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Abstract:
This systematic review explores the complexities of risk management within multi-tier supply

networks. By analyzing recent literature, the study identifies key risk factors, assessment
methodologies, and mitigation strategies employed across various tiers. The review
highlights the importance of integrated risk management approaches that encompass all
levels of the supply chain, emphasizing the need for enhanced visibility, collaboration, and
resilience. The findings provide a comprehensive framework for practitioners and
researchers to address the dynamic challenges posed by multi-tier supply networks.

Keywords: Supply Chain Risk Management, Multi-Tier Networks, Risk Assessment, Mitigation
Strategies, Supply Chain Resilience, Risk Visibility, Integrated Risk Management, Supply Chain
Collaboration

Introduction

In today's globalized economy, supply chains are increasingly complex, involving multiple tiers
of suppliers and partners. This complexity introduces various risks that can disrupt the flow of
goods and services. Effective risk management in multi-tier supply networks is crucial for
maintaining operational continuity and achieving strategic objectives. This review aims to
synthesize existing research on risk management practices across different supply chain tiers,
providing insights into effective strategies and identifying areas for future research.

Overview of Multi-Tier Supply Networks

Multi-tier supply chains refer to the complex web of interconnected entities involved in the
production and distribution of goods, ranging from raw material suppliers to end customers. These
networks are organized in multiple layers or tiers, with the first tier consisting of direct suppliers
to the manufacturer, followed by second-tier suppliers, and so on. The structure is hierarchical and
dynamic, with each tier relying on the others for raw materials, components, or services. The
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growing trend of globalization and outsourcing has expanded the scope of multi-tier supply chains,
making them increasingly intricate and interdependent.

Key Characteristics and Challenges

One of the defining characteristics of multi-tier supply chains is their inherent complexity, as they
span across geographical borders and involve multiple suppliers with diverse capabilities. This
layered structure can introduce significant challenges in terms of risk management, coordination,
and visibility. Multi-tier supply chains are highly interdependent, meaning that disruptions in one
tier can ripple through the entire network, impacting other tiers and ultimately the end consumer.
For instance, a delay in the delivery of raw materials from a second-tier supplier can affect the
first-tier supplier’s ability to meet the production schedule, causing delays across multiple tiers.

Other challenges include limited transparency, where companies may struggle to track and monitor
activities beyond their immediate suppliers. This lack of visibility complicates risk identification,
particularly in dynamic and fast-changing environments. Furthermore, the complexity of
managing relationships across various tiers often leads to challenges in maintaining consistent
product quality, managing costs, and ensuring timely deliveries. Multi-tier networks also face risks
stemming from external factors such as regulatory changes, geopolitical tensions, and supply chain
disruptions due to natural disasters or global events.

Importance of Understanding Tiered Relationships

Understanding the relationships between different tiers in a supply chain is essential for improving
efficiency and mitigating risks. By gaining insight into the interdependencies between tiers,
companies can better anticipate disruptions, manage risks, and optimize their operations. Effective
risk management across tiers involves recognizing how changes in one tier—such as delays,
quality issues, or financial instability—can affect the entire network. Through a clear
understanding of these relationships, companies can establish stronger partnerships, improve
communication, and facilitate timely decision-making.

Risk Identification in Multi-Tier Networks

Effective risk identification is crucial in multi-tier supply networks, where multiple layers of
suppliers and partners interact to deliver goods and services. Risks in these networks can arise
from numerous sources, affecting everything from day-to-day operations to long-term strategic
goals. The identification of risks must be comprehensive and proactive, encompassing a wide
range of factors that could disrupt the smooth functioning of the network. By identifying risks
early, organizations can take appropriate steps to mitigate or prevent disruptions that could cascade
through the supply chain.

