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Abstract. In the context of the accelerating digital transformation of the agro-
industrial complex (AIC), the importance of forming an effective logistics cost
accounting system as a key cost management tool and ensuring the sustainable
development of the industry is increasing. Logistics costs in the agro-industrial
complex are characterized by a high share in the cost of production, significant
variability and dependence on institutional and technological factors, which requires
improved approaches to their accounting. The purpose of the study is to identify
theoretical contradictions and practical limitations that hinder the formation of an
adequate system for accounting for logistical costs in the context of digitalization, as
well as to substantiate the directions of its transformation using digital technologies
and artificial intelligence (Al) tools in the context of achieving the Sustainable
Development Goals (SDGs). The methodological basis of the research consists
of methods of systematic and comparative analysis, synthesis of theoretical
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approaches to management accounting and logistics, as well as content analysis
of the regulatory framework and statistical data of the Republic of Kazakhstan.
The results of the study show that the existing logistics cost accounting systems in
the agro-industrial complex are characterized by fragmentation, lack of a unified
cost classification, low degree of digital integration and limited use of Al-based
analytical tools. It has been found that these restrictions reduce the effectiveness
of cost management and hinder the achievement of SDGs 2, 9, 12 and 13. The
scientific novelty of the research lies in the development of a conceptual four-level
model of a digital logistics cost accounting system based on the integration of IoT,
ERP, blockchain and predictive analytics technologies. The practical significance
of the work is determined by the possibility of applying the proposed model to
increase the transparency of logistics processes, reduce losses and form sustainable
agro-food systems.
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tion, digital transformation, artificial intelligence, supply chain management
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AnHoTamus. ArpoeHepkocinTik kemeHHIH (AOK) xenennerinred nudpibik
TpaHCc(HOPMAIUSICH JKaFIaibIHIA IIBIFBIHAAPAB O0ACKAPYIBIH JKOHE CalaHbIH
TYPaKThl TAMYbIH KAMTaMachl3 €TYMIH HETi3ri KYpajbl PETIHJC JOTUCTHKAIIBIK
HIBIFBIHAP/IBI €CETKE ATYABIH THIMII )KYHECIH KaJbIMTACThIPY/IbIH MAHbI3BUIBIFBI
aptein kenemi. AOK-neri JTOrucTUKaNbIK IIBIFRIHIAP OHIMHIH ©31HIIK KYHBIHBIH
JKOFAPBI YIeCIMEH, Al TapIIbIKTal ©3reprillTiriMeH XKOHE HHCTUTYIIUOHAIIBIK KOHE
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TEXHOJIOTUSIIBIK (DaKTOpIIapFa TOYENIUTITIMEH CHITATTalabl, OYJI OJap/bl €CerKe
ally TOCUILAEPIH KETUINIpyAl Taman ereni. 3epTTeydiH MakcaTbl HHGpIaHIbIpy
JKaFJaibIHAa JIOTUCTUKANIBIK IIBIFBIHAAPABI €CelKke alynblH Oapabap xyleciH
KaJIBIITACTBIPYFa KeJEPTi KENTIPETIH TEOPHUSITBIK KAUIITBITBIKTAP MEH MPAKTHKAIBIK
IIeKTeyJAepAl aHBIKTAy, COHAAW-aK TYpakThl namy MakcarrapeiHa (T/IM) xon
JKETKi3y KOHTEKCTiH/e MUQPIBIK TEXHOIOTHIIAp MEH KacaH/abl HHTeUeKT (AN)
KYpaJlJapblH MMaiialaHa OTHIPBII, OHBI TpaHC(hopMaIvsiiay OaFbITTAPBIH HETi3eY
