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Abstract

Agricultural supply chains play a fundamental role in determining the availability, accessibility, affordability and
stability of food. Increasing climate variability, market volatility, geopolitical disruptions, resource constraints,
technological transformation and changing consumption patterns have created significant challenges for the
reliability and resilience of agricultural supply chains. This conceptual paper develops an integrated theoretical
perspective on the relationship between agricultural supply chains and food security by synthesizing literature on
supply-chain management, agricultural production, sustainability, digital transformation, market access and
resilience. The paper conceptualizes food security as an outcome influenced by the efficiency, resilience,
inclusiveness, sustainability and coordination of agricultural supply chains. It argues that supply-chain
performance affects food security through interconnected mechanisms involving production capacity,
transportation, storage, market access, price stability, information availability and distribution. The framework
further emphasizes the role of digital technologies, institutional coordination, circular economy practices and
stakeholder collaboration in strengthening agricultural supply chains. An numerical framework is developed to
demonstrate how supply-chain efficiency, resilience and food-security dimensions can be conceptually evaluated.
The paper contributes to theory development by integrating supply-chain and food-security perspectives into a
unified conceptual framework and provides a foundation for future empirical research on resilient, inclusive and
sustainable agricultural supply chains.

Keywords: Agricultural supply chains; Food security;, Supply-chain resilience; Agricultural markets,
Sustainability; Digital transformation.

1. Introduction Food security represents a multidimensional

Agricultural supply chains constitute a critical challenge involving the availability of sufficient

foundation of food systems because they connect f}(:Od’ Ef:l?tess t(; ft(‘)oii Stabihty Ot; food sllpplllles gnd
agricultural producers with processors, distributors, © abllily of 100C systems 10 meet changing

. . nutritional and social requirements. Agricultural
retailers and consumers. The ability of these d g

. supply chains influence each of these dimensions
interconnected actors to produce, collect, store, . . )
through their effects on production, transportation,
storage, processing, pricing and market distribution.
A disruption at any stage of the chain can create
consequences across the wider food system.

Production  shortfalls can reduce supply,

transport, process and distribute agricultural
products directly influences the availability and
accessibility of food. Consequently, food security
cannot be considered exclusively a function of

agricultural production. It is also influenced by the . ] ] '
transportation disruptions can create regional

shortages, inadequate storage can increase post-
harvest losses, and market disruptions can generate
price volatility. These interconnected relationships
indicate that food security should be examined from
a systems perspective rather than through
agricultural production alone (Amentae et al., 2024;
Bruni et al.,, 2024; Dahal et al., 2024). The

effectiveness, resilience and inclusiveness of the
supply chains through which agricultural products
move from farms to final consumers. Increasing
complexity within global food systems has therefore
generated growing interest in understanding the
relationship between agricultural supply chains and
food security (Martindale, 2021; Rijswijk et al.,
2021).
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contemporary agricultural supply-chain or disadvantage small producers may contribute to

environment is increasingly characterized by
uncertainty. Climate variability, extreme weather
events, resource scarcity, changing market
conditions, geopolitical instability and disruptions in
transportation can affect the movement and
availability of agricultural products. Cao et al.
(2023) emphasize the challenges associated with
sustainable agricultural systems, while recent
research has increasingly highlighted the importance
of resilience, adaptability and coordination within
agricultural and food supply chains. The
vulnerability of agricultural systems is particularly
significant because agricultural production is
biologically dependent, geographically dispersed
and subject to seasonal conditions. Market
conditions represent another important determinant
of food security. Agricultural producers frequently
operate in markets characterized by price
fluctuations, uncertain demand and unequal
bargaining power. When supply chains function
inefficiently, producers may receive lower returns
while consumers simultaneously face higher prices.
Byrom and Medway (2019) and Sachitra and
Padmini (2021) contribute to understanding market
and organizational dimensions that influence
agricultural value creation. Efficient supply chains
can potentially reduce transaction costs, improve
market connectivity and support more stable food
distribution. The growing importance of digital
technologies has created additional opportunities for
strengthening agricultural supply chains. Digital
platforms, information systems, blockchain, data
analytics and other technologies can improve
traceability, information sharing, coordination and
market visibility. Dal Mas et al. (2023) emphasize
the potential relevance of blockchain in agricultural
and food supply chains, particularly in relation to
transparency and traceability. Digitalization can
therefore contribute to food security by improving
the efficiency and visibility of supply-chain
processes. However, technology adoption is also
constrained by infrastructure, skills, financial
resources and institutional conditions, particularly
among smallholder producers. Smallholder farmers
are central to this discussion because they often face
limited access to markets, finance, infrastructure and
information. Agricultural supply chains that exclude

unequal income distribution and weaken rural
livelihoods. Conversely, inclusive supply-chain
arrangements can improve market access, strengthen
producer capabilities and contribute to rural
development. Rijswijk et al. (2021), Weerabahu et
al. (2021) and Tabe-Ojong et al. (2024) highlight the
importance of coordination, innovation and
development processes within agricultural systems.

