modernization. Priority should be given to the development
of electronic documentation, automated customs and transit procedures, real-time
cargo tracking, integrated data exchange platforms and coordinated management of
border crossing operations.

At the same time, the study has several limitations. The analysis is based on
aggregated data and does not include detailed operational information at the level of
individual trains, stations, terminals or logistics operators. This limits the possibility
of conducting econometric modeling or simulation of specific bottlenecks. Future
research should therefore focus on micro-level operational data, quantitative
assessment of the effect of digital tools, modeling of border crossing capacity and
analysis of multimodal integration with the Trans-Caspian International Transport
Route.

In conclusion, the China—Kazakhstan transport corridor should be viewed as a
strategic element of Eurasian logistics whose future development depends not only
on the expansion of physical infrastructure, but also on the quality of digital and
institutional coordination. Under contemporary conditions, digitalization becomes
one of the key factors ensuring the competitiveness, resilience and sustainable
development of the corridor. The transition from a transit model to an intelligent
logistics management model can strengthen Kazakhstan’s role in global supply
chains and increase the long-term efficiency of its transport system.

585 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

References

Rodrigue J.-P. (2020) The geography of transport systems. Sth ed. London: Routledge. (in Eng.)

World Bank (2023) Transport connectivity in Central Asia. Washington, DC: World Bank. (in
Eng.)

Asian Development Bank (2023) CAREC corridor performance measurement and monitoring
annual report. Manila: Asian Development Bank. (in Eng.)

Roso V. (2009) The dry port concept: connecting seaports with the hinterland. Journal of Transport
Geography, 17(5). — P. 338-345. (in Eng.)

Notteboom T., Rodrigue J.-P. (2009) The future of containerization: perspectives from maritime
and inland freight distribution. GeoJournal, 74(1). —P. 7-22. (in Eng.)

Christopher M. (2016) Logistics and supply chain management. 5th ed. Harlow: Pearson. (in
Eng.)

Eurasian Development Bank (2024) Transport corridors of Eurasia: development trends. Almaty:
Eurasian Development Bank. (in Eng.)

Woxenius J. (2010) Intermodal transport and logistics systems. European Transport Research
Review, 2(2). — P. 77-87. (in Eng.)

Sheffi Y. (1985) Urban transportation networks: equilibrium analysis with mathematical
programming methods. Englewood Cliffs: Prentice-Hall. (in Eng.)

OECD (2022) Digital transformation of transport systems. Paris: OECD Publishing. (in Eng.)

ITF - International Transport Forum (2021) Transport innovation for sustainable development: a
global perspective. Paris: OECD Publishing. (in Eng.)

UNECE (2023) Digitalization of transport documents and procedures: e-SMGS. Geneva: United
Nations Economic Commission for Europe. (in Eng.)

Goldratt E. (1990) Theory of constraints. Great Barrington: North River Press. (in Eng.)

Hummels D. (2007) Transportation costs and international trade in the second era of globalization.
Journal of Economic Perspectives, 21(3). — P. 131-154. (in Eng.)

Limao N., Venables A. (2001) Infrastructure, geographical disadvantage, transport costs and
trade. The World Bank Economic Review, 15(3). — P. 451-479. (in Eng.)

Korinek J., Sourdin P. (2011) To what extent are high-quality logistics services trade facilitating?
OECD Trade Policy Papers, No. 108. Paris: OECD Publishing. (in Eng.)

UNESCAP (2019) Digitalization of transport documents and procedures in Asia and the Pacific.
Bangkok: United Nations. (in Eng.)

UNCTAD (2023) Review of maritime transport 2023. Geneva: United Nations. (in Eng.)

@ ONe 586



Publication Ethics and Publication Malpractice in the journals of the Central Asian
Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research CenterLLP
implies that the described work has not been published previously (except in the form of an abstract
or as part of a published lecture or academic thesis or as an electronic preprint, see http:/www.
elsevier. com/postingpolicy), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another
language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic
Research Center LLP follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics. org/files/ u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the Central Asian Academic
Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and
safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on
the websites:
www: nauka-nanrk.kz
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en

Managing Editor: A.Shormakova
Editors: D.S. Alenov, M.Konyrbekov
Computer layout: G.D. Zhadyranova

Signed for print: June 30, 2026
Format: 70x90 1/16. 48.0 printed sheets. Order No. 3

«Central Asian Academic Research Centery LLP
Almaty, Shevchenko Street, 28





