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DEFINITIONS

Cold Chain - A set of logistics operations that includes loading and unloading
operations, order picking, processing, storage and transportation of products that
require storage in a refrigerated environment.

Logistics Center (LC) - A material and technical complex consisting of a land
plot with complex structures and specialized equipment designed to provide services
for the delivery and processing of large quantities of goods.

Supply Chain (Product Chain) - A sequence of technological stages in the
movement of products from the initial stage (raw materials or semi-finished products)
to the production of finished goods and their delivery to the point of sale.

Wholesale Distribution Centers (WDCs) - These are warehouse complexes
where products are delivered by producers and wholesale trading organizations.
Goods are then distributed in smaller batches to customers through either the WDC's
own or the customers' commaodity distribution networks.



AIC
ALC AFP
AFSC
CDN
CA
DC
EEU
FCP
FP
FVP
FSC
FSC
ITC
LI
LWDC
LDC
LPI
PPP
PSF
PFP
PG
RLC
SCM
WFM

ABBREVIATIONS AND ACRONYMS

Agro-industrial complex
Agro-logistics center Agri-food products
Agri-food supply chains
Commodity distribution network
Central Asia

Distribution centers

Eurasian Economic Union
Frozen or chilled products

Food products

Fruit and vegetable products
Food supply chains

Food supply chains

The International trade Centre
Logistics infrastructure
Logistics wholesale distribution centers
Logistics distribution centers
Logistics Performance Index
Public-private partnership
Personal subsidiary farming
Perishable food products
Perishable goods

Regional logistics centers
Supply chain management
Wholesale food markets



INTRODUCTION

Relevance of the Research Topic. The development of the agro-food sector
occupies a key place in the economic policy of the Republic of Kazakhstan, which is
due to its contribution to GDP, significant export potential and strategic role in
ensuring food security. However, the effective functioning of this sector is impossible
without the development of modern logistics infrastructure and the construction of
sustainable supply chains for agro-food products. The development of agricultural
infrastructure plays an important role in increasing the investment attractiveness of
the region and the efficiency of the economy. The process of its formation should
take into account all factors, specifics, location of logistics infrastructure facilities
and logistics service providers.

Currently, issues related to logistical support for agricultural enterprises remain
highly relevant, but a comprehensive solution has not yet been achieved.

President of the Republic of Kazakhstan K.-J. Tokayev has set the task of
accelerating the creation of modern storage and distribution infrastructure for
agricultural products. In particular, he emphasized supporting businesses in
constructing vegetable storage facilities, wholesale distribution centers, and rural
service and distribution cooperatives. The President noted that approximately 60% of
existing vegetable storage facilities are not equipped with modern refrigeration
systems, and 30% of warehouse facilities have been in operation for more than 20
years, leading to significant product losses of up to 35-40% of the total harvested
volume [1].

At present, logistics management in the country, particularly in the agro-
industrial complex, is in its infancy.

At the same time, systemic issues persist in the logistics infrastructure and
supply chains of agri-food products (AFSC) in Kazakhstan. These include regional
and structural imbalances, weak coordination between supply chain participants, and
insufficient access to quality logistics services. Collectively, these factors have a
significant negative impact on the country’s economic development, complicating
efforts to achieve import substitution and build a competitive agro-industrial sector.

The formation of agri-food supply chains requires a highly efficient network of
interconnections and economic relationships that enhance supply chain efficiency by
developing new models and mechanisms that account for local characteristics, the
level of logistics infrastructure development, and consumer mentality. Solving these
issues will improve the efficiency and sustainability of logistics infrastructure and
agri-food supply chains.

The Government of the Republic of Kazakhstan emphasizes the importance of
developing logistics distribution centers to support sustainable regional economic
growth. However, there is still a lack of clarity regarding the functioning mechanism
and performance indicators of these centers. The fragmented nature of existing
research, inadequate organizational and methodological support, and the absence of a
systematic approach to designing logistics infrastructure, agri-food supply chains, and
wholesale distribution centers highlight the significance of this dissertation study.



The degree of scientific elaboration of the problem. The issues of forming
logistics infrastructure have been studied by foreign researchers such as
Abrahamsson M., Bowersox D., Closs D., Cooper B., Kihlén T., and Sandberg E., as
well as by domestic researchers including Abzhapbarova A.Zh., Dzhamalova G.G.,
Khadzhieva G.U., Imasheva G.M., Izteleuova M.S., Sabden O.S., Zhumataeva B.A.,
and Zhanbirov Zh.G., among others. Significant contributions to the development of
the theory and methodology of logistics infrastructure development, supply chain
management, and the advancement of the commodity distribution system in
Kazakhstan's food market have been made by domestic scholars Raimbekov Zh.S.
and Syzdykbaeva B.U.

The development of logistics infrastructure for enterprises, including
agricultural ones, has been explored by Aisner L.Y., Ahumada O., Bikmetov R.R.,
Costa Y., Carvajal J., Grigoryan A.N., Kosova A., Kokov A.C., Kurbatova S.M.,
Nosov A.L., Petrova 1.V., Sarache W., Shvalov P.G., Villalobos J., Vlasov V.A.,
Varava A.V., and others.

The authors generally agree that logistics infrastructure plans, coordinates, and
regulates information and material flows at both the enterprise and regional levels. It
serves as a mechanism that ensures the interconnection of economic processes within
an enterprise's operations.

The theoretical and methodological aspects of creating and developing logistics
infrastructure have been reflected in the works of scholars from CIS countries,
including D.S. Bukharov, M.P. Bolodurina, V.A. Gudkov, A.M. Gadzhinsky, A.V.
Dmitriev, S.B. Karnaukhov, N.P. Karpova, V.S. Lukinsky, S.Yu. Maksimova, A.l.
Mishurova, 1.Yu. Miretsky, P.V. Popov, and others.

The modeling aimed at enhancing the resilience of agri-food supply chains has
been carried out by Akram H., Akhtar S., Ahmad A., Anwar I., Atzhanova A.N.,
Bekmurzaev 1.D., Christopher M., Centobelli P., Cerchione R., Ertz M., Hammoudi
A., Kendi S., Kondratenko S.A., Mukwarami S., Nkwaira C., Nemasipova A.N.,
Sarbaev S.Sh., Straube F., Simulation D.J., Serba V.Ya., Simakova Z.L.,
Saengsathien A., Sidorenko Yu.A., Sulaiman M., Ross D.F., Radjef M.S.,
Tursynbaev E.E., Tromp S.O., van der Poll H.M., Van Der Vorst J.G., Van Der Zee,
Volkova A.A., Wiederer C., and Zhailaubek E.E., among others.

However, in many studies, the resilience of supply chains has predominantly
been examined in the context of developed countries, with less focus on developing
nations. The results suggest that organizations should work on aggregating
agricultural products and integrating farmers into the market to establish efficient and
sustainable supply chains.

Research on building intelligent cold chain logistics systems based on the
pervasive 5G Internet of Things (1oT) and the role of information and communication
technologies (ICT) in logistics services has been conducted by Akhmetkalieva S.,
Abdullaev S., Alpeisov A., Abdullaeva A., Baimukhanbetova E., Moldabekova A.,
Seidametova Zh., and Zhidebekkyzy A. These studies have significant practical value
for improving the efficiency of the entire cold chain logistics system for fresh
agricultural products.



In their works, Akhmetova Z.B., Chen Y.J., Chen X.J., Chepurnoy M., Ergobek
D.K., Feng Y.Q., Geoffrion A.M., Gorlova E.E., Kaygorodtsev A.A., Kopylova O.A.,
Liu Y.K., Li Y., Lu C., Morris J., Momynkulova Sh., Musa K.A., Ozerova M.G.,
Rakhmangulov A.N., Wang Y., Wang P., Webster S., Ydyrys S.S., Zhang X.B., and
others have explored the issues and prospects of developing wholesale distribution
logistics centers, improving sales systems, and forming regional markets.

Thanks to a comprehensive review of scientific research on this topic, the work
proposed new approaches to organizational and methodological support for the
creation of logistics centers. While numerous studies address various aspects of this
topic, there remain notable deficiencies in methodological frameworks and a lack of
contemporary approaches grounded in scientifically validated criteria for assessing
logistics center performance.

Furthermore, most existing research tends to focus on logistics infrastructure at
the enterprise level or in the context of national transportation systems and regional
development. However, the evolution of logistics infrastructure across different
economic tiers, framed within the concept of “modern network and digital logistics”
propelled by globalization, internationalization, and digital technologies, remains
insufficiently explored—thereby emphasizing the need for further investigation.

The purpose of the dissertation research is to develop recommendations and an
organizational and economic mechanism for the development of logistics
infrastructure and sustainable supply chains of agri-food products to increase the
competitiveness of the economy of Kazakhstan in the domestic and international
markets.

The implementation of this goal necessitated the need to solve the following
problems:

1. Conduct a theoretical analysis of the formation of logistics infrastructure,
examining its role and the specific features of the functioning of agri-food supply
chains.

2. Analyze international experience in the formation and development of agri-
food supply chains and their logistics infrastructure, and develop a methodology for
their study.

3. Assess the current state of logistics infrastructure and established supply
chains for perishable products, identifying factors that influence their development.

4. To develop recommendations for the development of logistics infrastructure
facilities in the regions and to propose effective supply chains for agricultural
products to increase the country's competitiveness and reduce transportation costs;

5. Justify a prospective model and organizational-economic mechanism for the
functioning of logistics infrastructure and supply chains, using logistics wholesale
distribution centers as an example, develop a model of the LWDC of agro-food
products based on the mechanism of public-private partnership;

6. To propose methodological solutions for the formation of logistics wholesale
distribution centers for agricultural products and to conduct an assessment of the
economic efficiency of their operation

The object of the study is the logistics infrastructure and supply chain of agri-
food products.



The subject of the study is the organizational and economic relations that arise
during the formation and functioning of logistics infrastructure facilities and supply
chains of agri-food products.

The theoretical and methodological foundations of this research draw upon
the works of both international and domestic scholars examining the development of
logistics infrastructure at the regional level and supply chain management in the agri-
food sector.

The dissertation employs a variety of general scientific methods (comparative,
systematic, and statistical analyses) and applied techniques (indicator standardization,
cluster analysis, regression analysis, factor analysis, center-of-gravity methods,
regional ranking, and forecasting).

The empirical basis of the study comprises legislative and regulatory
documents of the Republic of Kazakhstan, statistical data from the Bureau of
National Statistics under the Agency for Strategic Planning and Reforms of the
Republic of Kazakhstan, as well as information from periodical publications, and
research conducted by the author personally.

Main provisions submitted for defense. In the course of the study, new
provisions, conclusions and recommendations were formulated, the most significant
of which are the following:

1. Systematization and clarification of the elements and structure of logistics
infrastructure, leading to the development of a structural model of transport and
logistics infrastructure and a classification of logistics infrastructure in the context of
building effective and sustainable supply chains.

2. A methodological approach to the formation and development of logistics
infrastructure and agri-food supply chains.

3. Scientifically substantiated proposals for prioritizing the development of
logistics infrastructure and agri-food supply chains, along with measures for their
implementation.

4. A model and organizational-economic mechanism for the functioning of
logistics infrastructure for agri-food products.

Scientific Novelty of the Key Provisions of the Dissertation Research:

1. Based on the study of the formation and development processes of logistics
infrastructure, distinctions in the concepts of logistics infrastructure and its core
characteristics were identified.

2. Methodological approaches to the formation and development of logistics
infrastructure and agri-food supply chains were developed based on the analysis of
international experience.

3. Factors influencing the formation of effective logistics infrastructure and agri-
food supply chains were identified, and the efficiency of their functioning was
evaluated.

4. Scientific-practical recommendations and organizational-economic measures
were developed in order to form logistics infrastructure and sustainable supply chains
connecting small-scale agricultural producers to major regional consumers. This was
achieved through an analysis of the agri-food market, organizational-economic issues
in the development of logistics infrastructure, and the logistics services provided.



5. An organizational and economic mechanism for the functioning of the
logistics infrastructure and efficient supply chains for products and a model for the
formation of the LWDC based on the mechanism of public-private partnership,
combining into one chain all logistics, production and technological processes, as
well as the marketing and sale of agricultural products, have been developed.

6. Methodological solutions were proposed and tested for the formation of
logistics wholesale distribution centers for the storage, distribution, and trade of agri-
food products. Unlike existing centers, these solutions are based on the calculation of
an integral indicator, determination of optimal placement, service zones, and the
number of centers required in the regions, thereby justifying their locations,
increasing the efficiency of production and sales of products. Based on economic
efficiency indicators, including the discounted payback period (DPP), the built-in rate
of return and the profitability ratio, an assessment of the project for the creation of the
wholesale distribution center was carried out. The economic efficiency from the
creation of the wholesale distribution center will be expressed in a decrease in losses
and expenses in the distribution system, an increase in the efficiency of the supply
system, an increase in tax revenues, an increase in the income of producers and an
expansion of consumer choice.

Theoretical and practical relevance of the research. The results obtained by
the author and the developed methodological approaches have the potential for
further development of theoretical and applied research in the current field and the
development of industrial employment and the supply chain of agro-food products.
They have scientific and practical value for government agencies and research
organizations involved in the development of the agro-industrial complex.

The proposed methodological support allows us to put in order the mechanisms
of the LWDC. This will ensure the optimization of supply chains, a reduction in the
scale of costs and product losses, which plays a key role in increasing the
competitiveness of the agro-food sector.

The practical innovativeness of the dissertation is determined by the fact that the
measures developed within the framework of the study allow us to increase the
efficiency of alternative employment and create sustainable supply chains of agro-
food products. The proposed methodological solutions for the formation of the
LWDC of agro-food products can be used in the activities of government bodies in
developing strategies for the economic development of agriculture, regulating agro-
food markets, implementing import substitution policies; as well as in economic and
production activities, agricultural agriculture, food industry, wholesale trade, in order
to ensure a good system of marketing of agricultural products and increase the
efficiency of their effectiveness.

A number of provisions and conclusions developed within the framework of
dissertations can be used in the educational process of higher educational institutions
in economic educational programs.

Testing and implementation of research results. The results of the
dissertation research were covered at international conferences, including: The IIER
International Conference on Social Science and Economics (London, 2024),
International scientific and practical conference «New reality: economics,



management, social communications» (Novosibirsk, Novosibirsk State Pedagogical
University, 2023), X ISPC «Current innovation and investment mechanisms for the
development of the national economy in the minds of European integration» (Poltava
Polytechnic named after Yuri Kondratyuk, 2023).

In addition, the results of the study were reported at international scientific and
practical conferences, in particular: VIII RSPC «Integration of education-science-
business: problems and prospects» (Ust-Kamenogorsk, S.Amanzholov East
Kazakhstan State University, 2022), ISPC «Uvaliyev Readings: Actual Problems of
Science and Education in the Context of Modern Challenges» (Ust-Kamenogorsk, S.
Amanzholov East Kazakhstan State University, 2022), IX ISPC «Integration of
education-science-business: problems and prospects» (Ust-Kamenogorsk, S.
Amanzholov East Kazakhstan State University, 2023), XVIII ISPC «Gylym jane
bilim» (Astana, L.N. Gumilyov Eurasian National University, 2023), ISPC
«Development of digitalization and formation of the institutional environment of e-
commerce: trends, problems and solutions» (Astana, L.N. Gumilyov Eurasian
National University, 2024).

The materials of the electronic book "Scientific project "Development of the
transport and logistics system of Kazakhstan™ were used in the educational process at
the Sarsen Amanzholov East Kazakhstan State University, Kokshetau University
named after Sh. Ualikhanov. Individual recommendations of the applicant were used
in the activities of of LLP "New Silk Road" and LLP "SMART Trade Solutions,"
which is confirmed by the relevant acts on the implementation of scientific research
results (Appendix A).

The results of the dissertation research were reflected in the applied research in
priority areas for the state, in the project within the framework of grant funding from
the Ministry of Higher Education of the Republic of Kazakhstan "AP19677634
Development of logistics infrastructure and sustainable supply chains of perishable
food products in Kazakhstan (2023 - 2025)" (Appendix B).

Publications. The results of the scientific research have been published in 4
articles in journals indexed in the Scopus database, including 3 articles in the Web of
Science Core Collection database, 5 articles in journals recommended by the
Committee for Control in Education and Science of the Republic of Kazakhstan
(CCES RK), and 8 articles presented at international conferences. Additionally, 1
copyright certificate from the Ministry of Justice of the Republic of Kazakhstan was
obtained, registered in the State Register of Rights to Copyright-Protected Objects
under Ne 42478 dated January 30, 2024. (Appendix C).

Structure of the work. The dissertation contains an introduction, three sections,
a conclusion, as well as a list of references, contains 20 tables, 28 figures, 7
appendices.
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1 THEORETICAL AND METHODOLOGICAL FOUNDATIONS OF
TRANSPORT AND LOGISTICS INFRASTRUCTURE AND ITS ROLE IN
THE FORMATION OF SUPPLY CHAINS

1.1 Logistics infrastructure and its role in supply chains

Logistics infrastructure is a set of objects necessary for the implementation of
the enterprise's activities to form, promote the flow of materials and minimize the
costs of the enterprise and customers while satisfying customer requirements and
complying with all necessary requirements and quality standards when performing
these functions. The presence of a developed infrastructure is a prerequisite for the
effective functioning of the logistics system.

In the work [2] it is noted that “thanks to the coordinated action of the logistics
infrastructure, information exchange, transportation and other functional areas, it is
possible to achieve logistics competence”

The logistics infrastructure performs logistics functions [3], a certain set of
interconnected logistics operations aimed at performing certain tasks (Figure 1).

Source of material Intermefdlate o] The main converter End consumer of
flow consumer of materia of material flow the material flow
flow
Supplier Manufacturer Consumer
Material flow in the Transformation of material flow into semi- Material flow in the
form of raw finished and finished goods form of finished
materials ) aoods
T
Transport
Intermediaries ensuring the Intermediaries servicing the Intermediaries who ensure
movement of raw materials movement of material flow the movement of goods

Figure 1 - Functional features of the logistics infrastructure

Note - compiled by the author

Thus, the logistics infrastructure, performing logistics functions, ensures the
movement of goods from the manufacturer to the end consumers [3]. It relies on the
organizational, material and credit-settlement base.

The main components of the logistics infrastructure management system [3]:

« General aspects of creating, developing, and managing logistics infrastructure

« Managing the fleet of owned or contracted transport

. Utilizing transportation and warehousing equipment

« Expanding main and auxiliary routes and access roads

« Improving the efficiency of warehouse operations
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« Management of the operation of rolling stock on the line.

Researchers and practitioners interpret the concept of logistics infrastructure
differently, focusing on its functional and structural aspects.

Some scientists define logistics infrastructure as a set of activities aimed at
ensuring and supporting the movement of material and financial flows, which forms
the basis of goods movement processes [4].

The work [5] analyzes the main elements of logistics infrastructure, such as
warehouse, transport and communication components.

Russian scientists offer a broader interpretation, calling logistics infrastructure
an integrated system of socio-economic objects. This system is designed to
effectively ensure the operation of multi-level logistics systems in the region, in order
to optimize the movement of various flows [6].

Economists describe logistics infrastructure:

- as an engineering and economic system that ensures fast and safe delivery of
goods from the sender to the recipient. The basis of its functioning are transport
vehicles, handling and warehouse equipment, as well as information technologies [7],
- as a complex of interconnected objects and elements, including logistics, trade and
warehouse, information and sales components. This complex ensures the functioning
of systems of procurement, supply, storage and delivery of products to the end
consumer [8].

A synthesis of trends and challenges in shaping and advancing the logistics
infrastructure for goods movement corroborates this perspective.

Logistics infrastructure is divided into three key types: technical, institutional,
social [9].

Logistics infrastructure objects include warehouses, distribution centers,
logistics centers, terminals and other organizational units. An important stage in the
formation of infrastructure is the determination of the required number of objects,
their geographic location and functional role. This ensures the efficient execution of
operations for the processing and delivery of products.

Thus, the logistics infrastructure is a multi-level system that combines technical,
organizational and social elements. Its purpose is to optimize and improve the
efficiency of goods movement processes.

At the same time, in domestic practice, there are terms such as "logopark",
“logistics village”, “logistics center”, "transport and logistics complex”, “dry port”
and so on, which are often treated as synonyms.

Currently, a generation of logistics operators has emerged, classified according
to the 1PL — 5PL scheme [10]. Thanks to the introduction of digitalization, the
collection of various reports for decision-making is automated.

The key functions implemented in the logistics infrastructure depend on the
degree of integration of logistics into the business processes of the enterprise. Five
distinct levels of logistics integration can be delineated [11]:

« 1PL (First Party Logistics) — autonomous logistics, where all operations are
performed by the cargo owner;

« 2PL (Second Party Logistics) — logistics service providers offering traditional
transportation and warehouse management;
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- 3PL (Third Party Logistics) — the company provides services with significant
added value;

- 4PL (Fourth Party Logistic) — companies that plan, manage and control all
logistics processes for the client in accordance with long-term strategic goals;

- « 5PL (Fifth Party Logistics) — Internet logistics, acts as a comprehensive
virtual platform.

Logistics infrastructure includes a system of economic relations between various
entities and institutions, which together provide a market mechanism for the smooth
flow of logistics operations [12].

The main components of the logistics infrastructure:

Table 1 presents the main attributes of logistics infrastructure facilities
according to classification criteria derived from a synthesis of various sources.

Table 1 - Characteristics of logistics infrastructure facilities

Parameter | Distribution Dry Port Logistics Center Warehouses
centers (DC) local Regional | National and| and storage
international
Logistics Distribution | Transport | serviceis | serviceis | Allservice | service is

functions logistics logistics limited limited packages limited
Service Determined by| 81-499 km | 51-79km 81-499 Over 501 |On a certain
area the company km km territory

Facility | Determined by| Determined | 3-9 ha 21-49 ha | 51-149 ha 2-4 ha
territory | the production by
characteristics| processing

volumes
Cargo types| Determined by| Different | Consumer | General | Different Perishable
the production| categories consumer| categories
characteristics
Number of 1 1-2 more than more more than 2 1-2
transport 1 than 2
types
Control Goods flow | Cargo flow/ Transport flow, cargo flow
object container
flow

Note: compiled based on data from [13]

The components constituting the logistics infrastructure should be analyzed
across various managerial tiers—namely, the macro, meso, and micro levels. Each
level encompasses a distinct set of infrastructural components and corresponding
requirements, thereby influencing the managerial choices aimed at reinforcing the
agricultural infrastructure (Table 2).

Transport infrastructure is an integral part and element of the entire market
infrastructure or market economy, without it it is impossible not only to operate
industries and links of the main production and non-production sphere, but also
various types of markets, the creation and expansion of various markets is closely
tied to the development and availability of transport infrastructure. Consequently,
logistics infrastructure also incorporates transport networks and roads, ports, vehicles,
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and cargo terminals for different modes of transportation. Nonetheless, transport
infrastructure alone cannot presently ensure the efficient delivery of cargo from
shippers to end consumers.

Table 2 - Classification of logistics infrastructure by management levels

Managemen Type of logistics Interpretation
t level infrastructure
Macro Macro A network of facilities designed to streamline resource flows,

enhance the investment appeal of enterprises, and increase the
overall efficiency of logistics operations and productivity across
all economic sectors

Meso for supply chain A configuration of interconnected assets enabling the movement
of material flows within a specified supply chain across time and
space, while minimizing associated costs

Micro of the company A system of warehousing, transportation, loading/unloading,
packaging, information, and financial components that provides
cross-functional, “door-to-door” and “just-in-time” logistics
services at minimal expense to meet customer needs.

External A cluster of co-located infrastructure units delivering logistics

infrastructure services for both inbound and outbound material flows with

of the company  optimal cost efficiency and a predetermined service level.

Internal An enterprise subsystem that integrates infrastructure elements to

infrastructure manage internal material flows, thereby optimizing service

of the company  processes and maximizing the economic returns on logistics
activities.

Note: Compiled based on the materials of the literature review

This requires the integration of transport and logistics infrastructure. The main
function of transport infrastructure is to transport goods from the sender to the
recipient, providing transport services (loading, unloading, warehousing of cargo,
forwarding services, etc.) with minimal costs. The task of the logistics infrastructure
is to combine the spheres of production, distribution, circulation and consumption
into a single chain by ensuring the safety, security and continuity of cargo provision
and integrating transport with warehouse, container and packaging facilities. The
composition of the transport infrastructure includes communications of various types
of transport [15]: transport and logistics enterprises, operational communication
routes, transport service facilities and rolling stock of all types of transport (Figure 2).

In this regard, we have provided a clarification of the logistics infrastructure (LI)
as a set of tools for managing logistics flows (cargo, goods). The main task of L1 is to
ensure the safety, security and timeliness of delivery of goods to the end consumer.
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Transport and logistics companies
(including forwarding agencies)

Operational communication routes
(highways, railways, waterways, air
routes, pipelines)

Transport infrastructure

J

Transport service facilities
(service stations, petrol stations, etc.)

v

Rolling stock of all types of transport
(cars, rolling stock, sea, river, air vessels)

Figure 2 — Main elements of transport infrastructure

Source: [15]

Based on this, LI can include logistics enterprises with a full or partial service
cycle, warehouse technologies and equipment, as well as various information
logistics and digital technologies by type of transport. The objects of logistics service
include enterprises in the manufacturing and non-manufacturing sectors and the
population. Figure 3 shows the structure of the logistics infrastructure.

Warehouse and handling equipment,
packaging, refrigeration chambers,
containers, etc.

Logistics providers, logistics operators,
etc.

Logistics infrastructure

v v

Transport logistics and digital technologies for

Logistics service facilities all types of transport for flow management

Figure 3 - Basic elements of logistics infrastructure

Note: developed based on sources [16,17]

The coordinated application of transport and logistics infrastructure integrates
production, distribution, exchange, and consumption into a unified chain, thereby
accelerating the circulation of material, financial, and information flows. The main
goal of the formation of transport and logistics infrastructure (TLI) should be the
integration of the transport complex and modern models of digital logistics into a
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single customer-oriented environment. The expected result of the convergence and, in
some cases, the unification of the transport and logistics sectors will be their merger
into a single sector, where it will be possible to create a digital model of the
functioning and management of TLI.

A thorough examination of different perspectives on the notion of infrastructure
yields the following insights, which are crucial for investigating the challenges
related to infrastructure formation and development:

- the main features of infrastructure are the creation

of general conditions for production and ensuring the continuation of the
production process in circulation [18];

- the concept of "infrastructure" is distinguished from the concept of "services".
The first concept includes industries that create the conditions necessary for the
promotion of products from production to final consumption, and the second concept
- industries that provide services to production and the population;

- it is advisable to consider infrastructure at four levels, corresponding to the
levels of functioning of the economy: micro level, meso level, macro level, mega
level.

It is necessary to state that we still do not have precise definitions of “logistics
infrastructure” or “transport and logistics infrastructure”, but we can come across the
interpretation “transport and logistics center, wholesale distribution center, agro-
logistics center, logistics terminal, trade and logistics infrastructure”.

For instance, references to “transport and logistics infrastructure” and the
advancement of efficient transit, export, and logistics infrastructure in Kazakhstan
typically pertain to establishing regional transport and logistics hubs and transport
and logistics centers where logistics companies offer transport and logistics services
[19]. Moreover, the development of transport, and logistics infrastructure is
understood to include the creation of transport and logistics centers [20], along with
expanding trade, logistics, and transport infrastructure, and constructing logistics
centers, wholesale distribution centers (WDCs), and agro-logistics centers (ALCs).

The above infrastructures provide services not only for consumer goods but also
for perishable agricultural products and food products.

In planning the supply chain of agri-food products, one of the main issues is
perishability of products and product quality. The longer the harvest time and the
longer the delivery time to the market, the lower the price of the products will be.
Therefore, time is considered as one of the main factors in the supply chain system.
In the supply chain management system, the supply of perishable products is a
critical issue due to their short shelf life.

Developing and maintaining a reliable logistics infrastructure is crucial to
enhancing economic competitiveness, reducing transportation costs and improving
the overall efficiency of the perishable supply chain (SPSC).

The main purpose of the PFP logistics infrastructure is to provide information
and warehouse services, storage, cold chain management, inventory management, as
well as assistance in transporting and packaging products. The PFP logistics
infrastructure should maintain the continuity of the temperature regime of the chain
from the manufacturer to the end consumer.
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The PFP logistics infrastructure performs important functions to ensure the
continuity of production, distribution, exchange and consumption processes in the
region: collection and aggregation, cold storage, transportation, information support
and trade.

Based on foreign experience, in order to implement state control over tariffs in
the markets, ensure unhindered access for domestic producers and achieve the
necessary effect in containing prices, it was planned to build a network of wholesale
distribution centers (WDC) and agro-logistics centers (ALC) in the Republic of
Kazakhstan. This would create effective interregional channels for the redistribution
of products. Agro-logistics centers will have to be located near agricultural
production centers, allowing farmers to organize the storage, packaging and delivery
of their products. In this case, the parameters of the WDC and ALC will differ
depending on the needs and availability of existing infrastructure [21].

When examining the transport and logistics system (TLS) and its associated
infrastructure, one can regard them as a network comprising vehicular assets,
transport and logistics enterprises, and state regulatory frameworks. This
configuration facilitates the efficient movement of passengers and cargo, thereby
enhancing competitiveness, expediting economic growth, and addressing the
country’s national security objectives [23].

From our point of view, it is possible to include in the transport and logistics
infrastructure (TLI) objects (TLC, cargo terminals, etc.), which can be classified as
both transport and logistics infrastructure. This approach recognizes functional
characteristics and ensures clarity in assigning infrastructure elements (Figure 4).

Transport and -
~ Transport ) o Fijstics P Logistics
infrastructure "l 9 infrastructure
infrastructure (TLI)
A
A 4
Roads, ports, railway Transport, logistics Warehouses, logistics
stations, airports, and information centers, terminals,
container yards, etc. services distribution centers
A

v

Logistics and digital
innovation technologies
A (blockchain, big data)

Digital model of logistics

Unified client-oriented environment TLI

Figure 4 - Structure of a customer-oriented digital model of transport and logistics
infrastructure (TLI)

Note: Compiled by the author based on [13].
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The entire diversity of logistics infrastructure can be classified according to the
following criteria:

- By scale: micrologistics, mesologistics, macrologistics.

- By spatial criterion: local, urban, regional, national, international.

- By service criterion: universal, specialized.

- By completeness of service: full service cycle, partial service, mixed.

- By type of transport: automobile (refrigerated trucks, awnings), railway
(containers, refrigerated cars), air, water.

- By type of cargo handled: perishable goods, non-perishable goods; loose, solid.

- By the impact of the environment on products: with temperature control,
without temperature control.

By industry: trade (wholesale, retail, external), production, customs.

Based on the conducted study, the essence and content of the key components of
logistics infrastructure were revealed.

The establishment of modern logistics infrastructures in the agro-industrial
domain—such as agro-logistics centers (ALCs), wholesale distribution centers
(WDCs), and retail centers (RCs)—contributes to mitigating price volatility for food
products. It also facilitates equitable trade markups for farmers, thereby increasing
their income, curtailing post-harvest losses, and enhancing product quality and safety.

The primary objective of the logistics infrastructure for agri-food products is to
provide information and warehousing services, organize storage, manage the cold
chain and inventory, and facilitate transportation and packaging processes.

1.2 Specific features of the functioning of logistics infrastructure and supply
chains in the agro-food market

The concept of a “supply chain” refers to the multifaceted sequence of
operations through which raw materials are converted into final goods and
subsequently delivered to end users. Accordingly, the supply chain encompasses not
merely producers and suppliers of goods, but also warehouses, distributors,
wholesalers, retailers, truck drivers and consumers who buy the products.

The manufacturer sells the goods to the distributor, who then delivers the goods
to the final consumer. The manufacturer also places orders with suppliers for the
materials it needs. This process continues in this way until the product is offered for
purchase. This requires extensive coordination between participants in the supply
chain to ensure that the right goods reach the right customers at the right time, from
production to distribution and retail.

The following figure 5 shows the relationships between the various supply chain
networks.
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Supplier Manufacturer Distributor Retailer Consumer

A A AT T A

Logistics services (collection, processing, transportation, storage, processing, warehousing,
packaging, digital services, tracking and control, etc.)

Logistics infrastructure (warehouse, storage, distribution centers, logistics centers, cold storage
rooms, warehouse and packaging equipment, refrigerators, containers, etc.)

Figure 5 - Relationship between participants in food supply chains and logistics
infrastructure

Note: developed by the author

The concepts of "logistics™ and "supply chain management™ are inextricably
linked. And if the supply chain in general ensures the passage of material flow, then
logistics itself has a set of tools, means and methods for managing, planning and
controlling the passage of material resources along the supply chain. According to
Ross D.F. [24], logistics includes warehousing, transportation, materials and
information management, as well as the integration of logistics operations for the
entire supply chain, while supply chain management combines marketing and
production with distribution functions to improve competitive advantages.

Speaking about the role of logistics in the context of supply chain management,
Christopher M. points to its ability to integrate pricing processes, production and
sales control, as well as the ability to serve consumers at a higher level of quality and
at lower costs [25].

Supply chain management (SCM) covers the most important aspects of
business: purchasing, ordering, product life cycle management, production and
inventory planning, logistics operations, and end-user service. This creates a complex
and sophisticated mechanism in which each link in the chain is built into a single
flexible system.

