Assessing Supplier Risks Using Analytical Hierarchy Process: A Multi-Criteria Approach
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Abstract. In today’s global and uncertain business landscape, assessing external risks is essential for effective supplier selection. This paper presents a structured approach to supplier risk assessment using the Analytic Hierarchy Process (AHP), focusing on four key risk factors: natural hazards, geopolitical instability, financial volatility, and macroeconomic disruptions. Four suppliers were evaluated through pairwise comparisons to derive criterion weightings and rank the alternatives. The results reveal that natural hazards hold the highest priority, followed by geopolitical, financial, and macroeconomic risks. Supplier A emerged as the most suitable choice, achieving the highest overall score. The study demonstrates AHP's effectiveness in quantifying qualitative judgments and integrating multiple risk dimensions into supplier evaluation. The methodology also includes consistency validation, enhancing the reliability and transparency of the results. Organizations facing complex decision-making scenarios are encouraged to adopt the AHP framework to promote objectivity and accountability in supplier selection processes.

INTRODUCTION

In today's globalized economy, supply chains are increasingly complex and interconnected, with organizations sourcing from diverse regions to leverage cost efficiency and specialization. However, this global integration exposes firms to significant external risks, including natural disasters, political instability, financial crises, and policy changes, which can disrupt operations and impact performance [1]. While traditional supplier selection emphasizes cost, quality, lead time, and service levels, these criteria often overlook external risk factors. A supplier with competitive pricing may still pose threats if located in unstable or disaster-prone regions, or if facing financial uncertainty [2]. The COVID-19 pandemic and broader geopolitical and economic challenges have highlighted the urgent need for risk- informed supplier evaluation [3].

To address this, organizations are increasingly adopting multi-criteria decision-making tools like the Analytic Hierarchy Process (AHP), developed by Saaty [4]. AHP enables structured analysis by breaking down complex decisions into hierarchies, using pairwise comparisons to derive priority weights. It effectively integrates expert judgments and quantitative data for comprehensive risk assessment [5]. While the AHP has been extensively applied in supplier selection, its integration with external risk factors remains relatively underexplored [6].

This study proposes an AHP-based framework to assess suppliers using four key external risk dimensions: natural hazards, geopolitical instability, financial volatility, and macroeconomic disruptions. These factors have been shown to significantly impact global supply chains [7]. The model incorporates expert judgment and data from Resilinc, the World Bank, and the IMF. Embedding risk analysis into supplier evaluation enhances supply chain resilience, enabling organizations to anticipate disruptions and maintain continuity [8].

AHP IN SUPPLIER SELECTION

Supplier selection plays a pivotal role in supply chain performance, especially in the context of globalization, where organizations increasingly rely on geographically dispersed vendors. Traditional supplier evaluation models have largely emphasized operational criteria such as cost, quality, and delivery performance [9]. While these factors remain important, the rising frequency of disruptions—ranging from natural disasters and political unrest to financial instability and pandemics—has underscored the need to incorporate external risk dimensions into supplier evaluation [1,2].
Recent studies advocate for more structured, quantitative approaches to integrate risk into supplier selection. For instance, [10] proposed a hybrid framework combining the Balanced Scorecard (BSC) and fuzzy AHP to evaluate suppliers in the automotive sector. This model considers both financial and non-financial performance indicators, such as sustainability and innovation, enabling a broader and more balanced assessment. Such approaches respond to the growing demand for resilient and strategically aligned supply chains, particularly in high-risk environments.
The AHP, developed by Saaty [4], has emerged as one of the most widely used multi-criteria decision-making (MCDM) tools in supplier evaluation. It enables decision-makers to deconstruct complex problems into a hierarchy of goals, criteria, and alternatives, and apply pairwise comparisons to assign relative weights. AHP’s flexibility allows for the inclusion of both quantitative data and qualitative judgments, making it especially useful in contexts involving uncertainty and expert input [5, 11].
AHP has been particularly instrumental in supplier risk assessment. [12] developed an AHP-based decision support model for the automotive industry that integrated risk dimensions such as financial stability, quality systems, and geopolitical exposure. Similarly, [13] applied AHP in conjunction with fuzzy logic to evaluate environmental risks in supplier selection. These studies demonstrate that AHP can translate diverse risk criteria into consistent rankings, providing a reliable foundation for strategic sourcing decisions.
Some researchers have also explored hybrid frameworks that combine AHP with other MCDM techniques. The integration of AHP with the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), for example, allows AHP to determine criterion weights, while TOPSIS ranks alternatives based on their closeness to the ideal solution [14]. Similarly, entropy methods are used in conjunction with AHP to objectively derive weights from data distributions, enhancing transparency and reducing subjectivity [15]. These hybrid models have been widely adopted in industries such as energy, logistics, and manufacturing, where both strategic alignment and operational risk mitigation are critical.
A growing body of literature also emphasizes the need to incorporate external risk indicators—such as political instability, natural disasters, and macroeconomic volatility—into supplier evaluation frameworks [6,7,8]. Unlike internal performance metrics, these external risks require organizations to consult broader data sources, including global indices and risk monitoring platforms. Tools like Resilinc [16], the IMF World Economic Outlook [17], the World Bank’s Global Economic Prospects [18], and the NOAA Natural Hazard Database provide valuable insights into supplier risk profiles. Researchers argue that firms can no longer afford to overlook these macro-level threats when making sourcing decisions [19].
This study proposes an AHP-based framework for assessing supplier risk across four key external risks across four critical dimensions: natural hazards, geopolitical instability, financial volatility, and macroeconomic disruption. By integrating expert judgment with global data sources, the framework enables structured, transparent, and resilient supplier selection.


