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Abstract: Unprecedented disruptions to global supply chains in recent years have revealed their underlying weaknesses. The 

COVID-19 pandemic and the Russia-Ukraine war, two events of enormous geopolitical and economic magnitude, have 

fundamentally challenged the structure, operations, and assumptions that underlie international trade. This review examines the 
nature and consequences of these shocks critically, concentrating on their impact on global value chains, trade flows, sectoral 

vulnerabilities, and regional disparities. By using case studies, institutional reports, and recent literature, it looks at how these 

crises have reconstructed resilience as a strategic priority rather than a reactive measure. The analysis's first section deconstructs 

the scope and timeline of supply chain failures, from food and energy insecurity following the conflict in Ukraine to labor 

shortages and port congestion during the pandemic. It examines in detail the effects on the automotive, agricultural, and 

pharmaceutical industries in addition to assessing the macroeconomic ramifications, including inflationary pressures, GDP 

contractions, and increased protectionism. It also examines how these upheavals have made inequality in the world worse by 

disproportionately impacting developing nations and smaller economies. At the core of the review is a discussion of trade 

resilience, including its frameworks, metrics, and evolving definitions. The study looks at how policy responses like reshoring, 

stockpiling, and international trade reforms have been used in tandem with corporate initiatives involving digital transformation 

and risk diversification. The ability of cutting-edge technologies like blockchain, artificial intelligence, and digital twins to 

facilitate real-time supply chain agility and visibility is assessed. Critical issues are also noted in the review, such as unequal 
access to resilience resources, poor coordination, climate vulnerabilities, and threats to digital security. A forward-looking 

viewpoint on how to institutionalize resilience in international trade is provided in the concluding sections. It urges a deliberate 

change to supply chains that are inclusive, locally based, and ecologically responsible. This paper promotes a comprehensive 

resilience framework that strikes a balance between efficiency, adaptability, and equity by highlighting cooperation between 

governments, corporations, and international organizations. 
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INTRODUCTION   
Complex systems known as global supply chains let raw 

materials, parts, and completed products move across 

borders before being consumed. These linked networks 

have grown to be the foundation of world commerce, 

allowing businesses to benefit from national comparative 

advantages. Companies have maximized costs and 

efficiency through outsourcing, offshoring, and just-in-
time (JIT) production among other means [1]. Before 2020, 

globalization with strongly rising trade volumes enabled 

hitherto unheard-of market integration. The WTO said a 

consistent rise in world trade from the 1990s until the 2008 

financial crisis followed by a strong recovery. Efficiency-

oriented globalization was embodied by the JIT concept 

[2]. By depending on accurate, on-time supply of parts, 

companies reduced inventory holding expenses. This lean 

inventory approach, however, raised susceptibility to 

disturbances. JIT systems reduced buffers, which made 

companies very reliant on quick and dependable cross-
border flows [3]. As production was more dispersed across 

areas, the already difficult world supply chain got even 

more so. For example, automotive manufacturing spanned 

thousands of parts procured worldwide; a disturbance at 
any node could stop whole production lines [4]. The 

COVID-19 pandemic and Russia-Ukraine conflict have 

exposed the fragility of this global system. The very 

structure that made supply chains efficient also rendered 

them susceptible to cascading shocks. As we moved 

through 2020–2024, supply chain resilience—previously 

an afterthought—emerged as a critical concern for both 

policymakers and business leaders [5]. 

 

Objectives of the Review: 

This review aims to examine the nature, causes, and 

consequences of recent global supply chain shocks with a 
focus on the COVID-19 pandemic and the Russia-Ukraine 

war [6]. Specifically, it seeks to: 

 Analyze the direct and indirect disruptions in supply 

networks caused by these events. 

 Examine the macroeconomic and sector-specific 

impacts on global trade [7]. 

 Assess policy responses, corporate adaptations, and 

the role of technology in building supply chain 

resilience. 

Research Article 
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 Identify vulnerabilities and offer recommendations for 

future-proofing global trade [8]. 

 
By synthesizing insights from empirical studies, policy 

briefs, and industry reports, this paper provides a 

comprehensive understanding of evolving global trade 

dynamics [9]. 

 

Methodology  
The methodology for this review includes a critical 

examination of multidisciplinary literature—peer-reviewed 

journal articles, working papers, government policy briefs, 

and industry case studies [10]. The primary data sources 

span three academic publications analyzed: Grondys & Kot 

(2023), Raga et al. (2025), and Giovannetti et al. (2023). 

These documents provide an in-depth perspective on global 

disruptions, trade reconfigurations, and regional resilience 

strategies [11]. 

To support qualitative analysis, the review also integrates 

relevant quantitative data, including GDP contractions, 

trade flow statistics, and survey results from global firms. 
These insights enable a nuanced interpretation of the 

multifaceted crisis faced by supply chains [12]. 

 

2. COVID-19 and Global Supply chain disruption: 

2.1 Pandemic-Related supply shocks: 

The onset of COVID-19 in early 2020 triggered 

unprecedented global disruption. Lockdowns, border 

closures, labor shortages, and factory shutdowns brought 
multiple industries to a standstill [13]. Global supply 

chains—built on seamless cross-border movement—were 

paralyzed. Early disruptions in China, the "world’s 

factory," caused ripple effects worldwide. The automotive, 

electronics, pharmaceuticals, and food sectors saw severe 

component shortages, leading to temporary closures and 

production delays (Grondys & Kot, 2023) [14]. 