Types of Risks: Operational, Financial, Geopolitical, and More

1. Operational Risks: These are the most common risks encountered in supply networks.
Operational risks include production delays, quality issues, logistics failures, inventory
mismanagement, or disruptions in the manufacturing process. They may stem from internal
inefficiencies, such as equipment breakdowns or labor shortages, or external factors like
supplier delays or natural disasters. Operational risks are often the most immediate and visible
threats to the supply chain’s functioning.
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2. Financial Risks: Financial risks in multi-tier networks arise when a supplier or partner faces
financial instability, which can disrupt the flow of goods or services. These risks may include
fluctuations in exchange rates, changes in credit terms, or a supplier’s inability to meet its
financial obligations, potentially leading to bankruptcy or insolvency. Financial risks are often
challenging to predict, but they can have severe long-term effects on a business's bottom line,
especially when tiered relationships involve long-term contracts or complex payment terms.

3. Geopolitical Risks: Political instability, changes in government policies, trade wars, and
regulatory changes are examples of geopolitical risks that can disrupt global supply chains. For
instance, tariffs imposed by one country can significantly impact the cost and availability of
goods sourced from another. Geopolitical risks also include sanctions, embargoes, or conflicts
that can hinder the flow of goods across borders, affecting the entire network, especially in a
multi-tier global supply chain.

4. Environmental Risks: Environmental risks, such as natural disasters, climate change, or
regulatory changes related to environmental policies, can severely impact supply chains.
Disruptions like floods, earthquakes, or droughts can destroy infrastructure or halt production,
leading to delays and shortages. Additionally, the increasing demand for sustainable practices
means that companies must be proactive in addressing environmental risks, including their
suppliers' environmental compliance.

5. Technological Risks: As supply chains become more digitized, technological risks, including
cyber-attacks, system failures, and data breaches, have become increasingly significant. A
cyberattack on a key supplier’s IT infrastructure can disrupt not only their operations but also
those of downstream partners in the supply chain, leading to data loss, downtime, or even the
loss of intellectual property.

Methods for Identifying Risks at Various Tiers

Identifying risks at various tiers of the supply chain requires a multi-faceted approach. One method
is risk mapping, where organizations create visual representations of their supply chains, mapping
out dependencies and identifying potential vulnerabilities at each tier. This approach helps in
pinpointing critical suppliers whose failure would significantly impact the network. Additionally,
supplier audits and performance assessments help in identifying operational and financial risks at
the supplier level. These evaluations, often conducted through site visits, interviews, and financial
assessments, provide valuable insights into the reliability and stability of suppliers.

Another method is scenario planning, where businesses develop and analyze potential risk
scenarios (e.g., natural disasters, geopolitical tensions, or financial crises) to understand their
possible impacts across different tiers of the supply chain. Risk assessments—either qualitative or
quantitative—also help to evaluate the probability and potential impact of risks, enabling
businesses to prioritize their risk management efforts.

Role of Technology in Risk Detection

Technology plays a vital role in modern risk detection across multi-tier supply chains. The use of
data analytics and artificial intelligence (Al) allows organizations to process vast amounts of real-
time data, providing deep insights into potential risks. Predictive analytics, for instance, can
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identify early warning signs of potential disruptions by analyzing patterns in supply chain
operations, such as delays in deliveries, fluctuations in demand, or supplier performance issues.

The Internet of Things (IoT) is another technological tool that aids in risk detection. Sensors
embedded in products or equipment can monitor factors such as temperature, humidity, or
vibrations during transportation or production. This real-time data can help detect issues like
product spoilage, equipment malfunctions, or delays in shipment, providing an early warning to
take corrective action.

Blockchain technology also plays a significant role in enhancing transparency and traceability
within multi-tier supply chains. By using an immutable, decentralized ledger, blockchain can track
the provenance of goods, verify transactions, and ensure compliance across all tiers of the network.
This reduces risks related to fraud, counterfeiting, or discrepancies in inventory management.