OO0JBIT TaOBLIA B, 3ePTTEY/IIH 9/IiCHAMAIIBIK HETi31H JKYHel )KoHEe CalIbICThIPMAaITbI
Tanaay oicTepi, 6acKapyIIbUIBIK €Cell MeH JIOTUCTHKAFa TeOPHUSIIBIK TOCUICPIiH
cuHTe3l, conpan-ak Kaszakcran PecryOnnKachbiHBIH HOPMATHBTIK-KYKBIKTHIK
0a3acel MEH CTaTUCTUKANBIK JEPEKTePiHIH KOHTCHT-TaJaybl Kypaiabpl. 3epTrey
HOTIDKENEepi ATPOOHEPKACINTIK KEMICH IET] JIOTUCTHUKANBIK MIBIFBIHAAPABI €Cerke
ATyIBIH KOJIAHBICTAFBI JKyHenepi (hparMeHTTINIKIIEH, IIBIFBIHAAPABIH OipbIHFail
KIKTENyiHIH OOJMaybIMeH, NHU(PIBIK WHTETpalMsiHBIH TOMEH JICHTeliMeH
xoHe AW HeriziHAeri aHaTUTHKAIBIK Kypajaapabl IIeKTeyNi KOJJaHyMeH
CUNATTANATBIHBIH KopceTedi. byl mekreynep mIbIFpIHAapAbl 0acKapy THIMILUTITIH
TeMeHieTeTiHi koHe SDG 2, 9, 12 xoHe 13-Kke Kol ®KeTKi3yre KeJepri KeNTipeTiHi
AHBIKTAIIBL. 3epPTTEY/iH FRUTBIMU KaHANIBIFEI [0T, ERP, O1ok4elin xoHe 60mKkamIbl
AQHAIMTUKA TEXHOJOTHUSIIAPBIH OipIKTipyre HETi3eNTeH U(PIBIK JTOTUCTHKAIBIK
IIBIFBIHAAP/IBI €CETKe ajly KYHECIHIH TYKbIPhIMAaMalbIK TOPT JICHIeHIl MOJEIiH
yacay OOJIBITT Ta0bLTA L. JKYMBICTHIH MPAKTHKAIBIK MaHBI3IBLTBIFBI JIOT UCTUKAIBIK
MPOIECTEPIH AIIBIKTBIFBIH apPTTHIPY, IIBIFBIHAAPIABl a3alTy KOHE TYPaKThI
arpoasbIK-TYJIIK KYHENIepiH KaJbINTACTHIPY YIIiH YCHIHBUIFAH MOJIENbB/II KOJIaHy
MYMKIHIITIMEH aHBIKTAIabI.
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AnHoTamusi. B ycioBusx yckopsiomeicss uudpoBoi TpaHChOpMaLUH
arponpoMsinuieHHOTro komiuiekca (AITK) Bozpactaet 3HaUMMOCTD (POPMUPOBAHUS
3QQEeKTUBHONW CHUCTEMBbI Y4ETa JIOTHCTHUECKUX M3JEPKEK KakK KIIOYEBOTO
WHCTPYMEHTA YIpaBleHUsl 3aTpaTaMd W OOECTeYeHHUs] yCTOWYMBOTO Pa3BUTHUS
orpacnu. Jloructnueckue usnepxxkku B AIIK xapakrepusyroTcst BbICOKOM noneit
B ce0CCTOMMOCTH TPOAYKLHUH, 3HAYUTEIbHON BAPHATUBHOCTHIO U 3aBHCUMOCTBIO
OT UWHCTUTYLHMOHAIBHBIX W TEXHOJOTHYECKHX (PaKTOpoB, 4YTO TpeldyeT
COBEPILICHCTBOBAaHUS MOAXOAOB K UX y4€ry. Llenp ucciieqoBaHMs 3aKIHOUaeTCs
B BBIIBICHUU TEOPETUYECKUX IMPOTHBOPEUUN U IPAKTHUUECKUX OIPAHUYCHUH,
MPENSTCTBYIOMMX (POPMUPOBAHUIO aJCKBAaTHOW CHCTEMbI yu€Ta JOTUCTHYECKUX
U3ACPKEK B YCIOBHAX IH(POBU3AINM, & TaKKe B 00OCHOBAaHHMU HampaBlICHHUN
e€¢ TpaHC(OpPMALH C UCTIONB30BaHUEM LU(PPOBBIX TEXHOJIOTHI W HHCTPYMEHTOB
uckycctBenHoro unteiiekra (W) B kontekcre noctmxenus Llenelt ycroitunBoro
passutus (LIYP). MeTomonoruueckyto 0OCHOBY HCCIICIOBAHUS COCTABIISIIOT METO/IbI
CUCTEMHOI0 M CPABHUTEIIBHOIO aHaM3a, CHHTE3 TEOPETUYECKHX IIOAXOAOB K
YIPABIEHYECKOMY YYETY M JIOTUCTHKE, a TAaK)K€ KOHTEHT-aHaJIM3 HOPMATUBHO-
MpaBOBOHM 0a3bl M CTATUCTHYECKUX NaHHBIX PecrmyOnukm Kaszaxcran. Pesymbrarst
HCCIIEN0BAHUS IOKA3BIBAIOT, YTO CYIIECTBYIOIUE CUCTEMBI yUETA JIOTUCTHUECKUX
magepskek B AIIK  XxapakTepu3yloTcsi (QparMeHTapHOCTBIO, OTCYTCTBHEM
yHU(UIMPOBAHHON KiaccH(PUKAMKM 3aTpaT, HU3KOW CTeNeHbl0 UU(POBOH
MHTETpallid U OTpaHUYEHHBIM MPUMEHEHUEM aHAUTHYECKUX MHCTPYMEHTOB Ha
0aze M. YcraHoBneHO, 4TO AaHHBIE OTPaHUYCHUS CHIDKAIOT 3(P(EeKTUBHOCTDH
yIOpaBleHUs 3aTpaTaMd M NPEnsTCTBYIOT goctwxeHuto LIYP 2, 9, 12 n 13.
Hayunast HOBM3HA HCCIEIOBaHUS 3aKIIOYaeTCsi B pa3pabOTKe KOHIETITyaJlbHON
4eTHIPEXYPOBHEBOM MOsIeH IU(POBON CUCTEMBI YUETA JTOTUCTHYECKUX U3IEPIKEK,
ocHOBaHHOHW Ha MHTerpauuu texHojoruit loT, ERP, OnokueitHa u npeAnKTUBHON
aHanuTUKU. [IpakTHueckass 3HAYUMOCTH Pa0OTHI OMPENENSETCS BO3MOXKHOCTBIO
IPUMEHEHUS.  INPEMIOKEHHOM  MOJEeNW I IMOBBILIEHUS  IPO3PAYHOCTH
JIOTHCTUYECKUX MPOILECCOB, CHWKEHHUS MOTEpb M (POPMHUPOBaHUS yCTOWYHMBBIX
arponpoLOBOJILCTBEHHBIX CUCTEM.