Sustainability is also increasingly connected with
food security. Agricultural supply chains that
depend upon intensive resource consumption and
environmentally damaging practices may generate
short-term  increases in  production  while
undermining long-term  productive  capacity.
Sustainable  resource = management, circular
economy practices and reduction of food loss can
therefore contribute to both environmental
sustainability and food-system resilience. Ghisellini
et al. (2024) and related sustainability literature
highlight the importance of circular approaches in
addressing resource efficiency and waste. Despite
the growing body of research, existing literature
remains fragmented across supply-chain
management, agricultural development,
sustainability, technology adoption, food security
and rural development. Some studies emphasize
supply-chain efficiency, whereas others focus on
market access, sustainability, digital technologies or
food-system resilience. There remains a need for an
integrated conceptual perspective explaining how
agricultural supply-chain characteristics collectively
influence food security. Accordingly, this paper
develops a conceptual framework linking supply-
chain  efficiency, resilience, sustainability,
inclusiveness and digital transformation with food-
security outcomes. The framework seeks to
demonstrate how coordinated agricultural supply
chains can contribute to food availability,
accessibility, affordability and stability.

2. Literature Review

2.1 Agricultural Supply Chains and Food
Systems

Agricultural supply chains represent interconnected
networks through which agricultural inputs,
products, information, finance and services move

466



Economic Sciences

https://economic-sciences.com \\5 1)

ES(2024) 20, (2), 465-479 | ISSN:1505-4683 ol

among different actors. These chains begin with
input suppliers and producers and extend through
collection, processing, transportation, wholesale and
retail distribution. Food security therefore depends
not only on production but also on the capacity of
supply chains to move agricultural products
efficiently and reliably. Martindale (2021)
emphasizes the significance of food and agricultural
value systems in understanding how value is created
and distributed across supply-chain actors. This
perspective is important because food security is
influenced by the organization and governance of
the entire food system. Agricultural products may be
produced in sufficient quantities but still fail to reach
consumers because of transportation constraints,
inadequate storage, market failures or distribution
inefficiencies. Amentae et al. (2024), Akbari et al.
(2024) and Bruni et al. (2024) further contribute to
the contemporary understanding of food and
agricultural supply chains by emphasizing the
complexity of agricultural systems and the
importance of coordinated supply-chain processes.
The literature increasingly indicates that supply-
chain efficiency should be evaluated not only
through economic performance but also through its
contribution to food-system stability.

2.2 Food Availability and Agricultural
Production

The first major relationship between supply chains
and food security concerns food availability.
Agricultural production provides the physical
foundation of food supply, but production alone
does not guarantee availability to consumers.
Agricultural products must be collected, stored,
processed and transported effectively. Dahal et al.
(2024) and Uyanga et al. (2024) highlight
contemporary challenges affecting agricultural
production and food systems. Production can be
affected by environmental conditions, resource
availability, input costs and technological capacity.
When production is disrupted, supply-chain actors
may experience shortages that influence prices and

consumer access. Supply-chain coordination can
partially mitigate production-related uncertainty
through  inventory = management,  sourcing
diversification, = improved  forecasting  and
information sharing. However, these mechanisms
require effective coordination among farmers,
processors, distributors and market institutions.

2.3 Food Accessibility and Market Connectivity

Food security also depends upon whether
individuals and communities can access available
food. Accessibility has an important economic and
geographical component. Food may be physically
available but economically inaccessible because of
high prices, limited market connectivity or
inadequate distribution systems. Agricultural supply
chains influence food accessibility by determining
transportation costs, transaction costs, intermediary
margins and market reach. Efficient supply chains
can reduce unnecessary costs and improve the
movement of products from surplus to deficit areas.
Babu and Joshi (2019) emphasize the importance of
agricultural development and market-oriented
systems, while Byrom and Medway (2019)
contribute to understanding relationships within
agricultural markets. These perspectives indicate
that market connectivity is essential for linking
agricultural production with consumer demand.

2.4 Supply-Chain Efficiency and Food Security

Supply-chain efficiency refers to the ability of
agricultural systems to coordinate activities while
minimizing unnecessary costs, delays, losses and
resource consumption. Efficient supply chains can
improve food security by increasing the amount of
agricultural production that reaches consumers.
Post-harvest losses represent an important example.
Agricultural products may deteriorate during
harvesting, storage, transportation and processing.
Improvements in storage infrastructure, logistics and
information systems can therefore increase the
effective availability of food without requiring
equivalent increases in agricultural production.