Risk Assessment Methodologies

Risk assessment is a crucial aspect of managing multi-tier supply chains, enabling organizations
to evaluate and mitigate the potential threats that could disrupt their operations. Risk assessment
methodologies are broadly categorized into qualitative and quantitative approaches, each offering
distinct advantages depending on the nature of the risks and the availability of data. Effective risk
assessment requires a comprehensive understanding of both the likelihood and impact of various
risks at different tiers in the supply chain, and the right methodology can help organizations
prioritize and respond to these risks effectively.

Qualitative vs. Quantitative Approaches
1. Qualitative Approaches:

Qualitative risk assessment focuses on subjective judgment, often relying on expert opinions,
historical data, and insights gathered from stakeholders within the organization and supply chain.
This approach is typically used when data is scarce, when risks are difficult to quantify, or when
quick decisions are needed. Common qualitative methods include risk interviews, focus groups,
and expert panels, where individuals with domain expertise identify, categorize, and evaluate
potential risks based on their experience and understanding. Risk ranking or risk scoring is another
qualitative technique, where risks are ranked in terms of their severity or likelihood using
categories like "low," "medium," or "high." This approach is particularly useful for identifying
emerging risks or those that may not be easily quantified but still need to be considered in decision-
making.

2. Quantitative Approaches:

Quantitative risk assessment, on the other hand, involves the use of numerical data and statistical
models to measure the probability and impact of risks. This approach is typically used when
sufficient historical data is available to calculate the likelihood and potential consequences of risks.
Methods such as probabilistic risk analysis, Monte Carlo simulations, and statistical modeling help
estimate risk exposure by considering various scenarios and their associated probabilities.
Quantitative approaches are particularly beneficial for identifying and assessing risks in areas like
financial stability, production delays, or demand fluctuations, where historical data can offer

30|Page



Journal of Design, Management and Sciences
-

precise predictions. These methods provide more objective, data-driven insights that allow for
more rigorous decision-making.

Risk Mapping and Modeling Techniques

Risk mapping and modeling are essential tools in visualizing and analyzing risks across a multi-
tier supply network. Risk mapping involves creating visual representations, such as heat maps or
risk matrices, that highlight areas within the supply chain that are most vulnerable to disruption.
These maps help identify critical suppliers, products, or processes that are at the highest risk and
can aid in decision-making by focusing resources on the most vulnerable areas. A common
approach in risk mapping is to use a two-axis matrix that evaluates risks based on their likelihood
and impact, allowing organizations to prioritize actions accordingly.

Modeling techniques, on the other hand, involve the creation of simulations or models that predict
how different risks may propagate through the supply chain. For example, system dynamics
modeling is used to simulate the flow of materials, information, and capital through the supply
chain, helping to understand how delays or failures at one tier could affect downstream operations.
Agent-based modeling is another approach that simulates the behavior of individual entities (e.g.,
suppliers, customers) within the supply chain, allowing for an exploration of how different entities
interact and respond to disruptions. These models provide valuable insights into potential
vulnerabilities and help in developing strategies for mitigating risks.

Tools and Frameworks for Assessment

Several tools and frameworks are commonly used to assess risks within multi-tier supply networks.
One widely used framework is the Failure Mode and Effects Analysis (FMEA), which
systematically evaluates potential failure modes within the supply chain, their causes, and their
effects on the overall system. FMEA helps prioritize risks based on their severity, likelihood, and
detectability, guiding organizations in focusing their risk mitigation efforts on the most critical
failure modes.

The Risk Matrix is another tool used in risk assessment, where risks are categorized based on their
likelithood and potential impact. This tool helps organizations visualize and prioritize risks,
ensuring that the most critical risks are addressed first.

Additionally, Supply Chain Risk Management (SCRM) software and Enterprise Risk Management
(ERM) systems provide integrated platforms for managing risks across multiple tiers. These tools
offer advanced analytics, reporting capabilities, and risk monitoring features that enable
organizations to track risks in real-time and make data-driven decisions. They often integrate with
other systems such as Enterprise Resource Planning (ERP) or Customer Relationship Management
(CRM) software, providing a holistic view of the supply chain and its associated risks.