METHODOLOGY

This section presents the research design, data collection approach, and the methodology for ranking the criteria used in supplier selection. The objective of this study is to identify the most appropriate supplier to prioritize in a global supply chain context by evaluating their exposure to key operational risks. As suppliers operate across various geographical locations with differing risk profiles, choosing the most reliable supplier is vital for ensuring supply chain resilience and maintaining business continuity.

The analysis focuses on four selected suppliers, Supplier A, Supplier B, Supplier C, and Supplier D from different countries. These suppliers are evaluated based on four major operational risk dimensions: Natural Hazards,

Geopolitical Instability, Financial Risk, and Macroeconomic Risk. Each of these dimensions represents critical threats that could potentially disrupt supply chain operations [20,21]. The AHP is utilized to perform a structured evaluation through pairwise comparisons of both the criteria and the suppliers. In recent literature, AHP (and its fuzzy variants) has been successfully applied to evaluate supply-chain risk in complex, uncertain environments, such as disaster-prone or geopolitically unstable regions [22].
Natural hazard risk assesses the likelihood and severity of natural disasters such as earthquakes, floods, hurricanes, and wildfires in the supplier’s region—where higher risk levels imply a greater chance of supply disruption. Geopolitical risk examines issues like political instability, armed conflict, trade barriers, and regulatory uncertainty, with higher risk scores attributed to regions with heightened political and economic volatility. Financial risk encompasses macro-financial indicators including debt levels, inflation, currency fluctuations, and overall financial soundness. Macroeconomic risk evaluates broader economic indicators such as GDP growth, unemployment, market stability, and the ease of doing business. The risk values for each supplier were determined using data from the International Monetary Fund [17], the World Bank Financial Stability Report [18], and expert judgment.
Figure 1 illustrates the hierarchical structure used in this study, with the overall objective of supplier risk assessment via AHP at the top, four risk criteria at the second level, and four supplier alternatives at the bottom.
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FIGURE 1. Supplier risk assessment hierarchy


RESULTS AND DISCUSSION

A pairwise comparison matrix is used to systematically compare criteria (or alternatives) two at a time based on their relative importance using a scale from 1 to 9, where 1 indicates equal importance and 9 indicates extreme importance of one over another. Four experts from the organization who are directly involved in supplier selection were consulted to evaluate the relative importance of the criteria and to assess the suppliers using pairwise comparisons across the four identified risk dimensions.

TABLE 1. Preference scale for AHP pairwise comparison
	Scale
	Preference
	Scale
	Preference

	1
	Equally Preferred
	7
	Very Strongly Preferred

	3
	Moderately Preferred
	9
	Extreme Strongly Preferred

	5
	Strongly Preferred
	2,4,6,
and 8
	Intermediate values



Once the matrix is constructed, synthesization is performed by normalizing the matrix (dividing each value by the total of its column) and then averaging each row to produce a priority vector, which represents the relative weights or importance of each criterion. This process helps transform subjective judgments into a structured, quantifiable ranking to support better decision-making. Table 2 shows the comparison of each criterion against another criterion to determine its importance against each other.

TABLE 2. Pairwise comparison matrix for criterion
	Criteria
	Natural Hazards
	Geopolitical
	Financial
	Macroeconomic

	Natural Hazards
	1
	3
	5
	7

	Geopolitical
	0.33
	1
	3
	5

	Financial
	0.20
	0.33
	1
	3

	Macroeconomic
	0.14
	0.20
	0.33
	1



The second matrix is the pairwise comparison of each available alternative against the others based on a specific criterion. This comparison matrix is used to determine the relative importance or preference of one alternative over another with respect to that criterion. Table 3 to Table 6 present the pairwise comparison matrices of the alternatives for each individual criterion.