Table 1. Major Supply-Chain Dimensions Affecting Food Security

Supply-chain dimension | Primary mechanism

Food-security implication

Production

Generation of agricultural output

Food availability

Storage Preservation of agricultural products | Supply stability

Transportation

Movement between locations

Physical accessibility
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Processing

Conversion and preservation

Product availability and quality

Market coordination

Linking producers and buyers

Economic accessibility

Information sharing

Reduction of uncertainty

Better decisions and stability

Technology

Efficiency and traceability

Resilience and transparency

Governance

Coordination and regulation

System-wide stability

This table demonstrates that food security is influenced by multiple supply-chain functions rather than a single

production activity.
2.5 Agricultural Supply-Chain Resilience

Resilience refers to the ability of supply chains to
anticipate, absorb, adapt to and recover from
disruptions. Agricultural supply chains require
resilience because they are exposed to climate risks,
market volatility, transportation disruptions and
other external shocks. Rosenthal et al. (2021),
Weerabahu et al. (2021) and Rijswijk et al. (2021)
provide perspectives relevant to resilience,
innovation and agricultural-system adaptation.
Resilient supply chains can maintain the flow of
agricultural products during disruptions and recover
more rapidly after shocks. Food security is therefore
closely related to resilience. A food system that
performs efficiently under normal conditions but
fails during disruptions may not provide stable food
access. Resilience adds a temporal dimension to
food security by focusing on the ability of food
systems to continue functioning under changing
conditions.

2.6 Sustainability and Agricultural Supply
Chains

Sustainability is another important component of
agricultural supply-chain performance. Agricultural
production depends on land, water, biodiversity and
other natural resources. Unsustainable resource use
may increase short-term production while reducing
future productive capacity. Cao et al. (2023) and
Ghisellini et al. (2024) highlight the importance of
sustainability and resource efficiency. Circular
economy approaches can potentially reduce waste
by encouraging reuse, recycling and more efficient
resource utilization. Food loss and waste represent
an important intersection between sustainability and
food security. Reducing losses can increase the
effective supply of food while decreasing
unnecessary resource consumption. Sustainable
supply-chain practices can therefore simultaneously

contribute to environmental objectives and food
availability.

2.7 Digital Transformation and Agricultural
Supply Chains

Digitalization is  increasingly  transforming
agricultural supply chains. Information systems,
digital platforms, blockchain and data-based
technologies can improve communication,
traceability, monitoring and coordination. Dal Mas
et al. (2023) emphasize the potential of blockchain
to strengthen transparency and traceability within
food and agricultural supply chains. Traceability can
improve the ability of supply-chain actors to identify
product origins and movements, while information
transparency may strengthen consumer confidence.
Kshetri (2024) contributes to understanding
blockchain and  digital transformation in
contemporary ~ economic  systems.  Digital
technologies can also support market information,
financial transactions and coordination. However,
technological benefits depend upon infrastructure,
affordability, digital skills and institutional
readiness.

2.8 Smallholders and Inclusive Supply Chains

Smallholder farmers represent an important
component of agricultural supply chains,
particularly in developing economies. However,
they frequently face challenges involving access to
finance, technology, markets, information and
infrastructure. Kwasi Bannor and Kofi Arthur
(2024), Tabe-Ojong et al. (2024) and Kabir and
Ekici (2024) contribute to the literature concerning
agricultural development, farmers and food-system
challenges. Their perspectives support the argument
that food security requires supply chains capable of
integrating smaller producers. Inclusive supply
chains can improve farmer incomes and market
participation while potentially increasing the
diversity and reliability of agricultural supply.
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However, inclusion  requires  appropriate
institutional mechanisms, infrastructure, knowledge
systems and market arrangements.

2.9 Circular Economy and Food Security

The circular economy perspective provides another
theoretical pathway connecting supply chains and
food security. Ghisellini et al. (2024) emphasize the
importance of resource efficiency and circular
approaches in addressing sustainability challenges.
Within agriculture, circularity can involve the reuse
of agricultural residues, reduction of food waste,
resource recovery and improved utilization of by-
products. Circular supply chains may contribute to
food security by reducing resource losses and
improving the efficiency of food production
systems. However, implementation
technological capabilities, market incentives and
coordination across multiple supply-chain actors.

requires

2.10 Governance and Institutional Coordination
Agricultural supply chains operate within
institutional environments shaped by government
policies, regulations, market institutions and
development organizations. Effective governance
can facilitate coordination and reduce uncertainty.
Rijswijk et al. (2021), Sachitra and Padmini (2021)
and Weerabahu et al. (2021) emphasize the
importance of organizational and institutional

factors in agricultural development and supply-

chain performance. Weak coordination may increase
transaction costs, information asymmetry and
supply-chain vulnerability. Governance is therefore
a cross-cutting component of the conceptual
framework. Effective governance can strengthen
technology adoption, market access, sustainability
and resilience simultaneously.