Key disruptions included port congestions, container 

shortages, and suspended freight operations. The maritime 

industry experienced up to 30% capacity loss at peak 

periods [15]. In manufacturing, overreliance on a few 
geographic nodes led to systemic vulnerabilities. For 

example, semiconductor shortages triggered by factory 

shutdowns in East Asia caused delays across global 

automotive and tech sectors [16]. 

The pandemic also triggered a shift in consumption 

patterns. Panic buying, increased e-commerce, and higher 

demand for essential goods led to demand-supply 

mismatches [17]. Simultaneously, the JIT strategy 

backfired. With minimal inventories, firms were 

unprepared for extended delays. The cost of shipping a 

container from Asia to Europe, for instance, rose sixfold in 

2021 [18]. 
 

Table 1: Key Disruptions During the COVID-19 Pandemic 

Disruption Type Impact on Supply Chain 

Border Closures Halted cross-border movement of goods 

Labor Shortages Reduced output in manufacturing/logistics 

Port Congestion Shipping delays, backlog of cargo 

Shift in Demand Stockouts of essentials, excess of others 

 

Businesses started reevaluating their supply chain plans, putting more emphasis on robust systems than lean ones [19]. Digital 

tracking, nearshoring, and geographic diversification became popular. The crisis brought to light the necessity of buffer 

inventories, data-driven forecasting, and real-time visibility [20]. 

 

2.2 Other emerging supply chain threats: 

Another structural jolt came from the Russia-Ukraine conflict. Apart from geopolitical unrest, it caused great disturbances in 

the transportation, agriculture, and energy sectors. Major supplier of grains, sunflower oil, and fertilizers, Ukraine's export 

routes jammed by port blockades Western sanctions against Russia—one of the biggest energy suppliers—caused worldwide 

gas and fuel prices to soar [21]. The crisis caused severe energy shortages in Europe especially impacting energy-intensive 
industries including aluminum, steel, and manufacturing. Globally, fuel prices affected transportation, logistics, and production 

expenses. Countries in Africa and the Middle East, dependent on Ukrainian grain, faced food insecurity [23]and inflation as 

well (Raga et al. , 2025).  

 

Table 2: War-Induced Supply Chain Disruptions 

Sector Impact 

Energy Gas price hikes, reduced industrial 

output 

Agriculture Grain export disruptions, rising food 

prices 

Transportation Delays due to rerouted trade flows 

 

Additionally, military conscription caused skilled workers from Ukraine to leave the logistics industry, leading to a staffing 

shortage [24]. The war highlighted the perils of becoming overly dependent on a single geopolitical region and reaffirmed the 

necessity of accounting for political risk in supply chain strategies [25]. 

 

2.3 Other Contributing Factors: 

Global supply chains still face new risks after these major events: 

 Geopolitical tensions: U.S.–China trade conflicts, potential Taiwan conflict, and increasing economic nationalism. 
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 Climate events: Floods, wildfires, and hurricanes disrupt production and transportation. 

 Cybersecurity threats: Increasing digitalization exposes supply chains to data breaches and cyber-attacks. 

The necessity of integrated, proactive risk management is highlighted by these multifactorial risks. In order to model and 
anticipate disruptions, organizations are now looking for digital twins and multi-tier supplier visibility [26]. 

 

 
 

Figure.1 Effects of COVID-19 Pandemic on Global Energy, Products, and Services 2018–2024 [Made by Authors]. 

 

In 2020, COVID-19 led to sharp decreases in the worldwide supply of goods and services; slow recovery is anticipated till 2024. 

Prolonged limitations caused services to recover the slowest. 

The supply chain disruption brought on by COVID-19 was extraordinary in both scope and length, especially for services and 

consumer products, as seen above in figure.1. These steep drops draw attention to the delicate construction of worldwide supply 

chains that were not designed for long-duration systematic events. Highly reliant on physical contact and mobility, the services 

sector suffered the most depression and the slowest recovery. 
 

3. Impact of Russia-Ukraine Crisis: 

3.1 Global Trade Volatility: 

Supply chain disturbances include the COVID-19 epidemic and Russia-Ukraine war have resonated throughout world 

economies, causing complex macroeconomic consequences. Between 2020 and 2023, trade contraction, inflationary pressures, 

and GDP slowdowns replaced positive economic growth as the new norm [27]. Estimates by international financial 

organizations indicate that the overall world GDP shrinking from these events ranged from 3. 5% to 4. 4% in 2020, with certain 

Eastern Europe and Africa countries experiencing losses beyond 6%. Driven by commodity scarcities, increased energy prices, 

and disrupted logistics, supply-push inflation became a continuous problem. Crude oil, natural gas, wheat, and fertilizer prices 

soared, straining companies as well as households. Countries heavily dependent on imports of these basics, especially 

developing countries, experienced worse financial balances and higher consumer price indices (CPI) [28].  Another long-term 
macroeconomic effect was a change in monetary and fiscal policy approaches. Although central banks all raised interest rates 

to fight inflation, increased borrowing costs restrained investment and slowed down recovery. Maintaining development budget 

given rising debt loads many of which surged during the epidemic years presented difficulties for fiscal authorities [29]. At high 

risk of debt distress by 2024, Raga et al. (2025) notes at least 20 African countries. These events spurred an update of trade 

dependency patterns and economic theories. Regionalism, strategic autonomy, and economic resilience planning are softening 

the formerly dominant version of hyper-globalization [30].  