According to Akopova E.S. and Evtodieva T.E. [26], “supply chain management
entails the holistic planning, execution, coordination, and oversight of all business
processes and activities essential for producing and delivering market-ready goods
with optimal efficiency.”

Saengsathien A. conceptualizes the supply chain as an integrated,
interconnected, and interdependent network of organizations—including suppliers,
manufacturers, distributors, third-party logistics providers, and retailers—that
cooperate, either directly or indirectly, to source raw materials, transform them into
final products, add value to these products, and distribute and promote them to
retailers. These retailers, in turn, provide the products to end users and customers,
while simultaneously facilitating the exchange of information among all members of
the supply chain [27].
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Within the agro-industrial sector, the supply chain is notably more complex due
to the perishability of products and the imperative of food safety throughout the
agricultural processing stages. Consequently, effective risk management across the
supply chain requires improvements at every step, particularly during processing
[28].

Historically, the evolution of the supply chain management concept can be
delineated through several distinct approaches [29]:

1) until the 1980s there was a systematic approach to control of purchasing
activities and suppliers.

2) then there was a simplified regulation of logistics processes and integration of
business processes of companies into chains.

3) since the 2000s there has been a unification of joint production of consumers
and suppliers.

The prerequisite for the development of the supply chain management concept is
the logistics approach. The logistics approach to supply chain management has two
main development directions [25]:

1. supply chain logistics, i.e. optimization of flows of raw materials, materials
and finished products in the chain;

2. service logistics, related to efficient satisfaction of consumer demands.

Food supply chains (FSCs) possess several unique attributes that distinguish
them from other product supply chains. Their principal distinction arises from the
ongoing and substantial alterations in food quality that occur throughout the entire
supply chain, from production through to final consumption [30]. Furthermore, FSCs
are notably more complex due to product perishability, substantial fluctuations in
demand and prices, elevated consumer focus on food safety, and reliance on climatic
conditions [31].

Food loss and waste (FW) can occur at any stage of this chain, extending from
initial production to final consumption—often summarized by the phrase “from field
to counter”. These losses and waste manifest at all FSC levels, including agriculture,
processing, wholesale, and even the consumer segment, and are prevalent in both
developed and developing nations and has become a global problem for all
participants in the food supply chain [32].

In developed countries such as the USA and EU countries, losses and damage to
SPP due to confusion in procurement and ineffective methods of SPP storage occur at
the final stage of FSC. And in developing countries such as Kazakhstan and Russia,
losses and damage to SPP occur at the beginning of FSC due to technological and
infrastructural limitations, as well as insufficient experience, low qualifications of
specialists in land preparation, harvesting, etc. [33].

For the active development of the agro-industrial complex in the region, a
unified system of procurement, processing and storage of agricultural products is
needed [34]. To solve this problem, it is possible and necessary to use agricultural
cooperatives and develop a network of logistics centers [35].

The supply chain management process depends on the “efficiency of the supply
chain, the sustainability of the supply chain”. Today, consumers around the world
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demand more from food products than just their nutritional characteristics. These
requirements include safety, quality, integrity, variety and sustainability [36].

There are two approaches [37] in research on supply chain logistics and network
design to minimize:

1. or maximize profits (economic);

2. environmental impact.

Integration of economic and environmental approaches is a promising direction
that helps achieve both goals: increasing the sustainability and efficiency of supply
chains and networks. This approach allows developing adequate solutions to improve
the functioning of logistics systems.

A sustainable and efficient logistics system simplifies the flow of goods,
information, finance and other resources, and plays an important role in the economic
development of the country. In this case, a balanced strategy that takes into account
not only economic but also environmental and social aspects is of key importance.

Supply chain sustainability should be based on the following principles:

1. Balanced development: Strategies should combine economic goals with
minimizing environmental damage.

2. Coordination and cooperation: Integration and coordinated interaction
between all supply chain participants is important to optimize logistics processes. An
efficient supply chain logistics system has a number of characteristics:

* Speed and timeliness: Fast and accurate delivery of goods to end consumers.

» Information exchange: Real-time access to data, ensuring process
transparency.

* Cycle time reduction: Minimizing the time it takes to complete logistics
operations.

* Process coordination: Streamlined management of work processes at all levels
of the chain.

* Decision support: Using tools to analyze and optimize logistics.

« Data integration: Combining information on operations to improve
consistency.

» Capacity optimization: Reducing redundant management layers and increasing
system flexibility.

Inefficiencies in the supply chain are often associated with deficiencies in the
physical structure of transport functions. Limited capacity, outdated vehicles and
inconsistent infrastructure can significantly hinder the achievement of sustainability
and efficiency.

Thus, the integration of economic and environmental approaches, as well as
taking into account the multifaceted factors affecting logistics, are key elements for
building sustainable and efficient logistics systems that contribute to economic
growth and reduce environmental impacts.

Key principles of logistics management in the food supply chain [38]:

* Inventory optimization. Inventory management is a critical aspect of logistics
in the food supply chain.
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« Efficient transportation to reduce the delivery time of goods. Selecting the
most appropriate transportation methods and optimizing routes help to reduce costs
and shorten delivery times.

* Quality management to improve logistics service and reduce logistics costs.
Ensuring high quality products is important to meet consumer expectations and
comply with legal regulations.

* Information technology. The use of modern information systems and
technologies can improve the management of the entire supply chain, providing more
accurate demand forecasting, product tracking and order management.

* Development of cooperation in the promotion of material and technical
resources, raw materials and finished products.

The links of a single macrologistics system of the agro-industrial complex
should be both multi-level supply organizations consisting of a chain of links, and
single intermediary large and small resource-supplying organizations.

The main functions of the logistics system in the agro-industrial complex should
be:

1) providing agricultural producers with goods and services of the required
volume and quality, at a certain time with minimal costs,

2) establishing channels for the distribution of goods based on the development
of optimal logistics chains,

3) development of agrological services and agrological management.

The transport and technological infrastructure should ensure the performance of
the following operations with perishable goods: unloading of goods brought in by
road, packaging, bundling, sorting by order, labeling, calibration, refrigeration
treatment, etc. It should be noted that perishable goods are transported in isothermal
wagons, covered wagons, general-purpose and refrigerated containers. Agricultural
logistics or agrologistics is a relatively new interdisciplinary field in the agricultural
sector, including the management of supply chains of agricultural products and raw
materials from production to delivery to the consumer, combining agricultural
production, marketing, management and logistics [39].

Functionally, logistics in agriculture should include [40]: system planning and
management; purchasing activities; transportation; inventory management;
processing, production, packaging; warehousing, storage; distribution, sales; service
support; information system.

To improve the efficiency of the agricultural product market, it is necessary to
create a modern agrologistics system based on a network of modern infrastructure
facilities. Agrologistics (or agricultural logistics) is the process of planning,
organizing, monitoring and managing the transportation and other operations
associated with bringing agricultural products from field to table on an industrial
scale. Marketing, trade and logistics play a key role in the agrologistics infrastructure
(Figure 6).
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The supporting nodes of the agrologistics system
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Figure 6 — Functionality of agrologistics

Note: developed by the author

Logistics of the agro-industrial complex has a number of features that are a
condition for its functioning:

1. Remoteness of producers from transport infrastructure:.

2. Seasonal dependence

3. Factors of production location.

4. Interregional and international relations.

5. Price imbalances.

6. Weak development of the material and technical base of the AIC and sales
logistics.

Logistics in agriculture is aimed at achieving the following goals [41]:

1. Optimization of material flows

2. Creation of a sustainable supply and sales system

3. Reduction of intermediaries.

4. Implementation of innovations

5. Just-in-time delivery of products

6. Safety of products.

7. Developing a rational pricing mechanism within the integrated system of
agricultural production, processing, and distribution.

8. Creating an agricultural logistics framework for the agro-industrial complex
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9. Ensuring the sustainable functioning of a state information support system for
the agro-industrial complex by incorporating objective, real-time data throughout the
entire production and sales chain for agricultural goods.

Tasks of logistics in the agro-industrial complex to improve efficiency

» Development of effective strategies for managing seasonal resource flows.

* Providing access to modern transport systems in remote regions.

* Creation of regional and international logistics centers to simplify the flow of
agricultural products.

* Implementation of inventory monitoring and management technologies to
improve control over product safety.

* Reduction of logistics costs through digitalization and optimization of logistics
processes.

Thus, logistics in the agro-industrial complex is a complex system that requires
taking into account its specifics and integrating modern technologies to improve the
efficiency and sustainability of supply chains.

The supply chain of products begins with agriculture and goes through
transportation, processing and distribution before reaching the end consumer (Fig. 7).
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Figure 7 - Flow of products, information and finance between producers,
intermediaries and consumers

Note: developed by the author

At all levels, the flow of information and production management are essential
to maintaining food safety and quality throughout the chain. The flow of inputs from
farms to consumers must be described in detail, and the constraints in each sub-
process must be identified to develop appropriate solutions to logistics problems.

The logistics infrastructure of agri-food products (AFP) performs important
functions: collection and aggregation, cold storage, transportation, information
support and trade. The logistics infrastructure of agri-food products includes
enterprises involved in:

- storage of products,

- organization of trade,

- transportation.

Warehouses, wholesale markets, distribution centers, fairs are engaged in
storage, distribution, trade and transportation.
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In modern conditions, different formats of trade of APP and their infrastructure
are used. Let's consider the objects of the logistics infrastructure of APP.

1) Vegetable storage facilities

Currently, the infrastructure of vegetable storage facilities is actively developing
in the country, which contributes to the improvement of agriculture and the standard
of living of the population. These facilities bring many advantages to the agriculture
of Kazakhstan, such as: increasing the shelf life of products, increasing productivity,
creating jobs, promoting sustainable development.

However, serious problems remain, including the low provision of warehouses
with climate control equipment: only 16.6% of 1.2 thousand storage facilities are
equipped with refrigeration units and microclimate systems [42]. To preserve the
harvest, a threefold increase in the capacity of potato storage facilities and a twofold
increase in fruit storage facilities is required, but the current pace of construction does
not allow achieving these goals by 2025.

2) Warehouses and warehouse complexes for food products

Warehouses in Kazakhstan, equipped to perform sorting, packaging, packing
and labeling operations, ensure the supply of goods to retail outlets. The warehouse
logistics market has demonstrated dynamic growth over the past five years, but
demand in a number of regions significantly exceeds supply, which causes an
increase in prices for warehouse services. In 2023, the total supply of warehouse
space in Kazakhstan amounted to about 5 million sgq. m, of which 1.3 million sq. m
are high-class warehouses. In 2024, the total area of existing high-quality warehouse
facilities in RK is 1.3 million sg. m. The main capacities are concentrated in Almaty
and Astana, with smaller facilities in Shymkent and Aktobe.

3) Logistics centers (LC)

A logistics center is a property complex that includes a site with capital
buildings and equipment, designed to provide services for the delivery and processing
of wholesale lots of goods. A logistics center is a complex of warehouses that provide
cargo storage services for the effective distribution of products. A logistics center is
understood as the construction of vegetable and fruit storage facilities with primary
processing of agricultural products. Ultimately, this will help farmers and private
households increase production volumes and expand the range of products.

The fruit and vegetable subcomplex of Kazakhstan has the main elements of the
logistics infrastructure, but their interaction and coordination are insufficient. In order
to develop the agro-industrial complex, it is necessary to create a unified system for
the procurement, processing and storage of agricultural products, including
agricultural cooperatives and a network of LCs in this system.

4) logistics wholesale distribution centers (LODC), wholesale distribution
centers (WDC), agrologistics centers (ALC)

Depending on the technological specialization and type of services provided,
wholesale distribution centers (WDC) are divided into: wholesale distribution center
for storage, distribution and trade. WDCs specialize in the storage, processing,
distribution and trade of agricultural products, forming effective transport and
logistics channels for domestic and export deliveries.

25



In developed countries, wholesale distribution centers, often state-owned, play a
key role in agrologistics. For example, in France, out of 20 wholesale food markets,
only one is private, the rest are fully or partially state-owned. In Spain, the Mercasa
wholesale distribution center network is also state-owned. 62% of the shares of the
Warsaw Agricultural Wholesale Market are also state-owned. In our country, there
are plans to place wholesale distribution centers for trade near large cities, and
wholesale distribution centers for distribution within city limits; this will speed up
customs clearance and other processes. The functional model of a WDC is shown in

Figure 8.
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Figure 8 — Functional model of a wholesale distribution center (WDC)

Note: developed by the author

5) Regional food centers /or hubs

Food hubs are a modern model of food distribution that connect small and
medium farmers with consumers and distribution agents through the creation of value
chains [43]. These centers strengthen local and regional food systems, promoting
sustainable development and public health.

The main functions of food hubs [44]:

« Aggregation: collecting products from different suppliers for distribution
through a single channel.

* Distribution: storing and transporting products to the buyer.

» Marketing and sales: finding buyers, selling products, promoting farm brands.

26



The goal of food hubs is to provide small and medium farmers with access to
large markets through the coordination of local supply chains and the development of
wholesale partnerships, supporting the role of farmers in regional food systems.

The purpose of food hubs is to provide small and medium farmers with access to
larger or additional markets. Their role is to collect, distribute and market food
products at the farmer and trader level, as well as to act as a regionally owned
enterprise (RLE) in implementing the work of food distribution centers.

7. Cold chain infrastructure (refrigerated trucks, cold rooms and equipment)

Cold chain logistics solutions include key elements: warehousing equipment,
packaging materials, quality monitoring system, specialized vehicles, product
handling during transportation and timely delivery.

The main role in the warehouse infrastructure belongs to climate-controlled
multi-temperature warehouses, which ensure the storage of agricultural products at
temperatures from -24°C to +5°C. Such warehouses consist of isolated areas with
refrigeration equipment and convenient access for loading and unloading operations.

In order to develop the national logistics infrastructure, it is necessary to
implement all the tasks set in the Concept for the Development of the Transport and
Logistics Potential of the Republic of Kazakhstan until 2030 [45].

So, let us emphasize the features of the functioning of the logistics infrastructure
and supply chains of agricultural products: it is necessary to use a logistics approach
to create an effective system of goods movement in the Kazakhstani market of
agricultural products. This system should be built on the conjugation, integration and
cooperation of all elements involved in the movement of goods and include:

- material base for production (farmer production and sales cooperatives);

- warehouse base (modern network of cold storage facilities, storage facilities,
hangars);

- transport component (refrigerated trucks, grain carriers, etc.);

- trade infrastructure (distribution centers and exchanges).

Thus, in order to increase efficiency in the country’s agro-industrial complex, it
IS necessary to develop logistics principles and approaches, which will strengthen the
interaction of all elements of the logistics chain.

1.3 Methodological approaches to the formation and development of
logistics infrastructure and agri-food supply chains

In most European countries, the practice of regulating the size of retail
facilities and their placement has become widespread since the early 1970s, and by
the end of the 1990s, a tightening of such legislative measures was noted. Such
regulation varies in the reasons and motives for government intervention, as well as
in the degree of distribution among countries.

The main goal of government regulation is to maintain the integrity of the
territorial distribution of retail infrastructure, prevent the displacement of trade from
city centers and protect the interests of socially vulnerable groups of the population
who are deprived of the opportunity to visit remote shopping areas. In addition,
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regulation is aimed at providing competitive advantages to small and medium-sized
businesses, whose ability to resist transnational operators is limited.

“To meet the demand of the population, it is necessary to optimally locate
enterprises, otherwise this can lead to a negative result and bankruptcy of trading
enterprises” [46].

Thus, as a basic condition for the modern development of retail trade, it is
necessary to a priori theoretically fix the need to strengthen the role and participation
of the state in this process. The forms and methods, tools of such participation should
be differentiated to the required level.

An important direction in this division should be the control of the
institutionalization of the country's domestic market, which involves limiting the
currently existing spontaneous (natural-evolutionary) transformation of the structure
of the material and technical base of trade by forms of ownership, as well as the
elimination of significant gaps in the volume of retail sales by trade entities.

In this study, the main attention is focused on the objects of the trade
infrastructure related to the group of trade and intermediary and distribution
organizations (wholesale and wholesale and retail markets for food products;
agricultural cooperative markets, retail stores). Since these organizations have a
direct impact on the process of food product circulation, and other elements of the
infrastructure complex have general economic significance.

The optimal location of the distribution center depends on many factors. In
addition to distances, volumes of transported goods and transport tariffs, their optimal
placement is also influenced by such factors as the availability of a developed
network of access roads, environmental and legal restrictions, tax regulations and
many others.

And only a comprehensive consideration of all significant factors allows you to
make the right decision on the optimal placement of the distribution center in the
region.

The placement of distribution centers can be defined as a search for an optimal
or as a search for a suboptimal solution.

Currently, many methods have been developed for solving the problem of
optimal placement of a warehouse terminal, among which the following methods can
be distinguished: the exhaustive search method, the heuristic method, the center of
gravity method, the trial point method, economic and mathematical models. Let us
consider each of these methods.

1) The exhaustive search method, thanks to computer technology, considers all
possible alternatives for the placement of distribution centers [47]. In reality, it may
not be applicable, since the number of possible options increases exponentially as the
scale of the network increases, and with them the complexity of the solution.

2) Heuristic methods are effective for solving complex practical problems and,
with a low computational load, can give approximate results, but do not guarantee the
absolute optimality of the solution found.

3) The method of determining the center of gravity [48]. Its essence is to
determine the location of the warehouse complex in which the minimum total cargo
turnover between the warehouse and consumers or supplier would be achieved. 4)
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The economic and mathematical model includes the model for determining the
optimal location of a warehouse, proposed in the work of D.S. Bukharov [49], the
essence of which is to minimize total logistics costs.

Each of these methods has its pros and cons. All this complicates their
application and increases the risk of error even when choosing the location of the
distribution center. Many macro approaches to choosing the location of logistics
facilities are considered in the work [50], simplifying the task of assessing the
attractiveness of DC placement options from the point of view of the company's
macroeconomic interests. It is also possible to use a methodological approach based
on the application of the capabilities of the SPSS 16.0 statistical information
processing software package and Internet-based cartographic services [51].

Petrova 1.V. [52] criteria for assessing the trade infrastructure of the agri-food
market are proposed:

« Quantitative indicators of trade infrastructure facilities within territorial entities
and the diversity of trade organization formats;

« Presence of barriers in establishing economic ties between food producers and
infrastructure-related enterprises;

« Level of information support concerning the availability of infrastructure
enterprises;

« Quality of services delivered by infrastructure enterprises;

« Extent of competitive relationships in the food market.

In our view, this set of criteria enables the simultaneous assessment of both the
quantitative provision of trade infrastructure elements within a specific district or
region, and the qualitative attributes of the agri-food market’s trade infrastructure

An important element of the trade infrastructure of the agri-food market are
wholesale trade enterprises (wholesale food markets (WFM) that are focused on
selling goods in large quantities. The overwhelming majority of buyers (commercial
structures) focused on purchasing food products in large quantities are concentrated
in large cities of the region. In cities with a permanent population of up to 100
thousand people, the placement of agricultural cooperative markets is more effective
[52].

In [53], the following procedure for determining the optimal location of a
wholesale distribution center (WDC) is proposed:

1) determine the factors (standardization, determination of weighting factors)
that significantly influence the decision on the placement of a wholesale distribution
center;

2) calculate the rating assessment of each region for the possibility of locating a
WDC according to the selected factors and taking into account the weighting factors;
3) determine the location of the WDC using the “center of gravity” method.

Implementing the regional rating method for WDC placement requires selecting
location-determining factors. Below are criteria deemed most influential in making
such decisions: socio-economic and infrastructural-geographical.

The main feature on the basis of which the efficiency of the functioning of the
product distribution system is assessed is its criterion. As such a criterion, scientists
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propose various indicators, the correct choice of which determines the effectiveness
of agricultural production and trade infrastructure for the sale of products.

In evaluating the suitability of specific areas within the Republic of Kazakhstan
for hosting a WDC, the following methodological approaches and criteria are
recommended: placement according to consumption and production volumes, based
on logistic models and an integrated approach, and also taking into account the
existing infrastructure [54].

Each of the specified methods of placing a wholesale distribution center has
both its positive side and its disadvantages.

As for transport and logistics centers (TLC) and logistics distribution centers
(LDC), in order to solve logistics problems they must have the following functions:
transport, warehouse, logistics, financial, control, information, and infrastructure. To
do this, it is necessary to determine the criteria by which the localization of the
logistics center is selected. These include the following criteria: transport, territorial,
communication, security, interaction, personnel, cargo flow, network [55-57]. When
creating and determining the location of the TLC, it is necessary to rely on these
factors and criteria.

The analysis of the academic literature has identified numerous studies
proposing mathematical methods and models or conceptual frameworks for
determining the location of a regional network of warehouses and transport/logistics
terminals. The choice of location factors is a complex problem, the purpose of which
Is to make the process of determining the location more scientific, standardized and
practical.

Traditional models for choosing a location are based on a large number of
assumptions that affect the choice of location and involve an express assessment of
the proposed logistics infrastructure. But in practice, some factors of the LC location
are not certain, such as geographic factors, environmental factors, transportation time
depending on traffic. Thus, an uncertain environment for the location of the LC is
formed. When developing a complex logistics system, these uncertain factors should
be taken into account. The selection and placement of food distribution networks is
influenced by many factors: system factors influencing the design of distribution
networks, the choice of their location [58]; the structure of product distribution,
including the choice of location of facilities [59]; the efficiency of the DC [60, 61];
design of the logistics channel. Analyzing various factors in relation to the supply
chain of agri-food products, influencing the choice of location and placement of
logistics facilities for storage, distribution and trade of products, we divided them into
five groups of factors: social, economic, regional (infrastructure-geographical),
production and environmental. The indicators used in each group of factors may
differ in quantity and quality (Figure 9).
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Figure 9 - Interrelationship between the wholesale distribution center, the supply
chain of agricultural products and the main factors influencing the choice of location
of the logistics infrastructure

Note: compiled by the author based on [13]

To select the indicators in each group of factors, an analysis of the most
frequently used indicators was carried out.

Social factors. Indicators that determine the state of the social environment of
rural areas should be represented by the population size, income level and purchasing
power of the population [59], the level of consumer satisfaction, and the growth of
the total level of consumption [62]. This need is designed to identify the degree of
influence of social factors on the economic well-being of the territories and determine
the further direction of development.

Economic factors. To assess the efficiency of the functioning of the commodity
distribution network (CDN) of the districts, it is initially necessary to determine
which districts form the effectiveness. In view of this, it is appropriate to include such
indicators as the number of producers of agricultural products, gross agricultural
output [63], as well as volume indicators of all agricultural products produced in
physical terms [62], the level of demand for products [64-66], the growth of
agricultural organizations, the share of gross production of small farms in the total
volume of agricultural production.

The choice of location and placement of logistics facilities for storage,
distribution and trade of products is also influenced by the costs of selling the final
product [59]. The efficiency of these facilities is influenced by such indicators as
profit per producer, profitability of production and sales of products [67], the share of
unprofitable enterprises included in the TPS.

Infrastructure and geographical factors include the following indicators: the
number of enterprises and workshops for processing and producing agricultural
products, the availability of storage facilities, retail space, etc. [68-70]
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Production factors include volume indicators of production and sales of
agricultural products [64].

Environmental factors are characterized by the volume of solid waste during
product sales, emissions of pollutants into the atmosphere [71].

Such allocation is associated with the presence of a corresponding element in the
structure of the system. Each of these factors ultimately affects the efficiency and
competitiveness of the DC, reliability, sustainability and quality of service.

It should be noted that the choice of location of logistics facilities depends not
only on the above factors, but also on their functional purpose, which were not
considered in the indicated works. From the point of view of sustainability, along
with economic, environmental and social factors, the geographical and transport
capabilities of the region are also important, being important criteria for choosing the
location of the LC [62], which was taken into account in our research.

The research methodology consists of the following 3 stages.

Stage 1. Analysis of foreign experience and literary sources in order to
determine the main methods, indicators for planning and placement of logistics
infrastructures for agri-food products;

Stage 2. Conducting a questionnaire survey of participants in the supply chains
of agri-food products in order to identify problems and requirements for existing and
prospective logistics infrastructures for storage, distribution and trade of agri-food
products;

Stage 3. Research and modeling to build a model of the LWDC of agri-food
products for storage, distribution and trade of products.

At the first stage, various studies by scientists were analyzed, thanks to which all
indicators influencing the development of logistics infrastructures were grouped into
5 blocks: social, economic, regional (infrastructure-geographical), production and
environmental. All selected indicators are taken on the basis of an analysis of literary
sources. And also their choice for ranking the administrative-territorial districts of
Kazakhstan was based on the availability and reliability of data, comparability of
indicators, their minimum quantity, capable of providing a general assessment of the
optimality of placement and their economic efficiency of operation. The criteria
influencing the choice and placement of logistics infrastructure, ensuring the storage,
distribution and trade of agri-food products, are presented in Appendix D.

The presented indicators are a balanced set, capable of providing a
comprehensive assessment of the optimality and level of efficiency of the functioning
of the TPS.

Thus, based on the conditions of operation of storage, distribution and trade
facilities, the factors influencing the choice of the location and distribution of agri-
food products also differ. In this regard, based on the study of foreign literature, we
substantiated and proposed criteria for the selection and placement of regional
agricultural infrastructure for the storage and sale of agri-food products.

A questionnaire survey was conducted at the 2nd stage of the study.

The purpose of the survey is to assess the current state and problems of
developing the infrastructure of the cold chain of supplies of perishable goods (PP)
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and food products (FP), to develop recommendations for improving the efficiency of
functioning and development of the cold chain infrastructure.

The main components of the cold chain supply chain are enterprises of the agro-
industrial complex, food and processing industries, trade, transport, enterprises and
warehouses for storing products. In this regard, within the framework of this work we
conducted research in order to establish the current state of affairs, identify
problematic issues and develop recommendations aimed at increasing the efficiency
and development of the cold chain infrastructure of agricultural and food products. It
should be noted that such studies have not been previously conducted in Kazakhstan.

The information base of the study was the surveys conducted among participants
in the cold chain of agricultural supplies with experience in the production, delivery
and trade of fresh produce (farmers, owners of warehouses and vegetable stores,
wholesalers and retailers, representatives of transport and logistics in the amount of
230 people), also used information from BNS ASPR RK, MTI RK, data from
secondary sources (reports, articles, Internet resources). The survey was conducted
during October and November 2023.

The questionnaire survey on studying the infrastructure of storage and
distribution of SPP and supply chains included the following questions:

1) on general information (region, field of activity, length of service, type of
business);

2) on assessing the current state of operation of the infrastructure (deterioration
level, frequency of use, proximity to the production point, employee skills and
functional problems);

3) on the state of supply chain logistics (sales channels, stability of connections,
constancy of temperature conditions, problems);

4) on development prospects (measures to improve the operation of supply
chains, types of support, training needs) (Appendix E).

The sphere of activity of the respondents is presented as follows (in %):
agriculture - 42.6; trade in perishable products - 27.0; warehousing, storage and
marketing infrastructure - 10.0; processing and production - 7.8; transport and
logistics - 7.4; government and non-government bodies - 3.0; education and science -
2.2.

At the 3rd stage of the study, a methodology was developed and an
assessment was made of the planning and placement of logistics WDCs: storage,
distribution and trade.

Based on a critical analysis of existing methods and methodology for designing
and placing logistics facilities, a methodology for designing and placing logistics
wholesale distribution centers for storage, distribution and trade (LODCs) was
proposed [72].

The methodology for constructing a model of LODCs for agri-food products
was carried out in the following sequence (Figure 10).

Stage 1. Determining potential locations for the LWDC placement

At this stage, potential sites for the location of a logistics wholesale distribution
center (LWDC) were identified using predefined criteria: analyzing agricultural
production volumes within each district and urban agglomeration, reviewing the
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current transport route network, and examining logistics and transportation
infrastructure (both rail and road).

The selection of criteria for placement and determination of the need for
logistics infrastructure facilities was carried out using the example of the LWDC in
the following sequence.

Step 1. Analysis and selection of indicators that determine the locations of
selection and placement based on statistical data for 2019-2021.

Based on the theoretical analysis, 40 indicators were selected from various
literary sources to characterize the LWDC, directly or indirectly influencing the
choice of location for logistics facilities based on statistical data from BNS ASPIR
RK. Calculation of the correlation matrix for the variables involved in the analysis
allowed us to exclude dependent (correlated) parameters and select the most
significant 19 factors. Of these, 15 indicators are available on the website of the BNS
ASPIR RK, and the remaining 3 indicators (X9, X10 and X11) were selected based
on a study of the online map (https://yandex.kz/maps/ru/) of transport routes in all
regions of Kazakhstan.

.......................................
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Figure 10 — Algorithm for constructing a model of the LWDC for agri-food products

Note: developed by the author
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The significance of the indicators was assessed and insignificant factors were
excluded. Table D.1 of Appendix D presents the results of assessing significant
correlation indicators by p-value: p<0.05; p<0.01; p<0.001.

Table 3 presents the results of assessing significant indicators.

Table 3 - Variables after excluding correlating parameters

vegetables and melons

: . Unit of Description of the indicator
Indica Unit of .
Full name of Variables measure
tors | measure
ment
_ X Population person | Average annual population
£5s Per capita income thousand | Ratio of annual cash income to the
3 § X2 tenge number of months and to the average
annual population
X3 Number of agricultural unit Shows the level of concentration of
producers producers
Volume of agricultural tons Characterizes the volume of
X4 products transportation agricultural transportation of food

2 products in the regions

= Volume of agricultural million | Determines the volume of

— X5 . .

o production tenge production

£ X6 Retail and wholesale million | Determines the volume of retail and

5 turnover of food products tenge wholesale sales of food products

0 Investments in fixed million | Investments in infrastructure in the

capital of logistics tenge regions
X7 infrastructure (trade,
transport and warehousing,
communications)
Availability (presence) of yes - 1, | Physical accessibility (availability)
logistics capacities for no-0 of capacities. Determined by
X8 storage, distribution and statistical data for each region
trade of agricultural
products, from 0 to 1
no -0, Shows the level of provision with the
£ Availability of railway, yes -1, | railway network. Determined on the

o X9 . . .

3 fromOto 1 partially - | basis of the map of regional transport

= 0.5 roads https://yandex.kz/maps/ru/

g Average transportation hour Transportation time from the district

> time by road center to the regional center.

@ X10 Determined on the basis of the
online map
https://yandex.kz/maps/ru/

Distance from the district km Transportation distance is

X11 center to the regional determined on the route map

center by road https://yandex.kz/maps/ru/
= Production and sale of tons Volume of sales of products in each
© g XlI2 . )
S5 < 4 meat and milk region
T o d "
© 7 4 Production and sale of tons
o *H X13
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https://yandex.kz/maps/ru/

Production and sale of tons
X14 . .
fruits and berries
X15 Production of grain thousand
tons
X16 Volume of production and | thousand
sale of eggs pieces
Volume of production and tons
X17
sale of potatoes
VVolume of solid waste tons The amount of waste during the sale
S | XI8 | from product sales of products based on statistics
=3 https://stat.gov.kz
oD — — p
EE Emissions of pollutants tons Emissions into the atmosphere are
Lo X19 | into the atmosphere determined based on statistics
https://stat.gov.kz
Note: compiled by the author

Step 2. Bringing the indicators to a standard form due to the unequal
measurement.

Standardization of indicators, in order to bring unequal values of indicators to
homogeneous values, is necessary for comparing indicators with different units of
measurement. The matrix dimension is defined as n * m, where n is the number of
observation objects or 204 administrative-territorial districts, and m is the number of
elementary features (in this case, 19 indicators).

The transition was made from the matrix of initial data (x) of dimension (204 x
19) to the matrix of standardized indicators (z) of dimension (204 x 19). When
recalculating all elements of the matrix into a standardized form, the following
formula was used (formula 1):

.TU —xj-

IR

where Xxij is the i-element of the j-observation;
x j is the average value of the i-elements of the j-observation;
oj is the average deviation of the i-elements of the observation.

Step 3. Determining the weighting coefficients of the indicators to determine
their significance for forming the rating.

These actions were carried out using the SPSS 21.0 program.

Step 4. Conducting a factor analysis to identify the most important factors.

Factor analysis allowed us to form, reduce the number of variables and group
them. Based on the analysis, matrices of factor values Fji were constructed for all 204
territories (districts, urban agglomerations), which were subsequently used to
calculate the rating of the location of logistics facilities obtained using the SPSS 21.0
program.
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Step 5. Conducting a cluster analysis based on k-means, forming clusters.

To study the territorial distribution of agricultural production, the regions of
Kazakhstan were divided into groups using the cluster analysis method. To conduct
cluster analysis, statistical data for 2019-2021 were used, processing was carried out
using the SPSS 21.0 program.

Step 6. Calculation of ratings and determination of the integral indicator,
differentiation of districts by the level of rating value.

The calculation of the rating itself was carried out according to the formula 2,3:

R, = (E=f),

n (2)
n
LI o
R. = —l_l Jt , 3
l 2?21 bn]l ( )

Ri - integral indicator of attractiveness of the location of the integrated
distribution center of the i-th region;

Fji - value of the j-th factor of the i-th region;

n - number of factors.

by, i - weight coefficient n of the indicator j of the factor of the i-th region.

The integral indicator obtained during the calculation was ranked from the
highest number to the lowest. A high rating score indicates the potential
attractiveness of placement in the region.

Stage 2. Clarification of potential placement locations

In the second phase, these potential sites for integrated logistics distribution
centers in the regions were further refined via the center of gravity method, focusing
on agricultural production clusters, transport accessibility, and other consolidated
technical and economic parameters in one location.