2.11 Recent Developments in Agricultural
Supply Chains

The literature published in recent years demonstrates
increasing concern about the relationship between
food systems, sustainability, technology and
resilience. Akbari et al. (2024), Amentac et al.
(2024), Arthur et al. (2024), Bruni et al. (2024),
Dahal et al. (2024), Dutkiewicz and Broad (2024),
Kabir and Ekici (2024), Kovshov et al. (2024),
Kshetri (2024), Leake (2024), LienLe et al. (2024),
Mac Clay et al. (2024), Swain (2024), Tabe-Ojong
et al. (2024), Uyanga et al. (2024) and Wu et al.
(2024) demonstrate the continuing expansion of
research surrounding contemporary agricultural and
food-system challenges. The recent literature
indicates that agricultural supply chains are
increasingly being examined as complex systems in
which production, technology, markets,
sustainability and institutional factors interact. This
creates a strong theoretical basis for an integrated
food-security framework.

Table 2. Literature Review on Agricultural Supply Chains and Food Security

Sr. Author(s) & | Study Focus Major Contribution Research Gap

No. | Year

1 Babu & Joshi | Agricultural Agricultural and market- | Limited integrated food-
(2019) development development perspective | security framework

2 Byrom & | Agricultural markets Market relationships and | Limited supply-chain
Medway (2019) value creation resilience perspective

3 Weerabahu et al. | Agricultural systems Organizational and | Limited food-security
(2021) development perspective | integration

4 Martindale (2021) | Food value systems

Food and agricultural
value-chain perspective

Limited multidimensional
framework

5 Rijswijk et al. | Agricultural Innovation and | Limited food-security
(2021) innovation coordination application

6 Rosenthal et al. | Food/agricultural Supply and food-system | Limited integrated
(2021) systems perspective framework

7 Sachitra & | Agricultural Management and | Limited resilience
Padmini (2021) management agricultural development | perspective

8 Cao et al. (2023) | Sustainable agriculture

Sustainability challenges

Limited supply-chain/food-
security integration
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9 Dal Mas et al. | Blockchain Digital traceability and | Limited food-security
(2023) transparency perspective
10 Akbari et al. | Agricultural  supply | Contemporary supply- | Need for integrated food-
(2024) chains chain challenges security model
11 Amentae et al. | Food/agricultural Supply-chain and food- | Limited multidimensional
(2024) systems system perspective integration
12 Arthur et al. | Agricultural Contemporary Limited supply-chain
(2024) development agricultural challenges framework
13 Bruni et al. (2024) | Food systems Food-system and supply- | Need for resilience
chain perspective integration
14 Dahal et al. | Agriculture and food Agricultural production | Limited conceptual
(2024) and food challenges integration
15 Dutkiewicz & | Food systems Food-system challenges | Need for  agricultural
Broad (2024) supply-chain perspective
16 Ghisellini et al. | Circular economy Resource efficiency and | Limited food-security
(2024) circularity integration
17 Kabir & Ekici | Agricultural Development and | Limited supply-chain
(2024) development agricultural systems framework
18 Kovshov et al. | Agriculture Contemporary Need for food-security
(2024) agricultural challenges linkage
19 Kshetri (2024) Digital/blockchain Technology and | Limited agricultural
systems transparency application
20 Kwasi Bannor & | Agricultural Farmer and development | Need for supply-chain
Kofi Arthur | development perspective integration
(2024)
21 Leake (2024) Food systems Contemporary food- | Limited integrated
system perspective framework
22 LienLe et al. | Agriculture/food Agricultural and food- | Limited supply-chain
(2024) systems system issues resilience
23 Mac Clay et al. | Agricultural supply Supply-chain Need for multidimensional
(2024) development food-security framework
24 Swain (2024) Agriculture and food | Contemporary food- | Limited supply-chain
security system perspective integration
25 Tabe-Ojong et al. | Agricultural Smallholders and | Need for integrated supply-
(2024) development agricultural development | chain model
26 Uyanga et al. | Agricultural systems Contemporary Limited integrated food-
(2024) agricultural challenges security perspective

27 Wu et al. (2024) Food/agricultural

systems

Supply-chain and food-
system transformation

Need for comprehensive
conceptual model

The literature demonstrates that agricultural supply
chains influence food security through multiple
interconnected mechanisms. However, much of the
existing research examines individual components,
such as agricultural production, technology,
sustainability, market access or supply-chain
efficiency, without fully integrating them into a
single conceptual perspective. This gap provides the
foundation for the framework developed in the
present study.