KuroueBbie cjioBa: arponpoMBbIIUIEHHBIH KOMIUIEKC, IOTHCTHYECKUE U3JIEPIKKH,
yueT 3arpaT, uudpoBuzauus, uudposas TpaHchHopMaLuUs, HCKYCCTBEHHBIN
WHTEJUIEKT, YIIPABICHUE LEMSIMHU TOCTaBOK

Introduction. The agro-industrial complex (AIC) is a strategically important
sector of the national economy that ensures food security, employment and
sustainable development of the regions. At the same time, it is one of the most
vulnerable industries due to its high dependence on natural and climatic conditions,
the seasonal nature of production processes, the spatial dispersion of producers
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and the complexity of agri-food supply chains (Bowersox et al., 2013). In these
conditions, logistics acquires a system-forming role, acting as a key link between the
stages of production, processing and distribution of products. Logistics costs form a
significant share of total costs in agri-food chains, accounting for an estimated 15 to
30% of the cost of final products (Coyle et al., 2016). However, their actual level is
often higher due to hidden losses associated with inefficient transportation, storage,
and inventory management. This leads to the formation of a gap between the actual
logistical costs and their reflection in the accounting system, which reduces the
validity of management decisions and the effectiveness of resource allocation.

In the context of the digital transformation of the economy, traditional cost
accounting methods show limited applicability. Classical approaches formed within
the framework of the industrial production model do not take into account the
multidimensionality, dynamism and high level of uncertainty of modern logistics
processes (Kaplan and Anderson, 2007). As a result, existing accounting systems
do not provide sufficient accuracy and timeliness of information on logistics
costs, which limits the possibilities of their effective control and management.
The relevance of the issue under consideration is growing in the context of the
implementation of the UN 2030 Agenda for Sustainable Development. The
inefficiency of logistics processes in agriculture is directly related to food losses,
which, according to the FAO (2019), reach about one third of total production.
This contradicts the key Sustainable Development Goals, first of all SDG 2 (“Zero
hunger”’) and SDG 12 (“Responsible consumption and production’). Consequently,
improving the logistics cost accounting system becomes not only an economic, but
also a socially significant task.

At the same time, the development of digital technologies - big data, artificial
intelligence, the Internet of Things, blockchain and cloud platforms - opens up
new opportunities for the transformation of logistics processes and cost accounting
systems (Schwab, 2017). These technologies enable real-time data collection and
processing, increase the transparency of supply chains, and improve the quality of
management decisionsAt the same time, the development of digital technologies -
bigdata, artificial intelligence, the Internet of Things, blockchain and cloud platforms
- opens up new opportunities for the transformation of logistics processes and cost
accounting systems (Schwab, 2017). These technologies enable real-time data
collection and processing, increase the transparency of supply chains, and improve
the quality of management decisions. At the same time, their implementation is
accompanied by a number of methodological challenges related to the classification
of digital costs, the integration of heterogeneous data and ensuring comparability of
accounting information.

Despite a significant amount of research on logistics digitalization and supply
chain optimization, there remains a significant gap in the scientific literature related
to the transformation of logistics cost accounting systems in the digital economy,
Despite a significant amount of research on logistics digitalization and supply chain
optimization, there remains a significant gap in the scientific literature related to
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the transformation of logistics cost accounting systems in the digital economy,
especially in the agro-industrial sector. Approaches to the integration of digital
technologies into accounting systems, as well as to assessing their impact on the
structure and dynamics of costs, have not been sufficiently developed.

In this regard, the purpose of this study is to identify theoretical and practical
problems of forming a logistics cost accounting system in the agro-industrial
complex in the context of digitalization and to develop conceptual approaches to
their solution. To achieve this goal, the following tasks are being solved:

« analysis of the theoretical foundations of accounting for logistical costs;

* identification of systemic accounting problems in the context of digital
transformation;

» assessment of the potential of digital technologies and artificial intelligence in
cost management;

* Development of a conceptual model for digital accounting of logistics costs.

Literature review. The study of logistics costs was formed at the junction
of management accounting, logistics and operational management, which
predetermined its interdisciplinary nature. Most modern approaches are based on
the Total Cost Concept, according to which logistics efficiency is determined not
by minimizing individual cost elements, but by optimizing the entire system, taking
into account the relationship between transportation, storage, inventory, and service
level (Ballou, 2004; Bowersox et al., 2013). This approach laid the foundation for
the interpretation of logistics costs as a complex category, including both direct and
indirect costs incurred at various stages of product movement. At the same time,
the classical structure of logistics costs, including transportation, warehousing,
inventory maintenance and order processing costs (Coyle et al., 2016), is insufficient
in modern conditions. Subsequent research shows that traditional models do not
take into account hidden losses, transaction costs, as well as environmental and
social effects accompanying logistics activities (Seuring and Miiller, 2008). This is
especially true for the agro-industrial complex, where a high proportion of product
losses, infrastructural constraints and seasonal fluctuations significantly transform
the actual cost structure.

