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[bookmark: _Toc203748636]INTRODUCTION
[bookmark: _Toc203748637]Introduction
The COVID-19 pandemic significantly affected worldwide supply chains, highlighting critical weaknesses that several firms had not previously acknowledged. Government-imposed lockdowns and social distancing measures significantly impeded the flow of goods and services, creating substantial operational challenges across various sectors. These disruptions underscored the pressing demand for effective risk management techniques to address uncertainty and ensure business continuity during crises.
Artificial Intelligence (AI) has become a transformative element in supply chain management, allowing firms to detect potential risks, evaluate their consequences, and respond proactively. AI-driven solutions facilitate predictive analytics, real-time monitoring, and adaptive planning, enabling businesses to foresee disruptions, optimize resource distribution, and react promptly to market variations. A significant domain where AI has demonstrated potential is demand forecasting, especially in times of considerable uncertainty. However, the utilization of AI for forecasting abrupt demand fluctuations, particularly those instigated by the pandemic, is yet inadequately investigated in emerging economies.
Several recent research has investigated the impact of AI on improving supply chain performance within the COVID-19 problem. (Queiroz, 2020) highlighted the need of AI technology in enhancing supply chain visibility and resilience amid interruptions caused by the epidemic. (Ivanov D. &., 2020) emphasized that AI-enabled decision-making enhanced the agility and adaptability of supply chain responses in uncertain conditions. Notwithstanding these global insights, there is a deficiency of empirical research concentrating on AI applications in supply chain risk management and demand forecasting within the Saudi context. 
This thesis examines the impact of AI-driven risk management on improving supply chain resilience during and after the COVID-19 pandemic in Saudi Arabia, addressing the identified gap. The report examines how AI technologies have facilitated decision-making, enhanced proactive risk mitigation techniques, and allowed Saudi enterprises to adjust to new difficulties. The research seeks to uncover the primary advantages, constraints, and contextual factors of AI adoption in the Saudi supply chain landscape through empirical analysis and case studies of local enterprises.
[bookmark: _Toc203748638]Research problem
The COVID-19 epidemic has exposed considerable weaknesses in supply chain systems throughout Saudi Arabia, resulting in manufacturing delays, interruptions in import and export operations, and difficulties in demand forecasting. These disturbances have shown the shortcomings of conventional risk management strategies, leading to operational inefficiencies, inventory discrepancies, and logistical impediments. Although global literature emphasizes the increasing significance of artificial intelligence (AI) in improving supply chain resilience and predictive powers, empirical research examining its practical use within the Saudi environment is limited. Specifically, there is a deficiency of study examining how Saudi enterprises have incorporated AI technology to enhance demand forecasting, inventory management, and comprehensive risk mitigation during and subsequent to the pandemic. This study seeks to address the gap by examining the experiences of Saudi enterprises in implementing AI-driven solutions and identifying context-specific ways to enhance supply chain resilience during future disruptions.
[bookmark: _Toc203748639]Study objectives 
Main Objective:
This study's main goal is to investigate how artificial intelligence (AI) can improve Saudi Arabia's supply chain resilience both during and after the COVID-19 pandemic, with an emphasis on trade operations, demand forecasting, inventory control, and risk management. 
Specific Objectives:
· To research supply chain risk management during the COVID-19 pandemic using AI technologies.
· to evaluate how well demand forecasting techniques driven by AI predict customer behaviour and control inventory levels.
· to investigate how AI can help with better inventory control, including lowering overstock and stockouts.
· to investigate how AI may improve domestic production methods and adjust to the needs of regional markets.
· to examine the ways in which AI has been applied to increase logistical efficiency and compliance while simplifying import and export processes.
· to find the best practices by examining case studies of companies that have implemented risk management techniques powered by AI.
· in the Saudi context, to suggest practical frameworks for applying AI into supply chain risk management.
· To provide suggestions for policies that focus on promoting supply chain operations to use artificial intelligence.
· To provide a scholarly contribution to the field of supply chain resilience and risk management using technology.
· To assist in data-driven decision-making by providing business executives with insights that direct their strategic planning and technology expenditures.
[bookmark: _Toc203748640]The importance of the study 
This research is significant from an academic and practical perspective. From the point of view of science, it adds to the growing body of knowledge on how artificial intelligence (AI) may improve supply chain risk management, especially during an international crisis like the COVID-19 pandemic. This study offers important insights into how new technologies might enhance operational resilience in unpredictable contexts by looking at AI applications in fields including demand forecasting, inventory management, and decision-making. Additionally, it fills a significant gap in the literature on the application of AI in Saudi Arabia's supply chain environment, providing a regional perspective on international issues. 
From an economic standpoint, the study provides policymakers and business managers useful suggestions. The study helps firms become more responsive and agile by examining how they might use AI to manage supply chain interruptions, increase forecasting accuracy, simplify inventory control, and localize production processes. It also emphasizes how AI may facilitate more intelligent strategic planning and streamline import and export processes. Ultimately, by guaranteeing consistency and efficiency in supply chain operations, the study seeks to help firms provide better customer service, increasing satisfaction and loyalty.
[bookmark: _Toc203748641]Study questions 
Main Research Question:
In what ways has artificial intelligence (AI) improved Saudi Arabia's supply chain resilience and risk management during and after the COVID-19 pandemic?
Sub-Questions:
	1.	Which artificial intelligence (AI) tools have Saudi companies implemented to control supply chain risks during the pandemic?
	2.	How does artificial intelligence help find weaknesses and disruptions in supply chain operations?
	3.	What difficulties did Saudi supply chains face during the COVID-19 epidemic that made AI-based risk management necessary?
	4.	What are the most important takeaways from Saudi businesses who have effectively incorporated AI into their supply chain processes?