Methodology

This study adopts a conceptual and integrative
literature-review methodology to develop a
theoretical framework explaining the relationship
between agricultural supply chains and food
security. Since the purpose of the research is theory
development rather than empirical hypothesis
testing, the study does not employ primary surveys,
interviews or statistical estimation. Instead, it
synthesizes the literature supplied for the study
across the major themes of agricultural supply
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chains, food security, market access, sustainability,
resilience, digital transformation, agricultural
development and institutional coordination. The
literature was organized thematically to identify
recurring concepts and relationships. The first theme
concerns the capacity of agricultural supply chains
to generate and distribute food through production,
processing, storage and transportation. The second
concerns market access and economic accessibility,
particularly the role of supply-chain coordination in
connecting producers with consumers. The third

theme focuses on resilience and the ability of supply
chains to maintain food flows under disruption. The
fourth considers sustainability and
efficiency, including circular economy perspectives.
The fifth examines digital technologies and
information systems as mechanisms for improving
transparency, traceability and coordination. The
sixth considers inclusion and institutional
coordination, particularly the participation of
smallholder farmers and other
stakeholders.

resource

supply-chain

Model 3. Conceptual Framework for
Agricultural Supply Chains and Food Security
(A Conceptual Perspective)

Supply-Chain Components Food Security Outcomes
Production i
> Availability
(farm level) [‘. (sufficient supply)
Processing |
(value addition) I-; Efficient, n. éccless(:bility ,
= i Resilient and ® y“caa::es;conom'c
orage
(post-harvest) lnt?grated
» Agricultural
: ) Supply Chains Affordability
Transportation ~» (stable and reasonable
(logistics) I ;‘—/ ‘ prices)
Distribution e
(markets and retailers) Pttty

T

¥ (resilient supply systems)

f

Feedback, Coordination and Risk Management

Figure 1: Conceptual Model

A synthesis-based conceptual approach is then used
to connect these dimensions into an integrated
framework. The that
agricultural supply-chain characteristics influence
food-security outcomes through the combined
effects of efficiency, resilience, accessibility,
sustainability and coordination. Digital technologies
and institutional governance are conceptualized as
enabling mechanisms that can strengthen these
relationships,  while

framework  assumes

infrastructure,  resource
constraints and market uncertainty may weaken

them. The methodology therefore follows the
conceptual sequence of literature synthesis —
thematic categorization identification of
relationships — integration of constructs —
development of a conceptual framework. This
approach is consistent with the theoretical
orientation of the study and provides a basis for

—

future empirical testing. The numerical tables
presented in the Discussion are  conceptual
calculations and are not derived from primary
observations.
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Discussion

The discussion integrates the major themes
identified in the literature to develop a
comprehensive  conceptual  perspective  on
agricultural supply chains and food security. The
central argument is that food security is not
determined solely by the quantity of food produced.
Instead, it depends on whether agricultural supply
chains can efficiently and sustainably move food
from producers to consumers while maintaining
accessibility, affordability and stability. This means
that supply-chain performance becomes an
important determinant of food-system outcomes.
The  proposed conceptualizes
agricultural supply chains as a system connecting
production, storage, processing, transportation,
markets, information, institutions and consumers.
These components interact continuously, meaning
that weakness in one part of the system can affect

framework

the performance of other components. A production
increase, for example, may have limited
implications for food security if storage facilities are
inadequate or transportation systems cannot move
the additional output to consumers. Similarly,
efficient transportation cannot compensate for
persistent production shortages. Food security
therefore requires coordination across the complete
agricultural supply chain.

One of the most important relationships is between
supply-chain efficiency and food availability.
Agricultural production generates potential food
supply, but losses occurring during storage,
processing and transportation can reduce the
quantity ultimately available for consumption.
Consequently, improving supply-chain efficiency
can potentially increase food availability without
requiring a proportional increase in production.

Table 3. Agricultural Supply-Chain Performance

Indicator Conventional Supply Chain | Improved Supply Chain | Change
Production efficiency index 100 110 +10%
Storage efficiency index 100 125 +25%
Transportation efficiency index | 100 118 +18%
Post-harvest loss index 100 75 —25%
Market connectivity index 100 120 +20%
Information availability index 100 135 +35%

Note: The numerical values are and do not represent empirical observations.