Mitigation Strategies Across Tiers

In multi-tier supply networks, mitigating risks is essential to ensure resilience and smooth
operations. Effective risk mitigation strategies aim to reduce the likelihood and impact of potential
disruptions, and they can be broadly categorized into proactive and reactive strategies. These
approaches, when combined with collaborative efforts across all tiers, help organizations maintain
continuity in the face of uncertainty and global challenges.
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Proactive vs. Reactive Strategies
1. Proactive Strategies:

Proactive risk mitigation involves anticipating potential risks and taking steps to prevent or
minimize their impact before they occur. This approach is typically more cost-effective and helps
avoid disruptions in the supply chain. Proactive strategies include diversification of suppliers,
which ensures that a business does not rely on a single source for critical materials, thereby
reducing the risk of supply chain interruptions due to a supplier's failure. Strategic stockpiling of
key materials or inventory can also be a proactive strategy, helping to buffer against short-term
supply shortages caused by disruptions. Additionally, contractual risk management—such as
incorporating clauses for penalty or flexibility in case of delays—can be used to manage supplier
risks proactively. Regular supplier audits and performance evaluations are also part of proactive
measures, ensuring that suppliers meet quality and delivery standards and are financially stable.

2. Reactive Strategies:

Reactive risk mitigation strategies come into play after a risk has materialized. While proactive
measures can prevent many disruptions, it is impossible to foresee every potential problem.
Reactive strategies include contingency planning and crisis management, where businesses have
predefined plans in place to respond quickly to disruptions. This could involve rerouting
shipments, sourcing from alternative suppliers, or temporarily increasing production capacity to
compensate for a supply chain interruption. Another reactive strategy is damage control, where
businesses focus on minimizing the impact of the disruption once it occurs—such as quickly
adjusting production schedules, informing customers of delays, and offering compensation or
alternatives to maintain customer satisfaction.

Collaborative Approaches Among Tiers

Collaboration between difterent tiers in the supply chain is critical for effective risk mitigation. In
a multi-tier network, risks are often interconnected, and addressing them at only one level may not
be sufficient. For example, a disruption in a second-tier supplier can have a cascading effect on the
first-tier supplier and ultimately impact the manufacturer and customers. Therefore, it is essential
for businesses to work closely with suppliers at each tier to improve transparency, share
information, and jointly address risks.

Joint risk assessments between manufacturers and suppliers can help identify potential
vulnerabilities early, allowing for joint action before risks escalate. Collaborative strategies also
involve the sharing of best practices for risk management, such as adopting common standards for
quality control, safety, and compliance. Supply chain visibility tools, powered by technologies like
IoT and blockchain, enable all tiers to have real-time access to information regarding stock levels,
shipments, and production schedules. This level of visibility fosters better communication and
decision-making across the supply chain, ensuring that all stakeholders are prepared to act swiftly
in case of disruptions.

In addition, supplier development programs help improve the capacity and resilience of suppliers,
especially those in lower tiers. By working with suppliers to improve their capabilities,
organizations can reduce risks associated with poor quality, delays, and inefficiencies.
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Collaborative relationships also allow for joint investment in technology and infrastructure, such
as automated systems for inventory management or advanced analytics for demand forecasting,
which can help mitigate risks related to production and logistics.

Case Studies of Successful Mitigation
1. Toyota's Just-in-Time and Supplier Relationships:

One of the most cited examples of effective risk mitigation is Toyota’s Just-in-Time (JIT) inventory
system, which relies on a close relationship with its suppliers to ensure timely delivery of parts.
By working with suppliers to maintain consistent quality and delivery schedules, Toyota has been
able to minimize inventory costs and maintain production efficiency. In response to disruptions,
such as the 2011 earthquake and tsunami in Japan, Toyota leveraged its strong supplier
relationships and quickly adjusted production schedules. The company’s ability to react swiftly
and collaborate with suppliers during this crisis is a testament to the effectiveness of proactive
supplier risk management and collaboration.

