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ABSTRACT: Over the last decade, supply chains in the United States have faced unparalleled challenges and
disruptions from natural calamities, pandemics, and geopolitical unrest. This report examines how companies operating
within the USA deploy Al to reduce supply chain disruptions. Despite the unparalleled challenges facing the US supply
chains, Artificial Intelligence increasingly plays a critical role in predicting, mitigating, and managing disruptions in
supply chains. Companies operating within the American continent can specifically optimize demand forecasting and
reduce risks from overproduction or stockouts with machine-learning algorithms. Al offers solutions for multi-fledged
problems facing the supply chains of the U.S. With the help of machine learning models, companies study vast
historical data to find ramifications and trends that show when incidents may happen in the future. Al systems have
already efficiently monitored real-time data streams from different sources for early warnings of imminent disruptions.
In addition, Al provides the capability of higher decision-making over supply chain disruptions considering large
volumes of data. Furthermore, Al thrives on simulation in scenarios or even planning, thus helping an organization
prepare for possible disruptions. Blockchain technology has a critical role in the future of supply chain Al. The
technology offers secured and transparent ledgers for recording transactions, thus promoting trust and traceability.

KEYWORDS: Supply Chain disruptions; Leveraging AI; Real-time monitoring; Predictive analytics; Scenario
simulation.

LINTRODUCTION

Recently, supply chains in the U.S. have encountered unprecedented disruptions due to natural calamities, pandemics,
and geopolitical unrest. For example, during the COVID-19 pandemic, infinite delays and shortages of raw materials or
finished goods were prevalent in every industry. Statista (2022) estimated that during the COVID-19 pandemic, there
was an apparent year-over-year decline in inventory for the warehousing and retail sector by 5.7% in April 2020,
demonstrating an immediate impact of the pandemic on logistics capability. Besides, natural disasters such as
hurricanes and wildfires culminated in massive losses, where in 2022, NOAA reported over $100 billion in damages
due to climate-related events. Furthermore, geopolitical tension in the form of trade wars and sanctions further
complicated the global supply landscape issues, which in turn had a detrimental effect on the flow of goods and raw
materials. The U.S. Census Bureau reported a 16.4% decrease in imports from China in 2019, demonstrating the
ramifications of these tensions on international trade flows. In that light, this paper will explore how businesses in the
USA can leverage Al to combat the supply chain.

The Role of Al in Modern Supply Chains
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Fig 1: Displays AI adoption rate in the supply chains globally
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The chart above demonstrates that a significant portion (32%) of respondents reported limited adoption of Al in their
supply chains. 16% reported that they were in the early stages of Al adoption. 34% reported that they had implemented
Al in some areas but not yet on a large scale. While many organizations are still in the early phases, the projected
increase in adoption suggests a positive outlook for Artificial intelligence technology's impact on the industry.

Ganesh and Kalpana (2022, p.13) contend that despite the tremendous challenges confronting supply chains in the U.S.,
Artificial Intelligence has become increasingly crucial in supply chain disruption prediction, mitigation, and
management. Al technologies, including machine learning and predictive analytics, facilitate businesses in the U.S. to
predict demand optimization of inventory levels better and enhance decision-making processes.

By analyzing large volumes of data, an Al system detects patterns and anomalies that indicate tendencies toward the
emergence of risk. This proactive approach helped promote efficiency and strengthen the overall resilience of the
supply chain (Aljohani, 2023, p. 54). With businesses increasingly realizing the value of Al, integration in supply chain
management is continuing to grow and will, therefore, ensure a promising future for managing disruptions more
effectively.

Indisputably, Al offers various solutions to the multifaceted problems facing supply chains in the U.S. In particular,
companies in America can effectively enhance their demand forecasting and mitigate risks from over-production or
stockouts by leveraging machine learning algorithms. As a result of supply chain visibility provided by the Al tool,
businesses can track shipments in real-time and, therefore, receive early warnings of any potential delays (Aljohani,
2023, p.57). Moreover, Al can support scenario planning: a company has to simulate most of the different disruption
scenarios and prepare a contingency plan. This preparedness level is essential when change is constant, sometimes
beyond prediction.