0

500

1000

1500

2000

2500

2020 75 (lockdowns, closures) 60 (port + factory
disruptions)

45 (travel, hospitality halt)

2019 100 100 100

2018 98 99 100

Year Energy Supply Index
(Base=100 in 2019)

Goods Supply Index Services Supply Index

COVID-19 Supply Shock (2020–2022)

Series1 Series2 Series3 Series4



How to Cite: Mishra V, et al. " Global Supply Chain Shocks and Trade Resilience: A Review Post-Covid and Ukraine Crisis." 

Journal of Marketing & Social Research, vol. 2, no. 5, 2025, pp. 336–348. 
 

 339 

 
 

Figure.2 Effects of the Russia-Ukraine War on World Energy, Products, and Service Supply (2021–2025) [Made by Authors]. 

Beginning in 2022, the Russia-Ukraine conflict caused 
significant interruptions in energy supply with 

ramifications for goods (notably food and fertilizers) and 

services (owing to route reconfigurations and labor 

displacement) refer figure.2. Particularly in Europe and 

Africa, these supply shortages worsened inflationary 

pressures worldwide. The protracted energy shock caused 

over-reliance on single suppliers to be exposed and so set 

off a rethinking of trade routes and strategic independence. 

 

3.2 Sector-wise Impacts: 

The ripple effects of global disruptions varied across 
sectors. 

 Automotive and Semiconductors: The shortage of 

microchips—originating from East Asian 

manufacturing bottlenecks—crippled global vehicle 

production. Major automakers including Ford, GM, 

and Volkswagen temporarily halted operations [31]. 

 Food and Agriculture: The disruption of grain and 

fertilizer exports from Ukraine, coupled with climate 

anomalies, led to severe food shortages in parts of 

Africa and the Middle East. This also spiked global 

food prices and impacted food processing industries. 

 Pharmaceuticals and Medical Goods: COVID-19 

emphasized the world's overreliance on specific 

countries for critical health supplies. Pharmaceutical 

supply chain vulnerabilities were revealed by PPE 

shortages, vaccine supply disputes, and active 

pharmaceutical ingredient (API) bottlenecks [32]. 

 

3. 2. 1 Scholarly Ideas on Food Price Shocks and 

Geopolitical Events; 

The research paper titled “Is geopolitical risk 

interconnected? Evidence from Russian-Ukraine crisis" 

(Ahmed, et al, Nov,2023) clearly describes the catastrophic 
impact of geopolitical crisis reflected through Russia-

Ukraine war. According to the study, stock markets have 

long-run and continuous effects from this war. It offers a 

study of the interconnections among worldwide equity 

markets—comprising a sample of twenty-seven global 

equity markets including seventeen developed, nine 

developing, and an actor country (i.e., Russia). Mostly 
carried out following the Russia-Ukraine conflict, this 

research concentrated on the good or bad influence of 

Russia's absence from the world equity market. The paper 

concluded that Russia's exclusion from the worldwide 

equity market has an effect on the global network. It 

pointed out that networks with greater market 

interconnectedness were contracting as a result of the 

conflict. A thorough examination of such a scenario reveals 

the growing inertia in the worldwide equity markets 

brought on by decreased network density. The study also 

shows that even if the crisis starting with the Russia-
Ukraine war did not directly change network 

characteristics, indirect structural changes found their roots 

after the crisis [101]. Therefore, the study advises nations 

to create such market plans that support the equity market 

and minimize the bad effects of geopolitical crisis. 

Moreover, the research article "The confluence of COVID-

19 and the Russia-Ukraine conflict: Effects on agricultural 

commodity prices and food security," (Ural, et al, May 

2024) examines the impact of COVID-19 and the Russia-

Ukraine war on average return, contagion dynamics, and 

persistence of risks related with three staples in Turkey: 

wheat, corn, and sunflower oil; it notes that rising food 
insecurity resulted from disturbance in fertilizer, grain, and 

oil seeds supplies. The paper also underlines that two 

events occur over the long term: first, the long-term 

uncertainty arising from one market aggravates the 

uncertainty in that market but second, it reduces bad 

consequences on other markets. The paper contends that 

thorough policies aimed at rural growth, which would 

assure farmers access to inputs, enable measures to reduce 

market risks, may enable domestic production expansion. 

The study adds that "results also show that exchange rate 

fluctuations have exacerbated the effects of the war 
between Russia and Ukraine as well as those of the 

pandemic. Market risk mitigation could involve the 

agricultural exchange to support an expanded number of 

licensed grain warehouses. In a broader scholarly context, 

this study stresses the interaction between global shocks, 

market uncertainty, and safeguarding the nation's food 

security” [102]. 
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4. Trade Resilience: Concepts and Frameworks: 

The idea of trade resilience has been brought front and 
center in global politics and business strategy by the 

disturbances felt over the last few years. At its foundation, 

trade resilience is the capacity of a country, area, or 

company to endure, adjust to, and bounce back from 

outside disturbances threatening supply chain continuity. 

Resilience is a strategic necessity now in light of the 

Russia-Ukraine war and the COVID-19 epidemic rather 

than a passive trait of strong countries. Along with 

absorbing shocks, a resilient supply chain reacts to 

changing world circumstances by adapting and changing. 