The table illustrates the theoretical proposition that
improvements across several supply-chain functions
can strengthen food-system performance. The 25%
reduction in the post-harvest loss index indicates
that improvements in storage and logistics could
increase the effective quantity of food reaching
markets. Similarly, an increase in market
connectivity could enable agricultural products to
move more efficiently between production and

consumption areas. Supply-chain resilience
represents another central dimension of food
security. Agricultural systems are exposed to
multiple disruptions, including climate-related
events, market volatility, transportation
interruptions and input shortages. If supply chains
lack resilience, disruptions can quickly translate into
food shortages and price increases. Therefore,
resilience allows supply chains to maintain essential
food flows while adapting to changing conditions.

Table 4. Supply-Chain Resilience Index

Resilience Dimension Weight (%) | Baseline Score | Improved Score
Supplier diversification 15 55 78

Inventory flexibility 15 50 75

Logistics adaptability 20 52 80

Information visibility 20 48 85

Stakeholder coordination | 15 55 82

Recovery capability 15 50 80

Overall weighted index | 100 51.0 80.0
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Note: conceptual values.

The resilience index increases from 51 to 80. The
largest improvement occurs in information
visibility, which increases from 48 to 85. This
reflects the theoretical importance of information in
anticipating and responding to disruptions. Better
visibility allows supply-chain actors to identify
shortages, transportation problems and changes in

Compa

ersificatior

Baseline score

Wformatior

market conditions more quickly. The relationship
between supply-chain resilience and food security
can therefore be conceptualized as: Resilience
capability — Continuity of food flows — Reduced
disruption effects — Greater food stability This
relationship becomes especially important when
agricultural systems face simultaneous
environmental and market shocks.

son of baseline and improved scores across six resilience dimensions.

bility Recovery capa

Improved score

Figure 2: Supply-Chain Resilience Index

Another important dimension is economic
accessibility. Food security requires consumers to
have sufficient purchasing capacity and physical
access to food. Agricultural supply chains influence
prices through production costs, transportation
costs, storage expenses, intermediary relationships
and transaction costs. Inefficient supply chains can
increase  costs and  consequently  reduce
affordability. Byrom and Medway (2019), Babu and
Joshi (2019) and Sachitra and Padmini (2021)
provide perspectives relevant to agricultural markets
and management. These studies support the broader
proposition that agricultural development depends
upon effective market and organizational structures.

A well-coordinated supply chain can improve the

markets, they may receive low returns even when
consumer prices remain high. Such situations create
a dual problem: producers experience weak
economic incentives while consumers face
affordability challenges.
arrangements can potentially address this problem
by strengthening market connectivity and reducing

information asymmetry.

Inclusive supply-chain

Digitalization provides an important mechanism for
improving such connectivity. Digital platforms can
facilitate information sharing between producers
and buyers, while digital traceability can improve
transparency. Dal Mas et al. (2023) emphasize the
relevance of blockchain to transparency and
traceability in agricultural and food supply chains.

connection between producers and consumers, Kshetri  (2024)  similarly  contributes  to
potentially reducing unnecessary transaction costs. understanding the broader significance of
Smallholder farmers are particularly important in blockchain and digital systems.
this context. If farmers have limited access to
Table 5. Digital Contribution to Agricultural Supply Chains

Digital Function Before Digitalization After Digitalization | Improvement

Market information 50 82 +32

Product traceability 45 88 +43

Supply visibility 48 85 +37

Transaction efficiency 55 80 +25

Demand forecasting 50 78 +28
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| Stakeholder communication | 60

| 86 [ +26 |

Note: conceptual values.

The table suggests that digitalization can improve
several supply-chain functions simultaneously.
Traceability demonstrates the largest improvement,
increasing from 45 to 88. This is theoretically
relevant because traceability can support product
monitoring, quality assurance and transparency.
Improved market information can also help
producers make better production and marketing
decisions. However, digitalization should not be
treated as an automatic solution to food-security
challenges.  Technology  adoption  requires
infrastructure, financial resources, skills and
institutional support. Smallholders may face greater
constraints than large agribusiness organizations.
Therefore, technology can improve food security
only when access to its benefits is sufficiently
inclusive.

Sustainability represents another fundamental
component of the framework. Agricultural supply
chains depend heavily on natural resources, meaning
that environmental degradation can undermine
future food production. Sustainable agricultural
practices and resource-efficient supply chains can
therefore contribute to long-term food security.
Ghisellini et al. (2024) provide a circular-economy
perspective that is particularly relevant to this issue.
Circular approaches can reduce waste and improve
resource efficiency, thereby supporting both
environmental sustainability and agricultural
productivity. Food loss reduction represents one of
the clearest areas where sustainability and food
security overlap.