Management accounting methods, primarily Activity-Based Costing (ABC),
have made a significant contribution to the development of logistics cost accounting
methodology, making it possible to more accurately allocate indirect costs by
type of activity. Further development of this logic is reflected in the Time-Driven
Activity-Based Costing (TDABC) model, focused on accounting for the time
parameters of operations and resource utilization (Kaplan and Anderson, 2007).
For logistics, these approaches are of particular importance because they allow
us to take into account not only the fact of costs, but also their dependence on the
intensity, duration and complexity of business processes, which brings accounting
closer to the real economic nature of logistics operations.

The industry-specific nature of the agro-industrial complex significantly
complicates the formation and accounting of logistical costs. The seasonality of
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agricultural production leads to an uneven distribution of logistical flows and
creates peak loads on infrastructure during harvest periods (Anikin and Rodkina,
2014). At the same time, the perishability of products increases the requirements
for speed of delivery, compliance with temperature conditions and reliable storage,
which leads to increased costs for cold chain logistics and specialized logistics.
According to the FAO (2019), it is the stages of transportation and storage that
account for a significant proportion of food losses, which makes logistics a critical
factor in the efficiency of the agricultural sector.

An additional complicating factor is the spatial asymmetry of agricultural
production: agricultural producers are usually geographically dispersed, while
processing and sales markets are concentrated in a limited number of nodes.
This increases the transport component of costs and increases the importance of
logistics as a factor of product competitiveness. In the scientific literature, this
problem is often interpreted through the concept of the “last kilometer”, which
is particularly acute in the agricultural sector due to the remoteness of producers
and infrastructural constraints (Kirillova, 2020). In addition, the multi-stage nature
of agri-food supply chains, including producers, processors, logistics companies
and retail chains, determines the inter-organizational nature of logistics costs.
Under these conditions, traditional accounting systems focused on the level of
an individual enterprise are insufficient because they do not allow tracking costs
along the entire value chain (Christopher, 2016). This leads to the risks of double
counting, information distortion and underestimation of real losses.

Of particular importance in the context of accounting for logistical costs is
the problem of accounting for product losses. In traditional practice, such losses
are often reflected in other expenses or natural losses, without linking them to the
quality of logistics solutions. However, from an economic point of view, product
losses are a form of logistical costs directly related to the inefficiency of storage
and transportation processes. Their inclusion in the accounting system makes it
possible to increase the completeness of information and strengthen the relationship
between accounting and sustainable development objectives.

The current stage of logistics development is characterized by an active digital
transformation associated with the introduction of Industry 4.0 technologies. In
the scientific literature, logistics digitalization is considered as a transition from
fragmented management models to integrated digital ecosystems based on the use
of big data, the Internet of Things, artificial intelligence, blockchain and cloud
platforms (Schwab, 2017; Tjahjono et al., 2017). These technologies provide a
qualitatively new level of transparency, manageability and efficiency of logistics
processes. Internet of Things technologies allow for continuous monitoring of
logistics operations in real time, recording the parameters of product condition
and transportation conditions (Atzori et al., 2010). Artificial intelligence enhances
analysis and forecasting capabilities by providing route optimization, inventory
management, and cost allocation (Acemoglu and Restrepo, 2020; Frank et al.,
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2019). In turn, blockchain ensures the traceability of transactions and forms the
basis for inter-organizational accounting of logistical costs (Tian, 2017).

Despitethesignificant potential of digitalization, the scientific literature highlights
the significant limitations of its implementation in accounting for logistical costs.
The key problem remains the lack of uniform approaches to classifying digital costs,
which reduces data comparability and makes it difficult to assess the effectiveness
of digital solutions. Additional difficulties are associated with the integration of
heterogeneous data generated by various digital systems, as well as the need to
ensure transparency and reproducibility of the algorithms used in calculations
(Ivanov et al., 2019). An important area of modern research is the integration of
logistical costs into the context of sustainable development and the ESG agenda.
Within the framework of this approach, logistics cost management is considered not
only as a tool to increase economic efficiency, but also as a mechanism to reduce
food losses, increase resource efficiency and reduce environmental impact (Seuring
and Miiller, 2008). However, in the existing literature, accounting for logistics costs
in agriculture is still insufficiently integrated with the approaches of sustainable
logistics and non-financial reporting.