II. UNDERSTANDING THE IMPACT OF SUPPLY CHAIN DISRUPTIONS

Economic and Operational Consequences

Whitehouse (2021, p.4) reported that supply chain disruptions have far-reaching repercussions that transcend instant
logistical challenges, profoundly impacting the economic operations efficiency landscape of businesses across
America. These disruptions occur in many forms, ranging from delayed product arrivals and inflated operational costs
to cumulative revenue losses, giving a ripple effect on the economy as a whole. One of the most immediate and
tangible results of disruption in the supply chain is postponement or delay in the delivery schedule of the product.
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Fig 2: Showcases the number of disruptions worldwide between 2019-2021

The chart above shows that the supply chain disruptions worldwide rose during the COVID-19 pandemic. In 2021, this

number escalated exponentially to 11,642 supply chain disruptions worldwide. North America was considered the
region with the most significant disruptions (Statista, 2022, p.1).
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Fig 3: Exhibits Supply Chain Disruptions by Sector

As showcased in the chart above, manufacturing and Construction were found to have the highest percentage of
national supplier delays, with 60% and 59% of firms reporting disruption. This outcome implied that supply chains in
these industries were most susceptible to disruption due to COVID-19 and natural disasters. Similarly, over half of the
businesses reported supplier delays in retail trade (58%), wholesale trade (55%), accommodation, and food services
(52%), which indicated that the impact of disruptions was multi-sectorial rather than confined to manufacturing and
construction (Wellener et al. 2024, p. 7) Other sectors included administrative and Support Services; Utilities; Health
Care and Social Assistance report a moderate level of supplier delays: 40% of businesses reported significant
disruptions.

Case Studies

As per the Whitehouse (2021, p.5), from 2020, the COVID-19 pandemic brought massive disruptions to supply chains
worldwide. Harsh lockdowns in numerous countries further strengthened and inhibited transportation networks and
day-to-day factory operations, making them hard to reach due to essential components and materials. Unable to get
semiconductor chips, automakers had to shut down vehicle production. Besides, electronics companies faced chip
shortages, too. The supply chain disruption cost these industries billions of lost revenue due to their inability to fulfill
orders. Supply chain disruptions from COVID-19 underlined dependencies between distinct areas of business and
economies worldwide through pinpointed emergencies and unnecessary delay causes.

During the height of the COVID-19 pandemic, many producers experienced extreme delays regarding the receipt of
essential parts necessary for their manufacturing processes; this resulted in slowdowns or full stops in production. The
pandemic hit the automotive industry even harder, where big manufacturers like Ford and General Motors were forced
to shut down production lines temporarily owing to the shortage of semiconductors. These repercussions, according to
AlixPartners, resulted in an estimated $210 billion of lost revenue in the global auto industry during 2021 (Whitehouse,
2021, p.8)

Apart from the COVID-19 pandemic, natural disasters like hurricanes provided explicit examples of supply chain
disruptions. For instance, Hurricane Harvey, which hit the U.S. in 2017, had massive impacts, causing devastation
along the Gulf Coast region that was crucial for oil and gas production. As a result of the flooding, refineries and
pipelines were shut down. Consequently, fuel prices shot up, giving a trickle effect to the transport costs throughout the
country. Stores were not being replenished with merchandise at an alarming rate, leading to consumer shortages and
increasing prices. These situations are significantly exacerbated by the stoppage of logistics infrastructure such as ports
and interstates, which are very well connected to the s and the significant number of impacts that transpire due to
natural disasters.

IJIRSET©2024 | An ISO 9001:2008 Certified Journal | 16393


http://www.ijirset.com/

I

ﬂ“% International Journal of Innovative Research of
[FII:XJ=j Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.524

|www.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 13, Issue 9, September 2024
|DOI: 10.15680/IJIRSET.2024.1309060|
III. THE ROLE OF AI IN PREDICTING SUPPLY CHAIN DISRUPTION

Al-Driven Predictive Analytics:

Al-driven predictive analytics has transformed the way organizations handle supply chain disruptions. With machine
learning models, companies analyze enormous historical data to find patterns and trends that show when incidents
might happen in the future. It focuses on detecting patterns of past or forecast disruptive events in aspects such as
weather phenomena, labor disputes, or geopolitical instability. By being trained with comprehensive datasets, including
contributing factors, Al systems can identify the precursors indicating a higher risk of disruption for specific nodes in
the supply networks. This capability will make the alert far before the actual disruption in similarity to prior conditions.
Organizational data get processed to predict plausible risks using machine learning models trained with data from past
disruptions on seasonal demand fluctuation, supplier dependability, and transportation. Al can project the possibility of
weather-driven disruptions in particular regions by analysing the history of weather phenomena. In this kind of
proactive intervention, businesses can establish contingency plans, optimize inventory levels, and comprehensively
adapt procurement strategies to mitigate unforeseen events' financial and operational consequences.