Theoretical foundations of trade resilience are investigated 
in this chapter together with practical frameworks and the 

instruments employed to assess global supply networks' 

vulnerability and robustness [33]. Clarifying the three main 

aspects of trade resilience—resistance, recovery, and 

adaptability—will help one to begin to grasp it. Resistance 

is the ability of a system to reduce the effects of a 

disturbance. Adaptability refers to how effectively a system 

can change to avoid next disturbances or reduce their 

effects; recovery is the capacity to revert to usual processes 

following a shock [34]. Together, these aspects define a 

system's degree of resilience. Many supply chains 

historically designed for efficiency—that is, with an 
emphasis on cost-cutting and speed—sacrificed these 

resilience aspects. As the events of 2020 onward clearly 

show, this trade-off has shown to be expensive. Through a 

lens provided by supply chain vulnerability indicators, one 

can assess and manage brittleness. Key indicators are 

supplier concentration, trade route congestion, dependency 

ratios, and logistical network complexity. For instance, a 

nation with more than 80% reliance on one foreign source 

for medical supplies or energy is automatically exposed 

[35]. This holds true for businesses mostly dependent on 

one port or transit nation either. Such chokepoints were 
sometimes linked to supply bottlenecks during the 

epidemic. Particularly in Europe and Africa, the conflict in 

Ukraine underlined even more the dangers of reliance on 

energy and food sources. Several international standards 

that have been developed are being used to evaluate and 

compare resilience. The FM Global Resilience Index is one 

tool that takes into account economic strength, risk quality, 

and supply chain conditions in 130 different countries [36]. 

Another is the DHL Resilience360 system, which provides 

real-time risk assessment for logistics disruptions in the 

geopolitical, cyber, and environmental domains. These 

methods help governments and businesses identify 
weaknesses and develop targeted risk reduction strategies 

[37]. Finding or replicating is not the only way to build 

resilience. Maintaining strategic reserves or reshoring 

production closer to home, even though they might provide 

buffers, might not be long-term viable or sufficient. Instead, 

the best strategy blends flexibility and firmness by utilizing 

blockchain for supplier traceability, IoT for real-time 

logistics monitoring, and AI-driven demand forecasting 

across multiple digital technologies. This enables a shift 

from reactive control to proactive supply chain 

management [38]. Finally, international collaboration and 
institutional frameworks play a major role in resilience. 

Systemic resilience can be enhanced by trade agreements 

that include mutual standard recognition, emergency 

response coordination, and accelerated customs procedures 

[39]. For instance, the African Continental Free Trade Area 
(AfCFTA) promises market integration in addition to 

stabilizing regional supply chains. Trade resilience is 

essentially a complicated idea that necessitates a shift in 

perspective from optimization focused on efficiency to a 

balanced strategy that incorporates readiness, 

responsiveness, and adaptability [40]. A system's ability to 

learn, adapt, and grow in the face of uncertainty is just as 

important to its resilience as its structural durability. As 

global shocks become more frequent and challenging, it is 

imperative that resilience be incorporated into trade policy 

and corporate strategy [41]. 
 

Table 3: Sector-Wise Impacts of Supply Chain Shocks 

[42] 

Sector Key 

Disruptions 

Impact 

Automotive Chip shortages, 

labor 

disruptions 

Halted 

production, 

higher prices 

Food & 

Agriculture 

Blocked grain 

routes, input 

shortages 

Food 

insecurity, 

inflation 

Pharmaceuticals Limited API 

exports, export 

bans 

Shortages of 

essential 

medicines 

 

5. Regional Disparities: 
Uneven regional effects have resulted from the worldwide 

nature of supply chain shocks. High-income nations, with 

more strong infrastructure and money, adjusted more 

quickly to supply shocks. They could more easily absorb 

inflationary pressures, provide subsidies for vital goods, 

and find substitute suppliers [43]. Developing countries, on 

the other hand, struggled with growing problems. Without 

financial buffers, many depended mostly on one trade 

partner. Eastern European countries, for instance, had 

significant fuel supply problems brought on by their 

nearness to Russia; African countries suffered most under 

food and fertilizer shortages. Trade blocs such ASEAN and 
the EU performed variably [44]. Some effects were 

softened by the EU's combined policy replies—strategic 

reserves and financial coordination. ASEAN countries, 

though varied in sourcing, suffered delays brought about by 

port congestion and reliance on Chinese manufacturing. 

This uneven exposure emphasizes how urgently inclusive 

and just trade resilience strategies that take into account 

regional structural flaws are needed.  

 

6. Policy and Corporate Responses: 

Faced with the unprecedented stress experienced by world 
supply chains in the wake of the COVID-19 epidemic and 

the Russia-Ukraine war, governments and companies alike 

have had to review, reconstruct, and strengthen their 

operational and strategic trade approaches. The reaction has 

been multi-level, including quick crisis management, 

medium-term restructuring, and long-term reorientation 

toward resilient and sustainable systems. This part analyzes 

the variety of policy and corporate-level responses that 

have grown over recent years with reshoring policies, 
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global cooperation mechanisms, and technological 

transformation initiatives emphasized. One of the most 

noticeable policy changes has been the rise in industrial 
policies that support strategic independence [45]. Many 

countries began to question the idea of excessive global 

interdependence, especially in critical sectors like energy, 

pharmaceuticals, and semiconductors. In response, rising 

governments adopted friends-shoring, nearshoring, or 

reshoring. For example, in order to increase national 

production, the US and the EU put in place incentive 

programs and stimulus measures. Japan offered financial 

incentives to companies that moved their production from 

China. These changes are driven by risk mitigation, which 

includes creating more geographically diverse production 
ecosystems and reducing reliance on geopolitically 

sensitive regions, in addition to economic nationalism [46]. 