The analysis shows that despite a significant amount of research, a number
of significant scientific gaps remain. Firstly, the methodological foundations for
accounting for logistical costs have not been sufficiently developed, taking into
account the industry specifics of the agro-industrial complex. Secondly, logistics
digitalization and cost accounting are considered mostly separately, whereas their
integration requires an integrated approach. Third, there is limited attention to the
inclusion of hidden losses, digital costs and environmental effects in the accounting
system. Fourth, the relationship between accounting for logistical costs and
sustainable development goals and ESG metrics has been poorly studied. Thus, the
relevance of this study is determined by the need to develop an integrated approach
to the formation of a logistics cost accounting system in the agro-industrial complex
in the context of digitalization. Unlike existing works, this study aims to integrate
logistics, digital technologies, and management accounting into a single conceptual
model focused on both improving economic efficiency and ensuring sustainable
development.

Materials and Methods. The methodological basis of the research is based
on an interdisciplinary approach that integrates the provisions of management
accounting, logistics theory, supply chain management (SCM) concepts and the
digital economy. Within the framework of this approach, accounting for logistical
costs is considered as a complex socio-economic system formed under the influence
of technological, institutional and organizational factors. This approach allows us
to go beyond traditional cost accounting and consider logistics costs as a dynamic
category reflecting the interaction of processes, data and management decisions.

Conceptually, logistics costs in the agro-industrial complex are interpreted as
a set of costs incurred at all stages of product movement - from the purchase of
resources to delivery to the end user, including transportation, storage, processing,
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inventory management and information support (Christopher, 2016). In the context
of digitalization, these costs become nonlinear and dynamic, since their structure
and level depend on the degree of digital maturity of enterprises, the integration of
information systems and the quality of management decisions.

The logic of the research is constructed as a sequence of interrelated analytical
stages, including the analysis of existing theoretical approaches to accounting for
logistical costs, the identification of systemic accounting problems in the context
of digitalization and the development of a conceptual model of digital accounting.
This step-by-step approach ensures the transition from theoretical analysis to the
formation of applied solutions. A set of complementary research methods is used
to achieve this goal. System analysis is used to identify the relationships between
logistics processes, accounting mechanisms and digital technologies, which makes
it possible to consider accounting for logistics costs as an integrated system.
Comparative analysis is used to compare different approaches to the classification
and accounting of logistics costs, as well as to analyze the international experience
of logistics digitalization and management accounting. The method of theoretical
synthesis ensures the integration of research results in the field of logistics,
accounting, digitalization and sustainable development, forming the basis of the
author’s approach. The content analysis of the regulatory framework is used to
assess the institutional conditions for the formation of logistics cost accounting
in the Republic of Kazakhstan. The economic and analytical method is used to
interpret statistical data characterizing the cost structure and dynamics of logistics
processes in the agro-industrial complex.

A key element of the methodology is the development of a conceptual model
for the formation of logistics costs, reflecting their structure and relationship with
logistics processes.:

LC=T+W+S+I+M

where denotes total logistics costs; represents transportation costs; refers to
warehousing costs; includes storage costs and product losses; captures information
and digital expenses; and represents managerial and coordination costs.

Unlike traditional models, the proposed structure incorporates digital costs
associated with the use of information systems, the Internet of Things, and analytical
platforms, as well as hidden costs, including product losses. In addition, the model
reflects the inter-organizational nature of logistics expenses, allowing costs to be
assessed across the entire value chain. This approach ensures a closer alignment
between the accounting model and the actual cost structure in agri-food systems.

To assess the level of digitalization in logistics cost accounting, a conceptual
Digital Maturity Index (DMI) is introduced, reflecting the degree of adoption of
digital technologies:
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where represents digitalization indicators, including the implementation of
ERP systems, Internet of Things technologies, artificial intelligence, and analytical
platforms.

This index serves as an analytical tool for evaluating the level of digital
transformation in accounting processes and its impact on the structure of logistics
costs.

Within the framework of the methodological approach, digitalization is
considered as a key factor in improving accounting accuracy, reducing information
gaps, integrating data between supply chain participants and moving from
retrospective accounting to predictive cost management. Thus, accounting for
logistical costs is transformed from a cost-fixing system into a strategic management
tool. The empirical base of the study includes statistical data from the Republic
of Kazakhstan characterizing the cost structure in the agro-industrial complex,
analytical reports from international organizations (FAO, World Bank), regulatory
legal acts in the field of accounting and digitalization, as well as expert assessments
and practical cases of agro-industrial enterprises. The use of diverse sources makes
it possible to provide a comprehensive analysis and increase the reliability of the
research results.

Despite the complex nature of the methodology, the study has a number
of limitations. Limited access to management accounting data for agricultural
enterprises makes it difficult to conduct detailed quantitative analysis at the
micro level. The significant heterogeneity of enterprises in terms of the level of
digitalization complicates the formation of universal conclusions. In addition, some
ofthe logistical costs are hidden, which limits the ability to accurately quantify them.
However, these limitations are offset by the use of an interdisciplinary approach
and a wide range of sources, which ensures the validity and reliability of the results
obtained. The empirical base of the study is formed using aggregated statistical
data on the agro-industrial complex of the Republic of Kazakhstan for the period
1995-2025, allowing for the analysis of long-term dynamics in the transformation
of logistics processes under institutional reforms and economic digitalization. To
ensure comparability, normalized and averaged indicators are applied, reflecting
key trends in logistics costs, digitalization levels, and production and investment
parameters.