[bookmark: _Toc203748642]Study hypotheses 
Main Hypothesis:
The adoption of AI-driven technology and the enhancement of supply chain resilience and risk management in Saudi Arabia during and after the COVID-19 pandemic are statistically correlated.
Sub-Hypotheses:
H1: The ability of supply chain managers to reduce risks during disruptive events like the COVID-19 pandemic is positively impacted by the usage of AI technologies.
H2: When it comes to supply chain risk management, businesses that use AI show more operational stability and resilience than those that don't.
H3: The efficacy of AI-powered supply chain solutions is considerably tempered by business culture and preparedness for digital transformation.
H4: The performance and responsiveness of supply chains during the pandemic are favorably impacted by the degree of AI integration in supply chain operations.
[bookmark: _Toc203748643]Theoretical premises of study
This study is based on theoretical premises that combine essential concepts from risk management and supply chain resilience, specifically emphasizing the application of artificial intelligence (AI) to improve preparedness, responsiveness, and continuity during disruptions like the COVID-19 pandemic. The premise aligns with the study's main objective: to evaluate the role of AI-driven risk management practices in enhancing supply chain resilience in the Kingdom of Saudi Arabia during and after the pandemic. The essential elements of this premises are
· Risk definition: Risk is characterized as any uncertain event or condition that, upon occurrence, could influence the attainment of supply chain objectives. This study defines risk as events that specifically interrupt the flow of goods, information, or services within supply chain networks. This definition establishes the framework for understanding the scope of inquiry concerning the events that AI systems are intended to identify and handle. 
· Types of Risk: The analysis examines various categories of risks pertinent to supply chains in times of crisis. These encompass Operational risks (delays, equipment malfunctions, or workforce shortages). Strategic risks inability to adjust to changes in the market or shifts in consumer preferences. Financial risks variations in currency exchange rates, increasing expenses, or liquidity challenges. External threats, health crises, political unrest, or ecological catastrophes. The incorporation of various risk types enhances the study's aim to investigate the ways in which AI tools manage both internal and external disruptions. 
· Risk Classification According to the type of organization or project 
Risks are not consistent; they differ depending on the sector and the organizational framework. Logistics firms might emphasize the risks associated with inventory and transportation, whereas manufacturing organizations tend to concentrate on procurement and ensuring production continuity. This analysis utilizes this classification to assess the adaptation of AI models to the unique risk profiles of various industries, especially in the context of the Saudi market. 
· Sources of Risk : This component pinpoints the sources of risks—whether they arise from internal processes (such as supplier delays or system failures) or external factors (like pandemic-related lockdowns or policy changes). The investigation seeks to explore the role of AI in the early identification and tracking of these sources through the analysis of extensive datasets and the recognition of patterns in real time. 
· Steps of Risk Management: A systematic approach to risk management is fundamental to this framework and encompasses Identification (recognizing initial signs of disturbances. Artificial intelligence plays a significant role by providing predictive analytics and generating automated alerts). Assessment: analyzing (the probability and impact of risks through data-informed models). Response Planning (developing proactive strategies, including the diversification of suppliers and the adjustment of logistics routes). Monitoring (employing AI systems for the real-time observation of risk indicators). Control: (promptly initiating corrective measures). The stages align with the goal of determining the ways in which AI facilitates both proactive and reactive strategies within supply chain risk contexts. 
· Integration with AI and Research Goals Each of the aforementioned components is analyzed in relation to the study’s primary inquiry: how does the implementation of AI-driven risk management improve supply chain resilience in KSA? The premises facilitate an examination of AI’s function not merely as a technical instrument but as a strategic facilitator that evolves conventional risk management into a more flexible, data-driven, and robust framework—one equipped to endure challenges such as COVID-19.