Step 7. Determination of the radius of action of the logistics infrastructure.

At this stage, the radius of action of the integrated distribution center was
calculated using the “center of gravity” method [73];

Step 8. The determination of potential locations for the integrated distribution
center was carried out on the basis of a factor analysis of the matrix of Fi values.

The average Fi value was determined for each of the 204 territories. The types
of WDCs were selected based on separately grouped factor loadings Fi, which affect
the choice of storage, marketing and trade, respectively. Their average value was
determined for each district/city. The potential location of the facilities was
determined if their average Fi value adjusted for weights was greater than one.

Stage 3. Determining the service area

Step 9. The service areas of WDCs (groups of agricultural districts) were
determined in accordance with the potential locations in the districts and urban
agglomerations.

Step 10. Economic interpretation of the results obtained.
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The work focused on objects related to the group of intermediary, distribution
and trade organizations: warehouses for agricultural products (grain, vegetable, fruit,
berry and potato storage facilities) and WDCs. Since these organizations have a direct
impact on the process of food product circulation, i.e. storage, marketing and trade.

The methodology allows designing and determining the locations of the WDC
on the territory, taking into account transport networks and transit potential, as well
as regional factors (socio-economic, environmental, production). Currently, such a
methodology is not available. The proposed locations and proposed capacity are
described in various documents on the development of the agro-industrial complex
and trade in Kazakhstan. However, they lack methodological approaches,
methodology and recommendations for the development of logistics infrastructure by
region.

The solution to the problem of optimal placement of the wholesale distribution
center makes it possible to implement two state Concepts for the development of the
agro-industrial complex [21] and trade [20], and to determine long-term investments
in the development of wholesale distribution centers in the regions of Kazakhstan.
[20]. It also facilitates the determination of long-term investments required for WDC
development across regions of Kazakhstan.

The proposed method can be used both by logistics providers to analyze and
select the optimal location for the logistics center, taking into account the existing
client base, by the owners of agro-industrial and transport zones located directly on
the territory of large regions, and by government agencies to plan the placement of
logistics infrastructures throughout the country. The models and methods used in
practice to determine the optimal location of logistics infrastructure facilities provide
an approximate solution. In addition, they do not provide for the process of forming
interconnected warehouse and transport infrastructure in the region.

It can be concluded that there is no consensus in the literature regarding the
stages of the design process, selection and use of indicators that determine the
location of objects that should be optimally followed when deciding on the selection
of elements and the structure of storage or distribution. The beginning of the process
and its sequence are also disputed.

Thus, in this section, the criteria for the selection and placement of regional
agricultural infrastructures for the storage and sale of agricultural products were
substantiated and proposed.

The implementation of the conceptual provisions of the mechanism for the
functioning of the market for the sale of agricultural products requires a change in
traditional approaches to assessing its selection and placement. At the regional level,
the criteria for optimality and efficiency of placement should be measured using an
integral multiplicative indicator. The method of its calculation consists of forming a
system of indicators characterizing the optimality and efficiency of using elements of
the distribution infrastructure, determining indices indicating their change in a time
interval, and calculating an aggregated indicator representing the average value of the
indices.

The contribution of this research lies in the combined use of different methods
at various stages of the study. The application of standardization, cluster analysis,
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regression analysis, factor analysis, center of gravity method, and ranking of regions
by the criteria we developed for selecting WDC types allowed us to develop a more
practical method for determining the number of WDCs, considering regional demand
factors for WDCs. This method, considering the proposed factors, will help to avoid
the construction of underutilized WDCs. Another feature of the proposed
methodological approach is the construction of an interconnected transport and
logistics infrastructure in the region. The proposed option will significantly increase
the efficiency of using transport and logistics infrastructure in the regions in
accordance with their needs based on socio-economic, geographical, environmental,
production factors and requirements. Fulfillment of these requirements will
dramatically improve the process of creating and implementing the consumer value
of the wholesale distribution center: systematically providing the client with exactly
what he wants, at the time he needs and in a place convenient for him.,

39



2 CURRENT STATE AND DEVELOPMENT OF LOGISTICS
INFRASTRUCTURE AND SUPPLY CHAINS

2.1 Current state and functioning of the product distribution system

Over the past 20 years, Kazakhstan has achieved sustainable economic growth.
A favorable condition for rapid industrialization is the country's logistics and transit
potential, which is positively influenced by its geographical location, political
stability and investments in infrastructure [74, 75]. In recent years, the country has
seen a significant increase in the production of perishable goods (PPG). However, the
development of cold chain infrastructure has not become a priority, which limits the
ability to safely store and transport such products to markets. A modern refrigerated
storage and delivery system is a key element in reducing PPG losses, improving
product quality, and strengthening the country's food security.

An important aspect is the role of cold chain logistics, which ensures the safety
of products, allows farmers to receive more favorable prices and helps reduce the
overall level of product losses.

Today, the cold chain logistics market in Kazakhstan is divided into several
segments:

» Services: storage, transportation, value-added services.

* Temperature conditions: chilled and frozen products.

» Types of products: fresh fruits and vegetables, dairy products (e.g. milk, ice
cream, butter), meat and fish, processed foods, pharmaceuticals.

The bulk of all refrigerated cargo in the country is made up of meat, fruit and
vegetable and fish products. This segmented approach allows for more precise
organisation of logistics processes and increased efficiency of the cold chain system.

Cold chain storage is a complex set of technological operations that include not
only cooling and maintaining specified temperatures, but also ventilation,
maintaining a gas environment, and thermal drying.

These operations require advanced and costly equipment, as well as trained
personnel to maintain it [76]. The main causes of seasonal price increases and
volatility in the fruit and vegetable market are the near absence of a continuous
technological chain integrating “production” and “sales,” coupled with inadequate
infrastructure [77, 78].

To minimize losses of fresh produce (e.g., fruit and vegetable products), global
best practices emphasize unwavering adherence to the “cold chain” principle during
production and sales [79]. Many countries place heightened attention on these
matters, passing specialized legislation and standards, while professional associations
collaborate with businesses to address ongoing issues in cold chain logistics [80].

A review of the literature [81,82] indicates that key logistics solutions for
effectively managing perishable food products involve maintaining and monitoring
temperature conditions during transport, storing goods in specialized warehouses, and
ensuring robust information support for the cold chain [82-84]. Despite the
longstanding practical application of cold chains for perishable food products,
numerous deficiencies persist in supply organization [85]. Most businesses
individually maintain temperature conditions by operating their own vehicle fleets
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and refrigerated warehouses, an arrangement that many enterprises cannot afford
given the resultant impact on trading profits.

These and related challenges emerge from multiple logistics domains. First,
personnel and the clear organization of business processes remain problematic for
many companies. Secondly, a mechanism that will continuously monitor compliance
with the required temperature conditions for storing and transporting goods is
especially important. Another factor is the underdeveloped transport infrastructure, as
well as a large number of intermediaries between the manufacturer and the end
consumer, namely, a multi-stage distribution scheme [86, 87].

Integrating different transport modes and employing advanced methods for
planning and optimizing supply chain operations can significantly improve the
overall efficiency of cold chain management [88].

The use of information and communication technologies (ICT) is also
considered an important factor in logistics management in the cold supply chain. The
application of 10T in cold chain logistics system can not only control costs but also
improve the practical efficiency of supply chain operation [89, 90].

Currently, Kazakhstan lacks comprehensive regulatory provisions governing
cold chain logistics for food products during storage and transportation. Oversight
and regulation of the cold chain in the production process depend on each business’s
technology and capabilities. There is also a lack of statistical data regarding existing
capacities and refrigeration equipment used by agriculture, the agro-industrial
complex, food production, trade, and transport enterprises. Each sector separately
addresses the logistics processes for the cold food chain, with no coordinated efforts
at the association, industry, or ministerial levels.

Unfortunately, today we can state the fact of the lack of cooperation in the
development of the cold chain at the level of associations, industries, ministries.
Today, issues of innovative cold chain solutions from domestic and foreign
manufacturers are discussed only at the Central Asian International Exhibition "Cold
Warehouse, Transportation and Service for Cold Logistics™ in Almaty. Although the
problems of ensuring the cold chain concern many ministries and departments of the
RK, including the MoA, the MTI, the MPS, the MT, the MIA. However, none of
these ministries, whether individually or jointly, currently address cold chain
management challenges. Consequently, numerous issues persist in developing more
sustainable and efficient supply chain management for agricultural and perishable
products and, therefore, in achieving adequate food security—a situation that
demands both study and resolution.

The current cold chain supply system for agricultural products and the agri-
industrial complex includes several chains, such as storage during harvesting by
farmers, long-term storage in warehouses and warehouses, a refrigerated truck or
isothermal vehicle (TV) for delivery, a distribution center, a retail store,

The paper examines these supply chains based on available statistical materials
and our own research. A typical logistics scheme for the supply of PFP from the farm
to the end consumer is shown in Figure 11.
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Figure 11 - Logistics scheme for the supply of perishable products

Note: developed by the author

Thus, the primary constituents of the cold supply chain for the main types of raw
materials and products are agricultural enterprises, agro-industrial complexes, food
and processing industries, trade and transport organizations, and warehousing
facilities. Correspondingly, investigations were conducted to assess the current
development status, detect issues, and formulate recommendations for enhancing the
logistics infrastructure of the cold chain for perishable food products (PFP) and
perishable products (PP). Analysis of survey data [91] revealed several key findings
pertaining to the functioning and advancement of the logistics infrastructure and
supply chains for PFP (Figures 12-14, Appendix E).

Results of the Survey on Infrastructure and Logistics Development Prospects:

« A majority of respondents (58.3%) advocate adopting measures to foster
sustainable supply chains for perishable products, including enacting a “Law on
Perishable Products” to combat fraud and promote cold chain maintenance for
safeguarding food security, as well as developing quality standards for supply chain
management (41.0%).

« Additional suggested measures include integrating various services in one
location (trade, storage, processing, food safety certification, customs clearance,
transportation, delivery, and marketing advisory services) (10.5%) and deploying an
automated system to manage goods, inventory, and resources (using SCM, ERP,
WMS, etc.) (10.0%).

When considering the establishment of a modern cold chain supply network for
the food market—a crucial infrastructure element—it is imperative to have data on
volumes of production, consumption, storage, and transportation for both raw
agricultural commodities and finished food and fish products. Such data are generally
lacking.

According to the BNS ASPR RK [92], total annual production of fresh plant
products in the past two to three years has ranged between 12 and 14 million metric
tons. Of this amount, approximately 4-4.5 million tons (one-third) are allocated for
sale, 2.5-3 million tons for storage, and 2.5—-4.0 million tons for processing.
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Figure 12 - Results of the survey on the state of infrastructure development

Note: developed by the author
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Figure 13 - Results of the survey on the issue of supply chain logistics

Note: developed by the author
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Note: developed by the author

With regard to livestock products, the situation is as follows: for January -
March 2024. the volume of slaughter on farms or sales for slaughter of all types of
livestock and poultry in live weight increased by 1.6% compared to the
corresponding period of 2023, and cow's milk production by 3.7% (Figure 15).

935,9 902,7
= = l .
slaughtered on the farm or sold for slaughter of cow's milk has been milked

cattle and poultry (live weight)
® January-March 2023  m January-March 2024

Figure 15 - Production of individual types of livestock products,
thousand tons

Note: compiled by the author based on the source [92]

The volume of production and consumption of fruit and vegetable products per
capita is distributed unevenly across the regions of Kazakhstan (Figure 16).
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Figure 16 - Volume of production and consumption of fruit and vegetable products
and potatoes per capita in the regions of the Republic of Kazakhstan for 2022

Note: compiled by the author based on the source [92]

The main producers with high indicators (above the national average) in terms
of the volume of production of fruit and vegetable products per capita are Almaty
(72.6 kg per person), Zhambyl (80.2 kg), Pavlodar (92.7 kg) regions; with average
production volumes - North Kazakhstan (35.9 kg), Turkestan (34.3 kg), Karaganda
and Zhetysu (25.55 kg each), East Kazakhstan (22.4 kg) regions. High consumption
rates per capita are in the cities of Astana (197 kg), Almaty (219.3 kg), Shymkent
(170.4 kg), Karaganda (157.2 kg), Pavlodar (143 kg), Aktobe (132.6 kg), Kostanay
(125 kg).

Low level of production of fruit and vegetable products in West Kazakhstan,
Kyzylorda, Kostanay regions. Low level of consumption - in Mangistau, Turkestan,
North Kazakhstan, Zhambyl, Zhetysu, Abay, Atyrau, Akmola, West Kazakhstan
regions. A similar situation is observed for livestock products.

The volume of production of PFP, requiring compliance with the temperature
regime during transportation, according to our research, is approximately 40-45%; of
which requiring strict temperature conditions - 25% and during processing 15-18%
(table 4).

46



Table 4 - Volumes of production of perishable products of the agro-industrial
complex of the Republic of Kazakhstan, requiring compliance with temperature
conditions*, 2008-2023, thousand tenge

Year Total Of these Total Of these, requiring Growth rate
production volume temperature control of the
volume | vegetables, | meat of | eggs | of PFP | during during volume of
potatoes | animals transpor | processing PFP, %
and and tation of finished
melons poultry products

2008 7102,3 5504,1 | 1433,8 | 164,44 |2954,1 1775,6 1178,5

2009 7699,9 6065,1 1453 | 181,9 | 31835 1925,0 1258,5 107,8
2010 7955,5 6249,7 | 1501,2 | 204,6 | 3313,8 1988,9 1324,9 104,1
2011 8917,8 7201,8 | 15115 | 204,5| 36829 2229,5 1453,4 1111
2012 9549,2 7837,8 | 1509,4 202 | 3747,1 2387,3 1359,8 101,7
2013 10061,1 8298,1 | 1548,7 | 214,3|4022,5 2515,3 1507,2 107,3
2014 10646,9 8808,4 | 1602,5 236 | 4266,4 2661,7 1604,7 106,1
2015 11085,1 9173,5| 1651,1 | 260,5 | 4343,8 27713 15725 101,8
2016 11375,4 9411,8 1702 | 261,6 | 4461,2 2843,9 1617,3 102,7
2017 11511,3 9436,2 | 1794,4 | 280,7 | 4598,4 2877,8 1720,6 103,1
2018 12210,9 100315 | 1871,9 | 307,5|4885,6 3052,7 18329 106,2
2019 12928,7 10649,5 1975 | 304,2 | 52704 3232,2 2038,2 107,9
2020 13359,9 11022,8 | 2058,5 | 278,6 | 5485,9 3340,0 2146,0 104,1
2021 14007,0 11578,7 | 2162,2 | 266,1 | 56715 3501,8 2 169,7 103,4
2022 13877,4 11433,4 | 2166,2 | 277,9 | 5837,4 3469,4 2368,1 102,9

Note: *except for milk. Data on milk tankers and storage and distribution infrastructure in the Republic of
Kazakhstan are not available and require special research

The volume of production and transportation of PFP in 2022 amounted to 5.8
million tons. The annual growth rate over the past 5 years was 4.9%.

Since 2020, there has been an increase in the number of storage facilities and
greenhouses (103.8%), due to which there has been an increase in the production of
vegetables, potatoes and melons (103.3%) (Table 5).

The deficit of storage capacities for fruit and vegetable products by product
category is declining: from 36.5% in 2020 to 35.4% in 2022, and according to the
forecast of the Ministry of Transport and Infrastructure of the Republic of
Kazakhstan - to 30.2% in 2025 [93].
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Table 5 - Growth rates of storage capacities and production of fruit and vegetable
products in the Republic of Kazakhstan, thousand tenge

2020 2021 2022 2023 2024* 2025* | Average
Total, of which 1752,1 | 1835,2 | 1933,5 | 2038,1 2057,7 | 2087,7 1950,7
vegetable storage facilities 1180,8 1255 | 1326,3 | 1409,3 1427,3 1457,3 1342,2
potato storage facilities 496,1 4991 521,1 5277 529,3 529,3 517,1
fruit storage facilities 75,1 81,1 86,1 101,1 101,1 101,1 90,9
Capacity growth rate
compared to the previous 105,1 104,7 105.,4 105.,4 101,0 101,5 103,8
year, %
Production of vegetables,
potatoes, fruits, thousand 9042,7 | 9234,6 | 9316,3 | 9827,6 | 10146,4 | 10465,3 9672,1
tons
Production growth rate
compared to the previous 104.,4 102,1 100.9 105.5 103.2 103,1 103,3
year, %

*Forecast data of the Ministry of Agriculture of the Republic of Kazakhstan taking into account the
construction of new storage facilities for 2023-2025.

For the domestic economy, the key mode of transport for ensuring the
connectivity of territories is automobile transport. The analysis of the structure of the
perishable goods (LNG) transportation market by type of communication, presented
in Table 6, shows the relative stability of cargo distribution. The volume of
transported frozen or chilled products and fruit and vegetable products in 2022
decreased to 57.1% or from 4,390.1 to 2,506.1 thousand tons. Of these, according to
international communications, it decreased to 53.3% - from 4,075.9 to 2,173.9
thousand tons, and according to domestic communications, to 78.1% - from 331.5 to
258.9 thousand tons, which is due to import restrictions due to phytosanitary and
other requirements of the country, as well as sanctions imposed against the Russian
Federation.

The transportation of fruit and vegetable products decreased to 78.2%, of which
according to international communications - by 9% (table 6).

The volume of transportation of protected areas in 2022 decreased to 51.5%
compared to 2021 (table 6). This primarily concerns the international direction of
transportation. The transportation of LNG also decreased to 78.2%, especially within
the republic. Of all the LNG transported, 83% were transported by road in 2021, 57%
in 2022, and the remaining cargo was transported by rail. In the structure of cargo
transportation in 2022, international transportation of LNG accounts for 87.6%, and
LNG - 96%.

The deficit of road vehicles in 2021 was 20.5% (3340 - 9.83x270 days of
operation). In 2022, due to the small volume of transportation (1475.3 thousand tons),
there was an overabundance of road vehicles by 2.6 times (1475.5 thousand tons -
12.81x270). In 2023, the deficit of vehicles also increased.

The number of vehicles for LNG transportation is growing annually and in 2023
amounted to 14,040 units, which is 22.0% more than in 2021. Of these, 70.3% are
low-capacity vehicles (from 500 kg to 2 tons), medium-capacity - 17.9%, medium-
tonnage - 10.8%, large-tonnage - 1.0%.
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Table 6 - Structure of the market for transportation of perishable goods in the RK
by all types of transport by messages, 2021-2022, thousand tenge

Of these
Total in all messages frozen or chilled foods fruit and vegetable
(FCF) products (FVP)
2022 tg 2022 to

2021 | 2022 2021% 2021 | 2022 % | 2021 | 2022 2021, %
Cargo, baggage, 4390,1 | 2506,1 | 57,1|3882,0| 1998 | 51,5|508,1| 3974 78,2
unloaded baggage
transported, total
international 4075,9 | 2173,9 | 53,3 ]3635,3 | 1751,3 | 48,2 | 422,6 | 384,7 91,0
intra-republican 3315| 2589 | 78,1| 246,2| 246,3|100,0| 853 | 12,6 14,8
suburban 0,20 0,4 | 200,0 0,2 0,4 | 200,0 X X
urban 0,4 X 0,2 X

of which by road transport

Cargo, baggage, 3340 | 1475,3 | 44,1 |3226,1 | 1447,7 | 449 | 1139 | 27,6 24,2
unloaded baggage
transported, total
international 32255 |1383,3| 42,8]3188,3|1360,2| 42,7| 37,2| 231 62,1
intra-republican 113,7 884 | 717 37,2 8412258 | 76,5 4.4 5,8
suburban 0,2 0,4 | 200,0 0,2 0,4 | 200,0 X X
urban 0,4 X 0,2 X
Note: compiled by the author based on the source [92]

Small and medium-tonnage vehicles are used in intra-city or interregional
deliveries within the country, their share is 88.2%. Vehicles with a large carrying
capacity make up only 11.8%. They are used for long distances and, mainly, in
international transportation.

It is possible to note the shortage of large-tonnage refrigerated trucks for long
distances, for example, in 2021, in international transportation of 3188.3 thousand
tons and a total carrying capacity of 5.78 thousand tons, the deficit in international
transportation was 51.1% (3188.3 thousand tons - 5.78 thousand tons x 270 days)

(Table 7).

Table 7 - Number and structure of the carrying capacity of refrigerated trucks and
isothermal vans of the Republic of Kazakhstan, 2020-2023, in kg

Structure | Change in 2023
Load capacity 2020 | 2021 | 2022 | 2023 in 2023, to 2022
% (+-) [B%

Small (from500 kgto2t)| 5334 | 7128 | 8421 9865 70,3 1444 | 1171
Medium (from 2 t0 5 t) 1177 | 1638 | 2030 2511 17,9 481 123,7
Large (from 510 16 t) 642 835 997 1519 10,8 522 | 1524
Large-tonnage (from 16t 34 46 57 145 1,0 88| 2544
and above)

Total 7187 | 9647 | 11505 | 14040 100,0 2535 | 1220
Note: Compiled based on data from [93]
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The total carrying capacity of vehicles increased from 9.83 thousand tons in
2021 to 17.31 thousand tons in 2023 - by 1.76 times (Table 8).

Table 8 - Carrying capacity of vehicles in the Republic of Kazakhstan for the
transportation of perishable goods, 2021-2023.

2021 2022 2023
Type Quanti | LCa., LCt., | Quanti | LCa, LCt., Quanti | LCa., | LCt,
ty kg |thousand| ty kg | thousand ty kg | thousang
tons tons tons
Total, including 9647 | 3500 9,83 | 11505 | 3740 12,81 | 14040 | 4004 | 17,31
refrigerated 1944 | 2975 578 | 2320 | 3138 7,28 | 2998 | 3344 | 10,03
isothermal van 7703 | 525 4,04 | 9185 602 553 | 11042 | 660 7,29

LCt. - total load capacity

LCa. - average load capacity,

Note: Compiled according to data from [93]

The highest total carrying capacity of vehicles is observed in the cities of
Almaty (28.6%), Shymkent (9.4%), Astana (6.9%), Zhambyl and Karaganda regions
(5.4% each). Low - Zhetysu (1.8%), Abay (1.1%), North Kazakhstan (1.9%), Akmola

(2.2%) regions.

The main barriers to solving the problems of this area are the moral and physical
obsolescence of a significant part of the vehicles used for cargo transportation, which
necessitates their large-scale modernization and renewal.

In Table 9 we observe a tendency towards a reduction in the number of places
and volumes of one-time storage of food products, vegetables and fruits.
Table 9 - Performance indicators of warehouse facilities from services of enterprises
of auxiliary transport activities, 2018-2022.

Warehouse Purpose of warehouses 2022 to
performance 2018| 2019 | 2020 | 2021 | 2022
Y 2021, %
indicators
Number of one- warehouses for storing 210 | 205 211 198 126 63.6
time storage food products
places, units warehouses for stqnng 23 29 19 18 13 56.5
vegetables and fruits
One-time storage | warehouses for storing
capacity food products, thousand 301,5| 299.4| 303,3 | 244,5 | 1022,3 | 339,1
square meters
warehouses for storing
vegetables and fruits, 74.1 | 73,2 73,4 69,2 61,3 82,7
thousand square meters
Revenue per unit | warehouses for storing 10.1
of one-time food products, billion 0,021| 0,024 0,021 | 0,014 | 0,142 ’
storage places, tenge per unit Pas
billion tenge warehouses for storing
vegetables and fruits, 0,089| 0,088 0,084 | 0,104 | 0,217 | 2,1 pa3
billion tenge per unit

Note: Compiled and calculated based on data from [92]
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At the same time, a significant increase in the capacity of warehouses for
storing food products was recorded, which increased 4 times and reached 1,022.3
thousand square meters (Table 9).

Storage and warehousing services grew by 155% from 2016 to 2022 (Figure

17).
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Figure 17 - Revenues from auxiliary transport activities of enterprises for 2016-
2022*, billion tenge

Note: developed based on materials from [92]

Refrigerated cargo storage services have decreased by 4.4 times since 2016, but
in 2022 they increased by 7 times (by 62% compared to the base year).

Income from storage and warehousing services in 2022 compared to the
previous year increased by 2 times, i.e. this type of business has growth potential.
Note that vegetable and fruit storage services are 2-4 times more efficient than
refrigerated food storage services.

Note that there is an acute shortage of high-quality refrigeration facilities and
equipment with various temperature options. The primary barriers are high
construction costs for logistics infrastructure and insufficient government support
[93]. Only through industry consolidation—uniting producers, retailers, providers of
logistics services, and equipment suppliers—can the sector effectively guarantee
freshness and product quality for consumers [94].

There is a need for ongoing courses that train farmers, owners of warehouses
and storage facilities, representatives of trade, transport and logistics on the issue of
continuous safety and security of the PFP to the end customer in supply chains,
training in the use of innovative technologies in logistics supply chains (smart
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contracts, Al, the Internet of things, blockchains, marketplaces, etc.). This requires
the development of standards in these areas of activity. It is also necessary to develop
and adopt regulatory documents to prevent fraud in the trade of perishable
agricultural products, as well as develop measures to maintain the cold chain.

Conclusions and recommendations for improving the logistics infrastructure for
perishable products (PPP)

There are a number of problems that hinder the development of logistics
infrastructure for PPP:

1. Insufficient capacity and development of the storage, packaging and delivery
infrastructure network, which limits the ability to increase storage volumes and
ensure uninterrupted delivery of products to consumers.

2. Insufficient level of transport and logistics services that meet modern
requirements.

3. Low degree of digitalization and automation of processes, including
management of production, storage, transportation and data exchange between supply
chain participants.

4. Shortage of large-capacity refrigerated trucks for international transportation.

5. Unsystematic pricing for storage services, etc.

6. Deterioration of warehouse and refrigeration infrastructure, constant
violations of delivery times, low level of competence of specialists.

7. Low level of integration of supply chain participants in the process of joint
planning, organization and management.

Having analyzed the most significant problems in order to adopt the most
optimal and economically feasible methods for their solution, the following
recommendations can be made.

Recommendations for businesses:

1. Modernization of cold chain infrastructure: take into account the specifics of
small-scale product deliveries.

2. Implementation of modern storage and transportation technologies: use large-
capacity and refrigerated containers; create the necessary specialized infrastructure.

3. Support for farmers and cooperatives: stimulate the creation of logistics
enterprises providing marketing and supply services.

4. Creation of a cold chain center with the participation of all the above
ministries: to coordinate the planning, regulation and development of logistics
infrastructure.

5. Personnel training: organize training for specialists in universities, colleges
and advanced training courses on the cold chain.

6. Digitalization: conducting educational courses in each region through the
efforts of trade unions and associations together with the Atameken National
Chamber of Entrepreneurs on the use of digital technologies such as 10T, blockchain,
artificial intelligence and automated control systems.

7. Vertical integration: strengthen ties between producers, vegetable stores and
retailers to improve efficiency and reduce losses.

Recommendations for the state:
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1. Regulatory framework: develop laws "On perishable raw materials and
products"” and "On support of the cold chain" to regulate relations in the sphere of
circulation of perishable raw materials and products.

2. Rational planning: develop long-term state planning for the creation of
logistics infrastructure in the territory of mass production and consumption.

3. Infrastructure audit: systematically conduct an audit of the condition of
refrigerators, warehouses and freezers.

4. State investments: direct investments to the creation of warehouses with
controlled temperatures and the development of transport logistics for SPP.

5. Development of railway infrastructure: produce specialized trains for the
transportation of SPP.

6. Subsidies: provide financial support for the construction of refrigeration
infrastructure in wholesale markets.

7. Development of wholesale markets and processing centers: invest in
infrastructure to minimize losses and ensure high product quality.

These measures are aimed at removing barriers, increasing the sustainability and
efficiency of the PFP supply chains, as well as ensuring food security and meeting the
needs of the population.

Research has shown that Kazakhstan lacks a centralized body at the state level
responsible for solving the problems of the cold chain of perishable food products
(PFP). This leads to a number of problems, including insufficient attention of
government agencies to PFP issues, difficulties with monitoring and traceability of
supply chains, as well as poor organization of the processes of collection,
transportation, storage and sale of products.

Elimination of these deficiencies requires:

1. Organization of statistical accounting of cold chain activities and
infrastructure.

2. Continuous training of specialists in the field of cold chain management.

3. Creation of a special government body for regulation of work in the field of
PPP cold chain.

To improve the efficiency of logistics management and temperature control
in the cold chain, it is necessary to:

1. Increase investment in cold chain infrastructure, including vehicles, freezing
and refrigeration equipment, temperature monitoring and control systems.

2. Develop multi-profile production with deep processing of PFP in warehouses
and storage facilities to minimize product losses.

To eliminate problems with demand management for PFP, it is necessary
to:

1. Conclude long-term contracts with producers.

2. Establish information exchange with farmers.

3. Organize storage facilities for excess products and forecast demand.

To increase the transparency and traceability of supply chains, it is necessary to:

1. Implement vertical integration of farmers and other participants in the
logistics chain.
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2. Use modern technologies, such as the Internet of Things, blockchain and
remote temperature control systems.

Compliance of infrastructure with modern requirements is possible through:

1. Developing local wholesale markets, aggregation and product processing
centers.

2. Investing in expanding the cold chain infrastructure, including packaging
workshops, ripening units and refrigerators.

3. Providing integrated cold chain solutions, taking into account the supporting
infrastructure.

An integrated approach to the modernization and development of the cold chain
will reduce product losses, improve their quality and ensure the sustainability of the
cold chain supply chain in Kazakhstan.

2.2. Analysis of the process of formation and development of logistics
infrastructure (using wholesale distribution centers as an example)

The problem of selling agricultural products is one of the main and most
important tasks of agricultural producers. These products are often sold without
taking into account regional and global market conditions. These reasons contribute
to the purchase of agricultural products at reduced prices by various intermediary
structures, which subsequently receive significant profits on their resale. All these
facts negatively affect the competitiveness of products.

To solve this problem, in most European countries, wholesale trade in all
perishable products is organized through wholesale food markets (WFM). Examples
of successful distribution networks based on networks of wholesale distribution
centers (WDCs) are the wholesale food market "Rungis" (France)
(http://www.rungisinternational.com/), the network of wholesale food markets
"Mercasa" (Spain) (http://www.mercasa.es/) and the wholesale food market
"Bronisze" (Poland) (https://www.bronisze.com.pl).

More than 75% of agricultural products are transported by road. Transportation
takes from one to two days, since the length of the territory from west to east exceeds
3000 km, from south to north - 1700 km, which is also the cause of high costs and
product losses.

Despite various government support measures, there is a large deficit of logistics
infrastructure for storage, packaging and transportation, modern trade formats, which
leads to large product losses, which amount to up to 40% in fruit and vegetable
production, and up to 20-25% in livestock farming. This is especially evident in the
activities of small agricultural producers.

Currently, the distribution of goods and services along the supply chain as a
whole is irrational and random.

In 2020, Kazakhstan resolved to address this issue by launching a project to
construct a network of distribution centers [20]. Consequently, tackling the challenge
of optimal placement and service radius for logistics infrastructure—encompassing
storage, distribution, and trade of agricultural products at the national level—
alongside ensuring its effective operation, is a critical concern for Kazakhstan.
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Having studied various developments on the selection of the location of the
distribution center, assessing the effectiveness of their activities, we note that the
organizational and methodological support for the formation of logistics
infrastructure requires a more detailed study. This is due to: 1. industry specifics and
the difference between agricultural products and products of other types of industrial
production, 2. a methodological gap in modern methods based on scientifically
substantiated criteria for assessing the rational placement of logistics facilities. Given
our large territory and low population density, the placement of infrastructure
requires a scientifically substantiated solution taking into account various factors
[13].

The construction of a model for the placement of the distribution center for agri-
food products was carried out in the following sequence.

Stage 1. Determining potential locations for the placement of the WRC

The results were analyzed in stages, according to the above sequence.

1) Analysis and selection of indicators that determine the selection and
placement locations. Descriptive statistics of the selected indicators are presented in
Table 10.

Table 10 - Descriptive statistics of the selected indicators (n=204, m=19)

Indicators Mean Standard | Median | Kurtosis | Skewness | Jarque- | p-value*
Deviation Bera test
X1 93665,9 | 195561,2 | 394785 55,31 6,67 0,95 0,41
X2 125394,7 | 38483,4 | 119790,0 2,32 1,29 1,12 0,24
X3 9267,5 8627,2 6743,0 6,67 2,26 1,35 0,31
X4 233,1 2244 172,9 5,34 1,82 2,17 0,51
X5 35791,7 | 25323,2| 326535 1,87 1,09 1,85 0,05
X6 43085,7 | 291685,9 1759,4 | 167,57 12,52 0,87 0,14
X7 3797,8 4533,7 2011,1 8,55 2,36 0,97 0,41
X8 33280,7 | 60580,9 5825,0 7,95 2,68 1,23 0,15
X9 17,6 26,6 6,0 6,18 2,31 2,47 0,52
X10 3,3 2,0 2,9 0,22 0,75 1,84 0,50
X11 216,0 147,0 195,0 0,03 0,64 0,78 0,34
X12 215,8 150,3 194,8 0,00 0,63 2,68 0,45
X13 36945,1 | 921347 6184,0 27,85 4,82 2,74 0,38
X14 29945 | 10905,2 150,4 49,13 6,50 0,81 0,27
X15 80521,7 | 107472,3 | 30717,3 2,26 1,64 1,21 0,31
X16 24655,9 | 592919 6209,3 13,69 3,69 0,87 0,12
X17 19762,7 | 26773,7 8121,2 5,61 2,24 2,37 0,49
X18 3369,9 3094,9 2435,0 49,46 6,10 1,41 0,34
X19 12983,7 | 44868,1 2133,2 31,38 5,47 0,97 0,24
Note: *significant at p<0.05
Source: Review of statistical data of the Republic of Kazakhstan for 2017-2021 [92]

The asymmetry coefficient and excess are close to zero, which makes it possible
to approach the normal distribution. Acceptance of the normality hypothesis is
confirmed by the Jarque-Bera statistics at a significance level of 5%. It follows that
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for further analysis, all parameters of Table 10 can be used as methods of parametric
statistics.