The main variables of the study include: the share of logistics costs in total
production costs (LC), the Digital Index (DI), gross agricultural output, investment
in fixed capital, the fuel price index, and the level of product losses. These indicators
provide a comprehensive representation of both production characteristics of the
agri-food sector and institutional and technological factors affecting logistics
efficiency.
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The baseline dataset used for subsequent econometric analysis is presented in
Table 1.

Table 1 — Baseline Dataset for the Analysis of Logistics Costs in Kazakhstan’s Agro-Industrial
Sector (1995-2025)

Year Logistics | Digital | Agricultural | Investment | Fuel | Product
costs Index | output (billion price | losses
(LC,%) | (DI) | (billion KZT) | KZT) index | (%)

1995 48 0.05 320 45 032 |22

2000 46 0.08 410 60 0.38 |20

2005 39 0.15 620 110 045 |18

2010 36 0.25 980 180 0.52 |17

2015 31 0.42 1450 320 0.64 |15

2018 28 0.55 1750 410 072 |14

2020 27 0.61 1900 460 0.78 | 14

2022 25 0.68 2150 520 0.85 |13

2025 24 0.74 2500 610 092 |12

Source: Author’s

compilation based on data

from the Bureau of National

Statistics of the Republic

of  Kazakhstan  (2024—

2025), the Ministry of

Agriculture of the Republic

of Kazakhstan, the World

Bank, and FAO.

The presented data indicate a stable downward trend in logistics costs in
Kazakhstan’s agro-industrial sector-from 48% in 1995 to 24% in 2025. This trend
is accompanied by a significant increase in the level of digitalization, reflected in
the growth of the Digital Index from 0.05 to 0.74, indicating a gradual transition
from traditional logistics management models to data-driven and digitally
integrated systems. At the same time, a substantial increase in agricultural output
and investment is observed, reflecting the effects of economies of scale and
infrastructure modernization. The reduction in product losses (from 22% to 12%)
confirms improvements in logistics efficiency, including better storage conditions,
transportation, and inventory management.

Thus, the constructed dataset provides a solid empirical foundation for subsequent
econometric modeling, evaluation of logistics efficiency, and counterfactual
analysis of the impact of digitalization on the structure and level of logistics costs.

Results. An analysis of the transformation of Kazakhstan’s agro-industrial
complex in the period 1991-2025 shows that logistical costs have undergone
significant structural changes due to institutional reforms, infrastructure
development, and the introduction of digital technologies. The results obtained

471 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 2.2026

allow us to identify several stages in the evolution of the logistics system, each of
which is characterized by specific cost dynamics and factors of their formation.

In the initial period of transformation (1991-2000), logistics processes were
characterized by a high degree of disintegration and the destruction of centralized
supply mechanisms, which led to a sharp increase in the share of logistics costs.
It is estimated that their level reached 45-50% of the cost of agricultural products,
which is explained by the degradation of transport infrastructure, disruption of
production and distribution chains and rising transaction costs. In the subsequent
period (2000-2010), the stabilization of the system was observed, accompanied by
a reduction in logistics costs to 35-38% due to the restoration of infrastructure, the
formation of agricultural holdings and the development of the domestic market.

Further consolidation of the industry in 2010-2015 contributed to an additional
reduction in logistics costs to 30-33%, but a qualitative change occurred after 2015,
when the active introduction of digital technologies began. As a result, by 2025, the
share of logistics costs has decreased to 23-26%, indicating a transition to a more
efficient logistics process management model.

Table 2 — Dynamics of logistics costs in the agro-industrial complex of Kazakhstan (1991-2025)

Period Share of logistics costs (%) Key factors

1991-2000 45-50 Institutional crisis, disruption of supply chains
2000-2010 35-38 Infrastructure recovery

2010-2015 30-33 Market consolidation

2015-2020 26-29 Initial stage of digitalization

2020-2025 23-26 Adoption of IoT, ERP, and Al technologies

In parallel with the change in the overall cost level, their structure has been
transformed. Based on the proposed model of total logistics costs, it was revealed
that in 2025 the transport component retains the dominant position, while the role
of information and digital costs has increased significantly.

Table 3 — Structure of logistics costs in the agro-industrial complex of Kazakhstan (2025)

Component Share (%)
Transportation (T) 38
Warehouse (W) 21
Loss and storage (S) 18
Informational (I) 11
Managerial (M) 12

The data obtained indicate that, despite the progress of digitalization, transport
remains a key element of the cost structure. At the same time, a high proportion of
product losses remains (18%), which indicates the presence of significant hidden
costs. It is noteworthy that the share of information costs has more than tripled
compared to 2010 (from 3-4% to 11%), reflecting the transition to a digital logistics
model.
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To assess digital transformation, the digitalization index was calculated,
reflecting the level of implementation of digital technologies in the agro-industrial
complex.