Conversely, reshoring isn't always feasible or financially 

advantageous in every situation. An overemphasis on local 

production, according to critics, can lead to inefficiency, 

higher customer costs, and trade restrictions as retaliation. 

As a result, some countries have made the decision to 

emphasize the development of strategic reserves and 

supply chain diversity. These reserves, which include food 

items, rare earth metals, and essential medical supplies, are 

meant to act as a buffer against unforeseen disruptions and 

global price increases. International efforts to 
simultaneously increase resilience and facilitate trade have 

increased dramatically [47]. 

Organizations such as the World Trade Organization 

(WTO), United Nations Conference on Trade and 

Development (UNCTAD), and regional institutions have 

called for increased transparency, streamlined customs 

processes, and mutual recognition agreements [48]. The 

African Continental Free Trade Area (AfCFTA) is 

particularly seen as an essential tool for promoting 

intraregional trade, which could protect the continent from 

external shocks like the Russia-Ukraine conflict. 
According to Raga et al. (2025), African nations could 

partially offset supply reductions from Russia and Ukraine 

if they increased intra-African fertilizer trade [49]. 

The corporate sphere has also been dynamic, albeit with 

significant variation across sectors. Prominent global 

companies have boosted their investments in digital supply 

chain management systems. Real-time risk assessment and 

faster reaction times are made possible by incorporating 

artificial intelligence, machine learning, and predictive 

analytics into supply chain operations. Blockchain 

technology and other technologies are being used to 

improve traceability and reduce the opacity of multi-tier 
supplier networks [50]. These innovations are essential to 

risk management, compliance assurance, and quick local 

disruption response. Additionally, businesses are 

increasingly incorporating sustainability as a key element 

into their supply chain strategy. 

The concept of a "circular economy," which involves 

reusing, recycling, and sourcing materials sustainably, has 

gained popularity, especially in the European Union [51]. 

This approach reduces dependence on erratic global 

markets while also lessening its impact on the environment. 

The argument that ethical and sustainable supply chains 
need to be strong has been reinforced by corporate 

commitments to ESG (Environmental, Social, Governance) 

standards. Furthermore, supply chains are now more aware 

of labor-related concerns as a result of the pandemic and 

the war [52]. In Ukraine, army conscription and migrant 
labor disruptions during COVID-19 exposed businesses' 

shortcomings in human resource continuity. As a result, 

companies have begun to automate, reevaluate workforce 

management, and develop more comprehensive labor 

contingency plans. In summary, responses to global supply 

chain shocks have been diverse and intricate, encompassing 

national policy shifts, international collaboration, and 

corporate model innovation [53]. The coordinated shift 

toward digital transformation, diversification, and regional 

cooperation signifies a significant shift in the conception 

and management of global trade systems, even though no 
single strategy offers a universal answer. The challenge 

now is to institutionalize these responses into long-lasting 

structures capable of anticipatorily safeguarding the world 

economy against the next inevitable shock [54]. 

 

7. Technological Enablers for Resilience: 

In the contemporary global economy, technology has 

emerged as a crucial component for creating and sustaining 

strong supply networks [55]. With disruptions becoming 

more frequent, complex, and global in scope, traditional 

supply chain management techniques—which frequently 

rely on human collaboration and static forecasting—have 
proven to be insufficient. Instead, supply chains are 

changing in terms of how they operate, adapt, and respond 

to events due to digital transformation, automation, and 

data-driven decision-making [56]. This section explores 

how technology plays a crucial role in enhancing visibility, 

responsiveness, and flexibility in the global trading 

environment [57]. The core of technological resilience is 

the ability to see supply chain operations in real time. 

Businesses now manage warehouses, track inventories, and 

monitor shipments using cloud computing and Internet of 

Things (IoT) devices [58]. 
Sensors installed in storage facilities and transportation 

vehicles provide minute-by-minute updates on the location 

and condition of goods, allowing businesses to identify 

delays or interruptions right away [59]. This level of 

traceability and monitoring is particularly important for 

products that are sensitive to temperature, such as vaccines, 

fresh produce, or chemical reagents [60]. Since air and sea 

routes were regularly closed or altered with little warning 

during the early months of the COVID-19 pandemic, real-

time monitoring systems were crucial [61]. Artificial 

intelligence (AI) and machine learning (ML) have also 

emerged as crucial tools in predictive logistics [62]. Large 
datasets can be analyzed by these systems to forecast 

demand trends, identify potential bottlenecks, and optimize 

inventory allocation [63]. 

In order to dynamically reroute shipments or modify 

purchasing plans, AI-powered systems can evaluate 

historical shipping patterns in addition to real-time data, 

such as weather, political unrest, or port activity [64]. For 

instance, businesses that applied predictive analysis could 

reduce losses from unused cargo by proactively changing 

routes during the port congestion issue in late 2021. The use 

of blockchain technology is equally revolutionary [65]. 
Blockchain provides transparent, end-to-end 

documentation of supply chain transactions and is well-
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known for its permanent and safe record-keeping 

capabilities. This is especially crucial in industries where 

concerns about legal compliance, ethical sourcing, or 
counterfeiting exist [66]. Blockchain enhances stakeholder 

trust, expedites audits, and expedites dispute resolution 

processes by establishing an irreversible digital ledger. It 

has been effectively used in pharmaceutical supply 

networks to verify the legitimacy of drugs and in the 

diamond industry to track origins free from conflict [67]. 

Automation and robotics represent yet another 

technological frontier in supply chain resilience. 