2) Standardization of indicators was carried out for a 204x19 matrix of
indicators using the above formula.

3) Determination of weighting coefficients of indicators (Table 11).

Table 11 - Weighting coefficients of indicators influencing the choice of placement

Indicators Weighting factors
Population size (X1) -0,9784
Per capita income (X2) 0,5314
Number of agricultural producers (X3) -0,9529
Volume of agricultural cargo transportation by road (X4) -0,8194
Volume of agricultural sales (X5) 0,9930
Volume of wholesale and retail turnover of food products (X6) 0,4546
Investments in fixed capital of logistics infrastructure (X7) 0,4387
Availability of agricultural storage facilities (X8) 0,8754
Availability of railway* (X9) 0,6654
Transportation time of products by road** (X10) -0,8427
Distance from the district center to the distribution center in the regional -0,7123
center** (X11)
Production of agricultural products in physical terms (X12-X17) 0,9508
Volume of solid waste from product sales (X18) -0,6412
Emissions of pollutants into the atmosphere (X19) -0,4517
Total variance 2,2305
Share of total variance 0,9327
* determined based on the online map of the railways of the Republic of Kazakhstan
https://nkregion.kz/info/maps/63-railways.html
** determined based on the map https://www.google.kz/maps
Source: Review of statistical data of the Republic of Kazakhstan for 2017-2021 [92]

The use of weighting coefficients allowed us to determine that the selected
indicators are significant, since the dispersion coefficient is 93.2%

4) Factor analysis of indicators and identification of the most important factors.
In the first block of indicators, the principal component explained 27.38% of the
variation of xj, in the second block - 20.17% of the variation and 15.95; 11.39; 6.76%
of the variation, respectively, by components (Table 12).

Table 12 - Explained total dispersion (principal component method)

Initial Eigenvalues Component

1 2 3 4 5
Total 4,108 [3,026 [2393 |1,709 1015
% Variance 27,387 | 20,174 | 15954 | 11,393 | 6,767
Cumulative % 27,387 | 47,561 | 63,516 | 74,908 | 81,675
Source: Calculated using SPSS
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The application of this method enabled the identification of principal components
in each group of indicators that characterize the effectiveness of the logistics
infrastructure by effectively “compressing” the variables (Table 13).

Table 13 - Factor loadings for the main components for choosing the location of the
logistics infrastructure for storage, distribution and trade

Indicators Average component values for 2017-2021
F1 F2 F3 F4 F5
X1 0,058 0,826 | -0,087 | -0,193 0,014
X2 -0,346 0,753 0,371 0,052 0,035
X3 0,856 -0,027 | -0,048 | -0,074 0,034
X4 0,854 -0,057 | 0,315 0,003 0,196
X5 0,835 -0,085 | 0,280 0,043 0,378
X6 -0,076 0,972 | -0,047 | -0,073 -0,013
X7 -0,455 0,954 | -0,001 | -0,008 0,014
X8 -0,083 -0,014 | 0,924 | -0,043 -0,095
X9 0,002 -0,026 | 0,922 | -0,077 -0,081
X10 -0,022 -0,088 | -0,049 | 0,979 -0,088
X11 -0,007 -0,149 | -0,036 | 0,976 -0,077
X12 0,739 -0,081 | 0,010 0,164 0,316
X13 0,728 0,036 | -0,158 | 0,011 -0,166
X14 0,700 0,050 | -0,044 | -0,139 -0,247
X15 0,726 -0,106 | 0,204 0,044 0,320
X16 0,828 0,040 | -0,012 | -0,163 0,062
X17 0,698 -0,013 | 0,010 | -0,114 0,372
X18 0,024 0,217 | -0,171 | 0,008 0,854
X19 0,173 0,018 0,719 0,131 0,042
Note: Factor extraction method: Principal component analysis. Rotation method: Varimax
with Kaiser normalization. Rotation converged in 5 iterations.

The following results were obtained from the factor analysis: Cronbach's alpha
is 0.81 - the selected variables are acceptable. Kaiser-Meyer-Olkin (KMO), equal to
0.73, is satisfactory.

A matrix of values was obtained for five groups of factors: F1, F2, F3, F4 and
F5 for each of the 204 territories.

In the matrix of principal components, the average value of the weight
coefficients was determined by the following variables:

F1 (X3, X4, X5, X12, X13, X14, X15, X16, X17),

F2 (X1, X2, X6, X7),

F3 (X8, X9, X19),

F4 (X10, X11),

F5 (X18).

Thus, the following factors are identified:

Factor F1 - production,

Factors F2 - trade,

Factor F3 - transport and warehouse accessibility,
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Factor F4 - geographical (time and distances),

Factor F5 - environmental.

The contents of factors F1, F3 and F5 determine the summary characteristics of
product storage in the region: the number of product manufacturers, the volume of
production and cargo transportation, the volume of production in physical terms,
solid waste and emissions of pollutants into the atmosphere.

The contents of factors F2 and F4 characterize the possibilities of distribution
and trade in the region: the number and per capita income of the region's population,
the volume of trade and investment in infrastructure, the time and distances of cargo
transportation in the region.

The content of factor F2 characterizes the possibilities of trade in the region: the
number and per capita income of the region's population, the volume of trade and
investment in infrastructure.

The relationship between the variables and the principal component is
represented by the following relationship:

F1=0.856*X3+0.854*X4+0.835*X5+0.739*X12+0.728*X13+0.7*X14
+0.726*X15 +0.828*X16 +0.698*X17

F2=0.826*X1+0.753*X2+0.972*X6+0.954*X7

F3=0.924*X8+0.922*X9+0.719*X19

F4=0.979*X10 +0.976*X11

F5=0.854*X18

The solution to the principal component equation was the construction of a
matrix of values of factors F1, F2, F3, F4 and F5 for 204 objects of study, which
became the basis for conducting cluster analysis in order to differentiate regions by
the level of readiness for the placement of logistics infrastructure.

5) Cluster analysis to identify the territorial distribution of agricultural
production and the formation of clusters.

In order to determine the significance of the main components that determine
clustering, the F-criterion was used. The higher its value, the greater the contribution
of the main component to clustering (Table 14).

Table 14 - Values of the F-criterion of the main components for 2017-2021.

Main component

F-criterion value F1 F2 F3 F4 F5
51.39 58.15 37.69 24.08 8.77
Note: obtained on the basis of calculation of models F1- F5 according to data from Table 12

The main variables determining the grouping were those related to trade factors,
production factors, transport and warehouse accessibility. Clustering is also
determined by the results of the variables of social, production and, least of all,
environmental factors of the main component. This reflects the state policy of
developing the trade infrastructure of the agri-food market in rural areas and districts.

Of all the available methods for conducting cluster analysis, the most popular k-
means method was chosen. From the conducted reconnaissance analysis, the optimal
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one was dividing the regions into six clusters, which include administrative-territorial
districts that are qualitatively different from each other.

The belonging of territories to clusters has the following features.

The first cluster included 7 districts that have developed diversified agriculture
with the production of crop products. This region accounts for 5% of agricultural
product output (in monetary terms), including 11% of total potatoes, 36% of eggs,
5.1% of milk, and 4.1% of meat (by volume).

The second cluster comprises districts more strongly oriented toward livestock
farming while also engaging in crop production, potato farming, and vegetable
cultivation. This cluster includes 159 districts of all regions. It produces 67.0% of
Kazakhstan's agricultural products (in value terms), of which meat - 79.7%, milk -
71.8%, potatoes - 66.2%, grains - 55.5%, vegetables - 49.9%, fruits and berries -
54.9% (in physical terms).

The third, fifth, and sixth clusters consist of districts and cities with a relatively
low level of agricultural development, constituting 2.0%, 4.7%, and 2.3% of
production, respectively.

The third cluster contains a single territory (Enbekshikazakh District in Almaty
Region), predominantly characterized by fruit and berry production (16.9%) and
vegetable and melon production (4.1%).

The fourth cluster encompasses districts with significant crop production,
particularly soybeans and grain (37.8%) and potatoes (16.3%), as well as livestock
production for meat and dairy products—meat (10.4%), milk (15.8%), eggs (7.3%),
fruit and berries (6.4%)—totaling 18.9% of Kazakhstan’s agricultural output (in
value terms).

The fifth cluster features substantial crop production, with fruits and berries
accounting for 17.9% across all clusters, vegetables and melons 22.0%, potatoes
2.9%, milk 3.5%, meat 2.6%, and eggs 3.8%. This cluster contributes 4.7% of
agricultural production in value terms, primarily encompassing southern districts that
grow vegetables and fruits.

The sixth cluster specializes in vegetables and melons, producing 18.4% of such
goods among all clusters, though representing just 2.3% of total production in
monetary terms. This cluster includes southern regions producing melons.

The obtained results of the clusters are summarized by production and regional
potential characteristics of the infrastructure in the final table 15.

The classification results allow us to conclude that universal storage facilities for
agricultural products should be located in the districts of clusters 1, 2, 4 and 5.

- Clusters 2 and 3 — grain storage facilities;

- Clusters 1, 2 and 4 — potato storage facilities;

- Clusters 1, 2 and 4 — refrigeration equipment for storing meat and poultry;

- Clusters 2 and 4 — refrigeration equipment for milk;

- Clusters 2, 3, 4 and 5 — fruit and berry storage facilities;

- Clusters 2, 3, 5 and 6 — vegetable storage facilities.
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Table 15 - Characteristics of the logistics infrastructure depending on the identified
clusters of the Republic of Kazakhstan

CNND Characteristics of production potential Potential infrastructure characteristics

1 7 Crop production (potatoes) and grains, grain and potato storage facilities, refrigeration
meat and milk, eggs equipment for milk and meat of animals and poultry

2 159 Dairy animal husbandry, beekeeping, grain-fruit-berry-vegetable storage facilities,
crop production (soybeans, oats, corn, refrigeration equipment for milk and meat of
buckwheat), potato growing, vegetable animals/birds
growing

3 1 Fruits and berries, vegetables and Potato, fruit, berry and vegetable storage facilities,
melons, potatoes, meat, milk refrigeration equipment for milk and animal meat

4 27 Meat and dairy animal husbandry, grain-fruit-berry-potato storage facilities,
poultry farming, crop production, refrigeration equipment for milk and meat of
potato growing, vegetable growing animals and birds

5 5 Crop production, potato growing, large fruit and berry storage facilities, vegetable
vegetable growing, fruits and berries, storage facilities, potato storage facilities, as well as
poultry farming refrigeration equipment for milk and meat of

animals and poultry

6 2 Vegetable growing and melons large vegetable storage facilities, as well as fruit
and berry storage facilities, refrigeration equipment
for milk and meat of animals

Note: CN- cluster number; ND - Number of districts

The above-mentioned districts have significant production potential and produce
95.7% of agricultural products in the Republic of Kazakhstan.

- Clusters 3 and 6, where fruits and berries (16.9%), vegetables and melons
(18.4%) predominate, with a low population share. These areas should be provided
with specialized vegetable and fruit storage facilities.

6) Calculation of ratings and differentiation of areas by the level of
attractiveness of the placement of logistics infrastructures.

The integrated rating of areas/cities was determined by the average values of the
grouped factors F1-F5, adjusted for their weights.

The specified groups of factors F1, F2, F3, F4 and F5 were the basis for
selecting the types of wholesale distribution centers:

- Average values of criteria F1, F2, and F3 for selecting a storage wholesale
distribution center,

- Average values of F2 and F4 for selecting a distribution wholesale distribution
center,

- The F3 value for selecting a trade wholesale distribution center (Table F.2,
Appendix F).

Stage 2. Clarification of potential locations for the placement of wholesale
distribution centers (WDC)

At this stage, potential locations for the placement of integrated logistics DCs
were clarified taking into account the optimal location, minimization of transportation
costs and product losses.

7) Determination of the radius of action of the WDC.
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To refine the service radii of wholesale distribution centers (WDCs), the “center
of gravity” method was employed. Its central principle is to identify the optimal
WDC location that minimizes total distances both from agricultural producers to the
WDC and from the WDC to end consumers. The calculations of the center of gravity
presented in Table F.1 (Appendix F) show that for different regions the radius of
action of the WDCs varies from 142.2 km (Atyrau region) to 424.2 km (Akmola
region), which indicates a significant spread of distances (up to a threefold
difference) between potential WDCs and regional consumption centers. This spread
of distances leads to an increase in transportation costs and product losses during
transportation, which reduces the efficiency of the logistics system. To solve this
problem, a differentiated approach to the placement of WDCs was used. For example,
it is advisable to concentrate servicing regions with a large radius of action (424.2
km, Akmola region) in Astana, where the service radius will be less than 150 km, and
transfer some areas to the responsibility zone of Pavlodar with a radius of about 250
km.

Thus, rational redistribution of service areas taking into account the
differentiated approach to the placement of WDCs allows optimizing the logistics
infrastructure, reducing transport costs and minimizing product losses during
transportation.

8) Determining potential locations for WDC:s.

Potential locations and calculations of the center of gravity for determining the
radius of action of wholesale distribution centers (WDCs) for storage are presented in
the appendix (Table F.2, Appendix F). The analysis made it possible to assess the
degree of influence of the selected WDC placement points on adjacent territories and
determine the circle of consumers of their services.

The rating assessment of the regional entities by factors F1-F5 identified key
territories for the placement of WDCs taking into account their functional
specialization. In order to form large wholesale distribution centers integrated into the
national network, it is recommended to consider territories adjacent to cities of
national significance:

- Almaty, Astana (trade and distribution wholesale distribution centers),

- Shymkent, Aktobe and Karaganda (trade wholesale distribution centers).

It is advisable to place distribution wholesale distribution centers near large
regional centers with high ratings for factors F2 and F4 (for example, Alakol,
Zhezkazgan, Beineu, Ayaguz, Kurchum). It is recommended to place storage
wholesale distribution centers in rural areas where agricultural production and
processing of products are concentrated, as well as in adjacent urban agglomerations
demonstrating high ratings for F1, F3 and F5.

Based on the analysis (Table F.2, Appendix F), a network of 25 wholesale
distribution centers was formed, including:

* 13 storage wholesale distribution centers;

« 7 distribution wholesale distribution centers;

* 5 trade wholesale distribution centers (Figure 18). The WDC network must
operate in a continuous refrigeration chain mode, i.e. a system of refrigeration
technologies, technical means, organizational measures that ensure the necessary
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modes of storage, transportation and sale of chilled and frozen products throughout
the entire path from production to consumption. Such a structure allows for optimal
coverage of territories, minimization of transportation costs and creation of an
effective system of logistics infrastructure.
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13 storage WDCs
O 7 distribution WDCs
. 5 trade WDCs

Figure 18 — Project for the placement of the WDC network in accordance with the
zones of concentration of production of the main types of products

Note: developed by the author

Stage 3. Determination of the WDC service area

At this stage, the WDC service areas and the advantages of their use are
determined.

9) The WDC service areas are determined in accordance with potential locations
in the districts and urban agglomerations.

The logistics network of agricultural distribution centers (DCs) in the Republic
of Kazakhstan will be presented as follows:

- Determination of the WDC service areas: Agricultural DCs should cover
service areas within a radius of 142 km (Atyrau region) to 424 km (Akmola region),
which is determined by the distance from the districts to the proposed location of the
WDC or wholesale market. When calculating the service areas, it is necessary to take
into account the results obtained by the "center of gravity" method, which are
calculated individually for each region (oblast). To optimize service areas, modern
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online maps of the area can be used, which will allow areas located at a significant
distance from regional centers to choose the nearest ODC, even if it is located in a
neighboring region.

- The functional role of the storage ODC: Storage ODCs (in the amount of 13
units), in addition to performing their basic functions, should play the role of
transshipment bases for large areas of the regions. This will allow the redistribution
of flows of agricultural products and raw materials with subsequent direction to
processing plants located in urban agglomerations. This approach will ensure the
integration of warehouse capacities into the overall logistics network, improve
coordination between producers and processors, and minimize product losses during
transportation.

This structure helps to increase the efficiency of the logistics network, reduce
transportation costs and improve the quality of service to the regions.

10) Economic interpretation of the results obtained.

The creation of a network of agricultural distribution centers will ensure the
formation of an effective distribution system for agricultural raw materials and food.
This will gradually eliminate the chaotic activities of numerous intermediaries and
streamline supply chains.

The implementation of the agricultural DC development system will create
economic incentives for agricultural producers, which will lead to an increase in
production volumes and improved product quality. This, in turn, will ensure the
saturation of the country's food market with domestically produced goods and will
have a positive impact on the socio-economic development of the agro-industrial
complex (AIC) in the regions.

The effective functioning of the DC network will contribute to achieving the
following results that form a multiplier effect:

* reduction in product losses at all stages of their transportation and storage;

* increase in tax revenues due to the growth in the volume of economic activity;

» creation of new jobs, which will improve employment in rural areas;

 reduction in population costs for the purchase of socially significant food
products.

Preliminary calculations confirm the feasibility of creating a wholesale food
market system in Kazakhstan from both economic and social points of view. The
development of such a system will be an important factor in strengthening the
country's food security, improving the infrastructure of the AIC and improving the
quality of life of the population.

Thus, the paper proposes a methodical approach to determining the optimal
placement and number of wholesale distribution centers (WDCs) based on integrated
indicators obtained using factor analysis. This approach differs from existing methods
in its adaptability and efficiency, which allows taking into account the intended
purpose of the facilities and promptly identifying the needs for logistics
infrastructure. This, in turn, increases the accuracy and validity of decisions when
choosing locations and forming a WDC network.

Optimal placement and efficient operation of the trade and sales infrastructure
should be based on a differentiated approach focused on agricultural producers. This
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approach facilitates the implementation of targeted agricultural and trade policies, as
well as government support, including the development of storage, sales and trade
infrastructure.

To improve the validity of decisions made, it is advisable to classify territories
taking into account similar production, infrastructure and socio-economic conditions.
This approach allows taking into account the specifics of the regions and more
accurately designing logistics infrastructure facilities.

The conclusions and the proposed methodological approach are consistent with
the results of studies conducted by Popov P. V., Miretsky I. Yu., as well as Wang P.,
Chen X. J. and Zhang X. B. [62, 67], which confirms their theoretical and practical
significance for the development of agricultural logistics.

The classification is based on the calculation of an integral indicator that allows
identifying territories that are unfavorable for agricultural production. The areas
identified as the most favorable for the development of crop production (potatoes)
and grain, meat and milk, eggs (clusters 1, 3, 5 and 6) should also be presented with
special conditions, consisting not only of increased state assistance in the
construction of specialized warehouse storage facilities, such as grain and potato
storage facilities, fruit and berry storage facilities, vegetable storage facilities,
refrigeration equipment, but also in the development of program documents for these
areas that develop entrepreneurial initiative taking into account the increased risks of
agricultural production, as well as special conditions for the interaction of these areas
with retail chains. This may concern fast and uninterrupted delivery throughout the
year, financing of retail chains of business entities growing agricultural products. The
areas identified as the most favorable for the development of dairy livestock farming,
beekeeping, and crop production (clusters 2 and 4) should also be presented with
conditions for the construction and development of universal agricultural distribution
centers. In the areas included in these clusters, conditions should be created for the
joint use of trade and sales infrastructure due to their large number (159 territories out
of 204).

Conducting an analysis using this methodology allowed dividing the studied
areas into 6 clusters, depending on the specialization of production and infrastructure
for the sale of agricultural products.

The rating assessment, determined on the basis of the integral indicator,
identified the leading regions.

Implementing the conceptual provisions governing the functioning of the
agricultural product sales market requires altering traditional approaches to the
selection and spatial allocation of distribution centers. At the regional level, the
criteria for the optimality and efficiency of placement should be measured using the
integral multiplicative indicator, as in the work [95].

The work defines a methodology for selecting the location of the WDC,
including a territory rating based on factor analysis and the "center of gravity"
method, which made it possible to identify 13 storage WDCs, 7 distribution WDCs
and 5 trade WDCs in Kazakhstan. Our research is consistent with the research
conducted in [61, 62], with the only difference being that our research took into
account the contribution of each factor for each of the 204 objects of study.
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The originality of the proposed methodology lies in its integrated approach,
which allows for simultaneous consideration of the locations of WDCs depending on
their functional purpose and the influence of socio-economic and infrastructural
factors.

The methodology developed for selecting sites for transport and logistics
infrastructure can be recommended for:

- Incorporation into regional government programs for logistics development.

- Making investment decisions by large companies in the field of logistics.

The methodology includes the following stages:

- Formation of a system of indicators characterizing the optimal placement and
efficiency of using elements of the logistics infrastructure.

- Determination of indices reflecting changes in key factors over time.

- Calculation of an aggregated indicator representing the average value of the
indices.

The application of this methodology, based on statistical data and online maps
of transport networks, made it possible to identify potential regions for the
construction of WDCs. In particular, taking into account the F3 factor, it was
determined that it is advisable to place 5 WDCs in large cities of Kazakhstan:
Almaty, Astana, Shymkent, Aktobe and Karaganda.

Based on the calculations, the following were determined:

- The number and locations of WDCs for storage, distribution and trade.

- Service areas for each type of WDC.

The results obtained are consistent with the initiatives of the Government of the
Republic of Kazakhstan aimed at creating a commodity distribution system. Within
the framework of the state program, it is planned to build a network of 24 WDCs with
a total cost of 273 billion tenge [20].

This methodology allows optimizing the placement of WDCs, ensuring a
reduction in logistics costs, an increase in the efficiency of the transport and logistics
infrastructure and support for the development of the agri-food sector.

Thus, a set of indicators of socio-economic, regional, production and
environmental factors of the region served as a key parameter in solving the problem
of efficient placement of the warehouse network.

The methodology for selecting indicators and placing logistics infrastructure
facilities was carried out on the basis of calculating the integral indicator, determining
the effective location, service zones and their number in the regions, using a set of
methods.

The proposed methodological approach consists of three stages. At the first
stage, territories (districts and urban agglomerations) are determined where it is
advisable to place key objects of logistics infrastructure. To solve this problem, an
approach based on the use of the combined potential of a two-stage cluster, factor
analysis and a rating method is proposed. The consistency of the results of the
combined use of these methods was demonstrated using the example of Kazakhstan.
At the second stage, it is necessary to geographically link the logistics infrastructure
facilities to a specific area. For this purpose, the center of gravity method is used to
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determine the optimal locations for infrastructure, taking into account the time and
distance of transportation by road. Certain optimization tasks are aimed at
minimizing the costs of moving the material flow from suppliers to consumers. At the
third stage, the service areas of the wholesale distribution center are determined based
on minimizing the costs of servicing the districts.

A notable feature of this method is that when forming the logistics
infrastructure, it is possible to simultaneously take into account both the intended
purpose and the type of carrier of the goods - storage, distribution or trade. Based on
this, it is possible to select the necessary capacities, types of refrigeration and
ventilation equipment, specialized vehicles (refrigerated trucks, isothermal vans), etc.

The proposed methodology for selecting WDC locations to handle storage,
distribution, and trade could be beneficial both for state-level planning of logistics
infrastructure development in the country’s regions and for large enterprises seeking
to invest in the logistics sector.

The use of this methodology allows government agencies or private investors to
calculate in advance, before making a decision on the design or modernization of
existing distribution networks, possible options for their optimal placement, based on
population density and transport, logistics and trade infrastructure, economic and
physical availability of food products and other factors, which allows increasing the
efficiency of production and sales and the sustainability of supply chains for
agricultural products.

2.3 Assessment of factors influencing the development of logistics
infrastructure and supply chains

The functioning of the food environment and supply chains requires taking into
account many interdependent processes inside and outside the organization of
limiting factors that affect the effective and sustainable functioning of the supply
chains of food products.

Factors influencing the food supply chain: 1) innovation, technology and
infrastructure factors, 2) demographic, 3) political, 4) economic, 5) biophysical and
environmental, 6) socio-cultural [96].

The key elements of the food environment that determine the choice of products,
their acceptability and diet are physical and economic access to food (physical
proximity and financial availability); activities to stimulate the sale of food products,
advertising and information regarding them; quality and safety of products [97, 98].

Systematization of the conditions and environment of the functioning of the
distribution system made it possible to identify the key conditions and environment
that determine the functioning of the supply chain. These include: 1) physical,
2) economic, 3) institutional, 4) socio-cultural, 5) anthropogenic, 6) consumer
environment. Each of the listed environments creates specific conditions that ensure
the functioning of the supply chain, while they are affected by various factors that can
generate risks. These risks limit the sustainability of the supply chain, reducing its
efficiency and stability [99].
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Physical, financial, economic, institutional, social, sanitary-epidemiological,
environmental, consumer factors influence the supply chain and logistics
infrastructure of agri-food products and limit the activities of the food environment
and supply chain.

The presence of restrictions on the movement of people and transport have
different impacts on the operation of supply chains and on the economic and physical
availability of food products (Figure 19).
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environment environment environment
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Figure 19 - Environment of the food supply chain and factors limiting the functioning
of the food environment

Note: compiled in collaboration with [100]

Thus, based on a theoretical analysis of the literature, we will consider the
environment, conditions, factors and risks affecting the CPP.

1. The physical environment (availability and physical accessibility) ensures the
physical availability of food, that is, the availability of food products at any time and
in the required assortment in any part of the country. We have identified three groups
of operating conditions associated with physical restrictions on the operation of the
food supply chain:

1) geographic,

2) technical and technological,

3) infrastructural restrictions in the food production and distribution system
(disruptions in supply chains, lack of access to digital technology services,
restrictions on the capacity of infrastructure, including transport, logistics and trade).

1) Geographic restrictions (spatio-temporal restrictions) are associated with a
ban on moving to other countries or moving goods and people within the country
[101], or strict border, sanitary and epidemiological requirements when visiting other
countries; suspension of intercity transportation; ban/restriction of public transport
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and passenger air transportation [102]; the formation of barriers to the delivery of
goods within the region and/or to other regions.

2) Technical and technological restrictions (interaction with the environment
due to innovations, equipment and technology; digitalization and automation). Risks:
low level of integration and interaction of the CU participants, low level of
technology implementation, risk of non-use of digital technologies due to
communication problems or lack of competence; lack of access to digital
technologies.

Technological limitations are associated with technical and technological
consequences in the food production and distribution system: failures in supply
chains; lack of access to digital technology services; limitations on the capacity of
infrastructure, including transport, logistics and trade; underutilized capacities [103];
cyclical demand for transport services; delays in deliveries and damage to goods
[104].

3) Infrastructure limitations (availability and density of trade, transport, and
other infrastructure by region). Risks: high depreciation of infrastructure; low level of
infrastructure provision; low quality of infrastructure; remoteness of raw material
bases from product processing centers; failure to meet product delivery schedules;
lack of receiving points; low investment attractiveness and long payback period of
infrastructure projects in the food market.

2. The economic environment is characterized by the economic availability of
food, that is, the ability to purchase food products of the proper quality at current
prices, in volumes and assortment corresponding to the income of the population.

Factors associated with economic restrictions include: a decrease in demand for
food products, a ban on the export of certain goods outside the country [105], rising
prices in local food markets [106], restrictions on business activity and the
accompanying decrease in demand, restrictions on the export of basic crops [107].

Factors associated with financial constraints affect the decrease in purchasing
power of the population [108], loss of income of the population and firms [109], low
wages, lack of or inability to purchase personal protective equipment, limited access
to financial resources for the development of the industry for the production and
distribution of products. A slowdown in sales at both ends of the chain reduces the
income received [110].

The effectiveness of national logistics is largely determined not only by internal
factors, but also by the degree of integration of the state with foreign trading partners,
as well as the quality of the logistics capabilities of the partners themselves.

To measure the LPI (Logistics Performance Index) indicator, the World Bank
methodology is used, which allows assessing the effectiveness of the country's
logistics system. The LPI index reflects the convenience of transporting goods and
the general state of trade logistics both within the country and internationally [111].
The main components of the LPI are: customs; infrastructure; international
transportation; competence and level of logistics services; the ability to track and
control cargo; efficiency of delivery.

To analyze the LPI, annual World Bank reports are used, starting from 2007 to
2023 [111], which provide detailed information on logistics indicators in more than

68



160 countries. Each of the above characteristics is assessed on a scale from 1 to 5
points, where 1 means the lowest level, and 5 is the highest.

The LPI indicators of the EAEU member states occupy the bottom position of
the rating (Table 16). Over the two years since the previous study, Kazakhstan has
risen in the rating by only 6 positions and has not yet reached the 2010 indicator —
62nd place.

Table 16 - Logistics Performance Index (LPI) in the EAEU countries, 2007-2023.

Integrated LPI indicator (country rank

Country 2007 2010 | 2012 2014 2016 2018 2023

Kazakhstan | 2,12 (133) | 2,83 (62) | 2,69 (86) | 2,70 (88) | 2,75 (77) | 2,81 (71) | 2,7(79)

Russia | 2,37 (99) | 2,61 (94)| 2,58 (95) | 2,69 (90) | 2,57 (99) | 2,76 (75) | 2,6(88)

Armenia |5 14 (131) (%1512) 256 (100) 2,67 (92) | 2,21 (141) | 2,61 (92) | 2°C7)

Belarus | Heaay | — | 2,61(91)| 2,64 (99) | 2,40 (120) (21’53?) 2,1(19)

Kyrgyzstan 2,21 2,55 2,3(123
235 (103) | 262(01)| 235(130] [pg |216(146) | (oo

Source: [111]

The data in Table 16 demonstrate that Kazakhstan is the leader among countries
in terms of logistics development indicators for 2010-2023.

One of the factors restraining the effective development of the logistics services
market is the weak development of internal logistics of enterprises in the real sector
of the economy, primarily those with state ownership. Some transport and logistics
enterprises strive to make a quick profit and do not pay due attention to the
complexity and quality of logistics services, and cannot ensure the safety and
reliability of the supply chain [112-114].

The market of manufacturers strives to concentrate their efforts on performing
core functions, which determines the development of outsourcing in the field of
logistics. Today, 2PL services are more developed in Kazakhstan, and 3PL services
are less common.

As previously stated, in Kazakhstan, due to a lack of storage space, many
agricultural producers are not harvesting their crops because they could not find a
way to sell their products.

Currently, there are about 100 units operating in the country. refrigeration units
in agriculture, in trade - more than 700 units, transport refrigerators - 0.1 thousand
units.

There is an insufficient level of development of trade and logistics centers,
modern format retail chains, wholesale distribution and logistics centers.

Kazakhstan does not have a system of modern wholesale markets and wholesale
distribution centers (WDC) capable of optimally accumulating and distributing
products of domestic manufacturers.

In 2021, there were 761 wholesale and retail markets in the country, with 184.5
thousand trading places. Currently, there is a decrease in the number of markets with
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a slight increase in the number of trading places (in 2010, there were an average of
215 places per market, and 10 years later - 242). About 70% are general markets, and
the share of food markets is about 4%, agricultural cooperative markets - 1.1% [92].

Factors of logistics and its impact on trade and economic growth. We studied the
impact of logistics and their individual components on the intensity of Kazakhstan's
trade with trading partner countries, as well as their mutual impact on economic
growth [115, 116]. For this, we used the most widely used indicator - the index of
intensity of bilateral trade flows, which is known as the trade intensity index (TII).
The index takes on a value equal to 1 if the countries of the regional group trade with
each other with the same intensity as with other countries of the world. Exceeding the
threshold value indicates the presence of a "geographical bias", that is, regional
preferences that are explained by geographic proximity, lower transaction costs,
historical and cultural ties [117]. The TII is of greater interest both from the point of
view of the impact on the dynamics of trade changes and the impact of logistics or its
components. The study was conducted in the following sequence.

a) The intensity of trade was studied using the initial data of The International
Trade Centre (ITC) [118] based on formula 4.

In general, the index of trade intensity is calculated based on the trade of country

IT3LE R

with its partner “j”:

(1952}
1

Xy M, X;x(M,—M,)
X, (Mw_Mi) XixMj

where lij is the index of intensity of bilateral trade flows of country i to country j;
Xi is the total export of country i;

Xij is the export of country i to country j;

Mj is the total volume of imports of country j;

Mi is the total volume of imports of country i;

Mw is the total volume of world imports.

b) The analysis of the logistics performance index (LPI) and its components
according to the World Bank data is carried out.

c) the empirical model of the influence of logistics on trade is considered (formula
5); the influence of individual components of logistics on macroeconomic parameters
according to formula 6:

TIIit = aX,-t + ﬁLPIlt+ Eit (5)
KP_LPI;; = aX; + &; (6)
rae T1l;; — index of trade intensity between countries for a certain period of
time (t);
X;+ — dependent variables: export, import, GDP;
LPI;; — logistics efficiency index;
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KP_LPI;; — key parameters of LPI;
g — error.

The intensification of trade flows between Kazakhstan and the EAEU countries
is influenced by the level of logistics development and their joint development. The
indices of intensity of Kazakhstan's mutual trade with the EAEU countries and
foreign trade of the EAEU are more than 1, which indicates the significant
importance of the markets of both sides for each other.