Table 6. Sustainability and Food-Security Performance

Sustainability Indicator | Baseline Index | Improved Index | Change

Food-loss reduction 100 72 28% improvement
Resource efficiency 100 118 18% improvement
Waste utilization 100 130 30% improvement
Storage efficiency 100 120 20% improvement
Transport efficiency 100 115 15% improvement

Note: conceptual values.

The results demonstrate how improvements in
sustainability can also support food security. A
hypothetical 28% improvement in food-loss
reduction would increase the effective availability of
food, while a 30% improvement in waste utilization
would indicate more effective use of agricultural
resources. The circular economy perspective is
particularly relevant because agricultural systems
produce large quantities of biological materials and
residues. These materials can potentially be reused,
processed or transformed into additional resources.
Such approaches can reduce waste while creating
additional economic opportunities for agricultural
actors. Governance and institutional coordination
also play a central role in the framework.
Agricultural supply chains involve farmers, traders,
processors, logistics companies, retailers, financial
institutions, government agencies and consumers.

Without coordination, information gaps and
conflicting interests may reduce supply-chain
effectiveness. Rijswijk et al. (2021) and Weerabahu
et al. (2021) emphasize the importance of innovation
and coordination in agricultural development.
Institutional arrangements can support supply-chain
integration by providing standards, infrastructure,
financing mechanisms, information systems and
market-support policies.

Food security therefore requires governance
mechanisms that operate across the supply chain.
Governments can contribute through agricultural
policies, infrastructure investment and market
regulations, while private organizations can improve
logistics, technology adoption and market
coordination. =~ Producer  organizations  and
cooperatives can strengthen farmers' bargaining

power and facilitate collective access to markets.
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Table 7. Food-Security Supply-Chain Index

Dimension Score | Weight | Weighted Contribution
Food availability 82 25% 20.50
Accessibility & affordability | 76 25% 19.00
Supply stability 78 20% 15.60
Supply-chain resilience 80 15% 12.00
Inclusiveness 75 15% 11.25
Overall FSCI 100% | 78.35

Note: conceptual calculation.

The Food-Security Supply-Chain Index is 78.35 out
of 100. The calculation demonstrates how supply-
chain performance can be linked conceptually with
multiple food-security dimensions. Food availability
contributes 20.50 points because of its 25%
weighting, while accessibility and affordability
contribute 19 points. The framework also indicates
that food security should not be interpreted as a static
condition. Supply chains may perform effectively
during stable periods but become vulnerable during
crises. Resilience therefore becomes an essential
component of long-term food security. A supply
chain capable of adapting to production shortages,
market disruptions and transportation challenges can
protect food availability and stability more
effectively. Recent agricultural literature reinforces
the importance of this systems perspective. Akbari
et al. (2024), Amentae et al. (2024), Arthur et al.
(2024), Bruni et al. (2024), Dahal et al. (2024),
Dutkiewicz and Broad (2024), Kovshov et al.
(2024), Leake (2024), LienLe et al. (2024), Mac
Clay et al. (2024), Swain (2024), Tabe-Ojong et al.
(2024), Uyanga et al. (2024) and Wu et al. (2024)
collectively reflect the increasing importance of
contemporary challenges affecting agricultural and
food systems. These perspectives reinforce the
argument that food security requires attention to
interconnected production, market, technological,
institutional and supply-chain processes. The

conceptual framework also suggests that food
security is strengthened when supply chains are both
efficient and inclusive. Efficiency without inclusion
may result in highly productive supply chains that
fail to improve the livelihoods of wvulnerable
producers. Conversely, inclusion without efficiency
may create economically unsustainable systems.
Therefore, the objective should be to create supply
chains that simultaneously improve productivity,
market participation, resilience and sustainability.

This perspective is particularly relevant for
developing  agricultural
smallholder farmers may represent a substantial
proportion of agricultural producers. Improving
infrastructure, digital access, storage, transportation
and market information can strengthen both
producer participation and food availability. Kwasi
Bannor and Kofi Arthur (2024), Kabir and Ekici
(2024) and Tabe-Ojong et al. (2024) provide
perspectives relevant to agricultural development
and the challenges facing producers. The overall
discussion therefore supports a multidimensional
understanding of agricultural supply chains. Food
security emerges from the interaction between
production  capacity, supply-chain efficiency,
market accessibility, resilience, sustainability,
technology, inclusion and governance rather than
from any single factor.

economies where

Table 8. Integrated Conceptual Model

Dimension Main Mechanism

Expected Food-Security Outcome

Production capacity

Increased agricultural output

Higher availability

Supply-chain efficiency

Reduced losses and transaction costs

Improved availability and affordability

Market connectivity

Improved producer-consumer linkages

Better accessibility

Resilience Ability to absorb disruptions Greater stability

Digital transformation | Better information and coordination Improved efficiency and transparency
Sustainability Resource conservation Long-term food-system capacity
Inclusion Smallholder participation Improved livelihoods and access
Governance Coordination and institutional support | System-wide food security
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The integrated model suggests that food security
should be approached as a supply-chain system
outcome. The effectiveness of one component
depends partly on the performance of others. This
systems perspective provides a stronger theoretical
foundation for understanding contemporary food-
security challenges.