Automated guided vehicles (AGVs), robotic arms, and 

smart packaging lines are increasingly common in 

warehouses and manufacturing facilities [68]. These 
systems aid in reducing reliance on human labor, which has 

proven to be a vulnerability during labor strikes and 

pandemics. Additionally, robotics increases scalability, 

speed, and accuracy, allowing businesses to adapt to 

changing demands without compromising operational 

efficacy [69]. The push for digital twins, or virtual versions 

of actual supply networks, is another positive trend. Before 

implementing physical changes, these models allow 

businesses to test contingency plans and perform "what-if" 

analysis, enhance emergency responses, and evaluate the 

impact of supplier changes or geopolitical instability in a 

risk-free digital environment [70]. Crucially, adoption of 
technology is not limited to the commercial sector. 

Governments and trade organizations have implemented 

technology-driven customs processes, port automation, and 

cross-border data-sharing systems. The European Union's 

Customs Data Hub and Africa's Single Window systems 

are two examples of efforts to digitally change and 

streamline trade procedures at a systemic level [71]. These 

public infrastructure projects contribute to the development 

of a global trade network that is more resilient, adaptable, 

and open. Technology offers powerful resources, but it also 

presents problems [72]. High initial costs, cybersecurity 
risks, disparities in digital literacy, and disjointed standards 

continue to be significant barriers, especially for low-

income nations and small and medium-sized businesses 

(SMEs). Thus, closing the digital divide is essential. 

Development banks and multilateral organizations play a 

major role in funding tech adoption and capacity-building 

initiatives in under-resourced areas [73]. From blockchain 

and robotics to artificial intelligence and the Internet of 

Things, digital tools provide previously unheard-of 

capabilities for shock prediction, absorption, and recovery 

[74]. But in order to reach their full potential, they need 

funding, cooperation, and inclusive frameworks that ensure 
all economies, regardless of size or wealth, can take 

advantage of the digital revolution in trade [76]. 

 

8. Case Studies: 

Analyzing supply chain shocks and resilience in real-world 

contexts requires looking at specific industry case studies 

that highlight vulnerabilities and adaptive strategies [77]. 

In addition to illustrating the diverse ways in which various 

sectors have been affected, these examples offer valuable 

insights for future risk mitigation [78]. Disruptions to food 

security, reliance on pharmaceutical supplies, and 
shortages of automotive chips underscore the importance, 

challenges, and strategic needs of sustaining global trade in 

times of crisis [79]. 

The first case study focuses on the automotive sector, 

particularly the shortage of semiconductors that became a 
global bottleneck during the COVID-19 pandemic and 

persisted into the conflict in Ukraine. Microchips, 

sometimes referred to as semiconductors, are essential to 

modern automobiles for everything from entertainment and 

safety features to engine control. Chip supplies were 

diverted from the automotive sector early in the epidemic 

due to a combination of East Asian factory closures and an 

increase in demand for consumer electronics. When the 

demand for automobiles began to rebound in late 2020, 

manufacturers were unable to get enough chips, which led 

to brief halts in production at large corporations like Ford, 
General Motors, and Toyota. While GM and others 

suffered longer-term production losses, Toyota, which is 

well-known for its lean inventory strategy, demonstrated 

incredible resilience by quickly reallocating resources and 

taking advantage of long-standing supplier relationships. In 

the wake of the crisis, numerous automakers have begun to 

reevaluate their supply plans, placing a greater emphasis on 

localizing chip manufacturing and buffering inventory 

[80]. 

The second case looks at global food security, which was 

severely impacted by the conflict between Russia and 

Ukraine. Russia and Ukraine are major suppliers of 
fertilizers, sunflower oil, barley, and wheat. Food 

production was halted, Black Sea ports were closed, and the 

cost of necessities skyrocketed as a result of the invasion. 

Due to their heavy reliance on these imports, countries in 

the Middle East and North Africa experienced food 

shortages as well as inflation. Nations such Tunisia and 

Egypt turned to other suppliers and increased local stocks 

in response [81]. The Black Sea Grain Initiative, negotiated 

by the United Nations, was a major turning point as it 

briefly reopened corridors for grain exports. This case 

shows how strongly regional dependence and geopolitical 
instability can jeopardize food security and stresses the 

necessity of varied sourcing and regional trade agreements 

in fostering resiliency [82].  

A third lesson case focuses on drug supply networks, 

especially the world's reliance on India and China for active 

pharmaceutical ingredients (APIs). The epidemic showed 

the degree to which even affluent countries rely for vital 

medications and medical supplies on a small number of 

foreign vendors. Early in lockdowns, export bans and 

factory closures in China and India led to severe global 

shortages of antivirals, antibiotics, and personal protective 

equipment (PPE).  The emergency manufacturing licenses 
were invoked, immediate stockpiling started, and domestic 

medicine manufacture became newly much discussed as a 

result of the crisis. For instance, while the European Union 

invested in regional pharmaceutical centers, the United 

States passed laws promoting local drug manufacture [83]. 

Moreover, in the industry real-time supply chain 

monitoring and inventory management have evolved to be 

commonplace on digital platforms that increase 

responsiveness and openness. From the strategic benefits of 

long-term supplier partnerships in the automotive industry 

to the geopolitical and humanitarian hazards linked to 
agricultural supply chains and the vital role of regulatory 

and digital solutions in pharmaceutical logistics, each of 
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these case studies highlights various aspects of supply 

chain resilience. Shared lessons connect them [84]: 

resiliency results from a multifactorial and ongoing process 
combining foresight, diversification, cooperation, and 

technical adoption rather than from a single policy or 

action. These examples not only draw attention to current 

shortcomings but also demonstrate how more robust and 

equitable global trade systems could be developed in the 

future [85]. 