Our analysis revealed that logistics efficiency is substantially affected by export
activities and related factors, notably infrastructure conditions, workforce
competence, and streamlined customs procedures. These findings align with the
research of Marti S. [119] and Maswana J. [120]. In order to enhance logistics
competitiveness and foster its future development, it is essential to invest in
upgrading core components—such as infrastructure quality and specialist expertise—
while improving tracking and delivery timeliness, as well as reducing border and
trade barriers to facilitate goods movement.

The average Logistics Performance Index (LPI) score for the EAEU countries
(2.66) is below the global average, highlighting delays in modernizing and
constructing transport infrastructure, reducing customs barriers, organizing deliveries
at competitive prices, training personnel and enhancing their qualifications,
improving the quality of logistics services, and implementing cargo control systems
to ensure timely product delivery [121].

Econometric analysis showed that the growth of foreign trade and the economic
growth of the country depend on the direction of trade, the state of logistics and its
individual indicators. Improving the LPI components of the countries of Russia,
Armenia, Belarus and Kyrgyzstan by 2.5 times leads to the alignment of mutual trade
with Kazakhstan. It is necessary to work on improving the quality of infrastructure
and training specialists in the field of international logistics and trade, reducing
customs restrictions (cost and time of customs clearance). To equalize the trade flow
with Kazakhstan, the EAEU countries should increase their logistics costs.

Improving individual logistics indicators leads to an increase in the volume of
foreign trade. To achieve greater consolidation and management of the transport and
logistics services market, it is necessary to carry out a number of institutional
transformations. These measures should be carried out according to the priority of
Kazakhstan's trade, primarily with the EAEU countries. At the same time, the
analysis of the situation presented in this study showed that in order to increase the
volume of bilateral trade between Kazakhstan and the EAEU countries, it is
necessary to bring individual components of logistics in line with the intensity of
bilateral trade.

It was determined that in the groups of countries under consideration (large
countries, the EAEU, the countries of the Caucasus and the Central Asian region),
LPI has different effects on trade intensity. In Table 17, countries are grouped with
similar LPI indicators and ranked by the level of logistics efficiency from relatively
high (large countries) to low (CAR).
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Table 17 - The impact of LPI on trade intensity between groups of countries

Exogenous variable, X Constant coefficient (o) Variable Determination
(t -statistics) coefficient (B) coefficient
(t -statistics)

Trade intensity: major countries 3.29%** -0.066 61.3
(0.008) (0.155)

Trade intensity: EAEU 2.87*** -0.011** 62.5
(0.007) (0.016)

Trade intensity of European 2,73%** -0,010 66,7

CIS countries (0,004) (0,103)

Trade intensity: Transcaucasia 2.64%** -0,009 59.7
(0,005) (0.173)

Trade intensity: CAR 1.79*** 0.0205** 60.4
(0.026) (0.023)

*p < 0.10; ** p < 0.05; *** p < 0.01
Source: own research

Increasing trade intensity leads to a mutual increase in LPI. Increasing LPI to
constant values of regression coefficients (o) has a positive effect on trade intensity.
We found that trade intensity affects LPI (by trade directions) and GDP. Countries
with high income levels (large regional countries, CIS countries, EAEU) have higher
logistics efficiency, while low-income countries (Transcaucasia and CAR countries)
have the worst indicators.

The obtained values of the analysis of the trade intensity index and logistics
efficiency in countries show the presence of gaps in the development of logistics and
an increase in trade volume. Moreover, the smaller the country in terms of economic
potential, the more noticeable this gap is, which is confirmed by this study.

We also managed to determine the impact of various logistics components
(infrastructure, customs) on trade and GDP, which means the need for continuous
investment in logistics. The data we obtained allow us to diversify investments in
logistics and trade based on the size of a country or group of countries, as well as the
direction of their trade (export, import), their proximity to a trading partner, and
actively support public-private partnerships in logistics and trade, which can
contribute to increasing the efficiency of international trade and economic growth.

Based on the research results, the following recommendations are proposed in
terms of increasing the efficiency of trade and logistics, increasing their contribution
to economic growth and distributing trade flows in the EAEU countries.

1) In the area of political regulation. One of the obvious areas is improving the
infrastructure: developing and implementing joint state projects and programs for the
EAEU countries in the area of infrastructure and customs, since this is associated
with high costs for transport and trade infrastructure.

In this regard, when making important state decisions by the authorities of
groups of countries participating in foreign economic activity or supporting in the
area of logistics and trade, it is necessary to take a differentiated approach taking into
account the direction of bilateral trade and its intensity. High intensity in the direction
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of trade flows requires greater activity in investments and in regulating the foreign
economic activity of the participants.

2) In the area of supply chain operation and distribution of trade flows.
Reducing the cost of international transportation can give impetus to the
rapprochement of trading partners located in the neighborhood, optimize the routes of
transportation vehicles, build international logistics centers on the borders of the
Russian Federation, Kazakhstan and the Republic of Belarus, increase the
productivity of employees, and form consolidated batches of products transported in
bilateral directions.

For full international "outsourcing” of transport and logistics services using 3PL
technology, it is necessary to create an integrated logistics company of the EAEU
countries. This measure will allow to significantly expand the range of transport and
logistics services at the mega level. This requires a coordinated tariff policy and
unitarization of regulatory and technical regulations.

3) Improving Kazakhstan’s attractiveness and supporting the continued growth
of its logistics sector can be achieved by improving such components as the quality of
infrastructure and the competence of the workforce, monitoring transit goods,
ensuring timely deliveries and reducing border and trade barriers. To achieve this, it
IS necessary to: improve the quality of infrastructure and professionalism of workers,
simplify customs procedures, and comply with the terms and conditions of delivery
of goods.

Our country, together with the EAEU countries, must strive to improve logistics
performance indicators to the level of developed countries. Achieving this goal
involves implementing a set of measures to introduce increased requirements for
infrastructure modernization, training, improving legal norms, implementing digital
technologies and harmonizing national and international standards, as well as
applying the best foreign practices in logistics and trade management, taking into
account the requirements of national customs and traditions. To improve interaction
between countries, it is necessary to create logistics links and alliances, create
uniform service standards and improve the quality of transport and logistics services
for international trade flows.

As a result of the analysis, factors, environment and conditions influencing the
development of logistics infrastructure and the supply chain of products were
identified. The main factor constraints include technological, financial, economic,
social, epidemiological, and geographical. It is necessary to ensure the efficient
functioning of food supply chains with minimal or no intermediaries, due to the close
proximity of production and consumers.

There is a need to implement digital e-commerce platforms for SMEs. These
companies will be able to manage markets at the local level and respond more
quickly to SC disruptions

The study showed that Kazakhstan's high international trade intensity is
associated with existing economic ties, huge economic potential and the country's
geographical location. High intensity of trade turnover in various directions and low
logistics efficiency (below the world average) emphasize the need for dynamic
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development of logistics infrastructure, reduction of customs barriers and costs,
improvement of the quality of training and service, which will affect greater
scalability of transport and logistics and increase their contribution to the economy.
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3 PRIORITIES AND ORGANIZATIONAL AND ECONOMIC
MECHANISMS FOR THE DEVELOPMENT OF  LOGISTICS
INFRASTRUCTURE AND AGRI-FOOD SUPPLY CHAINS

3.1 Key directions for the development of logistics infrastructure and agri-
food supply chains

An analysis of the logistics infrastructure (LI) in the area of storage,
distribution and trade in the country revealed that the joint functioning of the
infrastructure elements of the constituent districts and cities is poorly coordinated.

This is explained by the inconsistent development of logistics infrastructures in
individual regions, which are unable to independently optimize the functioning of
material flows in an integrated format. As a result, the load on individual links in
supply chains is reflected unevenly.

The main areas of development of the logistics infrastructure of Kazakhstan in
relation to agri-food products (AFP), the interaction of districts and cities with
agricultural producers, intermediaries, trade and consumers are the following (Figure
20):

1) Institutional support should include the following tasks:

- Defining national priorities in the field of logistics infrastructure and supply
chains: public procurement, pricing mechanism, marketing and information support
system, product quality and safety, creation of an information base;

- Developing regulatory and legal requirements for agricultural producers,
intermediaries, suppliers;

- Training and education of specialists in logistics and food supply chain
management;

- Improving the planning of activities of the agricultural, transport,
warehousing and food trade sectors at the macro level and the active use of
innovations at the level of logistics enterprises.

2) State regulation of the logistics infrastructure, food supply chains by
improving the public procurement system, price regulation of sensitive food markets,
especially for low-income groups of the population.

3) Formation of National Logistics Infrastructure. This formation involves:

« Establishing and expanding a regional multimodal refrigerated supply chain
network for agri-food products.

« Developing digital ecosystems of transport and logistics services for supply
chain participants.

4) The formation of logistics systems at various tiers (enterprises, cooperatives,
industries, regions, etc.) should consider regional specialization in developing
transport and logistics centers (TLCs), as well as the specific characteristics and
attributes of goods (cargo) prevalent in the region. Presently, the nation’s terminal
and warehousing facilities can, at best, primarily handle cotton, agricultural
commodities, foodstuffs, grains, construction materials, chemical products, and
consumer or household goods. These facilities will be organized based on respective
industry specializations. In our estimation, it is also necessary to develop wholesale
and logistics (trade) centers alongside multifunctional TLCs.
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The main directions of development of the LI and the AFSC:
normative, economic, organizational, methodological, infrastructural

v NCE "Atameken"

Institutional support Unions and
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infrastructure sector State support and regulation of AFSC
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Formation of national logistics infrastructure
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Creation of a marketing and logistics information and research system
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Improving domestic and foreign trade and trade infrastructure for the main types of agricultural
products

v
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Modernization and expansion of the internal
logistics infrastructure of the AIC

Development of logistics infrastructure for
expansion abroad
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v

Participation in the development of logistics infrastructure for the promotion of products
in the EAEU

¥

Improving the efficiency of development and use of logistics infrastructure (L1) and supply chains
for agri-food products (AFSC)

Figure 20 — Main directions of development of logistics infrastructure and supply
chains of agro-food products (AFSC) in the Republic of Kazakhstan

Note: compiled by the author
Today, terminal and warehouse facilities in Kazakhstan have a number of

shortcomings:
* Technical capabilities and equipment do not meet modern requirements.
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* Facilities are not located systematically, often without mutual connections to
each other and to transport and information networks.

* They are used mainly for temporary storage of goods.

To solve these problems, the logistics system of Kazakhstan should include a
network of TLCs. They will be formed depending on the industry focus. At the same
time, in our opinion, it is necessary to develop wholesale and logistics (trade) and
multifunctional TLCs.

Based on strategic goals, along with an assessment of current challenges and
risks, several priority areas have been identified for the development of logistics in
Kazakhstan [122]:

1. Creation and expansion of public TLCs both within the country and in major
border transport hubs.

2. Creating LCs for domestic trade, which include WDLCrs.

3. Advancing logistics infrastructure by leveraging customs warehouses,
specifically at existing cargo terminals of JSC Kedentransservice within the Republic
of Kazakhstan.

4. Creating and developing trade and logistics centers abroad.

5. Reconstruction and expansion of employment at enterprises in various sectors
of the economy, including industrial and agro-industrial complexes (AIC).

The development of the logistics system requires an integrated approach,
including the modernization of the existing and the creation of new TLCs focused on
industry and regional features. This will improve the efficiency of cargo handling and
distribution, integrate the transport and logistics infrastructure in creating a supply
chain, and ensure the development of regions and the country as a whole.

5) Creation of a system of marketing and logistics information and research.

In order to increase the volume of product sales, it is necessary to conduct
comprehensive research. The technologies for studying markets should directly
represent a holistic approach, based on the analysis and forecast of trends in the
development of world trade, competitive positions of goods taking into account their
internal situation, including changes in economic, scientific, technical, demographic,
environmental, legislative and other factors. The projected and actual sales volumes,
potential needs of wholesale and retail buyers, opportunities and risks are also
studied. The result of marketing research is the development of recommendations that
should follow from the results obtained, be substantiated and reliable, aimed at
solving the problems under study.

To improve the system of marketing information and research in the agricultural
sector, it is necessary to carry out organizational and managerial measures, including:

- development of a plan of distribution and incentive measures that allow a
business entity to adequately respond to changes in the state of the food market
caused by unfavorable conditions; - creation and strengthening of marketing services
of all major enterprises and their development to a level corresponding to modern
requirements and specifics of their production and sales activities;

- formation of a modern information system and database of research results,
including planned sales markets and main types of agricultural products, export
potential of agricultural enterprises and processing industries;
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- implementation of an effective personnel policy for the selection and training
of qualified specialists with knowledge in the field of marketing policy, as well as
experience in foreign trade operations.

6) Improving domestic and foreign trade and trade infrastructure for the main
types of agricultural products: traditional, exchange, electronic and digital trade

- Modernization and expansion of the logistics infrastructure of the agri-
industrial complex. Improving the efficiency of the country's agri-food sector requires
the necessary marketing infrastructure, which must meet modern requirements,
facilitate the acceleration of goods movement, ensure an uninterrupted supply of
products to both the population and a number of sectors of the economy (processing,
food, light industry). The formation of the internal marketing infrastructure of the
agro-industrial complex implies the simultaneous transformation of the functioning
elements of the market infrastructure and the creation of new structures that are
fundamentally different from traditional ones; streamlining and deepening the
specialization of enterprises and organizations of the marketing infrastructure;
diversification of the activities of trade and intermediary, foreign economic and
information systems; balanced development of individual elements of the
infrastructure.

- The growth of external logistics infrastructure necessitates the establishment of
international logistics centers, cargo hubs, “cargo villages,” terminals, and other such
facilities.

The expansion of the distribution infrastructure of the food market must be
carried out on the basis of a competitive multi-channel system of goods distribution.
This requires solving certain problems:

- creation of marketing and logistics centers that ensure the distribution of
agricultural products, development of trade and economic relations, formation of a
common database of potential suppliers and consumers;

- the development of wholesale distribution systems, for example, by building a
wholesale distribution center;

To expand the possibilities for the sale of agricultural and processed products,
work will be carried out in two directions [21].

The first is the creation of a network of wholesale distribution centers for the
formation of large consignments of food and their distribution to the domestic market
and export.

The second is the creation of an electronic trading system for agricultural
products. In the era of digitalization, effective sales of agricultural products can be
carried out using digital technologies. The task is complicated by the fact that the
WDC unites not just one product group, but all fresh products — meat, dairy products,
fruits and vegetables and fish. WDCs are designed to unite the interests of dozens of
companies on one platform, which would gain access to centralized infrastructure,
processing, packaging, storage and marketing capacities for agricultural products.
However, small farms and farmers doubt that they will have equal opportunities with
large agricultural holdings [123].
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In international practice, such projects were implemented mainly by the state. In
Kazakhstan, this task will be transferred to private capital with budget support based
on the PPP mechanism.

The implementation of this project can solve many problems at the state level,
but at the same time new problems will arise, such as the problem of attracting large
companies to the implementation of the construction of the ORC. Since we are
talking about 10 billion tenge with a payback period of the project (with state
subsidies) of about 10 years. Small companies will not be able to financially
implement such a project.

It is envisaged that introducing wholesale distribution centers (WDCs) will not
dismantle the current market framework but instead will refine it by minimizing
intermediary markups, ultimately lowering product prices as wholesale margins
decrease, thereby boosting the consumption of fresh food products.

The wholesale distribution centers will work directly with manufacturers and
provide their services to market participants, which includes:

- formation of networks of small wholesale markets, which could become
platforms for promotion of goods by small enterprises, primarily agricultural ones;

- increasing the efficiency of functioning of branded trading organizations, as
well as production and trade networks directly related to agricultural producers and
processing enterprises;

- formation of an integrated system of marketing information and research,
allowing to forecast the market situation and plan the development of appropriate
marketing measures in order to ensure the efficiency of agricultural enterprises;

- creation of a specialized state structure for regulation of the agricultural
market;

- approximation of the domestic system of quality control, regulations and
standardization to European and world standards.

7) Participation in the development of logistics infrastructure for promotion of
products within the EAEU.

Enhancing Kazakhstan’s future attractiveness and further developing its logistics
sector should be undertaken by improving infrastructure quality, enhancing the
competence of specialists, controlling cargo flow, ensuring timely deliveries, and
reducing both border and trade barriers. Achieving this goal requires implementing a
set of measures to introduce increased requirements for infrastructure modernization,
training, improving legal norms, implementing digital technologies and harmonizing
national and international standards, as well as applying the best foreign practices in
logistics and trade management, taking into account the requirements of national
customs and traditions. To improve interaction between countries, it is necessary to
create logistics links and alliances, create uniform service standards and improve the
quality of transport and logistics services for international trade flows.

To expand bilateral trade volumes between Kazakhstan and other countries
within the EAEU (Eurasian Economic Union), it is crucial to align specific logistics
elements with the trade intensity among participating nations. The following
measures are thus prioritized:
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- Develop and implement joint state projects by the EAEU countries in the field
of infrastructure and customs, as this is associated with high costs of transport and
trade infrastructure.

- LPI components (training, infrastructure modernization, international
transportation) should be transferred to the management of the private sector, where
logistics activities are carried out more effectively. Perhaps, by creating joint private
companies or a public-private partnership mechanism.

- Digitalize the sphere of foreign trade, transport and logistics, create a single
ecosystem of digital transport corridors in the EAEU countries.

- It is necessary to strive for harmonization, perhaps even joint planning of
logistics and international trade processes in order to increase efficiency indicators to
the level of logistics in developed countries.

- Reduce customs barriers by transferring the interaction of participants in
foreign economic activity with customs and other regulatory government agencies to
a digital format.

-Increasing the level of professional training for the logistics sector’s workforce,
restructuring the EAEU countries’ logistics systems, and integrating them into a
Eurasian logistics system.

-Transitioning toward a comprehensive suite of logistics services, delivering full
“outsourcing” of transport and logistics functions in the international market.
Achieving this goal could involve establishing a unified logistics company among
EAEU countries to broaden transport and logistics service offerings, capitalizing on
third-party logistics (3PL) technologies.

- Improving the regulatory framework among the involved countries, prioritizing
mutual trade in key areas such as interstate intermodal transportation, standardized
documentation, and the creation of unified, transparent tariffs for cargo transport and
information services, all supported by a unified document flow.

- Implement a coordinated tariff policy and the unification of regulatory and
technical regulations (rules for the transportation of various types of cargo,
parameters of the rolling stock used, environmental standards, etc.).

8) Improving the efficiency of development and use of logistics infrastructure
and supply chains of the APP involves:

- Development of cold chain infrastructure for perishable goods (discussed in
Chapter 2.1).

- Optimal placement and efficient operation of trade and sales infrastructure
(discussed in Chapter 2.2).

- Improving individual logistics indicators depending on the intensity of storage,
distribution and trade.

- Institutional reforms should increase integration and sector oversight,
promoting accessibility and security in the market for transport and logistics services.

- Use of technological advances in logistics and digital technologies in the
logistics infrastructure and food supply chains.

- Improving food supply chains.

Ensuring a balanced domestic market and building export capacity demands
upgrades to production and marketing practices, particularly:
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« Focusing the development strategy on shorter distribution channels to expedite
movement of goods, given the limited shelf life of certain products and the
complexity of transportation.

« Expanding infrastructure that underpins the distribution system.

« Establishing distribution (logistics) centers proximate to both production and
consumption sites.

Addressing specific food markets also entails additional measures for refining
distribution systems:

- The milk and dairy market should evolve innovatively, supported by modern
infrastructure that enhances product quality and expands product range. Such a
market relies on enduring and dependable contractual relationships throughout the
supply chain—Ilinking whole milk production, rural producers, and processors to the
ultimate consumer.

- Upgrading the sugar, vegetable oil, and other food product markets involves
building necessary infrastructure, principally wholesale markets and distribution
centers. This makes these markets more transparent, reduces intermediaries, and
ultimately drives down retail prices.

« Potato market development is determined by innovative advances in the
industry. A large proportion of potato output (65—-70%) should undergo processing,
delivering high-quality finished goods and semi-finished products to domestic and
international consumers.

One of the important ways to promote domestic goods to international markets
is the formation of logistics systems of various levels. Such systems aim to optimize
product movement and sales mechanisms, grounded in thoughtful planning and
management of implementation processes in target countries, as well as directing
merchandise, service, and information flows. To further elevate the role of logistics
and maximize its utility, it is necessary to enact suitable legislation, train highly
skilled professionals in the field, and establish a National Information and Analytical
Center.

Mechanisms guiding the establishment and functioning of distribution networks
abroad for product exports should encompass regulatory, economic, and
organizational measures. First, it is necessary to study the product market, the ways
of selling products in a specific region, since the results of the country’s foreign
economic activity depend on a constant analysis of the external marketing
environment, including the specifics of legislation, international rules, the socio-
cultural environment, etc. [124].

Inclusive business models, such as agricultural contracting and blockchain
technologies, can help to better integrate into modern and more complex production
and supply chains. Blockchain technology improves the following areas in the
agricultural sector:

a) optimization of the food supply chain - reduction of the time for tracking the
origin;

b) crop insurance, by monitoring cargo, route details, compliance, and product
quality, as well as pricing, locations, and stakeholders involved.
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c)transactions, by lowering transaction costs, enabling smaller enterprises to
participate in the market.

d) traceability, by accelerating and simplifying risk insurance through smart
contracts.

For systemic digitalization of agriculture in the Republic of Kazakhstan, the
Qoldau.kz web portal has been established, offering a wide array of resources and
services for agricultural producers. These include electronic applications for subsidies
and state support, digital mapping of agro-industrial entities, electronic pasture
management and usage plans, satellite-based land and infrastructure monitoring, an
electronic registry for breeding achievements in crop and livestock farming.

The goal of the E-APC Program is to digitalize business processes to increase
labor productivity and export processed agricultural products by 2.5 times. Levels of
digitalization of the agro-industrial complex:

1. basic, where it is quite possible to use electronic field maps and soil analysis;

2. advanced with partially automated farms. Fuel consumption sensors, GPS
trackers, weather stations, etc. are used here;

3. digital farms operating due to new tools and technologies.

There are already more than 20 digital farms and about 170 advanced ones
operating in the Republic of Kazakhstan. After the completion of the digitalization
process of the agro-industrial complex, at least 20 more digital and 4,000 advanced
farms are expected to appear in the country [125].

Thus, the priority areas for the development of marketing infrastructure in the
national agro-industrial complex should be:

« Supporting and constructing new storage facilities to guarantee extended and
high-quality preservation of agricultural products; involving agricultural enterprises
in trade and procurement interventions in the agro-industrial market through
authorized organizations and tenders for state food needs.

« Further developing exchange-based trading, including the widespread use of
forward and futures contracts.

« Widespread use in business practice of the mechanism of double warehouse
receipts, which allow to smooth out seasonal fluctuations in prices for agricultural
products.

« Expanding wholesale food markets and facilitating direct engagement between
producers and consumers.

. Further digitizing the agricultural market to equip enterprises with current data
on the food market’s conditions, both domestically and internationally.

« Development of the export potential of the republic and optimal access of
agricultural products to the foreign market.

Thus, the main directions of development of the logistics infrastructure and
supply chains of agricultural products should be:

- Institutional support,

- State regulation of the logistics infrastructure sphere. - Formation of national
logistics infrastructure,

- Formation of logistics systems of various levels,

- Creation of a system of marketing and logistics information and research.
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- Improvement of domestic and foreign trade and trade infrastructure of the main
types of agricultural products,

- Participation in the development of logistics infrastructure for the promotion of
products within the EAEU,

- Increasing the efficiency of development and use of logistics infrastructure and
supply chains of the APP.

3.2. Development of a model and organizational and economic mechanism
for the development of efficient supply chains (based on DCs and WDCs)

It is advisable to carry out the process of forming and developing the
distribution infrastructure in stages. Development strategies and programs in
Kazakhstan should include elements related to the growth of wholesale trade and
logistics infrastructure.

State, industry and regional programs and strategies for the development of the
infrastructure of the distribution system must provide for the solution of a number of
strategic tasks, namely:

» creation of regional (interregional) logistics centers - providing warehousing,
storage (in compliance with the required humidity and temperature conditions) and
picking orders for products for other regions;

« development of a regulatory framework that sets priorities for local producers,
which will allow them to effectively compete with foreign manufacturers.

Development of a regulatory framework that establishes priorities for local
product manufacturers, thus enabling them to compete effectively against imported
goods.

The following activities involve the creation of a single information space in the
regions, allowing for the exchange of regulatory, reference and current data with
manufacturers of products, both within the district and on an interregional scale.

The study collected information about economic entities that trade in the
country's territories, as well as about economic entities that supply products (except
for manufacturers) in these areas and their facilities.

The information obtained made it possible to identify problem areas in order to
create a uniform distribution of retail facilities. As a result of the study, stages of
development of the logistics infrastructure of the food distribution network of
Kazakhstan were developed, which are presented in Table 18.

The development and formation of modern logistics centers in the regions
should become one of the main areas of development of the food market due to the
creation of infrastructure in the coming years.

A comprehensive package of organizational and economic measures should be
developed through a public—private partnership platform, integrating the latest
advances in information technology and international best practices.
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Table 18 - Development of logistics infrastructure and supply chains of agri-food
products in Kazakhstan

Necessary functionality Development priorities
At the first stage of the formation of new types of wholesale trade and distribution organizations
Distribution centers; Evaluation of existing retail facilities; modernization of
wholesale-retail associations; stores - existing ones, restoration of non-working ones;
warehouses; logistics centers; wholesale  construction of new sites, use of the latest technology;
food markets development of an IT communications system and an
algorithm for coordination between local/central
authorities
At the second stage of development of the logistics services market
Determination of economic growth Increase in consumer demand and trade turnover;
indicators for wholesale organizations, sustainable growth of regional export-import
implementation of a rating system based operations; expansion of transit cargo flows; attraction
on an integrated indicator, of foreign retail chains and transnational food

which takes into account the number of ~ companies, expansion of sales markets
clients served and the quality of services
provided
At the third stage of interaction between trade enterprises and producers, local governments
Creation of a single database; automated Automated data collection and processing; software
planning of production and delivery of standardization;
products; control over the execution of  Automated adjustment of planned indicators based on
decisions actual results, incentive mechanisms for PPP
participants
At the fourth stage of development of warehouse infrastructure
Construction of modern warehouses that Inspection of existing warehouse facilities, Designing a

meet the objectives of building and unified construction plan with designated land plots,
enhancing transport and logistics Aligning warehouse construction planning with existing
infrastructure infrastructure initiatives, Emphasizing the development

of Class “A” and “B” warchouses, modernizing current
warehouses to Class “B”, Creating a holistic support
program for new projects, granting investors a complete
package of assistance (e.g., land plots without bidding,
tax incentives, investment loans)
At the fifth stage of development of vegetable and potato storage facilities
Modernizing existing and building new  Creating a comprehensive support program for new

storage facilities in proximity to projects, offering investors a full suite of assistance,
production and consumption locations from land allocation (without bidding) to tax benefits
using PPP mechanisms and investment loans

At the sixth stage of organizing an integrated information and analytical system (IS)
Establishing a unified regional logistics ~ Enacting regulatory measures that encourage the use of

information system IS, Offering remote training for both wholesale business
Generating specialized development plans managers and line staff on information logistics,
for each locality Standardizing equipment and software to support the

logistics information system
At the seventh stage of digitalization of food markets

Providing access to digital platforms and Implementing digital technologies and blockchain
automating business processes solutions for product sales and distribution, Ensuring
traceability and control over product movements

Note: Compiled by the author

84



Currently, Kazakhstan is engaged in a project to construct a wholesale
distribution center (WDC) and develop a logistics hub associated with upgrading the
transport infrastructure.

The main principle of selecting projects is to create favorable conditions for
attracting representatives of small and medium-sized businesses that will attract
investment, assist in creating additional jobs, and reduce the burden on the budget.

According to international and domestic experience in the field of infrastructure
development, it is possible to propose using the following groups of instruments:

1. construction of infrastructure facilities financed by the state,

2. use of PPP mechanisms along with various incentives,

3. creation of the necessary administrative conditions for attracting private
capital for the development of logistics infrastructure.

Measures related to the first category—state-financed infrastructure
construction—impose the highest costs on the government budget.

The European model of regional development is based on state participation and
effective projects for the construction of logistics infrastructure.

Within the framework of regional development programs, the range of functions
performed by RLCs allows them to be considered both as national transport and
logistics hubs, but also as a framework that integrates the transportation process,
rolling stock and infrastructure into a single transport system both at the national
level and, in the future, for international markets.

In this regard, it is crucial to consider European experiences, particularly those
of the EU, in forming similar models. The contemporary European model for
building logistics centers exhibits specific features, most notably robust state backing
at all levels grounded in federal and local legislation. For example, in Germany, the
federal budget partly funds investments through Deutsche Bahn AG, complemented
by the frequent allocation of subsidies to regional budgets, along with targeted
subsidies and loans for designated investments. Financial support for investments in
logistics centers is provided by both federal states and local governments.

Figure 21 shows the optimization of product distribution taking into account the
functioning of a regional logistics center.

Developing a network of logistics centers across Kazakhstan—and creating
regional logistics transport and distribution systems on that foundation—should be an
integral component of broader interstate or regional transport policies, playing a
pivotal role in strengthening transport infrastructure, streamlining transport and
economic relationships, and optimizing the overarching cargo and goods movement
system [16].

Naturally, the construction of terminal facilities cannot proceed without the
knowledge and approval of local authorities. In many instances, regional
administrations (akimats) recognize the significance of cohesive terminal system
development in their respective regions and aspire to coordinate and guide this
process, rather than remain mere observers.
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Figure 21 - Optimization of distribution of agricultural products taking into account
the functioning of a regional logistics wholesale distribution center

Note: developed by the author

Key Areas for the Advancement of Logistics Infrastructure in Kazakhstan
include:

. Targeted lending at 5-7% rates

« Provision of guarantees to second-tier banks to secure loans.

« Subsidizing interest rates on existing loans for logistics-related construction.

« Allocating land plots under preferential terms for building logistics
infrastructure.

« Connecting utilities and communications to the construction sites.

« Implementing innovative forms of state-business collaboration, such as
extensive use of PPP frameworks and risk-oriented approaches.

All of the above measures will increase the investment attractiveness of the
creation of logistics centers, will allow the territory to be put on a trajectory of
sustainable growth. The experience gained in the creation of modern infrastructure
will make it possible to assess the economic (material, financial, time) advantages in
the further planning of new facilities.

According to independent experts, the most effective mechanisms for
accelerated development of trade infrastructure are those primarily related to long-
term financing:

- provision, if possible, of certain benefits for loans for construction of trade
facilities and distribution infrastructure;

- government guarantees for loans provided to the trade sector and organizations
that form distribution infrastructure;

- a public-private partnership, within the structure of which the government
allocates land for a distribution facility and invests financial resources in the
construction of necessary and sufficient communications.

When implementing the above programs, a number of constructive measures
should be taken:
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- provision of a "one-stop shop" mechanism in order to reduce the time it takes
entrepreneurs to organize the search for real estate, prepare documents for
entrepreneurial activity;

- financial support for small and medium-sized businesses by providing state
financing for part of the costs of developing organizational documentation, providing
organizations with the opportunity to purchase vehicles, warehouse and commercial
equipment, technical devices for various purposes under a leasing agreement;

- support in acquiring property, in renting premises that meet modern
requirements for quality, technology and functionality, with the possibility of
providing certain benefits when purchasing and further operating retail and auxiliary
premises;

- providing an effective system of information support for entrepreneurial
activity, in particular, trade, through training events in the field of financial literacy
for companies starting and already operating in the personnel market (conferences,
participation in the media, round tables).

Measures that include state financing, for example, the creation of infrastructure,
its construction at the expense of the state, are the most expensive for the state
budget. In the current economic conditions, it is not possible to increase funding for
the construction of infrastructure facilities through state financing.

Next in terms of the financial burden on the state budget are the principles of
PPP. Currently, these measures are actively taken in Kazakhstan in the process of
economic development when creating special economic zones, where the state builds
various communication facilities, and also provides tax benefits to investors.

For this purpose, in order to optimize the process of state participation in the
development of retail trade in sparsely populated and remote areas, it is necessary to
classify regions by the degree of economic interest of investors in retail companies.

These efforts can be categorized into three types of territories:

1. Attractive for trade investors, where retail outlet owners can derive dividends
from capital investments by opening new stores.

2. Moderately Attractive, where companies may secure limited excess profits
but cannot realize full returns on invested capital.

3. Unattractive for investment, where owners of retail outlets can only achieve
break-even results without government support.

The regions that are considered attractive, the most advanced in terms of the
development of distribution infrastructure, have the opportunity to receive fairly high
incomes, due to the high number and density of population in the territory.

From an economic point of view, some regions of the country are attractive
enough for retail organizations that they do not require additional trade development
measures from the government, other than those included in the overall regional
development strategy.

In regions whose trade growth prospects are more moderate, even well-
developed distribution infrastructure, mid-range per capita incomes, and medium-to-
high population size and density may necessitate supplementary actions to achieve
minimal profitability levels. Instruments such as tax exemptions, bulk purchase
discounts, lower freight tariffs, or obligations for allocating retail space through
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tender processes can contribute to profitability. Urban planning documentation may
impose specific guidelines on retail space allocation, consistent with each territory’s
socio-economic development strategy. As a result, local authorities select the most
appropriate approach—among the three described above—to implement development
programs and planning initiatives.