Supply chain risk management must incorporate artificial intelligence (AI), especially in the wake of disruptions like COVID-19. Other theoretical frameworks, including Supply Chain Resilience Theory, place more emphasis on adaptability than the Resource-Based View, which highlights AI as a strategic advantage. Agile Supply Chain Theory and Digital Supply Chain Transformation are two recent ideas that show how AI improves responsiveness and enables real-time decision-making. Collectively, these theories demonstrate how AI could enhance supply chain performance through proactive risk identification and mitigation.                            

[bookmark: _Toc203610718]Table 1: Theories table
	Date 
	Author 
	Description 
	Theory 

	2004
	(Christopher, 2004)
	This idea emphasizes how crucial it is for supply chains to be flexible and resourceful to anticipate, prepare for, respond to, and recover from disruptions. (Christopher, 2004)

	Supply Chain Resilience Theory

	
1991
	(Barney, 1991)
	states that having unique resources and expertise gives businesses a competitive edge and that artificial intelligence (AI) can be a useful tool for increasing productivity. (Barney, 1991)

	Resource-Based View (RBV)

	1989
	

(Davis, 1989)
	Explains how users accept and utilize technology, concentrating on perceived ease of use and utility as essential elements driving adoption. (Davis, 1989)

	Technology Acceptance Model (TAM)

	2013
	(Waller, 2013)
	Big data and analytics are crucial for improving supply chain decision-making. Everything runs more smoothly because they assist us in better evaluating and controlling risks. (Waller, 2013)

	Big Data Analytics Framework

	2009
	(McCarthy, 2009)
	Explains that supply chains are like living organisms that alter and adapt, and we can utilize AI to make superior choices and maintain strong (McCarthy, 2009)

	Complexity Theory

	2007
	(Teece, 2007)
	This demonstrates how a business may adjust and modify its competencies to suit unusual situations, with AI assisting them in maintaining its leadership position in risk management. (Teece, 2007)

	Dynamic Capabilities Framework

	2011
	(Jüttner, 2011)
	Create methodical techniques for identifying and addressing supply chain risks while using AI to improve forecasting. (Jüttner, 2011)

	Supply Chain Risk Management (SCRM) Models

	1983
	(DiMaggio, 1983)
	This study investigates how external forces, such as rules and conventions, influence organizational behavior. It focuses on how these factors affect the adoption of AI, with a particular focus on Saudi Arabia.
(DiMaggio, 1983)
	Institutional Theory

	
2020
	(Ivanov D. , 2020)
	brings focus on how AI, IoT, and big data are transforming traditional supply chains into digital ecosystems that improve agility and risk management. (Ivanov D. , 2020)

	Digital Supply Chain Transformation Theory

	2020
	Dubey, R., Gunasekaran, A., (Dubey R. G., 2020)
	suggests that AI technologies that enable real-time decision-making enhance supply chain agility, which is the capacity to react quickly to market changes and disturbances. (Dubey R. G., 2020)

	Agile Supply Chain Theory

	2021
	(Singh, 2021)
	combines digitalization and resilience, suggesting that a supply chain driven by digital technology is more resilient and capable of managing disruptions. (Singh, 2021)

	Resilient Digital Supply Chain Theory

	2020
	(Choi, 2020).
	This article examines how artificial intelligence (AI) solutions may transform supply chain risk management by providing real-time monitoring and predictive analytics, which will boost productivity and effectiveness. (Choi, 2020)