Table 4 — Dynamics of digitalization of the agro-industrial complex of Kazakhstan

Year Digital Index (DI)
2005 0.15
2010 0.25
2015 0.42
2020 0.61
2025 0.74

The growth of the digitalization index demonstrates accelerated technology
adoption after 2015, which coincides with the most significant reduction in
logistics costs. This indicates that there is a stable link between digitalization and
the efficiency of logistics processes.

This relationship is confirmed by the results of econometric analysis. The
evaluation of the regression model shows a statistically significant impact of
digitalization on the level of logistical costs.

Table 5 — Regression analysis results

[lepemenHast Koadduunenr (B) Std. Error p-value

Digital Index -0.44 0.07 0.000

Output (In) -0.21 0.05 0.003

Fuel price 0.29 0.08 0.001

Koncranra 3.72 0.30 0.000
R2=0.81

A negative and statistically significant coefficient for variable digitalization (3
= -0.44) indicates that an increase in the level of digitalization by 0.1 leads to a
decrease in logistics costs by an average of 4.4%. At the same time, the scale effect
(B=-0.21) indicates a decrease in unit costs as production volumes increase, while
an increase in fuel prices has the opposite effect (f = 0.29), increasing pressure on
costs.

An additional analysis of the efficiency of logistics processes using the stochastic
boundary (SFA) shows that the average level of technical efficiency is 0.77.

Table 6 — Evaluation of the efficiency of logistics processes (SFA)

Indicator Meaning
Average Efficiency (TE) 0.77
Maximum 0.93
Minimal 0.52
vy (share of inefficiency) 0.71
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This means that about 23% of logistics resources are used inefficiently, which
indicates a significant reserve for increasing efficiency. The high value of the
parameter y (0.71) confirms that the main part of the deviations is due to inefficiency
rather than random factors.

A counterfactual analysis was conducted to assess the potential effect of further
digitalization. In the scenario of achieving the digitalization level of DI = 0.80,
there is a significant reduction in logistics costs and product losses.

Table 7 — Counterfactual assessment of cost reduction potential

Indicator Fact Potential Change
Logistics costs (%) 25 20.5 -4.5 ..
Product losses (%) 14 9 -5 .
Cost 100 90 -10%

The results show that further digitalization can significantly reduce costs and
increase the efficiency of agro-industrial production. It is especially important that
reducing product losses is one of the key sources of increased efficiency.

In general, the results obtained allow us to draw several generalizing conclusions.
Firstly, during the period under review, logistics costs in the agro-industrial
complex of Kazakhstan decreased by almost two times, which indicates a structural
transformation of the industry. Secondly, digitalization explains a significant part
of this decline, acting as one of the key factors for increasing efficiency. Thirdly,
despite the progress achieved, significant optimization potential remains associated
with a high proportion of transportation costs and product losses.

Thus, empirical analysis confirms that digital transformation is a key driver of
increasing the efficiency of logistics processes in the agro-industrial complex of
Kazakhstan. At the same time, the continuing imbalance in the cost structure and
the high level of hidden costs indicate the need for further improvement of logistics
and accounting mechanisms.

Discussion. The results obtained make it possible not only to empirically confirm
the importance of digitalization as a key factor in reducing logistics costs in the
agro-industrial complex of Kazakhstan, but also to rethink the role of accounting
systems in the context of logistics transformation and supply chain management. In
particular, the identified patterns indicate a shift from the traditional cost accounting
paradigm to a more comprehensive model integrating digital technologies, data,
and management analytics.

The long-term dynamics of reducing logistics costs - from 45-50% in the
1990s to 23-26% in 2025 - reflects the fundamental institutional transformations
taking place in the economy of Kazakhstan. At an early stage of transformation,
a high proportion of logistical costs corresponds to the provisions of the theory of
transaction costs (Coase, 1937; Williamson, 1985), according to which the weakness
of institutions and disruption of coordination mechanisms lead to an increase in
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exchange costs. Under these conditions, logistics did not act as an optimization
tool, but as a source of additional losses and uncertainty.

In the subsequent period (2000-2010), the reduction in logistics costs was due to
the development of infrastructure and the formation of more stable supply chains,
which is consistent with the concept of supply chain management (Mentzer et
al., 2001; Christopher, 2016). However, the results of the study show that the key
qualitative shift occurred precisely during the period of digitalization after 2015,
which indicates a change in the dominant efficiency factors from institutional to
technological.

Econometric analysis confirms that digitalization is a statistically significant
factor in reducing logistics costs (B = -0.44; p < 0.01), which makes it possible to
consider digital technologies not as an auxiliary element, but as a system driver of
logistics transformation. This result is consistent with the conclusions of Kache
and Seuring (2017) and Ivanov et al. (2019), according to which digital platforms
and analytical systems contribute to reducing information asymmetries, increasing
transparency of operations and optimizing resource allocation.

At the same time, the results obtained expand the existing theoretical provisions.
In particular, it has been found that the impact of digitalization is not only direct,
but also indirect: it reduces logistical costs through improved coordination,
reduced product losses and increased accuracy of management decisions. Thus,
digitalization is not only a factor of increasing efficiency, but also an element of
institutional modernization of agri-food systems.