For territories that are not attractive for business, the state should organize the
supply of goods or grant direct powers to trading companies to organize and deliver
consumer goods to territories of this type.

Implementing these strategies effectively calls for each region to have a clearly
defined “regional passport,” describing various local features and facilities that
characterize the corresponding type of territory. In order to determine the optimal
instrument of state influence on the development of retail trade in sparsely populated
and remote territories, it is proposed to classify regions by two parameters:
population density and per capita income of the population (Table 19).

Table 19 - Income and population density in Kazakhstan, June 1, 2024

Regions Average per capita nominal Area, Density,
monetary income of the population, sg. km | persons/sg.km
tenge
Republic of Kazakhstan 194971 | 2725000 7,3
Abai 173569 185500 3,3
Akmola 174116 146219 53
Aktobe 174470 300629 3,1
Almaty 139088 223911 6,8
Atyrau 362866 118631 59
West Kazakhstan 198658 151339 4,6
Zhambyl 134849 144264 8,4
Zhetysu 129531 118000 59
Karaganda 212647 239100 47
Kostanay 184505 196001 4,2
Kyzylorda 137954 226019 3,7
Mangistau 235295 165642 47
Pavlodar 207646 124755 6,0
North Kazakhstan 166277 97993 53
Turkestan 109628 117249 18,3
Ulytau 260814 188936 1,2
East Kazakhstan 211317 97800 7,4
Astana 264259 722 2028,2
Almaty 287213 682 3304,2
Shymkent 121994 1170 1057,2
Source: [79]

Low density and incomes below the national average are found in most regions
and cities in the southern, western and northern regions of Kazakhstan, which must
be taken into account when financing within the framework of the regional
development program.
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The implementation of the program of state support and financing for the
development of an effective commodity distribution system includes the creation of a
logistics organization with full or partial state management, which will provide the
following benefits for participants in commodity distribution channels for
manufacturers in the republic:

- increase the degree of market prospects for small and medium-sized
manufacturers and provide them with more favorable conditions from trade
organizations;

- entry into new areas and commodity distribution chains (including approaching
the requirements of large retail companies in terms of rhythm and volume of
deliveries, quality compliance, and the presence of labeling);

- reduce the risk associated with the activities of small manufacturers and, as a
result, reduce the level of financial burden for these organizations.

For regional wholesale and retail enterprises, the following benefits become
feasible:

. Favorable procurement conditions from suppliers, both through economies of
scale and preferential terms from national development programs.

« Reduction of intermediary links and direct purchasing from manufacturers.

« Establishment of efficient distribution systems that reduce per-unit costs,
including the construction of warehouses.

- Creation and promotion of a unified regional brand, consistent with the local
development strategy, capable of competing against major retail chains.

« Implementation of modern IT systems that are too expensive for one small or
medium-sized enterprise.

« Reduction of risks associated with the business of small and medium-sized
trading companies and, consequently, reduction of the cost of financial resources for
these enterprises.

The established experience of trade functioning describes various forms of
participation of management bodies in the process of promoting goods. Among
others, one of the more effective solutions is the creation of a consortium with the
participation of local executive control.

In the case of introducing this form of management with the participation of a
logistics consortium in the regions, such an association can include local regulatory
authorities, existing wholesale trade organizations, facilities selling products at retail,
transport companies, banks, insurance companies, etc. The purpose of the logistics
consortium is to support and develop retail trade, small businesses in sparsely
populated areas. The main task is to form a commodity distribution system for this
region. The mechanism of operation is through the formation of a support program
subject to a preferential development policy, as well as financial participation in the
formation and development of wholesale and small wholesale trade facilities.

Figure 22 shows a modernized form of product deliveries in regions with low
density and sparse population, taking into account the organization of the logistics
consortium. Registration of organizations in the activities of the consortium can be
implemented by direct participation in the formation of the organization by these or
other companies as co-founders.
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Figure 22 - Form of goods supply within regions of Kazakhstan
Note: developed by the author

This form of interaction takes place in accordance with the conclusion of a
cooperation agreement and involves the following work: development of a basis for
joint marketing programs; training of highly qualified staff; promotion of products to
other regional commodity markets (interregional scale); coordination of advertising
activities; organization and integration of transportation and warehousing of goods;
implementation of redistribution and maneuvering of goods flows.

In order to coordinate the actions of partners, unified information centers can be
created to ensure information integration.

World practice confirms the advantages of distributing goods through
distribution logistics systems based on a distribution center. In this case, savings are
achieved by reducing the volume of goods in a warehouse outside the consumer and
by transport costs through the implementation of a large batch of goods delivered.

When establishing a regional distribution center, several primary organizational,
economic, and technical challenges must be addressed:

1. Equipping retail outlets with the necessary technology.

2. Achieving comprehensive customer service.

3. Incorporating additional transportation services.

4. Optimizing settlement structures within the distribution logistics system.

5. Optimizing the workload of transport and logistics infrastructures;

6. Reducing the time of goods in transit by reducing downtime at junctions, as
well as using more advanced vehicles and transport equipment.

In the structure of the regional distribution center, it is proposed to create a
distribution center, which is divided into five main subsystems, which practically
correspond to five departments of the system: regional service department, external
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communications department, transport department, warehouse and final analytical
department.

Creation and management of information flows will be delegated in the
distribution center system to the external communications department, the regional
service department - to the final analytical department.

Maintenance of material flows is performed by transport and warehouse
subsystems.

Centralized organization can be assigned to a management company included in
the work or attracted, having the ability to implement the entire range of
infrastructure support. Involved organizations can assume the functions of
centralizing planning, coordination and regulation of the process of goods movement.

When choosing a management company, it is advisable to find a supplier who is
ready to discuss the needs of the organization's clients, along with their own needs. It
IS necessary to establish standards for key performance parameters. Professional
suppliers can support several quality improvement programs and, in practice, include
their implementation in the contract. They should be ready to discuss agreements on
the basis of profit sharing in case of excess profits, and ready to pay a fine if they
cannot solve the problem.

When creating a consortium, it is necessary to organize the work of a
distribution center, as well as a small wholesale trade division with their placement in
the regions. It is likely to organize the work of small wholesale centers trading on the
principle of cach & carry.

In the course of working with retail operators, it is proposed to use the following
type of customer groups:

- retail enterprises,

- wholesale customers - kiosks, pharmacies, gas stations;

- hotel and restaurant business - hotels, restaurants, cafes.

The primary task remains to determine the geography of the distribution of the
influence of state support and financing, including by choosing the location of the
structural units of the logistics consortium. In the regions that are most attractive for
doing business, it is proposed to create a program for the development of trade
infrastructure based on state financing.

In moderately attractive regions, forming or repurposing entities into small-scale
wholesale centers operating under the “cash and carry” principle is also proposed. As
a result, the structure of the logistics system will be characterized by a rational
construction of the links of the logistics chain and an optimal organization of the
center itself. In accordance with the peculiarity of the geographical location of the
regions, it is advisable to place the distribution center in regional centers, since they
have a more developed wholesale trade infrastructure.

Regional wholesale distribution centers of food products

A wholesale distribution center (WDC) can take various forms, depending on
the entity initiating the project. The legal framework largely depends on the
organizational and legal forms of businesses participating in the WDC, along with the
intensity of trade turnover. In areas where small businesses predominate among
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WDC participants, establishing an agricultural consumer cooperative may be a
suitable option.

Such cooperatives may focus on marketing, processing, supplying, and servicing
small businesses (i.e., cooperative members). A WDC of this nature could face
obstacles including a lack of project champions, insufficient initial capital, scarcity of
land parcels for the center, and difficulty in attracting qualified personnel. One
feasible approach is to base a consumer cooperative at an existing processing
enterprise, small production unit, or warehouse facility, subsequently expanding to
provide the full range of services. Alternatively, depending on geographical
circumstances, cooperative WDCs may lease local warehouses and outsource
processing activities to nearby food industry facilities. Nonetheless, creating such a
cooperative requires substantial financial investment, which small enterprises often
lack. Government assistance, involving financial support mechanisms, becomes
essential for forming a cooperative-based WDC, thereby necessitating clear
guidelines on how to subsidize such structures.

According to the State Program for the Development of the Agro-Industrial
Complex of the Republic of Kazakhstan for 2017 - 2021, the expansion of
opportunities for the sale of agricultural and processed products will be carried out in
two directions.

The first is the creation of a wholesale distribution center for the formation of
large consignments of food and their distribution to the domestic market and export.

The second is the creation of an electronic trading system for agricultural
products. An example of the implementation of digital technologies can be the
creation of an electronic platform for trading agricultural products, which will
overcome geographical limitations, reduce the costs of maintaining retail space, etc.

In addition, to solve the problem of the shortage of transportation capacities
when exporting grain crops and processed products, it is planned to develop a
logistics map of the agro-industrial complex and action plans for the construction of
terminals, transshipment warehouses, and the renewal of a specialized fleet of
equipment.

The existing program should have included an item for subsidizing the costs of
building a wholesale distribution center.

In regions with consistently robust demand and supply, WDCs may be founded
by development companies if local investment conditions are attractive. These firms
handle design, land acquisition, construction, utility deployment, center management,
and related operational tasks. However, challenges arise when such development
companies set service fees at levels that may be deemed excessive, raising the
possibility of government intervention to compensate agricultural producers who rely
on the center.

Facilitating the entry of development companies requires establishing a
favorable investment climate at the regional level. This may involve providing long-
term land leases under preferential conditions, with the option to purchase for the
WDC,; zero property tax rates for up to seven years; reduced income tax rates for up
to eight years; preferential land tax regimes; and assistance in persuading producers
to collaborate with the WDC.
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In other circumstances, large companies in the sale or processing of agricultural
products could establish WDCs. When such enterprises already possess infrastructure
and land resources, constructing a new WDC is more straightforward, but requires
acknowledgment of existing business constraints for agricultural producers.

Core Functions of a Wholesale Distribution Center

Based on WDC objectives, its primary functions should align with the principle
of delivering comprehensive services in a single location:

1. Procurement — purchasing agricultural products.

2. Warehousing — leasing warehouse space; handling acceptance,
loading/unloading, and secure storage of farm products.

3. Processing — pre-sale product preparation; processing of agricultural goods
(e.g., manufacturing semi-finished and finished products, packaging).

4. Servicing — ensuring agricultural producers can acquire essential goods;
providing veterinary and phytosanitary inspection; offering financial services (credit,
insurance); and maintaining vehicle parking and servicing.

5. Transport — managing documentation; cargo escort; monitoring cargo
movement; planning transport operations.

6. Marketing — selling agricultural goods (maintaining databases of suppliers
and buyers); leasing retail space; delivering market information; overseeing turnover
management; selling agricultural goods.

7. Social — organizing public canteens; preparing ready-to-eat meals for social
institutions; providing public catering (cafés, snack bars); offering lodging services.

The wholesale distribution center model should absorb the best international
experience in organizing wholesale markets for agricultural products (Rungis,
Mercabarna, Corbas, etc.), which has been deeply revised taking into account the
specifics of Kazakhstan’s commodity distribution chains (Figuger 23).
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Figure 23 — Model of a wholesale distribution center
Note: developed by the author
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Distinctive features of the model:

* Quality and compliance management, traceability;

« Multichannel distribution organization due to a combination of “Push” and
“Pull” distribution models;

* Organization of a social nutrition system;

» Offline auctions of agricultural products;

* Fresh logistics (with controlled quality control).

In Kazakhstan, the construction of major WDCs and their integration into a
national network is initiated by the state, with the Ministry of Trade and Integration
as the supervisory authority. Local governments should facilitate land allocation,
utility and transport infrastructure, and deliver tax incentives during WDC
construction. Regardless of organizational structure, it is essential to plan for state
support—such as subsidized interest rates on investment loans, short-term financing
for agricultural processing, and partial reimbursement of WDC construction costs.

In Kazakhstan, the construction of major WDCs and their integration into a
national network is initiated by the state, with the Ministry of Trade and Integration
as the supervisory authority. Their plans included the construction of 24 WDCs. The
main concept of including WDCs into the national network is to unite them under a
single management structure with a common information system. This will allow
them to operate on the basis of uniform standards and rules, use a single information
space, and enable the state to monitor food resources and prices, and organize
government procurement of agricultural products.

Local governments should facilitate land allocation, utility and transport
infrastructure, and deliver tax incentives during WDC construction. Regardless of
organizational structure, it is essential to plan for state support—such as subsidized
interest rates on investment loans, short-term financing for agricultural processing,
and partial reimbursement of WDC construction costs.

The effectiveness of the WRC depends on the relationship scheme formed
between the organizers of the project. To establish a large WDC that will eventually
become part of a nationwide network and significantly affect agricultural markets,
close collaboration with government bodies is recommended. This joint effort is
instrumental for implementing such large-scale projects and sustaining their long-
term operations. Where the WDC takes the form of a consumer cooperative, small
business entities bear the primary responsibility in both its establishment and
activities.

Economic relationships between agricultural producers and the WDC are
defined by contractual agreements. When purchasing farm products, either standard
purchase-sale contracts or financing contracts tied to monetary claims (factoring)
may be used. In case of factoring when delivering products by an agricultural
producer to the WRC, the latter receives a short-term loan from the bank to pay the
advance. After the sale of the products, the WRC settles with the producer in full
minus the advance paid. In case of receiving a large order from processing enterprises
for the supply of agricultural raw materials, subcontracting agreements may be
concluded with the producers. Contracts related to the performance of specific
tasks—such as freight or forwarding services—can be concluded with the transport
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firms and processing companies participating in the WDC. The WRC sells its
products in accordance with the commission agreement. In case of leasing premises
and equipment by agricultural producers, the WRC must conclude a lease agreement
or a trust agreement for the property.

Prices for goods sold via the WDC adhere to ex-warehouse terms, making the
WDC more appealing to agricultural product buyers, as cargo shipping and
loading/unloading costs fall under the center’s expenses. Purchase prices for
agricultural goods account for production cost and standard profitability sufficient to
enable expanded reproduction.
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9 P Reducing the chain of intermediaries -
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Optimization of logistics costs < Creation of domestic technology for
processing and storing agricultural products
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Figure 24 — Main economic problems solved by logistics wholesale distribution
centers
of agri-food products

Note: developed by the author
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The cost of building a wholesale distribution center varies based on the
functions, specialization, and scale of operations.

Commissioning a new WDC not only assists producers in selling their goods but
also creates additional employment opportunities in rural localities. From this
perspective, establishing logistics WDCs for agricultural products relieves producers
from ancillary expenses in preparing goods for market and helps ensure that their
products are directly placed on the shelves of prominent chain retailers (Figure 24).

The creation of logistics WDCs will allow domestic producers of agricultural
products to: increase the competitiveness of their products; ensure access to foreign
markets; attract additional investment; expand production capacity; optimize logistics
costs; increase the share of the food market of Kazakhstan; improve financial
condition; increase labor productivity; expand sales markets.

Thanks to the functioning of the WDCs in the country, several problems can be
solved: stabilize prices for agricultural products; create an integrated information
system for accounting of flows and effective interregional channels for the
redistribution of agricultural products; reduce the number of unemployed; increase
budget revenues, improve the efficiency of the sale of agricultural products by
rationalizing economic ties between agricultural producers and wholesale and retail
enterprises

Figure 25 illustrates the operating mechanism of a logistics wholesale
distribution center. At the WDC, goods undergo quality assessment, required
documentation, packaging, labeling, and processing. Additionally, the legal
organization of transactions—including exchange-based sales, state procurement
contracts, and retail chains—is conducted.

In this system, agricultural producers include enterprises, households, and
peasant farms that supply raw agricultural materials. Fruit and vegetable industrial
processing proceeds in two stages:

-Primary Processing, which encompasses sorting, calibration, washing, peeling,
and rinsing.

-Advanced Processing, involving canning, freezing, marinating, juice extraction,
and other methods (e.g., dried fruits).

Product distribution paths include wholesale/retail sales and commodity
exchanges for deliveries to end users (public procurement, retail outlets, food service
establishments). The proposed logistics WDC coordinates interactions across the
entire chain—from agricultural production to the consumer—while satisfying
economic interests of the stakeholders. It manages incoming shipments, storage, and
centralized distribution, enforces quality and safety measures, and integrates
exchange transactions using derivative instruments.
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Figure 26 presents a model for forming a logistics wholesale distribution center
with agricultural products as the primary flow. Either a public authority or a private
investor (via an initiative proposal) may originate the project. Following an
assessment of project efficiency within a public—private partnership (PPP)
framework—and subsequent endorsement—the concept is finalized, and the techno-
economic parameters of the project are calculated, accompanied by comprehensive
documentation.

Once the concept and business plan for the WDC have been approved, decisions
concerning implementation are undertaken, along with the identification of
participant obligations and cost-revenue arrangements.

The WDC project is put into operation and accepts products from agricultural
producers on the basis of a sales contract, while conducting a phytosanitary
examination of the products. Then the products are redistributed between production
workshops for sorting, processing, packaging of products, etc., then the finished
products are shipped to the trade and distribution department.
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Initiation of the project of a logistics wholesale distribution center for agri-food products
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Figure 26 — Model for the formation of a logistics wholesale distribution center for

agri-food products (WDC)
Note: developed by the author
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The developed organizational and functional structure of the LWDC
management and the model of its formation based on the PPP mechanism, combining
all logistics, production and technological processes into one chain, as well as the sale
and marketing of agricultural products on the commodity exchange, contribute to the
formation of organizational and methodological support for the WDC (Figure 26).

Consequently, logistics wholesale distribution centers of agri-food products help
to solve the main problems of both local agricultural producers and the state and
contribute to increasing the efficiency of the marketing of agri-food products by
rationalizing economic ties between agricultural producers and wholesale and retail
enterprises.

Drawing on existing models for logistics center development, a public—private
partnership mechanism has been adapted to design a logistics WDC for agri-food
products. This model integrates all logistics and production processes, including
distribution and trade of agri-food products on a commodity exchange. Within this
approach, an organizational and functional management structure has been
developed, which oversees all infrastructural components, coordinates transport and
logistics processes for suppliers through specialized software, and integrates the
informational flows essential to the logistics WDC for agri-food products.

The commissioning of WDCs will not only resolve issues with the sale of
agricultural products but also create more jobs in rural areas. The functioning of
WNDCs is timely and essential for implementing import substitution policies, with the
support of regional authorities in finding investors and stakeholders for such projects.

3.3 Evaluation of the economic efficiency of wholesale distribution centers

The principal outcomes of the Wholesale Distribution Center (WDC) creation
project, which characterize its overall effectiveness, include:

« Increasing the proportion of domestically produced vegetables in the total trade
volume;

« Establishing oversight of the entire product logistics cycle, encompassing raw
material quality, collection and storage conditions, processing, handling,
transportation to consumers, and final sales;

« Forming an integrated system to manage orders, product flows, and financial
transactions, thereby consolidating food and nutritional requirements for various
population groups.

In order to saturate the domestic market of Kazakhstan with domestic goods and
ensure favorable conditions for domestic producers, it was planned to implement a
project to create a National Commodity Distribution System (NDS) in the form of an
infrastructure of wholesale distribution centers (WDCs). In total, the state planned to
build 24 WDCs of various capacities by 2025 with a total funding of 237.5 billion
tenge using the PPP mechanism, i.e. the cost of 1 WDC is on average 9.89 billion
tenge.

Due to changes in the base rate and borrowing costs in February 2022, the
project became more expensive, which led to the need to revise the implementation
approaches and the level of state obligations under the PPP agreement. In this regard,
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at the end of August 2022, the Ministry of Trade and Integration of the Republic of
Kazakhstan (MIT RK) recognized the idea of building a WDC as an ineffective waste
of money. The government considered the WDC construction project to be
ineffective. The investor, due to the unprofitability of the project due to its
optimization, initiated the termination of the PPP agreement, as well as the transfer of
already created WDC facilities, which were in state ownership in Astana and
Shymkent, to private ownership. Since the project was not implemented, there were
no payments from the republican budget.

Instead of building a wholesale distribution center, the Ministry of Agriculture
of the Republic of Kazakhstan decided to develop an information system that will
unite all networks, storage facilities and trading facilities to collect operational
information on the availability and prices of basic food products. Unifying these
resources under a single information system will facilitate a comprehensive approach
to establishing a food supply chain from producers to consumers, eliminating
inefficient intermediaries, reducing market informality, stabilizing prices, expanding
commercial infrastructure, and creating export channels. The government is currently
evaluating the model for creating this network.

It should be noted that at present, thanks to digitalization in agriculture,
conditions are being created for increasing production volumes and increasing the
country's export potential. The Ministry of Agriculture of the Republic of Kazakhstan
has 4 information systems on its balance sheet, including unified state information
system of subsidies, information system "Auyl amanaty", identification of farm
animals, unified automated system for managing the branches of the agro-industrial
complex "e-Agriculture”.

To ensure traceability in animal husbandry, work is underway to automate the
entire life cycle (including livestock products), the information systems
"ldentification of farm animals"”, "Unified automated system for managing the
branches of the agro-industrial complex" are used.

A new information system for traceability of crop production is also being
introduced, it will allow tracing the cycle of production and origin of agro-industrial
products according to the principle "from field to table", to assess the effect of
subsidies on the products manufactured in this industry.

The final stage of digitalization of the agri-industrial complex will be the
introduction of the "E-APC" platform.

In order to ensure an integrated approach to the digitalization of agriculture and
the creation of a unified digital platform for the agro-industrial complex, it is planned
to combine all existing information systems in agriculture as part of the digital
transformation of the agricultural sector, through full automation and digitalization of
all business processes.

In 2023, there were 9 wholesale distribution centers and 1,171 private vegetable
storage warehouses in the country. Their capacity was 3.5 million tons with a need of
12 million tons, which is 4 times less. There is a large deficit of warehouses due to
their dispersion,

Thus, the analysis of the development of wholesale distribution centers showed
that:
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- the idea of developing wholesale distribution centers appeared after 2013;

- all previously set plans for the creation of wholesale distribution centers have
not been implemented, funding has been terminated, and the concepts have been
abolished;

- the current situation in the field of production and sale of agricultural products
indicates the need for wholesale distribution centers as a key element of the national
commodity distribution system. Thanks to wholesale distribution centers, it is
possible to effectively solve the main tasks of the country: increase the
competitiveness of domestic products, regulate food prices, stimulate the
development of agriculture, etc.

The WDC system is the best foreign experience in the sale of agricultural
products around the world, and so far there are no other better solutions. All over the
world, the state economically stimulates the creation and development of WDCs, and
participates in management, partially administratively regulating this process until the
project reaches self-sufficiency.

However, the results of the study [13, 91] show the great potential and
effectiveness of the LWDC or ALC. In this regard, the work assesses the
effectiveness of the project to create the WDC based on the following indicators: the
coefficient of overall economic efficiency of the investment, the discounted payback
period of the investment (DPP), the internal rate of return, the coefficient of return on
investment. For this purpose, the data of the conducted forecast of the development of
the volume of production, volume of consumption, population of Kazakhstan,
purchase and sales prices were used and on their basis the forecast of the capacity of
the market of agricultural products and the share of products subject to storage and
processing and trade through the wholesale distribution center were determined [13].

To determine the growth of agricultural production and volume of consumption,
a forecast was made for the pessimistic and optimistic scenarios using the
extrapolation method.

Forecasting for the inertial scenario was carried out on the basis of the analysis
of time series characterizing the production of each type of agricultural product for
2003-2022. The optimistic forecast was based on the maximum values of agricultural
production achieved in the RK in different years. The achievement of optimal values
by year was calculated based on a linear trend.

It is expected that establishing the WDC will stimulate agricultural output by
promoting entrepreneurship not only in farming organizations but also in private
household operations and peasant (farm) enterprises

In turn, to finance the costs of the Ministry of Transport and Communications of
the RK and the Ministry of Agriculture of the RK, all interested private investors
(small and large commodity producers, production and marketing cooperatives,
processing enterprises, retail chains) should be attracted.

At the end of 2022, taking into account inflation and an increase in the interest
rate over 2 years by 21.5%, 288 billion tenge of capital investments will be required
for the construction of the ODC network.

Taking into account foreign experience, we propose to finance it both from our
own funds and from attracted funds of the participants in the commaodity distribution
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system. Of the 288 billion tenge, own funds account for 86.4 billion tenge (30%) and
funds from the republican budget - 201.6 billion tenge (70%). Of these, 30% (86.4
billion tenge) are own funds of commodity producers, cooperatives involved in the
processing, marketing and trade of agricultural products. After 20% subsidization by
the state, the volume of necessary own funds is 69.12 billion tenge.

The main components of the storage WDC, distribution WDC and trade WDC,
as well as the requirements and parameters for them [126] are given in the table in
Appendix G, Table G.1.

Warehouses, product processing shops; cold rooms, areas for waiting for
unloading and loading of vehicles directly from warehouses or container areas,
trading places are the main production facilities of the wholesale distribution center.
And administrative buildings, communications and security services, fire service are
non-production facilities.

The core production facilities for a WDC comprise warehouses, product-
processing facilities, refrigeration units, loading and unloading zones for vehicles,
and designated market spaces. Non-production facilities include administrative
offices, communications services, security, and fire protection units.

Over the entire period, the number of constructed WDC s will be 24 units. The
main indicators of the construction project for 2020-2027 are given in Table G.2,
Appendix G. At the end of the period in 2025, the total capacity of all WDC s will be
2.4 million tons of products. The number of employees is 5,000 people.

Terms of lending for the WDC project: 201,600 million tenge (70%) - from the
budget and 86.4 million tenge (30%) - own funds of the NTS participants. The loan
term is 15 years at 15% per annum (Appendix G, Table G.3).

Forecast calculations incorporate an annual 20—-30% rise in fixed costs linked to
labor expenses, wage indexation, and increased costs for fuel, lubricants, and
electricity, among other factors.

It was planned that from 2022 to 2025, the workload of the wholesale
distribution center would amount to 8.5% of the projected values of the total volume
of vegetable production. This relatively low initial figure reflects the startup phase of
the center’s commercial activities, uncertainties associated with establishing supply
contracts, and the existing long-term contracts between larger producers and other
centers (e.g., retail chains, processors, intermediaries).

Between 2026 and 2030, the WDC’s throughput is projected to reach about 20%
of total vegetable production. During this interval, the primary goals include
engaging as many peasant (farm) households and private plots as possible and
securing multi-year collaboration agreements.

In the period from 2026 to 2036, the workload will be about 30% of the total
gross vegetable harvest across all categories of agricultural enterprises in the country.

In calculating expected profit, the analysis did not factor in the reimbursement
of some expenses (20% of construction costs), as stipulated by the State Program for
Support of the Agro-Industrial Complex. Therefore, the presented forecast leans
toward a pessimistic scenario. Even so, net profit is expected to become positive in
2033 (Figure 27).
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Figure 27 - Dynamics of net profit of the project for construction of the WDC under

the pessimistic scenario for the period 2020 - 2036, million tenge
Note: calculated by the author

In the optimistic scenario, a reimbursement of 20% of the construction costs
(46,368 million tenge) for the wholesale distribution center is assumed, coupled with
a higher utilization rate of the center’s capacity—while other parameters remain
unchanged (Figure 28).

The return is planned in parts, from 2029 (after the launch of the project and the
start of commercial activities).

From 2022 to 2026, the WDC is projected to handle about 10% of the forecast
total vegetable production (all farm categories). Between 2027 and 2030, the WDC’s
throughput would reach approximately 25% of total vegetable production. Between
2030 and 2036, it would reach 35%. As before, the objective is to involve as many
peasant farms and private plots as possible through long-term collaboration
agreements.

Under the optimistic scenario, the value of net profit also reaches a positive level
in 2029, with a value of 153438.9 million tenge, which is 23508 million tenge more
than in the pessimistic scenario.

Gross income values also increased, and accordingly, the level of net profit.

The average annual value of net profit will be 127839 million tenge. The trend
line on the graph shows a positive trend in terms of profit (Figure 28).
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Note: calculated by the author

The results of the forecast of the investment project’s economic efficiency

indicators are presented in Table 20.

Table 20 — Results of the forecast of the investment project’s economic efficiency

indicators for the construction and operation of the logistics WDC

. Pessimistic Optimistic
Indicators
forecast forecast

Capital investments, million tenge 288000,0 288000,0
Average annual gross income, million tenge 3933004,2 4899244,0
Average annual net profit, million tenge 18142,0 90147,9
Average annual production volume, thousand tons 3200,7 3765,6
Coefficient of overall economic efficiency of capital 6,2 31,0
investments, %

NPV (net present value), at a discount rate of 15%, 3191,6 12285
million tenge

IRR (Internal rate of return), % 3,76 25,41
Pl (Project investment profitability ratio), % 1,58 6,1
Discounted payback period (DPP), years 15 9

Note: Calculated by the author

Under the pessimistic and optimistic forecasts, the coefficients of overall

economic efficiency of capital investments are 6.2% and 31.0%, respectively.

The discounted payback period (DPP) is 15 years in the pessimistic case and 9
years in the optimistic case, while the internal rate of return (IRR) is 3.76% and

25.41%, respectively, compared to a 15% annual lending rate.

104




The coefficient of return on investment in the project is 1.5% and 6.1%

The internal rate of return in the pessimistic scenario is 3.76% and in the
optimistic one — 25.41%, which means that the developed investment project is
profitable and can be taken into consideration.

Thus, the economic efficiency from the creation of the LWDC will be expressed
in:

- reduction of product losses and expenses in the distribution system;

- reduction of the difference between the manufacturer's selling price and the
retail price;

- increase in the efficiency of the general system of supply and distribution of
food in large cities, industrial centers and individual regions of the country;

- expansion of the range of food products and improvement of their quality;

- increase in tax revenues;

- freedom of choice for consumers and the opportunity to increase income for
producers of goods.
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CONCLUSION

The conducted research on the development of logistics infrastructure and
sustainable supply chains for agri-food products, as well as their role in increasing the
competitiveness of the economy of Kazakhstan and ensuring sustainable growth,
allows us to draw the following conclusions:

1. Based on the conducted study, the essence and content of the key components
of logistics infrastructure were revealed. The definition of logistics infrastructure was
refined as a set of objects and a complex of interrelated elements that ensure activities
related to the procurement, supply, storage, and delivery of products to consumers.

The creation of modern logistics infrastructures for the agri-industrial sector
(ALC, WDC, RC, etc.) will help reduce the volatility of food product prices, enable
farmers to receive a fair share of the trade markup, which in turn will allow them to
generate higher income, reduce post-harvest losses, and improve product quality and
safety.

The development and maintenance of reliable logistics infrastructure are crucial
for enhancing economic competitiveness, reducing transportation costs, and
improving the overall efficiency of product supply chains.

2. In connection with the above, we note the following features of the
functioning of the logistics infrastructure and supply chains of agricultural products:
it is necessary to use a logistics approach to create an effective system of goods
movement in the Kazakhstani market of agricultural products. This system should be
built on the conjugation, integration and cooperation of all elements involved in the
movement of goods and include:

- material base for production (farmer production and sales cooperatives);

- warehouse base (modern network of cold storage facilities, storage facilities,
hangars);

- transport component (refrigerated trucks, grain carriers, etc.);

- trade infrastructure (distribution centers and exchanges).

3. The implementation of conceptual provisions for the functioning of the agri-
food product market requires changing traditional approaches to assessing its
selection and placement. At the regional level, the criteria for optimality and
efficiency of placement should be measured using an integral multiplicative indicator.
The methodology for its calculation involves forming a system of indicators that
characterize the optimality and efficiency of using distribution infrastructure
elements, determining indices that show their changes over time, and calculating an
aggregated indicator that represents the average value of the indices.
The contribution of this research lies in the combined use of different methods at
various stages of the study. The application of standardization, cluster analysis,
regression analysis, factor analysis, center of gravity method, and ranking of regions
by the criteria we developed for selecting WDC types allowed us to develop a more
practical method for determining the number of WDCs, considering regional demand
factors for WDCs. This method, considering the proposed factors, will help to avoid
the construction of underutilized WDCs.
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Another feature of the proposed methodological approach is the construction of
an interconnected transport and logistics infrastructure within the region.
The proposed approach will significantly improve the efficiency of using transport
and logistics infrastructure in regions according to their needs, based on socio-
economic, geographic, ecological, and production factors and requirements.

Fulfillment of these requirements will dramatically improve the process of
creating and implementing the consumer value of the wholesale distribution center:
systematically providing the client with exactly what he wants, at the time he needs
and in a place convenient for him.

4. The research showed that Kazakhstan lacks a centralized state body
responsible for addressing the issues of cold chain supply for perishable food
products (PFP). This leads to a number of problems, including insufficient attention
from government bodies to PFP issues, difficulties with monitoring and traceability
of supply chains, and weak organization of product collection, transportation, storage,
and sales processes. Eliminating these deficiencies requires:

- Organizing statistical accounting for cold chain activities and infrastructure.

- Continuous training of specialists in cold chain management.

- Establishing a special government body for regulating and planning cold
chain operations for PFP supply. To improve transparency and traceability of supply
chains, it is necessary to:

- Implement vertical integration of farmers and other logistics chain
participants.

- Use modern technologies such as the Internet of Things (IoT), blockchain,
and remote monitoring systems for temperature conditions. A comprehensive
approach to modernizing and developing the cold chain will reduce product losses,
improve quality, and ensure the resilience of PFP supply chains in Kazakhstan.