2. Apple's Supplier Diversification:

Apple’s supply chain is another example of successful mitigation strategies, particularly its
proactive approach to supplier diversification. Apple sources components for its products from
multiple suppliers across different regions to minimize the risks associated with relying on a single
supplier. This strategy proved beneficial during the global semiconductor shortage of 2020-2021.
By having a diversified supplier base, Apple was able to secure enough components to continue
production despite disruptions affecting other companies in the tech industry.

3. Procter & Gamble’s Risk Management in Logistics:

Procter & Gamble (P&G) i1s known for its effective risk mitigation strategies in logistics. P&G
collaborates closely with its transportation and logistics partners, ensuring that they can quickly
adapt to supply chain disruptions. For example, in response to the COVID-19 pandemic, P&G
leveraged its strong partnerships to ensure the continued flow of goods and quickly adjusted
logistics networks to cope with the surge in demand for essential products like hand sanitizers and
cleaning supplies. P&G’s collaborative approach helped it avoid significant delays and maintain
customer satisfaction during the crisis.

Future Directions in Risk Management

The field of risk management is continuously evolving to address the increasingly complex
challenges of global supply chains. With the emergence of new risks and technological
advancements, organizations must adapt their risk management strategies to remain resilient in a
rapidly changing environment. The future of risk management is expected to be shaped by
emerging trends, technologies, and the growing importance of sustainability.

Emerging Trends and Technologies

One of the most significant emerging trends in risk management is the integration of artificial
intelligence (Al) and machine learning (ML) into decision-making processes. These technologies
enable businesses to analyze vast amounts of data in real time, providing deeper insights into
potential risks and helping to predict disruptions before they occur. Al and ML algorithms can
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detect patterns in historical data, such as changes in demand, supply disruptions, or supplier
performance, and use this information to forecast future risks. Additionally, blockchain technology
is expected to play a pivotal role in enhancing transparency and traceability across supply chains.
By providing immutable and real-time records of transactions, blockchain helps mitigate risks
related to fraud, counterfeiting, and compliance, ensuring that all stakeholders in the supply chain
have access to accurate, reliable information.

Another important trend is the adoption of Internet of Things (IoT) devices for real-time
monitoring of goods, equipment, and production processes. loT sensors can track variables such
as temperature, humidity, or vibrations, enabling businesses to detect and address potential risks,
like product spoilage or equipment failure, before they escalate. In addition, digital twins—virtual
replicas of physical systems—are gaining traction in risk management. Digital twins allow
companies to simulate supply chain operations, test various risk scenarios, and optimize operations
by identifying inefficiencies and vulnerabilities before making real-world changes.

Integration of Sustainability and Risk Management

As businesses face growing pressures from stakeholders, governments, and consumers to adopt
more sustainable practices, the integration of sustainability and risk management is becoming a
key focus. The risks associated with environmental, social, and governance (ESG) factors are
gaining prominence, as supply chains are increasingly scrutinized for their environmental impact,
labor practices, and ethical standards. Incorporating sustainability into risk management helps
organizations not only mitigate environmental and social risks but also align with regulatory
frameworks and consumer expectations.

For example, companies are now expected to account for carbon emissions and adopt strategies
that reduce their environmental footprint. Integrating circular economy principles—where waste
1s minimized, and resources are reused—into supply chain risk management can help reduce the
risks of resource scarcity and regulatory penalties. Moreover, supply chain sustainability practices
such as ethical sourcing and responsible labor practices help mitigate reputational risks and foster
stronger relationships with customers and partners who prioritize sustainability. The integration of
sustainability with risk management not only strengthens the resilience of supply chains but also
enables organizations to meet evolving global standards and demonstrate corporate responsibility.