 

9. Challenges and Gaps: 

The development of robust and inclusive trading networks 

is still hampered by significant barriers and structural flaws, 

despite significant progress in identifying and fixing global 
supply chain weaknesses. Since these issues span the 

financial, political, technological, and social domains, they 

require in-depth research to inform more effective future 

resilience plans. As nations and companies attempt to 

transform reactive crisis responses into long-term policy 

frameworks, it is critical to comprehend these disparities in 

order to build robust global trade infrastructure. One of the 

main issues is unequal access to resources and capacity for 

resilience-building. Even though high-income countries 

and multinational corporations have quickly adopted 

cutting-edge technologies, expanded their supplier bases, 

and established strategic reserves, many developing nations 
are left out of these changes [86]. Low-income countries 

find it difficult to implement the structural changes required 

for resilience due to their inadequate infrastructure, reliance 

on a limited range of exports or suppliers, and limited 

financial resources. For example, countries in Sub-Saharan 

Africa experienced significantly greater economic 

instability during the COVID-19 pandemic and the Russia-

Ukraine war due to their reliance on imported food, fuel, 

and fertilizers. Their ability to use stimulus programs to 

promote imports or mitigate societal effects was 

constrained by the lack of fiscal room. As a result, global 
resilience initiatives run the risk of becoming out of 

balance, with developed regions bolstering their 

infrastructure and underdeveloped countries dealing with 

ongoing instability [87]. Communication between parties 

inside and outside of national borders represents yet 

another significant gap. Conflicting national priorities 

during emergencies, such as restrictions on the export of 

food or medical supplies, could exacerbate global shortages 

and jeopardize coordinated responses. Because there are no 

standardized policies or crisis contingency procedures, 

even well-prepared actors are susceptible to disruptions 

coming from other parts of the chain [88]. Early in the 
COVID-19 pandemic, a surge in protectionist trade 

policies, such as restrictions on essential exports, 

demonstrated how easily cooperation can falter under 

pressure. Similar patterns emerged during the conflict in 

Ukraine, when disruptions in the energy supply triggered 

conflicting responses from EU member states, undermining 

collective energy security policies [89]. These events show 

how urgently pre-existing multilateral alliances and trust-

based structures are needed to ensure unity in the face of 

international difficulties. The combination of climate 

change and supply chain weakness is another emerging 
issue. Climate-related disruptions, from hurricanes and 

wildfires to floods and droughts, are increasingly impacting 

production regions and trade routes. Numerous global 

value chains have not integrated climate resilience into 

their strategy or are adequately prepared to explain these 
environmental hazards [90]. 

Paradoxically, some measures to increase supply chain 

resilience may worsen environmental harm by increasing 

emissions and resource consumption through buffer 

stockpiling and reshoring. The challenge of finding a 

balance between sustainability and resilience is highlighted 

by this contradiction. Improving resilience in the short term 

runs the risk of endangering long-term climate goals if 

policy planning is not coordinated. There is a significant 

and widening gap in cybersecurity vulnerabilities in 

contemporary supply networks [91]. As businesses digitize 
their operations and embrace technologies like blockchain, 

IoT, and AI, they become more susceptible to cyberattacks. 

Attacks on logistics networks, production systems, or 

customs databases have the potential to disrupt operations, 

expose sensitive data, and cause significant delays [92]. 

Nevertheless, a large number of SMEs, particularly in 

developing countries, either lack the skills or resources 

required to implement robust cyber security measures. This 

digital divide creates disparities in resilience and poses a 

shared risk to globally integrated networks. Social 

inclusion and resilience frameworks are ultimately 

incompatible. Inequalities that already exist are often 
exacerbated by crises, particularly those that cut across 

gender and income boundaries. For example, women may 

face greater job insecurity and limited access to financial 

resources during supply disruptions. Ignoring these 

distinctions in policy responses runs the risk of escalating 

structural inequality. Women's economic recovery was 

ignored during the epidemic because male-headed 

households were disproportionately favored by gender-

blind cash transfer programs and labor schemes, as 

demonstrated in Kenya and Egypt [93]. Resilience must 

incorporate gender-sensitive and socially inclusive 
strategies at every stage, from the creation of policies to 

their execution, in order to be comprehensive and equitable. 

Essentially, there are still a lot of gaps even though there 

has been progress in planning and initiating resilience 

initiatives across supply networks. These include social 

inequalities, cyber vulnerabilities, environmental trade-

offs, unequal access to resources, and poor coordination. In 

addition to financial support and technological 

development, closing these gaps requires a reevaluation of 

global governance norms and systems. Instead of merely 

recovering from shocks, true resilience focuses on 

advancing inclusively and sustainably. The next phase of 
global trade should prioritize these needs in order to 

safeguard the planet from future disruptions [94]. 

 

10. Future Outlook and Policy Recommendations: 

The future of supply chain resilience depends on inclusive 

innovation, strategic foresight, and concerted action as the 

global economy bounces back and reorganizes after 

numerous disruptions. International commerce systems 

have been put through a great deal of stress by the COVID-

19 pandemic and the Russia-Ukraine conflict, which has 

made their benefits and drawbacks abundantly clear. 
Moving past reactive responses to these disasters 

necessitates a proactive strategy that integrates resilience 
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into emergency protocols and the real architecture of 

international trade. This section outlines trade resilience's 

future and makes policy recommendations aimed at 
fostering a more safe, equitable, and sustainable global 

trading environment [95]. 