5. The proposed methodological approach consists of three stages. At the first
stage, regions (districts and urban agglomerations) are identified where the placement
of key logistics infrastructure objects is advisable. To solve this task, an approach
based on the cumulative potential of two-stage cluster analysis, factor analysis, and a
ranking method is proposed. The consistency of the results from the combined use of
these methods was demonstrated using the example of Kazakhstan. At the second
stage, the geographical placement of logistics infrastructure objects is determined.
The center of gravity method is used to find the optimal locations for infrastructure
based on transport time and distance. Corresponding optimization tasks are solved to
minimize the cost of advancing the material flow from suppliers to consumers. At the
third stage, the service zones of WDCs are determined based on minimizing the
service costs for each district.

The distinguishing feature of the proposed methodology is that, when forming
logistics infrastructure, the target purpose and type of commodity carrier (storage,
distribution, trade) can be taken into account simultaneously. This makes it possible
to choose the required capacities, types of refrigeration and ventilation equipment,
specialized  transport  (refrigerated  trucks, isothermal  vans), etc.
The methodology for selecting WDC locations for storage, distribution, and trade is
recommended for use in state planning for the development of regional logistics
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infrastructure, as well as by large companies when deciding on investments in the
logistics sector.

Using this methodology allows state bodies or private investors to calculate
possible options for optimal placement of WDCs before making decisions about
designing or modernizing existing distribution networks, based on factors such as
population density, transport and logistics infrastructure, and the economic and
physical availability of food products, which enhances the efficiency of production,
sales, and supply chain sustainability for agri-food products.

6. The analysis revealed factors, environments, and conditions that influence the
development of logistics infrastructure and product supply chains. The main limiting
factors include technological, financial, economic, social, epidemiological, and
geographic factors.

It is necessary to ensure the efficient functioning of food supply chains with
minimal or no intermediaries, due to the close proximity of production and
consumers.

The study showed that Kazakhstan's high international trade intensity is
associated with existing economic ties, huge economic potential and the country's
geographical location. High intensity of trade turnover in various directions and low
logistics efficiency (below the world average) emphasize the need for dynamic
development of logistics infrastructure, reduction of customs barriers and costs,
improvement of the quality of training and service, which will affect greater
scalability of transport and logistics and increase their contribution to the economy.

7. The main directions for the development of logistics infrastructure and agri-
food supply chains should be:

Institutional support,

- State regulation of logistics infrastructure,

- Formation of national logistics infrastructure,

- Formation of logistics systems at different levels,

- Creation of marketing and logistics information systems and research,

- Improvement of domestic and foreign trade and trade infrastructure for key
agricultural products,

- Participation in the development of logistics infrastructure for product
promotion within the EAEU,

- Improving the efficiency, development, and use of logistics infrastructure and
agri-food supply chains.

8. Drawing on existing models for logistics center development, a public—private
partnership mechanism has been adapted to design a logistics WDC for agri-food
products. This model integrates all logistics and production processes, including
distribution and trade of agri-food products on a commodity exchange. Within this
approach, an organizational and functional management structure has been
developed, which oversees all infrastructural components, coordinates transport and
logistics processes for suppliers through specialized software, and integrates the
informational flows essential to the logistics WDC for agri-food products.

The commissioning of WDCs will not only resolve issues with the sale of
agricultural products but also create more jobs in rural areas. The functioning of
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WNDCs is timely and essential for implementing import substitution policies, with the
support of regional authorities in finding investors and stakeholders for such projects.

9. Overall, the economic benefits derived from establishing logistics-oriented
wholesale distribution centers (WDCs) include:

« Decreasing product losses and expenses in the distribution system;

« Narrowing the gap between producers’ selling prices and retail prices;

« Increase in the efficiency of the general system of supply and distribution of
food in large cities, industrial centers and individual regions of the country;

« Increase in tax revenues;

« Providing consumers with broader choices and enhancing producers’ income.
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APPENDIX A

Implementation acts of the research results

ouHo-Ka3zaxcranckui

eT umenn Capcena AMaHKO0JI0BA»
Anumbexosa H.B.

2024r.

AKT BHeJIpeHHs B y4eOHbIH npouece pe3yabTaToB paGoThi

Mgi, HKenoxnucaBmmecs, JIUPeKTOp JenapTaMeHTa aKaJeMHYeCKOM
NIOJIMTHKH M yNIpaBJIeHHs 06pa3oBaTe/IbHBIMH IPOrpaMMaMH, PYKOBOJMTENb OTAENa
110 OpraHu3aluy yae6Ho-MeTonuyeckoit paboTsl, JekaHn Bricieit mkons: 6usHeca u
npaBsa, H.0. 3aBeAyIOIMH kadeapoil >KOHOMHMKH, MEHEIKMEHTa M (DHHAHCOB M
A.A.PaxmMeTylHHa COCTaBHIM HACTOSIIMH aKT O TOM, YTO Pe3yJIbTaThl HAYYHOIO
npoekra «Pa3sBUTHE TPaHCIIOPTHO-JIOTHCTHYECKOH CHCTEMBI Kasaxcrana»
(cBumerenscTBO MuHMCTepcTBa IocTHIMH PecrmyGnuku KasaxcTaH O BHECEHHH
CBEJICHHM B IOCY/JIapCTBEHHBIH peecTp NpaB Ha 0OBEKTHI, OXPaHAEMbIE aBTOPCKHM
npaBoM Ne 42478 ot 30.01.2024r), UMEIOT TEOPETHYECKOE H IPAKTHYECKOE
3Ha4YeHHe JUIi y4eOHOro mnporecca.

HacrosmuM akToM MNOATBEPKAAETCSA, YTO PE3yNbTaThl HAyYHOIO MpOEeKTa
«Pa3BHTHE  TpPaHCHIOPTHO-JIOTHCTHYeCKOM  cucteMsl  Kaszaxcrana»  ObumH
HCIIOJIb30BaHbl M BHEJPEHB! B y4eOHBIH NpoIece B JEKIHOHHBIE H MPAKTHYECKHE
3aHATHS JUIs 00pa30BaTeNbHBIX NMPOrpaMM IO HalpPaBICHHIO TMOATOTOBKH KaJpOB
«busnec u ynpasinenue» HAO «Bocrouno-KaszaxcTaHCkuii yHUBEPCHTET HMEHH
CapceHa AMaHX0JIOBa.

JIHpeKTOp AenapTaMeHTa aKaJleMHYeCKOH Jomanaros E.B.
NOJIMTHKH H ynpasJieHHsi 06pa3oBaTe/IbHbIMH
nporpaMMaMH

Pyxononm'e.nb OTAeJIa MO OpraHH3alHH ! -

y4eGHOo-MeToAnYecKoi paboTnl Xamurosa 3.K.

Jlexan Boicmeii mkonbl 6H3Heca H npasa A Anbimesa A.A.

H.o. 3aB. kadeaApoi IKOHOMHKH, MEHEUKMEHTA H

dunancos % Konycnaes P.K.

ABTOp pa3paboTKH /7@4, Paxmeryanna A.A.
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TIpopeKTOp MO AKaAeMH1eCKHM BONpocam
HAO KoxmeTayckuii yjHBepcHTeT

um. III. YaauxaHoBa,

Meneros H.A.

2024r.

AKT BHepeHHs B y4eOHbIi npouece pesyabTaToB paGoThbl

Msl, HIKENOANHCABIIHECs, AUPEKTOP Beiciueii mxonsl OuszHeca W Tpasa,
3apeyrommii Kapenpod «busneca H ycayr» 1 A.A. PaxmerynuHa COCTaBHJIH
HACTOSIIMIA aKT O TOM, 4YTO pe3yJIbTaThl HayYHOrO MPOCKTa «Pa3puTHE TPAHCIIOPTHO-
norucTHYecKol cucteMbl Kasaxcrana» (CBHACTENBCTBO MuHHCTEPCTBA FOCTUIIMH
Pecny6nukn KasaxcTaH 0 BHECEHHH CBE/ICHHH B rocynapcTBeHHBIH peecTp npas Ha
0GBEKTEI, OXpaHseMEle aBTOpCKHM mpaBoM Ne 42478 ot 30.01.2024r), uMerOT
TeopeTHYEeCKoe U MPAKTHYeCKoe 3HAYCHHE JUI y4eGHOro rnpomecca.

HacToSIMM aKTOM MOATBEPXKIAeTCs, UTO pe3ylbrarbl HaydHOIo NpOEKTa
JCIIO/IB30BaHbl M BHEJPEHB! B y4eOHbIi mpolece B JEKIHOHHBIC H NpaKTH4YeCKHe
3aHSTHA JUIS 0OPa30BaTENBHBIX MPOrPaMM M0 HANPABJICHHIO MOJArOTOBKH Ka/IpoB
«Busnec u ynpasierne» HAO Kokuierayckuii yHUBEPCHTET UM. I1I. YanuxaHosa.

Jlupextop Beicueii mKkosib1 Gu3Heca H NpaBa

3aseayomuii kadeapoii «busHeca u ycayr

-

Paxmeryauna A.A.

-

ABTOp pa3paboTku
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B JluccepranmoHseiii coBer mo rpynne
crnenMajJbHOCTel /0Gpa3oBaTeJbHBIX
nporpamm 6D050600, 8D04102 — Dxonomuxka,
6D051000, 8D04103 - TocynapcTBeHnHoe
MecTHoe ynpasijenue, 6D051700, 8D04105 —
NunoBaumonnbiii  menexxment, 6D051800,
8D04107 -  Vmpasienue NpOeKTaMH,
6D050800, 8D04108 — Yuer u ayaut, 6D050900,
8D04110 — ®unancel, 6D051100, 8D04111 —
Mapxkerunr, 6D051300, 8D04101 — Muposas
3KOHOMHKa, 6D090900, 8D11301 — Jlorucruka
050400, r.Amvaret, 1ip. ans-Papabu, 71

AKT

0 NPAKTHY€CKOM NNPUMEHEHHH Pe3yJabTaToB AHCCEPTAMHOHHOTO

HCCTIeIOBAHU A

Pesymprarel  jmcceprammonsoro  mccnenosanms — PaxmerymmHOH  ALA.
«Development of logistics infrastructure and supply chains of agri-food
products in the Republic of Kazakhstan» mupencrasmsior IIPAKTUYECKYIO
3HaYUMOCTE Juisi  Hameld kommaHum TOO «SMART Trade Solutionsy.
PaspaboTannble Mepsl B paMKax ~HCCNEIOBAHUS IO3BOJSIIOT  MOBBICHTH
d(Q(EKTHBHOCTL ~ PabOTHI  JIOTMCTHYECKON  MH(PACTPYKTYPHl M CO3JQHus

YCTOMYUBBIX LEIeH MOCTaBOK MPO/IYKIIUH.

Jupexrop

Teneyraspinos b . B .

09 nexabps 2024 roza
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AKT BHEPEHHSI PE3yJIbTATOB HAYYHO-HCC/I€I0BATEILCKHX paboT
no teme AP19677634 «Pa3BuTHe TOrHCTHYECKO HHppacTpyKTYpHI H
YCTOHYHBLIX Henel MOCTABOK CKOPONOPTSIEicsl MPOX0BOILCTBEHHOI
npoaykuuu Ha Tepputopun Kaszaxerana»
(HayusbIi pyKoBOIHTENS 11.3.H, podeccop Pamvbekos JK.C.
Hcnonuurenn: 1.5.1., mpodeccop Crizapik6aesa B.Y., k.3.1., notent Baiivberosa

AB., k.3.H., nouent [lynatGexona XK.A., Jloktopant Paxmerynuna A.A.)

Hacrosiumm — moxarsepixmaercs, 9Tto paa TMONOXKEHHH W BBIBOJIOB,
pa3paboTaHHBIX B paMKax HAaydHOTO HMCCIeZOBaHMA 1o mpoexty AP19677634, a
TAKKe  [PEVIOKCHHBIC — MPAKTHYECKHE PEKOMEHJAIMH  HMEIOT  BBICOKYIO
AKTyaJIbHOCTB JUIsl Halllel KOMIIaHHH.

PexomeHIanii Mo pPasBUTHIO M IHONIEPKKE TPAHCIIOPTHO-TOTHCTHIECKHX
YCIyr i MHQPACTPYKTYDEI B YCIOBHSIX COBPEMEHHOM 3KOHOMMKH, @ TAKXKe ONCHKA
YPOBHS HX PasBUTHS NPENCTABISIOT 3HAYMTENbHBIM MPAKTHIECKUH HHTEpec. DTH
uJlen MOTYT OBITB YCIEUIHO MWCIONB30BAHBI NPH pa3paboTKe CTPATErHYECKUX
IJIAHOB I10 COBEPILEHCTBOBAHMIO TPAHCIIOPTHO-TOTHCTHYECKIX CUCTEM KOMITAHMH.

Ilpumenenyie MpeUIOKEHHBIX MOJIeNeil 1 MeXaHH3MOB GbYHKIHOHUPOBAHUS
JIOTUCTHYECKOH MH(pPACTPYKTYpPBl /Ul CKOPONOPTSILEHCS MPOMYKIIHH, a TakiKe
noctpoenue  3(QQPEKTUBHBIX ¥  yCTOWYMBBIX IeIeidl  [OCTaBOK co3gaznyT
BO3MOYKHOCTH JUIS ONTHMHU3AIUH HPOLIECCOB TPaHCIIOPTUPOBKU
arponpOMBIIIJICHHON HPOAYKLMH. DTO, B CBOIO O4Yepelb, MOBBICHT OGIIYIO
9 peKTHBHOCTD M HaJeKHOCTH Joructudeckux oneparuii TOO «SMART Trade

Solutions».

Jlupextop
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8D04107 — Yupasiienne npoextamu, 6D050800,

8D04108 — Yuer u ayaut, 6D050900, 8D04110 —

®unauncwr, 6D051100, 8D04111 — MapkeTnnr,

6D051300, 8D04101 — Muposasi IKOHOMHKA,

6D090900, 8D11301 — Jlorucruka

050400, r.Anmarsl, nip. ans-®apabu, 71

AKT

O MPAKTHYE€CKOM MPHMEHEHHH pe3y/ibTaTOB AHCCEPTALHOHHOIO
HCCJIEAOBAHHA

Hacrosiumm  moaTeepkaaem, YTO  pe3ynbTaThl  AMCCEPTALIMOHHOIO
uccaenosanus Paxmerynunoit A.A. «Development of logistics infrastructure and
supply chains of agri-food products in the Republic of Kazakhstan» siBisiorcs
aKTya/bHBIMHU B COBPEMEHHBIX YCIIOBUSIX.

B yacTtHOCTH,  mpaKTHYeCKHe  pPEeKOMEHAAlMH MO  TMOCTPOEHHIO
B3aUMOYBS3aHHOW TPAHCMOPTHOH M JIOTUCTHYECKOH HHOPAcTPyKTypbl Ha
TEPPUTOPUN pernoHa OyayT NpUMeHeHbl B JanbHeliied aestensHoctn TOO
«Hosorii LlenxoBsrii I[TyTs».

[TpakTuyeckass 3HaYUMOCTb  JMCCEPTALMM  OMpeAeneHa TeM,  4TO
paspaboTaHHbIE MEPBI B PAMKaX UCCIIEIOBaHUS TTO3BOJIAIOT CYIECTBEHHO OBBICHTh
3(GeKTHBHOCTb HCMONB30BAHHS TPAHCTIOPTHO-IOTMCTHYECKON HHAPACTPYKTY LI B
perdoHax B COOTBETCTBMM HX IOTPEOHOCTSM Ha OCHOBE yuyeTa COLMAIbHO-
3KOHOMHYECKHX, reorpapuyeckux, IKOJOrHYeCcKux, MpoOU3BOACTBEHHBIX (AaKTOPOB
¥ TpeGOBaHMHM.

Hupexrop TOO «Hosbiii LLlenkoBsiii [TyTe» Kpasuenko [ A.
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AKT BHE/JIpeHHS Pe3yIbTaTOB HAYUHO-HCCIe10BATENLCKHX paboT
no reme AP19677634 «Pa3surne JJOrHcTHYECKOH HHPPACTPYKTYPBI H
VCTOHYHBBLIX Leneil NOCTABOK CKOPONOPTALIEHcs NPoA0BOIbLCTBEHHOH
npoaykuuu Ha reppuropun Kasaxcrana»
(Hay4HBIH pyKOBOAMTENb 1.3.H, npodeccop Panmbekos K.C.
Wcnonuurenn: 1.3.4., npodeccop Chizavikbaesa b.Y., k.2.1., noueHt baiimbetosa
AB., k.3.H., nouent Jlynat6ekosa JX.A., noktopanT Paxmetynnna A.A.)

HacTosiuum akToM MOATBEPKAAETCH, YTO pAA MONOKEHHH W BbIBOJOB
Hay4HbIX HccaenoBaHuii 1o npoekty AP19677634, oueHka COCTOSHHA H
BBIABJCHHBIE  MPOGNEMbl  CYLIECTBYIOLIeHf  TPaHCTIOPTHO-IOMHCTHHECKOH
MHOPACTPYKTYpbl; (akTopsl, BMsioLMe Ha (opMmupoBaHue, (pdekTHBHOE H
YCTOHYMBOE pa3BUTHE TPAHCMOPTHO-JOrMCTHYECKON MH(pPACTPYKTyphl; MOACIH H
MEXaHW3M  pa3BUTHS  TPAHCMOPTHO-JIOTHCTHYECKOH — MH(QPAcTPyKTypbl — H
NpeUIo/KeHble MpaKTUYeCKHe PEeKOMEHAlMH M0 HMX Pa3BHTHIO MpeACTaBAIOT
aKTYyaJlbHOCTb JUISl KOMITAHHH.

[IpeuiokeHHble PEKOMEHIAHH M0 Pa3BUTHIO M MOIEPXKKE TPaHCMOPTHO-
JIOTHCTHYECKUX YCTYT CKOPOMOPTSLIEHCS MPOAYKLUMH W ee HH(PACTPYKTyphl B
ycnoBusX LM(POBH3ALMM ¥ OLEHKA YPOBHS MX PasBUTHA MpPEACTaB/IAIOT
MpaKTHYeCKUH HHTepec M MOryT ObITh BHeApeHs! mnpu pa3paboTke
CTpaTerMyeckMX IUIAHOB  PAa3BUTHS  TPAHCTIOPTHO-IOTMCTHYECKHX — CHCTEM
KOMITaHHH.

Wcnonb3oBaHKe MpeACTaBlIeHHBIX MOJIENH ¥ MeXaHH3Ma (Y HKLIMOHHPOBAHHS
JIOFHCTHYECKOH  MHQPACTpyKTYpsl Ui  CKOPONOPTSALICHCS — MPOAYKLHH  H
>(peKTUBHBIX Leneld MOCTaBOK IO3BOJMT  MOCTPOHTH dpdexTHBHBIE H
yCTOWuMBBIE LI€MM TOCTABOK TNPM  TPAHCMOPTHPOBKE — arponpoOMbILLICHHOH

NPOAYKLHH.

Jlupextop TOO «Hosrii Illenxoseiii [Tyts»  Kpasuenko I'.A.
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APPENDIX B
Participation in an applied research project under the grant funding of the Ministry of
Education and Science of the Republic of Kazakhstan

CITPABKA

Jlana PaxmeTyiuHoii Aiirepum AGaeBHe B TOM, YTO OHA HAEHCTBHUTENBHO ¢
«03» snBaps 2024 ropma sBiseTcs MIAQIIMM Hay4YHBIM COTPYJAHHMKOM IIPOEKTa
AP19677634 «Pa3BuTHE JIOrMCTHYECKOH HHPPACTPYKTYpBl M YyCTOHYMBBIX LETeH
NIOCTaBOK CKOPOMOPTSALIEHCS NPOAOBONBCTBEHHOW MNpPOMYKLMH Ha TEPPUTOPHH
Kasaxcrana», B paMkax rocyaapcTBEHHOrO 3aKa3a Ha peayH3al[Hi0 HayqHOTO U
(M) Hay4YHO-TEXHHYECKOro MpoekTa no GiomkeTHOH nporpamme 217 «Passutue
HayKku», o npuoputety «Mccnenosanus B 061acTi COLMaNbHBIX U IyMaHUTAPHBIX
Hayi», (aorosop Ne 269-23-25 ot «03» asrycra 2023 r.).

HayuHerii pykoBomutens npoekra: Panmbexos Xanapsic Ca6upoBu.

CrnipaBka J1aHa 1o MecTy TpeGoBaHHs.

H.o. aupexTopa nenapramenTa nHayku

Hcn. A. Ateizosa
Ten. 70-94-87, B1.31-293
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APPENDIX C
Copyright certificate from the Ministry of Justice of the Republic of Kazakhstan
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APPENDIX D

Criteria influencing the selection and placement of logistics infrastructure for storage,

distribution and trade

System of indicators

Justification of the choice of criterion

Social factors

Population size, people

Characterizes the volume of purchase and consumption of
products

Income per capita, thousand tenge

Characterizes the level of income of the population in the
region

Purchasing power of the district
population, thousand tenge

Characterizes the level of purchasing power of the population

Volume of food consumption per
capita, kg/year

Characterizes the level of consumption of products

Level of satisfaction of the
population with services

Characterizes access to infrastructure facilities, completeness
of information, quality of service

Economic factors

Number of agricultural producers

Characterizes the volume of favorable business environment in
agricultural business, reflecting how much agricultural
organizations have increased (decreased)

Volumes of sales of agricultural
products, million tenge

Determines the volume of growth in sales of products, the level
of agricultural production, and an assessment of the state of the
investment climate in agriculture.

Volumes of production in the
food industry

Characterizes the assessment of the state of production of
finished food products

Volume of wholesale turnover of
food products, million tenge

Determines the volume of wholesale sales of food products

Volume of retail turnover of food
products, million tenge

Determines the volume of retail sales of food products

Volume of cargo transportation of
agricultural and food products,
thousand tenge

Characterizes the volume of transportation of agricultural
products

Share of the number of food
market workers in the total
number of employed in the
economy of the country (region)
of the working-age population,
%,;

Characterizes the number of people employed in the food
sector out of the total number of people employed in the
economy

Level of profitability of the TPS

An indicator that determines the efficiency of the TPS

Cost of sales of 1 tenge

Costs of selling a unit of production

Selling price of 1 tenge of sold
products

Purchase costs

Profit from sales of 1 tenge of
products

Income remaining at the disposal of the distribution network
(TPS)

Regional

(Infrastructure-geographical) factors

Number of enterprises and
workshops for processing and
production of agricultural
products

An indicator that determines the level of concentration of
enterprises in the processing industry
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Availability of storage facilities
for products, in tons

Characterizes the storage capacity

Number of storage facilities for
agricultural products per 1000
residents, places

The value that determines the actual capacity for storing
products

Distance from the district center
to the regional center by road, km

Determines the distance and cost of transportation

Time of transportation of
products by road, hours

An indicator that determines the speed of delivery of products

to the destination

Trading area of grocery stores,
per thousand square meters

Determines the degree of development of the retail space

Number of retail chains, units

Characterizes the level of development of retail chains

Warehouse area, thousand square
meters

Determines the level of development of the warehouse space

Density of highways, km per 100
square meters

Shows the degree of provision of the territory with a motorway

Length of highways, km

Characterizes the total length (length) of motorways

Availability of railways in the
district (0 - no, 1 - yes, 0.5 -
partially)

Shows the level of provision with a railway network

Number of marketing,
information and consulting
centers per 10 thousand people

Characterizes the density of service centers

Production factors

Volumes of agricultural
production in physical quantities
(grain, potatoes, fruits and
berries, vegetables and melons,
meat and milk in tons, eggs in
thousands of units)

Determines the volume of agricultural production

Trade assortment

Gives an idea of the range of products available

Ecological factors

Volume of solid waste from
product sales

The amount of waste during the sale of products based on
statistics https://stat.gov.kz

Emissions of pollutants into the
atmosphere

Emissions into the atmosphere are determined based on
statistics https://stat.gov.kz

Note: developed by the author
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APPENDIX E
Questionnaire Survey

AKHMY ropoia AcTana

VeakaeMil | |

[Tpockrw Bac okasars cofgeficTere B cDOpPE MATEPHANOE, HMEIIHXCH B pyRoBoansom Bamn
pernone, coTpyaHHEaM ERpasMickoro HaUHOHANEHOTO YHRECpoHTeTa MMenn JLH. Dymunesa ana
BRIMOIHEHAS — HAyuHoro  npockra  ma  Temy  API9677634  «Passpmae  normcriadeckoi
HHPACTPYETYPE M YCTOHYHBRIX  LENCH NOCTABOK CROPONOPTAILEHCH  NPOA0BOIECTECHHON
npoayriui (CTIT) na reppuropnn Kazsaxeranas,

Hecneposaune  oCcymIecTBISETCH B LENSX  BLISBNCHRA  npobineM B notpebHOCTH B
norucTHyeckoi nappactpyEType ans CIIT, pexomennannii no paipadoTke ONTHMANBHEIY Henei
nocrasok CIIT 1 nepenesTHBax pa3BuTHA COBPEMEHHLIX TOTHCTHYECKHX HHPPACTPYRETYP.

Hexoas w3 storo, npocuy Bac okazaTe coaciicTBHe B NPEAOCTARTEHHH HAM HHMOPMALHH 110
XOMOOOBOI  UemH  DOrHcTHYeckoill  HEGPAcTPYETYPEl  ANA XPaHEHHMA,  NCpPLROIKH
(TPAHCMOPTHPOBAHKA) H PLAIH3ALNE CEOPONOPTAIEHCE NPOIVEIHK cenberoro xossiterea, ATTK
H OHINERO MPOMBIIITEHHOCTH [OBOIIM, APYETLL, MOIOKO, MACO, PRIDA B T.0.) 33 nocaeaune 3-5 ner
no Beeil obmacTH (ropoaas, pailonaM, Cenberoil MECTHOCTH) CIeAYIOMErD COASPAANNe!

HAHMEHOBEAHHE, [0  3KCIIVATAUNH, EOIHYECTBD, MOMHOCTL,  [IMLE0E,  €MEOCTE,
BMECTHMOCTE, HATHYHE KNIHMATHUCCKHY CKIAN0E, NPOUEHT NOTepE: {YOLUIL) NPOAYKIHH, YPOBCHE
PErYIHPOBAHAA TEMIOCPATYPHOTD PEHME, HATHUHE TPAHCIOPTHOH HHPacTPyETYPEl - JOCTYIA K
ABTOMODHIEHEIM HIIH SKENCIHEIM JOPOTaM H T.JL) 6 Pechone, eKmovad paiionsl § Cetbokne
MECHOCTIN.

Mo caenyomum 0FLEKTAM HCCEI0BAHN:

i) o XPAHEHHK H PACHpele/ e HH:

-OBOIIEXPAHBINNLE, KapTodenexpaninnna, PpyETo-/aro/ioXpaniiIHILa H XPAHHIHING HHOH
TTHIEROH TIPOTY KLTHH;

- ONTORO-PACOPEACTHTENLHEIE HEHTPEL, TOTHCTHYECKHE UEHTPRL, ONTOBRE PRIHKH, KPYTHLIC
TOPrOBBIE HEHTPEI {KOMHYECTBO, MOUHOCTE, TUIONIAAL H T..);

“XOIOTHIBHEE CEIAAL (XPAHCHHA, PACTIPEASICHHA), MOPOSHILHEIE H XOJIOJ0BRIE KaMEPEI,
XOIOAHAEHOE 000pYI0BEAHHE;

~COPTHPOBOYMHEIE H YIAKOBOYHBIE HEXa (THHHH]) CROPONOPTAIICHCH NPOIYKIHH;

-UEHTPE cOopa (arperipoBanta) CKOPONOPTALIHXCA NTROAYETOR;

“TEMIHLE € PErYIHPYEMBIMH TEMIEPATYPAMH I8 COIPEBHHA NPOIYKLIIHH;

@) no TpancnopTHpoRKe: pedipHEEpATOPHEI TPAHCTIOPT, CHCHHANLEHEE pedpHAMEPATOPHEIE
KOHTEHEPEl ¢ CHCTEMAMH  OXJTGKASHHA,  ABTO- H  HCICIHOJOPOEHBIE  pefpHmepaTopLl
(HAHMEHOBAHHE, KOTHYECTBO, BMECTHMOCTE, MOUHOCTH B APYTHE XapaKTepHCTHER )

B) O0LEMBI  HHBECTHOMIE B JOTHCTHHCCKYIO  HRPacTpyETYPY  AOA  XpaHcHBd,
TpascnopTHpoekd 1 peanisannu CIIIT;

r) offLeMbl DPOHIBOOCTED M NPOILE B HATYPANLHOM H B CTOHMOCTHOM BLIPOGKEHHH
(MMOOPT, SKCOOPT, BHYTPEHHe: noTpelseHHs) no pPRIHKY CKOPONOPTAEcs NpoayeunH (3a
nocneaHue 3-5 ner).

Co cpoeit cTopons rapantapyem Bam, uwro gannas wadopmaups OyaeT Hononn3oBama
TONRED B PaMKEaX  HCCOSIOBAHHA  EBRINCOOOIHAYCHHOTD HIyHHOTO NPOSKTaE W He OyaeT
NPEI0CTARTEHA HHEIM IOPHIHYECKHM H IHINYECKHM JTHIAM.

C  yBamenHeM HCOOIHHTEIH HAYYHOIO NPOeKTA  KapeIphl  IKOHOMHKH H
npegnpuaumarenberea EHY nmenn JLH. I'vaniaesa

HAYUHLIA PYKOBOJHTENE, 1.0.10., npodeccop Panmiberwos ALC.
Teun BT017303714, wnoura: zh_raimbekov®@mail.ru

AHKETHBIIi _ OIPOC__ VUYACTHUKOB _IOCTABKH _CKOPONOPTSIIEHCcs MPOAYKIHMH LISl _OIEHKH
COCTOSIHMSI JIOTHCTHYECKOI MHDPACTPYKTYPHLI U 11eneil mocTaBoK B peruoHax Kaszaxcrana
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https://docs.google.com/forms/d/e/1FAIpQLSdg_RxlsmtPHbALJPwapjfzJpQc2v5E8ik0pR-moIaAD5c8hQ/viewform
https://docs.google.com/forms/d/e/1FAIpQLSdg_RxlsmtPHbALJPwapjfzJpQc2v5E8ik0pR-moIaAD5c8hQ/viewform

AHKeTHbIN ONMpoC Y4aCTHUKOB NMOCTaBKMU
CKOpOMOpTALLEeNCA NPoAYKLUUN Ana
OLL,eHKU COCTOSIHUS! JIOTUCTUYECKOM
MHPpPaCTPYKTYpbI U Lienen NoCcTaBoK B
pernoHax KasaxcTtaHa

YBamaeMblid pecnodfeHT, bnaronapwm Bac 3a yyacTue B onpoce!

[Mpocum BHUMATENBHO 03HAKOMUTLCA C NpecTaBNeHHbIMKW BONMPOCaMM M BOZMOMXHbIMU
BapuaHTamMK OTBETOB K HUM

Y6egutenoHas npocb6a, ecsiu BOrpoc He KacaeTcs Balueil esTenbHOCTH, TO NPOMnycTHTe
OTBET Ha Hero

Bawum oTBeTbl ByAyT CTPOro KoHGUAeHLManbHbIMK, @ UMeHa YYaCTHUKOB W UX
NpUHaANEeXHOCTL He ByayT pasrnalwaTbes

Llenb uccnepoBaHusa - OLleHKa TeKYLLEro COCTOAHUSA W Npobnem NorucTUYecKon
MHDPaCTPYKTYPbl U NOMMCTUYECKUX Lienei NoCTAaBOK CKOPOMOPTALLERcs
CeNbCKOX03AWCTBEHHOW W arponpoAoBONbCTBEHHOM NPOAYKLUK 4115 BbipaboTKK
pekoMeHaLuu No UX AanbHeAleMy pasBUTHID..

Onpoc NpOBOAWUT KONNEKTUB UCcNefoBaTenei EBpasuicKoro HaljMoHa bHoro
yYHUBepcuTeTa MMerHu J1.H. N'ymMuneBa B paMKax Hay4yHOro MpoekTa.