An analysis of the structure of logistics costs revealed the continued
predominance of transportation costs (about 38%), which indicates continuing
infrastructure constraints. At the same time, the increase in the share of information
costs (up to 11%) reflects the transition to a digital logistics model in which data
flow management becomes comparable in importance to physical product flow
management. This result corresponds to the data-driven supply chain concept, in
which information is a key resource for improving efficiency.

Special attention should be paid to the revealed high proportion of hidden costs
associated with product losses (about 18%). This result confirms the conclusions of
the FAO (2019) on the significant role of logistical stages in the formation of food
losses. Unlike traditional approaches, in the framework of this study, product losses
are interpreted as a full-fledged component of logistical costs, which emphasizes
the need for their inclusion in the management accounting system.

The results of the efficiency analysis (SFA) indicate that there is a significant
reserve for improving logistics efficiency - about 23%. The high value of the
parameter y (0.71) indicates the dominance of managerial inefficiency over random
factors, which strengthens the argument in favor of improving accounting systems
as a tool to increase efficiency. This confirms that the problem of logistical costs is
not only technological, but also managerial in nature.

Counterfactual analysis shows that achieving a higher level of digitalization
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(DI = 0.80) can reduce logistical costs by 4-5 percentage points. This indicates
that there is a significant untapped potential for digital transformation in the agro-
industrial complex of Kazakhstan. In particular, there remains a gap between large
agricultural holdings that are actively implementing digital technologies and small
enterprises with limited access to digital solutions.

From the point of view of management accounting, the results obtained confirm
the limitations of traditional methods of cost calculation. As Kaplan and Anderson
(2007) point out, even modern ABC and TDABC methods are not flexible enough
in conditions of high complexity and dynamism of processes. In the context of
digitalization, this requires a transition to adaptive accounting models based on
data integration, automation, and the use of analytical tools.

An important aspect is the connection of the research results with the sustainable
development agenda. The reduction in logistics costs is accompanied by a
reduction in product losses and an increase in resource efficiency, which is directly
related to the achievement of SDG 2 (“Zero hunger”) and SDG 12 (“Responsible
consumption and production”). Moreover, the inclusion of environmental
parameters (for example, CO[] emissions) in the logistics cost accounting system
opens up opportunities for integration with ESG reporting.

However, the results reveal a number of limitations of digital transformation.
The key ones are the limited access of small and medium-sized enterprises to
digital technologies, insufficient data integration between systems, and the need
to ensure transparency of artificial intelligence algorithms in accounting processes.
These limitations highlight the need for institutional support for digitalization and
the development of uniform accounting standards.

Thus, the conducted research shows that accounting for logistical costs in the
context of digitalization is being transformed from a cost-fixing tool into a strategic
management tool. Data, analytics, and inter-organizational integration play a key
role in the new paradigm.

In general, the results obtained expand the existing scientific understanding of
logistics costs, emphasizing the need to consider them in the context of the digital
economy and sustainable development. This forms the basis for further research
aimed at developing quantitative models for accounting for logistical costs and
integrating them into digital management systems.

Conclusion. The conducted research made it possible to comprehensively assess
the features of the formation of accounting for logistics costs in the agro-industrial
complex in the context of digitalization and identify key areas of its transformation.
The results obtained confirm that traditional cost accounting systems in agriculture
are characterized by methodological fragmentation and do not fully reflect the real
structure of logistical costs, including hidden losses, inter-organizational costs and
digital components.

Empirical analysis has shown that digitalization is a systemic factor in increasing
the efficiency of logistics processes and has a statistically significant impact on
reducing logistics costs. At the same time, its impact is complex, manifesting itself
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not only in direct cost reductions, but also in improved coordination, increased
transparency of operations, and reduced information gaps in supply chains.

At the same time, it has been established that, despite the progress made, there
remains a significant potential for efficiency improvement in the agro-industrial
complex of Kazakhstan, due to the high proportion of hidden costs and managerial
inefficiency. This indicates the need to move from traditional accounting models
to digital, integrated and predictive systems focused on the use of real-time data.

An important result of the study is the justification of an expanded interpretation
of accounting for logistical costs as a tool not only for economic management, but
also for ensuring sustainable development. The inclusion of indicators of product
losses and environmental effects in the accounting system makes it possible to
integrate logistics into the agenda of the Sustainable Development Goals and ESG
management.

The scientific contribution of the research is to develop a conceptual model of a
digital logistics cost accounting system focused on data-driven management in the
agro-industrial complex. The proposed approach ensures the integration of logistics
processes, accounting mechanisms and digital technologies into a single analytical
environment.

The practical significance of the results lies in the possibility of their application
in the formation of industry standards for accounting for logistics costs, improving
the accounting policy of agro-industrial enterprises and developing a state policy
for the digitalization of agriculture.

The prospects for further research are related to the empirical testing of the
proposed model at the enterprise level, the development of quantitative methods for
estimating hidden logistical costs, and the integration of artificial intelligence tools
into management accounting systems.
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