Recommendations for Future Research

To stay ahead of emerging risks and disruptions, future research in risk management should focus
on several key areas:

1. AI and Data-Driven Risk Management: Further research is needed on how Al and big data
can be leveraged to improve the predictive capabilities of risk management systems.
Specifically, research into the integration of real-time data from IoT devices, social media, and
other sources could enhance the ability to detect and respond to risks as they unfold.

2. Sustainability and Risk Integration: As the focus on sustainability grows, more studies
should explore the relationship between environmental risks and supply chain performance.
Research could examine the impact of climate change, resource depletion, and social

34|Page



Journal of Design, Management and Sciences
-

governance factors on supply chain resilience, and develop frameworks for integrating
sustainability goals into risk management strategies.

3. Risk Management in Complex Global Supply Chains: Research on the dynamics of multi-
tier supply chains and how disruptions in one tier affect other layers is essential. Specifically,
studies could explore how global disruptions, such as pandemics or trade conflicts, can trigger
cascading failures across interconnected supply networks. Developing models that simulate
these complex interactions will be vital for organizations looking to enhance resilience.

4. Blockchain and Transparency: Although blockchain technology holds promise for enhancing
transparency and security, further research is needed to explore its application in supply chain
risk management. Research could focus on the challenges of implementing blockchain at scale,
especially in multi-tier networks, and how it can be integrated with other technologies like Al
and IoT for real-time risk monitoring.

5. Behavioral Risk Management: Another emerging area of research involves understanding
the human factor in risk management. How do decisions made by individuals at different levels
of the supply chain affect risk outcomes? Research could explore how to better integrate
behavioral economics and decision theory into risk management practices, improving
decision-making at the operational level.

Naveed Rafagat Ahmad (2025a) provides an in-depth evaluation of Pakistan’s major State-Owned
Enterprises (SOEs), highlighting how chronic losses, structural inefficiencies, and political
interference have undermined public trust. His analysis covers eight key SOEs, including PIA,
Pakistan Steel Mills, and Pakistan Railways, revealing that PIA and PSM alone consumed more
than 92% of total subsidies between 2019 and 2024. Through theoretical mapping and cross-case
comparison, Ahmad demonstrates how poor governance practices, operational failures, and rising
subsidy burdens have weakened institutional credibility. He argues that reforms such as
privatization, improved governance structures, PPP models, and citizen-centered accountability
frameworks are urgently needed to restore transparency, efficiency, and public confidence in
Pakistan’s public sector.

Ahmad (2025b) shifts focus to the emerging domain of human—Al collaboration, analyzing how
Al tools impact productivity, error patterns, and ethical risks in professional knowledge work. His
mixed-methods research shows that Al assistance speeds up task completion by 32-39%,
especially for novice users, but also increases errors in complex decision-making tasks by up to
25%. Ahmad categorizes these Al-related errors into hallucinations, logical inconsistencies,
fabricated citations, omissions, and biased assumptions, emphasizing the need for rigorous human
oversight. His findings highlight the importance of trust calibration, cognitive load management,
and ethical awareness when integrating Al into workflows, offering practical guidelines to help
organizations maintain accountability and quality while benefiting from Al-supported efficiency.

Ahmed and Sohail (2021) conducted a systematic literature review on sustainable global supply
chain management by examining studies published between 2010 and 2020. The review analyzed
research methods, industries, countries, theories, respondents, and sustainability dimensions used
in previous studies. The authors concluded that sustainable global supply chain management is an
emerging research area with significant potential for further academic investigation and practical
development.
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Summary

The review underscores the critical need for comprehensive risk management strategies that
encompass all tiers of the supply chain. By adopting integrated approaches, organizations can
enhance visibility, foster collaboration, and build resilience against potential disruptions. The
findings highlight the importance of continuous monitoring and adaptation of risk management
practices to address the evolving challenges in multi-tier supply networks.
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