TABLE 3. Pairwise comparison matrix of each alternative based on Natural Hazards criterion
	Supplier
	A
	B
	C
	D

	A
	1.00
	4.00
	6.00
	8.00

	B
	0.25
	1.00
	3.00
	5.00

	C
	0.17
	0.33
	1.00
	2.00

	D
	0.13
	0.20
	0.50
	1.00




TABLE 4. Pairwise comparison matrix of each alternative based on Geopolitical criterion
	Supplier
	A
	B
	C
	D

	A
	1.00
	3.00
	2.00
	0.50

	B
	0.33
	1.00
	0.50
	0.20

	C
	0.50
	2.00
	1.00
	0.33

	D
	2.00
	5.00
	3.00
	1.00



TABLE 5. Pairwise comparison matrix of each alternative based on Financial criterion
	Supplier
	A
	B
	C
	D

	A
	1.00
	3.00
	2.00
	5.00

	B
	0.33
	1.00
	0.50
	3.00

	C
	0.50
	2.00
	1.00
	4.00

	D
	0.20
	0.33
	0.25
	1.00


TABLE 6. Pairwise comparison matrix of each alternative based on Macroeconomic criterion
	Supplier
	A
	B
	C
	D

	A
	1.00
	3.00
	2.00
	0.50

	B
	0.33
	1.00
	0.50
	0.20

	C
	0.50
	2.00
	1.00
	0.33

	D
	2.00
	5.00
	3.00
	1.00



After completing the pairwise comparisons, the consistency of these matrices was determined to ensure validity of the comparisons. In this study, all matrices were found to be consistent, with computed CR values below the acceptable threshold of 0.10 — specifically 0.0398, 0.0420, 0.0035, 0.0174, and 0.0035.

The next step in the AHP process is to obtain the normalized matrix and compute weights associated with each pairwise comparison matrix. Next, the row average is calculated to determine the weight of each criterion and each alternative as presented in Table 7 and Table 8. These values known as preference matrix represent the preference for

each criterion and alternatives respectively.

TABLE 7. Preference matrix for alternatives
	Criterion
	Natural Hazards
	Geopolitical
	Financial
	Macroeconomic

	A
	0.6100
	0.2720
	0.4711
	0.2720

	B
	0.2351
	0.0881
	0.1712
	0.0881

	C
	0.0974
	0.1572
	0.2842
	0.1572

	D
	0.0575
	0.4827
	0.0736
	0.4827


	TABLE 8. Preference matrix for Criteria	

	Criterion
	Weight

	Natural Hazards
	0.5585

	Geopolitical
	0.2631

	Financial
	0.1220

	Macroeconomic
	0.0565



Table 9 displays the final ranking results based on the calculated overall scores using the AHP formula. The overall score represents the final priority value of each alternative after considering all the criteria and their respective weights. It is calculated by multiplying each alternative’s priority (or local weight) under each criterion by the corresponding criterion weight and then summing the results. Once the overall scores are computed, the alternatives are ranked in order to determine the most preferred option.

	TABLE 9. Final ranking of Suppliers	

	Supplier
	Final Score
	Ranking

	A
	0.4850
	1

	B
	0.1803
	3

	C
	0.1393
	4

	D
	0.1953
	2



Based on the results obtained in Table 9, Supplier A achieved the highest overall score of 0.4850, securing the first rank, primarily due to its lower exposure to natural hazard and financial risks. Supplier D followed in the second position with an overall score of 0.1953. Supplier B ranked third with a score of 0.1803, while Supplier C recorded the lowest score of 0.1393, ranking fourth, largely because it exhibits higher levels of natural hazard, geopolitical, and macroeconomic risks.
CONCLUSION

In conclusion, a conceptual framework is given in this study to apply the AHP for solving supplier risk assessment. AHP was used in this study to methodically assess and rank several options according to a set of pertinent standards. The problem was organised in a hierarchical structure, with the proposed alternatives at the end and the main decision criteria and overall goal at the beginning. The relative importance of each criterion was assessed pairwise, and the judgments' dependability was validated through consistency checks. Based on the computed priority weights, the most critical criterion was identified as natural hazards, followed by geopolitical, financial, and macroeconomic. Among the alternatives, Supplier A has achieved the highest overall score, indicating it is the most suitable option according to the AHP analysis. Supplier D is in second place, followed by Supplier B, and the last one is Supplier C. This conclusion supports a data-driven and structured approach to decision-making, ensuring transparency and consistency

in selecting the best alternative. This study helps in identifying the most resilient supplier and supports decisionmakers in minimizing supply chain risk by prioritizing based on the comprehensive AHP evaluation.
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