Conclusion

Agricultural supply chains play a fundamental role
in determining the performance and stability of food
systems. While agricultural production provides the
foundation for food availability, the movement of
agricultural products through storage, processing,
transportation and markets determines whether food
effectively reaches consumers. The conceptual
analysis presented in this study demonstrates that
food security is therefore closely connected with the
efficiency, resilience, sustainability and
inclusiveness of agricultural supply chains. The
central contribution of this paper is the development
of an integrated conceptual framework linking
agricultural supply-chain performance with four
major dimensions of food security: availability,
accessibility and affordability, stability and long-
term sustainability. The framework demonstrates
that food security should not be understood simply
as an agricultural production issue. It is a system-
wide outcome produced through interactions among
farmers, processors, logistics providers, markets,
institutions, governments and consumers.

Supply-chain efficiency represents an important
pathway through which food security can be
strengthened. Improvements in storage,
transportation,  processing and  information
management can reduce post-harvest losses and
transaction costs, thereby increasing the effective
supply of food. Martindale (2021), Babu and Joshi
(2019) and Sachitra and Padmini (2021) provide
perspectives that support the importance of
agricultural value systems, market development and
management capabilities in shaping agricultural
outcomes. Resilience is equally important because
agricultural supply chains are exposed to climate,
market, transportation and resource-related
disruptions. A supply chain that performs efficiently
during normal conditions but collapses during a

major disruption cannot provide stable food
security. Resilience therefore provides the capacity
to maintain food flows and recover from unexpected
shocks. Rosenthal et al. (2021), Rijswijk et al.
(2021) and Weerabahu et al. (2021) contribute to the
broader understanding of agricultural systems,
innovation and adaptive capacity.

Digital transformation provides another important
mechanism. Digital technologies can improve
information sharing, traceability, market visibility
and coordination. Dal Mas et al. (2023) and Kshetri
(2024) highlight the relevance of digital and
blockchain-based systems to transparency and
information management. However, digitalization
should not be treated as an automatic solution. Its
contribution to food security depends on
infrastructure, affordability, digital skills and
institutional support. The study also emphasizes the
importance of sustainability. Food security requires
agricultural systems to maintain productive capacity
over time. Unsustainable resource use, excessive
waste and environmental degradation can
undermine future food production. Circular
economy approaches, as reflected in Ghisellini et al.
(2024), provide opportunities for improving
resource  efficiency and reducing  waste.
Consequently, environmental sustainability and
food security should be viewed as interconnected
rather than competing objectives.

Inclusiveness  represents  another  important
dimension of the framework. Smallholder farmers
require access to markets, finance, technology,
infrastructure and information if they are to
participate effectively in agricultural supply chains.
Inclusive supply chains can strengthen farmer
livelihoods while improving the reliability and
diversity of agricultural supply. The recent literature
represented by Kwasi Bannor and Kofi Arthur
(2024), Kabir and Ekici (2024) and Tabe-Ojong et
al. (2024) reinforces the importance of considering
development and producer
participation. The numerical tables developed in the
study demonstrate how supply-chain efficiency,
resilience, digitalization, sustainability and food-
security outcomes could be measured in future
empirical research. The numerical values are
conceptual illustrations and should not be

agricultural
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interpreted as empirical findings. Their purpose is to
demonstrate how a multidimensional food-security
supply-chain index could be operationalized.

The study contributes theoretically by positioning
agricultural supply chains as a central mechanism
connecting agricultural production with food
security. It integrates perspectives that are often
examined separately and proposes that efficiency,
resilience, sustainability, digital transformation,
inclusion and governance jointly influence food-
security outcomes. Future empirical research can
test these relationships using survey data, supply-
chain performance indicators, longitudinal datasets,
case studies and comparative analyses across
countries or  agricultural Overall,
agricultural supply chains should be understood as
strategic food-security infrastructures rather than
merely channels for moving agricultural products.
Building efficient, resilient, sustainable, digitally
enabled and inclusive supply chains can strengthen
the capacity of food systems to provide reliable

sectors.

access to food under both normal and disruptive
conditions. The central theoretical proposition of
this paper is therefore that food security is
strengthened when agricultural supply chains are
capable of efficiently connecting production with
consumption while simultaneously maintaining
resilience, sustainability, accessibility and inclusion.
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