HTo6bl COXpPaHUTE M3MEHEHWA, BOMAKUTE B aKKayHT Google. lNoapo6Hee..
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1. HasgaHWe NpeANpPUATHA:
¥iamuTe Ha35aHMe OpraqH3alyiy, KOTOPYIO Bbl MPpeqCcTaBmAeTe

Mol oTEeT

2. Jon¥HOCTE
¥amuTe Baly TEKYILYHD JOMMHOCTh

Mol oTEeT

3. Ctaw paboTbl B 6usHece (EblbepUTe HYWHOE)

BoiGpaTh -

4. YHawuTe oCHOBHOW PErMoH EeeHWA Ballero BuaHeca

BoiGpaTb -

5. K KaKoil KaTeropuu cy6bekTa NpeANpHHUMAaTENbCTEA Bbl OTHOCUTECH?

() CyBbekT MMKDO NPeanpUHUMAaTENsCTEa
O Cy6beKT Manoro npeanpuHUMaTenbCTEa
O CyBbekT cpegHero npeanpuHMaTensCcTea

O CYSBeKT KpYNHOro NpegnpHHUMaTensCTES

() [Lpyroe:
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6. OcHoBHanA cdepa Bawero GuzHeca

O
O

ONONONNONN®)

1)CenbcKoe X03ARCTBO

2)06pataTolBamLLan NPOMBILUNEHHOCT (NepepatoTka M NpOM3BOLACTEO)
3)Nepeso3xa (TPAHCMOPT M NOTMCTHKE)

4)0BpasoBaHne W HayKa

5)MHBpacTpyKTYPa CKNAAUPOBAHWE, XPAHEHWA U MHDOPMALUWR (Yynaxosxa,
cKnaguposaHue, IT)

6)ToproBnA CKOPONODTALEACA NPOSYKLUWER M NPOLYKTAMM MHTAHWA

7IMocynapcTEeHHBIA ODPraH UMK HErOCYAAPCTESHHAR OPTraHK3aUmMA

Apyroe:

7. Kaky nNpoayKLMio NPoOW3E0AUTE WNKW Peanu3yeTe (OTMETHTE OOHO MK
HECKONbKO)

O

ONONONOEIONONNOINONONONO

-MONOKO W MONOYHBIE NPOAYKTbI (ChiDbl, MODOMEHOE, CIMBOYHOE Macno 1 T.4.)
-pACTHUTENbHBIE NPOAYKTRL. D PYKTI, Arogbl, 0B0LWK W rPHER] CEEXWe

-MACO W MACONPOAYKTHI

-pblB&, PRIBONDOAYKTEI, PAKK MWEDLIE, MODOXEHHDIE, KOMYeHble

-WHBBIE DACTEHWA ANA JanbHeRWed NocafKKy, USEThl MHEBIE U CRE3aHHbIE
-NepepatoTaHHbIe NPOSYKTEI MMTAHKMA (KONGaCchl W MACONPOAYKTEI, KOHCEPELI,
MACMNE, MHUDbI, CoIPbl, MONOUYHBIE NPOAYKTL], MODOMEHOE W 3AMODOMEHHDIE
nonypaspuKaThl

-MYUHbBIE W KpEMOBO-KOHOWTERCKME W30ennA

SHMPOCO0epHaLLNe NPOOYKTH, HaNUTKMY, NONyHaspuKaThl, 3aMOopo¥eHHble
roToBble 6M0aa W T.0.

-COKM, MapHHOBaHHbIE NPOOYKThI
NexapcTESHHBIE W MeOULMHCKWEe NpenapaTh

-UBEThl /MMM ODYTHe PACTEHHA.

Apyroe:

134



Bnok 2 - MorMcTuMecKkan WHpacTpykTypa

8.MmeeTcA N y Bac norMeTMHeckan MHGPacTPyKTypa XpaHeHWA, COPTUPOEBKM,
TPAHCNOPTHPOBKM W pacnpeaeneHnn

BnliGpaTh *

9.Kakol TeMNepaTypPHbIH peXUM UcTIoNb3yeTeA ANA Bawei npogyKuyum:

BnliGpaTh -

10.B KaKoM COCTOAHHM HAXOAMTCA NOTHCTHYECKaA MHppacTpyKTypa B Bawem
pervoHe unK y Bac, rae eac o6cnyMEaOT (303HWA W CODPYMEHNUA, CKNaAbI,
XONogWNbHBIE KaMepbl, XPaHWNKLLA W T.4.) ANA CKOPONopPTALWEACA NPOAYKLMK:

BnliGpaTh *

11. MNoxanyicTa, OLEHHTE KaK YacTo UCNIOAL3YETE NOrMCTHYECKHE YonyrH [
npouecchbl AnA ofopoTa cKOPONOPTALWLMECA NPOAYKLMK (EbIGEpHTE HYMHbIH
OTBeT: 1- oYeHb YacTo, 2-4acTo, 3-WHoraa, 4-pegko, 5- HUKorga)

Yacto (2-3  Wworga (1-

OueHb
pasa s 3pasas Penxko Huxoroa
YacTo
Hedenko) MecAL)

1)cBop n
arperMposaqHue
NPOOYKLUWAA B 00HOM
MeCTe (MyHKT O O O O O
NEMEME, HITH

XpaHeHuR) (CA);
2) ofpadoTya nocne
YBODPKM (MOitKa oT O O O O O

FPA3H, OUMCTKA)

3)cOpTMPOBKA,
KANWANNRYA (i [ Y (i (i
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13.HacKonbKo BNM3Ko pacnonomeHa NorHcTHYecKan MHPaAcTPYKTYpa K MecTy
NpoM3BOACTES Ballel NpoayKLMAT

Bmibpath -

14.Hackonbko 6NW3Ko pacnonoMeHa NorucTUYecHan MHDPacTpyKTypa K MecTy
noTpeGneHWA Baleld NPoAyKLHA?

() pAoom (go 20 kM)
() 6nuaxo (20-50 kM)
() cpepsee (50-100xm)

O pganeko (cBbiwe 100 xm.)

15.HacKoNbKo AOCTYNHA MOLULHOCTE MM EMKOCTb NOTMCTHYECKON
WHGPACTPYKTYPbI E BalleM pernoHe:

Emopath *

16.0UeHNTe, HAa CHOMbKO 3arpyMeHbl MMEKLWHECA B BalleM PErHoHe/ /WK ¥
Balleid OpraHM3alMid MOLLHOCTH No XpaHeHWo W pacnpefeneHuio

() 1) mo20%
() 2)20-30%
3) 30-40%;
4) 40-50%;
5) 50-70%;
6) 70-90%;

7) 95-1008%.

ONONONON?
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17. OUEHHTe, AOCTATO4HbI M HAELIKM H KOMMNeTEHLMHA NOrMCTHYECKOM
WHPaACTPYRTYPBI ANA ELINONHEHWA NEPEAOEOA NPAKTHKM

na He BCerga HET

-TPaHCMOPTHROBKK

O

-¥paHeHHA

-CKN30MPOBAHWA

-KOHTPONA Ka4eCcTED
MPOOYELLA

O O O O

O
O
O

O O O O

-COGNHOEHWE
CAHWTApHO-
FTMrHEHHYECK WX HOPMbI
B XONOOMNbHbIX
CKNa0ay v Kamepax

O
O
O

-0OKYMEHTHROBAHWE K

BELEHUA Y4eTa @ O O

LEWMKEHMA NPOaYELMA

-KanWepoEKe

M3MEPHTENBHBIX P O O

npUeopos

-TOpProEne ) ) ®

18.0ueHnTe, Kakue NpobnemMbl NPeNATCTEYIOT Ka4YecTEEeHHOMY obecneyeHuo
XONoAO0EOH Lieny NOCTAaBOK CEEXel Npoay LW

Xononosas Yenb — 3T0 KOMIIEKT NOTHMCTHYECKHX MED N0 0FeCTeYeH M MOCTOAHHONA
TEMMTEPETYDbI H ADYTHX NapaMeTpos (BNaMHOCTs, JaBNEHHE), HEOGX0QHMBIX 4NR
Hagnexalers coJeMadHA TOSapa Ha BCel WemH ero JEMMEHHA — 0T MPOK3BoCTEa 40
noTpeanTEnA.

oa MHOrga/ He YacTo HET

1.MepcoHan nnoxo
06yqeH (He
KOHTROMWPYET W HE O O O

MOTMBMpPOBaH);

137



19. OUEeHUTE CHNIbHBIE CTOPOHBI NOTUCTHHYECKON MHPacTPYKTYpPbl NOCTABOK
CHOPONOPTALLEHCA NPOAYKLUMK B Ballem pervoHe, (No nATMOBannEHoW cucTeme: 71-
HEpa3BMTaA, 2-cnafopa3enTan, 3-CpefHee DA3EHTHE, 4- JOCTATOYHO PA3BHTARA, 5-
XOpOWD pAZBHTAA)

1.Pa3zsuToCTh
TPaHCNOPTHOR

WHDPaCTPYKTY PRI

poporw, THL, O O O O O

CrneuvanM3IMposaHHbIA

TPaHCNopT,
KOHTEHHEDBI W T.0.

2. Pa3BuTocTb
NOTUCTHYECKOH
WHDPACTPYKTYDBI:

CKNnafbl, XpaHWnMLLe, C) () (} () ()

XOMOOOBLIE KaMmephl,
pacnpefenuTensHLe
LEHTPb

3.Pa3zsuToCcTb
TOProBoNH

WHOPACTPYKTYDI:

TOProBLIE LEHTPGI, O O O O O
MarasuHol, MANaTKH,

KMOCKH M T

4 Pa3BuToCTb
NPHMEHEHWE CUCTEM
HENpEPLIBHOMD

KOHTpONS O O O O @

TEMMEPaTYPbl Kax o
NaPTHN C NOMOLLbH
LaTYMKOE

4 BoICOKMWIA

NpodeccHoHan¥3mM ¥

KOMMETEHLMWA B O O O O O
XOMON0B0H Lenu

5.BoicOKWIA YpoBEHb

CEpBHCa B LenAx O O O O O

NoOCTaBoK

f.Hank4ne crnancKmx
NOMELLEHKHA W

XpaHeHue @ ) 9 O )

HecTaHoapTHOH
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Bnok 3 — JIorMcCTHKA Lienei NocTagoK

20.BoifepuTe NOrMCTHYECKYO LeNb NocTaeoK Balweid ckoponopTALeiAcA
NpoAYKUKH (BblBepuTe HYXWHOE):

JlorMeTHYecKan Ljenb — 3T0 NHHeHND YNopAAOYEHHAR COBOKYTTHOCTD (IMIHYSCKHY WM
HOPUIMYSCKHX MY, 3808HCTBOEAHHBIX B JOBSNeHHW HEoGXOAHMON NPoaYKLME 0
KOHKDETHOMO MoyYaTes s,

O §e3 NoCpedHWEa (HanpAMYD)
O C OfHMM NOCPenHHKOM
O C OBYMA NOCPEgHMKaMM
O C TPEMA NOCPEOHUKAMH

O 4 W Gonee NOCPROHWKOE

(O Dpyroe:

21.YeToW4HBOCTb CBA3M ¢ BallWMK NOCTABWMKAMH H NOCPEAHUKAMM:

O HEYCTORUMBaR (YUACThIA MIMEHEHMA W Nepedon)
() oTHoCHTENbHO YCTORUWBLIE (CEOW CNy4aeTCs)

O YCTOAYMBAERA Ha ONMTENEHBIR Nepuog

22.CobnopaeTe NK (OTCNEXMWEAETE) TEMNEPATYPHBIA PEXHM B XONOAOBbLIX
LenAx NoCcTAEOK CHOPONOPTALLeHcA NPoAYKLWH M YCNOBMA XpaHeHHs,
TPaHCNOPTHPOEKM M peanusaunu (EbiGepuTe HYMHoe)

YACTHYHO pegKo

a He CoBnHaat
A coBnoaam cobnoaat a

1.Mpw cbope K

arpermpoBaH1M B O O O O

MECTa OTNpacKn

2.Npu Nnorpy3xe u
pasrpy3ke B

NogSHAHbIA
COCTaE UK O O O O
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25.Ha cHonbKo NOrMcTUHECKan Lenb cnocobHbl obecnedynTs TpebyeMmoe
wadYecTeo Bawei npogyKumid

HU3KOE cpegHee BbICOKDE
KauecTEO TOBAPOB
ONRA LNUTENBHOMD O O O
XpaHeHWA

KONWYeCcTeD OTXOO0B I:::.l O O

KONMWYECTBO NOTeph
MpooyHLWK B

NOTMCTHYECKUK LIENAX
(% ot O O O

nepEOHaYanbHOR
CYMMbI)

KONWYECTEO
peKnamalMn O O O

HANKYWE BHeODeHHON
CHUCTEMDI
MEHELHMEaHTE

KAYECTBA Ha (:) O O

NpennpHATHK,
YNOBNETEOPALOLLEA
pAOY TpesoBaHui

26. Kak pellaoTcA 2aladum opraHu3aLui U yNpaeneHu 2aKynkamm
CHOpPONOPTAWLEACA NPOAYHLWKA [OLEHWTE NO NATH BannbHORA cucTeMe: 1-Xyalwee,
5 - camoe ny4wee)

1.MNMoMcK KU BMGop

NOCTABLUMKA O O O O O
2. 3aKnmnJeHne

[NOrOBOpa no O O O O O

NOCTaBKam

3.MnaHWpoBaHWe

CE30OHHOCTH W
NepUoguUHOCTH O O O O O
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28.MpoeogWUTCA NW COBMEeCcTHaA paboTa ¢ NPOU3IBOAHTENAMM,

AHWCTP Ilﬁlllll\i:!lT!:IllllElMI-IJ NOTMCTHYEeCKHMH WU TPAHCNOPTHEIMH oNepaTopamMi No

EONPOCcaM NPOrHOZHPOEAHHA, NMaHHPOBaHHA, 3aKYNKH, NPOU3E0ACTES,

CHMNagWpoEaHMA, YNpaBneHWA LeHaMHu

1.MapkeTuHr
(M3yUeHWE pPbiHKaE,
noTpesuTEnaA,
NOCTABLUMKOE 1 T.4.)

2 poW3BE00CTED

3.NepepatoTya

4 AHbopMal WA

3. XpaHeHne

6.CKnagupoBaHne

7. ¥naxoBKa

8. TpaHCcnopTHPOBKA

9. ¥npasneHne
FAKAIAMM W
FAKYMKAMK

10.¥npasnenune
LUEHaMM Ha
NOTMCTHUYECKHE
YCnyrw

11.Toprosna

na

O O O O O O O O O

O

O O O O O O O O O

O

He NpeaycMOTpeHD

O

O O O O O O O O

O

25.HazoeuTe daKTOpbl, ENMAKLWLKE (NPENATCTEYIOWMNE) HA Pa3BUTHE
3 PeKTHEHONR U YCTOWYHBONA LIENK NOCTABOK CHOPONOPTALLERCA NPoSYKLHK
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34.BeiGepuTe THN MHHOPMALWOHHO-KOHCYNBTALHOHHON NOAAePM KN, KOTOPbIM
MOMOMET BaM YNYYLIMTb NOTMCTHKY NOCTAEOK CKOPONOPTALLEACA NPOLYKL WM

-NOACHEHMA 38K0HOAATENLCTEA B Bawed chepe AeATENLHOCTH

-MHHOPMALIMA O BOSMORMHbLIX BHAEX NOOASDHKK

-KOHCYNETALMM N0 NONYYSHWID PA3PRIUEHWA W CePTHDMKATOS (DUTOCAHUTAPHBIY,
IKONOTMYECKMWY, HANOMOBbIX, CEPTMDMKALMOHHEIX U Np.)

-08YYEHHE © METOOMYECKMMW DEKOMEHAALMAMM NO NOTHCTUKE XDAHEHWHD
NpPOAYKLUWA ¢ COENASHHEM TPeBOBaHKMA

-MHDOPMALIMA O FOCYAAPCTEEHHLIX 33KYTIKAX M YCNOBHUAY YYACTHA B HMX

OO0 O O OO0

Opyroe:

35.Mo KaKKM BEONPOCAM Bbl MCNbITEIEaeTe NoTpebHocT B 0By4eHun? (BribepuTe
3 Haubonee BaMHbIX OTEETOE)

-NNaHWPOBAHKE M NPOTHOIMDOBAHWE UENel NOCTAB0K
-Y4ET W HANOT B LENAX NOCTAB0K

-METObl NPOABWHEHHe TOBAPOB/YCNyT

-METO/bl CKNaaupOBaHHe W XDaHeHUSA

-YNaKoBKa

-YNPaBNeHHE XONOL40BEIM [ MOPO3MIBHEIM OS0DYA0ESHHEM

-B3aMMOOSRCTENE C YJaCTHHKAMK PbIHKE M NOCTABLUMKAMK, TRAHCNODTHEIE
NOTMCTHYECKME, WHDODMaLMOHHBIZ, MADKETUMHIOBEIE, CKNAACKHE W Np.

U0 oboooobo

Npyroe:

36.470 Ha Ball B3rNAL HYWHO [NA PA3BUTHA YCTORYMBEDLIX Lenei
NocTaBoK CKOPONOPTAWLeicA npoayKunn? (BoiGepuTe 5 HaubBonee BamHbIX
OTEETOR)

dopeapgHBIe AKYMKH - 33Ky ¥ CEMbXO3NPOM3B0gHTENSH NDOSYKUMKM Ha VCIOBHAX
NpedBapHTeNEHOR ONAaTel NoCAe NPefOCTABNEHHA OSeCeYeHHA H JOMNaTOR mocie
NOCTABKH CENbCKOX0IARCTEEHHOA MPOOYKLUKK B OCEHHMA MepHog

— T1innuHaTue 3aknda «0 ckonononTANeEECA NNAMVE]MW: NOOTURE MOIIEHHWURCTRA R
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36.4T10 Ha Bawl B3rnag HY>XHO A1 pa3BUTUSA
yCTOWUYMBbIX Lenen

NOCTaBOK CKOPOMNOPTALLENCA NpoAYKUUN?
(Bbi6epuTte 5 Hanbonee Ba>kHblIX OTBETOB)

dopBapaHbIe 3aKYrNKW - 3aKyrny
cesibXx03rpounsBoguTesie NpoayKunm Ha yCr1oBUsIX
npegBapUTesIbHOM OnJiaThbl riocsie ripegocTaB/1eHMs
obecrie4eHusI  4orsaTou rnocsie nocTaBKu
Ce/IbCKOXO3ANCTBEHHOU NpoayKUMn B OCEHHNN
nepuog

1)npuHAaTHe 3akoHa «O ckoponopTaALlencs
l:l npoayKumMm» NpoTUB MOLLEHHUYECTBa B

TOpProeJie CKOpPOonopTALWMMMCS

CeNIbCKOXO3SIMCTBEHHbIMM MPOAYKLNAMMU

2)pa3zpaboTKa U NpuHATUE 3aKoHa «0

D noaaep>XkKe XonoaunbHOMW Lenm»
(xonopoBow Lenu) ¢ uenbio ob6ecrnevyeHus
NpoAOBOJ/IbCTBEHHOW 6€30MacHOCTHU

3)nnaHupoBaHue n ontTuMasnbHoe (6nuskoe)
D paszmMeLweHnA 1IOrMcTU4YeCcKomn

MHpacTpPyKTypbl B MeCTax MacCOBOro

NPOWU3BOACTBO U CKOMJIEHUA NoTpebuTteneun;

D 4)Mepbl MO CHUXKEHUIO KOJIMYECTBO
nocpegHMKOB B LLEeMNsAX NocTaBoK,;

5)pazpaboTka YeTKOro M MOHATHOIO
MexaHu3mMa B3anmMoencTBus
CeJSIbCKOXO3ANCTBEHHbLIX NMponsBoaunTesnen
D NPOAYKLMA C APYrMMU YYaCTHUKaAMM pblHKA:
TPaHCNOPTHUKW, CKJ1a4CKMUEe XO3AMUCTBO U

Ap.;

6)undpoBmsaLmns GU3HEC-NPOLIECCOB B
D JIOrUCTUKE Lenen nocTtaBok oT
npousBoaAnTENS A0 NnoTpebuTtens;

7)nnaHuposaHue 1 NporHosmposaHmne
[[] npounseosciaadiananasieonaiy! i ¢

143



NOrucTnyeckom nHppacTpykTypbl (Cknagoe,
pacrnpegesiuTesnibHbIX LIEHTPOB,
dopMUpoBaHME aBTOMAPKOB);

12)KOHTpONb U ONTUMMU3ALUSA
NMPOU3BOACTBEHHbIX U TPAHCMOPTHO-
NorucTuyeckmx saTpar

13)KOHTpONb U peryinpoBaHue LieH Ha
CBEXXKYHO NPOAYKLMNIO;

14)BHeapeHUe cucTeMbl
aBTOMaTU3UPOBaAHHOIO yrpaBseHus
rnoTpebHOCTU B TOBapax, 3anacax u
pecypcax (SCM, ERP, WMS, TMS n ap.)

15)yBenuyeHmne konmyecTBa slabopaTopuim
no cepTuduKaLumMm n KOHTPOJIHO KadyecTBa

NPOAYKUWIA;

16)pa3paboTKa cCTaH4ApPTOB KayecTBa
MeHea>XMeHTa Mo ynpasJIeHUIO UernamMm
NoCTaBOK.

17)MpenoctaBnaATb BCe HeobXxoaMMble
YCJIOBUSA U YCITYTM B O4HOM MecTe: TOProBns,
XpaHeHune, obpaboTka, cepTudpmkaymsa
6e30MNacHOCTU NULLLEBbLIX NMPOAYKTOB,
TamMoXXeHHoe opopmMIiIeHne, TpaHCMOopPT,
OocTaBKa, MapKeTUHroBble
KOHCYNbTaTUBHbIE YCIYI U

18)Copnencreue B «CrinakKuBaHun»
npo6sieMbl Ce30HHOCTU KYJbTYp U YNy4llnUTb
ANHaAMUKY M CTabUIbHOCTb LeH /151 MeSIKUX
npousBoauTesnien, a Tak>Xe AJ1a MasibiX U
cpeaHUuX NpeanpuAaTuii arpobmsHeca.

19)pacwmpeHmne o6bema M HaMMeHoBaHue
ckoponopTsuenca npoayKumm ¢
ncnosnb3oBaHMeM MexaHnaMa popBapgHbIX
3aKyrnok
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Table F.1. Correlation coefficients reflecting the relationship between the indicators

Correlation coefficients and possible locations of wholesale distribution centers

APPENDIX F

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 XIi2 XI3 X14 X15 X16 X17 X18 X19
X1 1
X2 0,070 1
X3 0,051 -0,003 1
X4 -0,049 0,009 | 0,630** 1
X5 -0,062 | 0,195* | 0,654** | 0,895*** 1
X6 0,859*** | 0,215* | -0,080 -0,103* | -0,133* 1
X7 -0,072 0,057 | 0,178* | 0,552** | 0,585** | -0,075 1
X8 -0,064 0,052 | -0,070 0,150* 0,111* -0,047 0,214* 1
X9 -0,070 0,051 0,026 0,220* 0,184* -0,060 0,238* | 0,903*** 1
X10 -0,168* | -0,074 | -0,146 0,135* | -0,115* -0,046 -0,237*| -0,079 -0,032 1
X11 -0,381* | -0,055 | -0,068 -0,055 -0,033 -0,336* -0,169* -0,052 -0,083 | 0,795*** 1
X12 -0,320* | -0,068 | 0,351* -0,037 0,314* 0,186* -0,163* 0,346** | 0,175* | 0,695*** | 1,000 1
X13 0,092 -0,030 | 0,549** | 0,658** | 0,450** | 0,626** 0,042 | 0,432** | 0,108* 0,014 0,024 | 0,0281 1
X14 0,123* 0,030 | 0,574 **| 0,426** | 0,429** | 0,545** 0,063 | 0,346** | 0,218* -0,097 -0,085 | -0,084 | 0,248* 1
X15 -0,190* | 0,036 | 0,490** | 0,569** | 0,559** | 0,698** 0,651 | 0,473** | 0,480** | -0,120* | -0,041 | -0,024 | -0,078 | 0,005 1
X16 0,117* 0,041 | 0,151* 0,154* 0,247* | 0,506 ** 0,215 | 0,532** | 0,250* | -0,172* | -0,166* | -0,071 | 0,037 | 0,016 | 0,076 1
X17 0,026 0,080 | 0,385** | 0,518** | 0,545** | 0,481** 0,347 | 0,230* 0,317 | -0,205* | -0,181* | -0,016 | 0,021 | 0,022 | 0,065 | 0,014 1
X18 | 0,760*** | 0,128* | -0,144* -0,093 -0,074 | 0,778*** 0,021 | 0,262* 0,017 0,126* 0,086 | 0,103* | 0,115* | 0,248* | 0,130* | 0,310* | 0,493* 1
X19 | 0,651** | 0,043 | -0,135* | -0,148* | -0,174* | 0,586** 0,069 | 0,315* 0,021 0,398* | -0,103* | -0,191*| -0,053 | -0,035 | -0,058 | 0,023 | 0,032 | 0,562** | 1

Note: Calculated by the authors on the basis of data from the Bureau of National Statistics of the Republic of Kazakhstan (2022), the correlation
coefficient is reliable at: *p<0.05; **p<0.01; ***p<0.001.
The list value N=204
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Table F.2 - Potential locations and center of gravity for selecting the radius of action of the WDC

Reg_ions/district Average The volum_e of WDC storage WDC distribution WDC trade

or city rating by transportation from

agglomeration factor the district center Center of | Sum of Rating* by Quantity | Rating* Rating* | Quantity
loads (F1- | to the proposed gravity, center of (F1+F3+F5)/3 by (F2+ | Quantity | by F2
F5) WDC, t thousand | gravity, km F4)/2

tons km

Almaty: 1,425 4054,0 | 14475234 357,0 6,177

Alakolsky 0,942 153,7 156,7 1,244 1

Enbekshikazakh 1,127 800,8 | 161504,2 2,286 1

Karasai 0,879 254,7 12312,8 1,281 1

i 0,661 406,5 77243,9 1,159 1

Akmola 0,665 3085,5 | 1308932,6 4242 6,635

Aktobe 2,019 716,4 | 177641,3 248,0 -4,410

Aktobe city 0,981 814 135,6 0,430 1,112

Zhambyl 1,271 2578,0 | 1002831,3 388,9 0,475

Korday region -0,543 4105 | 225767,1 1,010 1

Shu district 0,584 833,6 | 362622,7 1,047 1

Karaganda 3,325 1377,2 | 443908,3 322,3 -2,667

Karaganda city 0,662 35,0 58,3 -0,470 1,678

agglomeration

Zhezgazkan city 0,187 0,345 1,2083 1

agglomeration

Abai 0,863 207,7 26652,7 1,129 1

Bukhar-Zhyrau 0,615 204,8 38573,2 1,105 1

Kostanay 3,497 2514,1 | 665015,2 264,5 3,306

Karasu 0,111 317,5| 101056,2 1,406 1

Kostanay city -0,487 305,7 3566,6 1,521 1

agglomeration

Mangistau -1,304 25,2 8567,1 340,6 -4,770

Beineu 0,089 1,1295 1

North -1,503 3678,7 | 1138718,5 309,5 6,694
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Kazakhstan

Kyzylzhar 0,648 360,7 32460,0 1,388 1

Taiynshinsky -0,649 4819 | 145361,3 1,613 1

Turkestan 0,976 3952,8 | 1553670,8 393,0 2,033

Sairam 0,436 417,0 | 130665,9 1,118 1

Saryagash -0,798 481,8 | 203146,8 1,281 1

East -1,242 3077,7 | 1397588,3 454,1 -0,391

Kazakhstan

Ayaguz 0,451 215,3 21354,3 0,345 1,5782 1

Kurchumsky 0,649 3127 34572,6 0,451 1,6607 1

Astana city 0,979 -0,601 1,738 1 4,417 1
agglomeration

Almaty city 0,571 -0,204 6,574 1| 12,638 1
agglomeration

Shymkentskaya 0,611 0,238 2,611 1
city

agglomeration

Total: 25 13 7 5

Note: *ratings are determined based on the ranking of average F1-F5 indicators, ** potential placements are selected if the estimated value of ratings is
greater than one
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APPENDIX G

Wholesale Distribution Center Construction Project Performance Indicators
Table G.1 - Main requirements and parameters for wholesale distribution center

projects
Parameters Characteristic

WDC storage WDC distribution WDC trade
appointment a real estate object intended | A wholesale distribution | a wholesale and

for storage and
performance of
procurement, preparatory,
distribution and (or) other
operations with food
products, primarily located
near the places of
production of fruit and
vegetable products and crop
products and providing
domestic agricultural
producers, participants in
foreign trade activities and
entities of domestic trade
with services for the
acceptance, storage and
primary processing
(cleaning, calibration,
sorting, packaging and
other services) of
agricultural products for
subsequent sale on the
domestic and foreign
markets

center is a real estate
object intended for
temporary storage (up to
14 days) and distribution
of food and non-food
products to sales
facilities and provision
of logistics services for
temporary storage and
reloading
(transshipment) of
goods for the needs of
retail facilities

distribution center
for trade is a real
estate object that
provides participants
in foreign trade
activities and (or)
entities in domestic
trade with
unimpeded access to
retail space, storage
areas and other
premises within the
infrastructure trade
and logistics
complex for the
period of trade
activities;

Requirements for the WDC

1) Main zones

1) terminal;

1) terminal;

1) terminal;

of the WDC 2) control; 2) control; 2) control;
3) warehouse; 3) warehouse; 3) warchouse;
5) technological; 5) technological; 5) technological;
6) administrative. 6) administrative. 6) administrative.
Additionally, the Additionally, the
following is required: following is required:
1) cross-docking; 1) cross-docking;
2) trade and exhibition 2) temperature box;
area 3) trade and
exhibition area;
4) trade area;
5) customs control
area (if necessary)
2) Technical 1) controlled temperature conditions in the warechouse area and pavilions;
equipment of 2) availability of places for inspection of goods;
the WDC 3) availability of loading and unloading equipment, certified weighing

equipment;
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4) availability of modern means of mechanization of loading and unloading
operations;

5) availability of a ramp-awning for trucks;

6) maximum intensity lighting at inspection areas, entrances and exits, vehicle
reloading areas;

7) availability of a video surveillance system that provides the ability to monitor
objects (territory) in real time with data storage for the last thirty calendar days,

located in buildings, on sites, as well as along the entire perimeter;
8) availability of access roads for vehicles;
9) availability of areas for parking and maneuvering heavy vehicles;

10) the presence of a territory with a hard surface along the entire perimeter,
closed from the adjacent territory by a fence;
11) the presence of an automated system for accounting of goods;

12) the presence of a fire alarm system and an automatic fire extinguishing
system, a security alarm system;

13) the presence of a backup power supply system;
14) in cases provided for by technological specialization, the WDC are
additionally equipped with chambers for shock and pre-shock freezing of

products
3) Main Administrative and utility Administrative and Administrative and
components of | rooms; utility premises; utility premises;
the WDC terminals with warehouses, | terminals with terminals with
refrigerated areas; warehouses, refrigerated | warehouses,
access roads; areas; refrigeration areas;
loading and unloading access roads; access roads;
areas; loading and unloading loading and
workshops for processing areas; unloading areas;
milk, meat, vegetables, wholesale and retail wholesale and retail
fruits and berries; trade pavilions for the trade pavilions for
workshops for finishing sale of agricultural the sale of
vegetable products, fruits products; agricultural products;
and berries; laboratories for product | laboratories for
laboratories for checking quality testing; product quality
product quality; service facilities (hotel, testing;
service facilities (hotel, parking lot, auto repair service facilities
parking lot, auto repair shop) | shop); (hotel, parking lot,
auto repair shop);
Cash & Carry store;
customs terminal
Quantity 14 5 5
Area of land 15 (210) 20 (100) 10 (50)
plot per 1 (total)
WDC on
average, ha
Area of 15 000,0 (210000) 50 000,0 (250000) 10 000,0 (50000)
complex per 1
WDC (total),
sq.m
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Average annual 20 000,0 (280000) 500 000 (2500000) 30 000,0 (150000)
volume of raw
material
processing or
transshipment
capacity per 1
WDC (total), tons
Product range 5-10 5-10 More than 10
Suppliers large, medium-sized

enterprises, individual

entrepreneurs, peasant

farms, households
Consumers retail network, wholesale retail facilities (chains,

markets shopping malls,

supermarkets, stores)

Location near the production sites of | within the city limits or | near consumers

fruit and vegetable products
and plant products

in the suburbs

(within or inside
cities)
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Table G.2 - Key indicators of the wDC construction project

2020[ 2021 | 2022 | 2023 [ 2024 [ 2025 | 2026 | 2027 | 2028 | 2029 [ 2030 | 2031 | 2032 | 2033 | 2034 | 2035
Investments 14 29 43 58 73 87 |102 |117 131 | 146 | 161 | 190 | 205 | 219
million tenge 656,3 | 3126 | 968,9 | 6252 | 2816 | 9379 [5942 | 2505 | 906,8 | 563,2 | 2195 | 532,1 | 188,4 | 844,8
Total volume | 85 | 168 | 485 | 720 | 1133 | 1507 | 1779 | 2183 | 2412 | 2725 | 3037 | 3349 | 3661 | 3973 | 4286 | 4598
of products | 450,4| 076,6| 089,4 | 182,7 | 797,7 | 891,3 | 4940 | 4656 | 854 | 059 | 264 | 469 | 674 | 879 | 084 | 289
passing
through the
WDC, t
Capacity 35 | 40 | 50 60 70 80 90 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
000 | 000 | 000 | 000 | 000 | 00O | 000 000 000 | 000 | 000 | 000 | 00O | 00O | 00O | 00O
1st WDC, t 2 4 9 11 16 18 19 24 24 24 24 24 24 24 24 24
Number of 70 | 160 | 450 | 660 | 1120 | 1440 | 1710 | 2400 | 2400 | 2400 | 2400 | 2400 | 2400 | 2400 | 2400 | 2400
WDC s 000 | 000 | 000 | 000 | 00O | 00O | 000 000 000 | 000 | 000 | 000 | 00O | 00O | 00O | 00O
Capacity of | 1800 | 2000 | 2500 | 3000 | 3600 | 4000 | 4500 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000
all WDC s, t
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Figure G.1 - Investments under the state program for the development of the WDC network, million tenge
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Table G.3 - Conditions for lending to the WDC project

Ne | Project name Parameter characteristic
1 | Loan amount, million tenge 201,600.0

2 Loan rate, % per annum 15.0

3 Loan term, years 15

4 | Monthly payment amount, million tenge 1,221.32

5 | Total payment amount, million tenge 219,844.8

6 | Loan overpayment, tenge (%) 18,244.0 (9.0%)

7 | Start of payments January 2022

8 | End of payments December 2035