Globalization urgently needs to be reset from the 

perspective of strategic regionalism. While complete self-

sufficiency is impractical and ineffective, excessive 

production in small areas has been shown to have negative 

consequences. In order to rebalance supply chains, 

governments and multinational corporations must work 

together to support local manufacturing hubs, particularly 

in sectors deemed essential—like food, energy, and health. 

Regional industrial clusters in Asia and Latin America, as 
well as initiatives like the African Continental Free Trade 

Area (AfCFTA), are encouraging examples. In addition to 

reducing exposure to distant disruptions, these local efforts 

promote regional trade and development. Public-private 

collaboration will be at the heart of resilient trade systems. 

National governments must create advantageous conditions 

through legislative changes, infrastructure investments, and 

tax breaks, while private businesses must prioritize 

transparency, diversification, and long-term planning over 

immediate efficiency. Grants for digital infrastructure 

upgrades or tax breaks for supplier diversification, for 

example, can incentivize businesses to integrate resilience 
into their operations. Additionally, stronger institutional 

frameworks—like emergency trade task forces or national 

resilience councils—can speed up response times and 

coordination in times of crisis [96]. 

Spending on tangible and intangible infrastructure also 

needs to be accelerated. Hard infrastructure consists of 

refurbished ports, railroads, and logistical parks, whereas 

soft infrastructure consists of digital systems, standard 

harmonization, and the development of skilled labor. 

Artificial intelligence and blockchain are examples of 

emerging technologies that will only yield meaningful 
outcomes if supported by inclusive, interoperable, and 

accessible infrastructure. Additionally, low-income 

countries require assistance in building this infrastructure; 

international collaboration is required, with development 

finance organizations spearheading the effort to bridge the 

investment gap. The principles of the circular economy and 

environmental sustainability should also be reflected in 

policy [97]. 

Green supply chain practices must be integrated since 

climate change is posing an increasing threat to the planet. 

Governments can implement carbon border adjustment 

programs and offer subsidies for environmentally friendly 
production and sourcing. International trade agreements 

should gradually incorporate environmental regulations to 

encourage sustainable practices without becoming 

defensive measures. In this hypothetical world, 

sustainability and resilience are interdependent rather than 

distinct. Equity and inclusion must be incorporated into 

resilience theory. The burden of shocks disproportionately 

affects marginalized communities, especially women and 

low-income individuals, as demonstrated by supply chain 

disruptions [98]. 

Initiatives for gender-responsive budgeting, inclusive labor 
practices, and financial inclusion can ensure that resilience 

programs empower all societal levels. The opinions of 

indigenous peoples, women-led businesses, and the Global 

South must be purposefully incorporated into the design 

and implementation of policies for global trade systems. 
Finally, multilateralism needs to be reimagined for a more 

ambiguous setting. It is necessary to enable and reorganize 

organizations like the WTO, IMF, and UNCTAD in order 

to better coordinate global responses to supply chain 

disasters [99]. Global preparedness can be enhanced by 

standard resilience metrics, pre-established emergency 

plans, and real-time information sharing. Beyond tariff 

reductions, future trade agreements should include 

provisions for crisis-driven trade facilitation, shared 

inventories, and backup plans. The path of international 

trade resilience is essentially determined by a well-
balanced marriage of inclusive technology, sustainable 

development, collaborative governance, and regional 

empowerment. The recent shocks have been significant, 

but they also present an opportunity to rebuild global trade 

on a foundation of sustainability, equity, and foresight. 

Instead of implementing resilience as a stopgap, 

policymakers, businesses, and international organizations 

should seize this opportunity to make it a guiding principle 

for the connected world of the future [100]. 

 

CONCLUSION  

The complexity and fragility of global supply networks 

have been made clear in recent years. The Russian-

Ukrainian war and the COVID-19 pandemic revealed 

systemic weaknesses as seismic events, despite mobilizing 

efforts to build more robust and flexible trading networks. 
This analysis has tracked the development of these crises, 

evaluated the macroeconomic and industry-specific 

impacts, and assessed the multi-level responses 

implemented by international organizations, businesses, 

and governments. The core of this research is the 

understanding that resilience must be ingrained in trade 

systems as a continuous strategic priority, not just as a 

quick fix. Concepts like digital transformation, diversity, 

and regionalization have emerged as key forces behind this 

resilience. At the same time, the balance between readiness 

and efficiency must be restored. Countries have been 

exposed to cascading disruptions due to over-optimization 
for speed and cost without taking any precautions. 

Stakeholder engagement, policy reform, and technological 

innovation are the pillars of supply networks that are 

prepared for the future. Nonetheless, resilience must be 

sustainable and equitable. Inequalities in digital 

infrastructure, institutional capacity, and resource access 

must be addressed, particularly in the Global South, in 

order to achieve inclusive recovery. Additionally, 

resilience strategies need to align with climate goals and 

social justice agendas to ensure that solutions don't trade 

long-term exposure for short-term gains. In the end, the 
global business landscape is evolving. Either the pre-crisis 

state can be restored, or a system that can withstand future 

shocks and encourage inclusive growth can be established. 

The latter—a robust, adaptable, forward-thinking global 

supply chain model based on collaboration, creativity, and 

shared accountability—is supported by this review. 
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