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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 (AI) 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 AI-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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Аннотация. Агроөнеркәсіптік кешеннің (АӨК) жеделдетілген цифрлық 
трансформациясы жағдайында шығындарды басқарудың және саланың 
тұрақты дамуын қамтамасыз етудің негізгі құралы ретінде логистикалық 
шығындарды есепке алудың тиімді жүйесін қалыптастырудың маңыздылығы 
артып келеді. АӨК-дегі логистикалық шығындар өнімнің өзіндік құнының 
жоғары үлесімен, айтарлықтай өзгергіштігімен және институционалдық және 
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технологиялық факторларға тәуелділігімен сипатталады, бұл оларды есепке 
алу тәсілдерін жетілдіруді талап етеді. Зерттеудің мақсаты цифрландыру 
жағдайында логистикалық шығындарды есепке алудың барабар жүйесін 
қалыптастыруға кедергі келтіретін теориялық қайшылықтар мен практикалық 
шектеулерді анықтау, сондай-ақ тұрақты даму мақсаттарына (ТДМ) қол 
жеткізу контекстінде цифрлық технологиялар мен жасанды интеллект (АИ) 
құралдарын пайдалана отырып, оны трансформациялау бағыттарын негіздеу 
болып табылады. Зерттеудің әдіснамалық негізін жүйелі және салыстырмалы 
талдау әдістері, басқарушылық есеп пен логистикаға теориялық тәсілдердің 
синтезі, сондай-ақ Қазақстан Республикасының нормативтік-құқықтық 
базасы мен статистикалық деректерінің контент-талдауы құрайды. Зерттеу 
нәтижелері Агроөнеркәсіптік кешендегі логистикалық шығындарды есепке 
алудың қолданыстағы жүйелері фрагменттілікпен, шығындардың бірыңғай 
жіктелуінің болмауымен, цифрлық интеграцияның төмен деңгейімен 
және АИ негізіндегі аналитикалық құралдарды шектеулі қолданумен 
сипатталатынын көрсетеді. Бұл шектеулер шығындарды басқару тиімділігін 
төмендететіні және SDG 2, 9, 12 және 13-ке қол жеткізуге кедергі келтіретіні 
анықталды. Зерттеудің ғылыми жаңалығы IoT, ERP, блокчейн және болжамды 
аналитика технологияларын біріктіруге негізделген цифрлық логистикалық 
шығындарды есепке алу жүйесінің тұжырымдамалық төрт деңгейлі моделін 
жасау болып табылады. Жұмыстың практикалық маңыздылығы логистикалық 
процестердің ашықтығын арттыру, шығындарды азайту және тұрақты 
агроазық-түлік жүйелерін қалыптастыру үшін ұсынылған модельді қолдану 
мүмкіндігімен анықталады.

Түйін сөздер: агроөнеркәсіптік кешен, логистикалық шығындар, шығын
дар есебі, цифрландыру, цифрлық трансформация, жасанды интеллект, 
жеткізу тізбегін басқару
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Аннотация. В условиях ускоряющейся цифровой трансформации 
агропромышленного комплекса (АПК) возрастает значимость формирования 
эффективной системы учёта логистических издержек как ключевого 
инструмента управления затратами и обеспечения устойчивого развития 
отрасли. Логистические издержки в АПК характеризуются высокой долей 
в себестоимости продукции, значительной вариативностью и зависимостью 
от институциональных и технологических факторов, что требует 
совершенствования подходов к их учёту. Цель исследования заключается 
в выявлении теоретических противоречий и практических ограничений, 
препятствующих формированию адекватной системы учёта логистических 
издержек в условиях цифровизации, а также в обосновании направлений 
её трансформации с использованием цифровых технологий и инструментов 
искусственного интеллекта (ИИ) в контексте достижения Целей устойчивого 
развития (ЦУР). Методологическую основу исследования составляют методы 
системного и сравнительного анализа, синтез теоретических подходов к 
управленческому учёту и логистике, а также контент-анализ нормативно-
правовой базы и статистических данных Республики Казахстан. Результаты 
исследования показывают, что существующие системы учёта логистических 
издержек в АПК характеризуются фрагментарностью, отсутствием 
унифицированной классификации затрат, низкой степенью цифровой 
интеграции и ограниченным применением аналитических инструментов на 
базе ИИ. Установлено, что данные ограничения снижают эффективность 
управления затратами и препятствуют достижению ЦУР 2, 9, 12 и 13. 
Научная новизна исследования заключается в разработке концептуальной 
четырёхуровневой модели цифровой системы учёта логистических издержек, 
основанной на интеграции технологий IoT, ERP, блокчейна и предиктивной 
аналитики. Практическая значимость работы определяется возможностью 
применения предложенной модели для повышения прозрачности 
логистических процессов, снижения потерь и формирования устойчивых 
агропродовольственных систем.

Ключевые слова: агропромышленный комплекс, логистические издержки, 
учет затрат, цифровизация, цифровая трансформация, искусственный 
интеллект, управление цепями поставок

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 - 
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 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 Müller, 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).

Despite the significant 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 Müller, 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.:

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, 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.:

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑇𝑇𝑇𝑇 + 𝑊𝑊𝑊𝑊 + 𝑆𝑆𝑆𝑆 + 𝐼𝐼𝐼𝐼 + 𝑀𝑀𝑀𝑀

where 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿denotes total logistics costs; 𝑇𝑇𝑇𝑇represents transportation costs; 𝑊𝑊𝑊𝑊refers to warehousing 
costs; 𝑆𝑆𝑆𝑆includes storage costs and product losses; 𝐼𝐼𝐼𝐼captures information and digital expenses; and 
𝑀𝑀𝑀𝑀represents 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:

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 𝐷𝐷𝐷𝐷𝑘𝑘𝑘𝑘represents 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 of 
the 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.

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 costs 
(LC, %)

Digital Index 
(DI)

Agricultural output 
(billion KZT)

Investment (billion 
KZT)

Fuel price 
index

Product losses 
(%)

1995 48 0.05 320 45 0.32 22
2000 46 0.08 410 60 0.38 20
2005 39 0.15 620 110 0.45 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 0.72 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 0.92 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 

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 
of the 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 
costs 
(LC, %)

Digital 
Index 
(DI)

Agricultural 
output 
(billion KZT)

Investment 
(billion 
KZT)

Fuel 
price 
index

Product 
losses 
(%)

1995 48 0.05 320 45 0.32 22
2000 46 0.08 410 60 0.38 20
2005 39 0.15 620 110 0.45 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 0.72 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 0.92 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 
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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 AI 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
Переменная Коэффициент (β) Std. Error p-value
Digital Index -0.44 0.07 0.000
Output (ln) -0.21 0.05 0.003
Fuel price 0.29 0.08 0.001
Константа 3.72 0.30 0.000

R² = 0.81
A negative and statistically significant coefficient for variable digitalization (β 

= -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 
(β = -0.21) indicates a decrease in unit costs as production volumes increase, while 
an increase in fuel prices has the opposite effect (β = 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
γ (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 γ (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 п.п.
Product losses (%) 14 9 -5 п.п.
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 (β = -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 γ (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, CO₂ 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 



ISSN 1991-3494 2.2026

477

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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