	AI-Enhanced Risk Management Theory
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[bookmark: _Toc203748645]Introduction
The current literature on artificial intelligence (AI) and its potential to improve supply chain risk management is thoroughly reviewed in this chapter, with an emphasis on the COVID-19 pandemic's effects. Supply chain resilience (a dependent variable) and artificial intelligence applications (an independent variable) are the two main variables of the study that are defined and examined first in the literature review. After that, it talks about pertinent theoretical frameworks and evaluates earlier research that looked at related topics. This chapter attempts to show how the proposed research adds to the body of knowledge in the domains of supply chain management and artificial intelligence, identify research needs, and lay the academic basis for the current study.
[bookmark: _Toc203748646]Dependent variables (Supply chain resilience) 
The ability of a supply chain to anticipate, react to, and recover from disruptive events while continuing to function is known as supply chain resilience. In this study, it is the primary outcome variable that measures how well supply chains function in difficult circumstances, like the COVID-19 pandemic induced. Better forecasting, automation, and quick decision-making are all made possible by AI, which increases resilience. The foundation of resilience is agility, visibility, adaptation, and cooperation throughout the supply chain network.
[bookmark: _Toc203748647]Independent Variable (Artificial intelligence in supply chains)
The use of artificial intelligence in supply chain management is the study's independent variable. Artificial intelligence (AI) tools including automation, computer vision, machine learning, and predictive analytics are being used more and more to reduce risks, anticipate interruptions, maximize inventories, and optimize supply chain processes. Understanding how well AI works to improve risk management and resilience during emergencies like the COVID-19 pandemic depends on how widely it is adopted and integrated.
[bookmark: _Toc203748648]Summary and Discussion of Literature Review 
AI improves supply chains' resilience and agility, particularly in environments that are disturbed, according to the research. Adaptive planning, logistics automation, and AI-driven forecasting helped firms better handle demand changes, inventory shortages, and transportation constraints during the COVID-19 epidemic. There is a growing interest in digital transformation, according to Saudi Arabian studies, but there is no data on the long-term effects of AI integration. This study intends to close that gap by concentrating on the practical uses and advantages of AI in Saudi companies throughout the pandemic.
In addition to the gaps that have been identified, it is crucial to emphasize that most of prior research has focused on either the technological capabilities of artificial intelligence or on general supply chain management practices. However, very few have examined how AI could be specifically customized for risk mitigation during global crises, particularly in developing nations like Saudi Arabia. There is a great chance for investigation because of this contextual gap. This study intends to offer a comprehensive knowledge of how AI-driven solutions might be tailored to the regulatory, economic, and cultural landscape of Saudi supply chains by integrating global findings with regional applications. This alignment guarantees both practical usefulness and theoretical importance.
[bookmark: _Toc203748649]Theoretical framework of the study 
This research is supported by several theoretical frameworks:
· Resource-Based View (RBV): Presents AI as a strategic asset that provides a competitive edge by virtue of its automation and predictive insight capabilities (Barney, 1991)
· Supply Chain Resilience Theory: Highlights the necessity of recovery capability, flexibility, and adaptability in supply networks that are subject to disturbances (Christopher, 2004)
· The Agile supply chain theory emphasizes the importance of flexibility and responsiveness in handling uncertainty, which AI solutions facilitate with real-time analytics and data (Dubey R. G., 2020)
· The theory of digital supply chain transformation presents artificial intelligence (AI) as a major facilitator of supply networks that are digital, flexible, and interconnected (Ivanov D. , 2020)
Several frameworks that altogether describe the strategic and operational utility of artificial intelligence (AI) in supply chain risk management create the basis of the theoretical framework that directs this investigation. AI is positioned by the Resource-Based View (RBV) (Barney, 1991) as a useful organizational resource that provides a competitive edge by improved efficiency and decision-making. The theory of supply chain resilience places a strong emphasis on recovery and adaptation, and artificial intelligence helps by facilitating prompt reactions to shocks (Christopher, 2004). The notion that AI improves agility and rapidity in responding to market changes is supported by the Agile Supply Chain Theory (Dubey R. G., 2020). Lastly, the Digital Supply Chain Transformation Theory emphasizes how AI is a key enabler of the move toward data-driven, collaborative systems (Ivanov D. &., 2020). Collectively, these frameworks support the study's emphasis on artificial intelligence (AI) as a game-changing instrument for enhancing supply chain resilience, particularly in cases of crisis like the COVID-19 pandemic.
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