Real-Time Data Monitoring

Al systems have proven efficient at monitoring streams of real-time data from various sources for early warnings of
potential disruptions. Using NLP and computer vision, Al-powered systems constantly analyse emerging information
reports related to weather, shipping, infrastructure, commodity prices, freight costs, and events worldwide. It
automatically extracts such information, leading to an upcoming problem in supply chains. If there is an early
indication of that response, it's fed into the predictive algorithms in real time. Organizations can obtain promotional
disruption alerts powered by Al analysis of new real-time information.

Data can be integrated from weather reports, political news, social media, and IoT devices to give a view of the current
conditions that could influence supply chains. For instance, in a political crisis in specific vital shipping centres, Al will
notify the companies about probable delays and ask them to reroute shipments or find other suppliers. In the same way,
real-time weather monitoring allows the anticipation of inevitable natural catastrophes, like hurricanes or floods, and
businesses can get prepared by mending logistics so that the impact is minimal. It implies that with the ability to
process and analyze data in real-time, supply chain managers will have updated and actionable insights to make
informed decisions in dynamic environments.

Case Scenario

One noteworthy application of predictive analytic case study of the use of Al for risk assessment is the German
logistics company DH. This company has developed the Resilience360 platform, which scans over 8 million data
points daily in news feeds, weather reports, and social media postings through machine learning. The resulting system
provides real-time risk assessments and early warnings of impending disruptions, thus allowing DHL and its customers
to adapt their supply chain strategies well in advance.

Another great example is Walmart's implementation of Al-powered demand forecasting. The multinational retail
company deploys machine learning algorithms that analyze multiple data points, from historical sales data to weather
forecasts to local events, to estimate demand for certain products store by store. As a result, this has assisted Walmart in
reducing stock-outs by 16% during high-demand periods, thereby diminishing the effects of potential supply chain
disruptions.

In the maritime sector, the Port of Rotterdam in the Netherlands employs an Al system to compute vessel arrival times
up to a fortnight in advance. It factors in vessel speed, route, and port conditions to facilitate optimum port use and help
cut delays to alleviate the impact of an overall potential disruption.

IV. MITIGATING SUPPLY CHAIN DISRUPTIONS WITH Al

AlI-Powered Decision-Making:

Al empowers better decision-making over supply chain disruptions supported by large volumes of data. For instance,
when any disruption occurs, such as a sudden delay or increase in demand, an Al-powered system will inherently
process large datasets much faster to advise on the most optimal action to take. For instance, predictive analytics
suggest drivers shift routes to maneuver predicted bottlenecks or delays on the main route. Machine learning algorithms
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analyze real-time data and optimize inventory levels through product prioritization to reduce stockouts. This
functionality helps an enterprise maintain service quality and reduce possible losses during disruptions.

Scenario Planning and Simulation:

Al thrives in scenario simulation and planning, assisting organizations prepare for potential disruptions. For instance,
machine learning models can assess the possible impact on supply chains by simulating different scenarios, such as
geopolitical tensions and natural disasters. These simulations, therefore, enable a business to develop and test
contingency plans matching with preparedness against various types of disruption. For instance, machine learning
models can effectively simulate the impacts of a port closure on global shipments, facilitating an organization to deploy
strategies for alternative sourcing or elevated inventory stocking. This proactive approach affirms that companies are
not caught off guard and can respond promptly to real-world events.

V. STATISTICAL DATA ON AT’S IMPACT ON SUPPLY CHAIN RESILIENCE

Kashem et al. (2023, p.82) indicated that adopting artificial intelligence in supply chain management has revolutionized
organizations' operations, especially regarding their resilience against disruption. Comparing pre-versus post-Al
implementation, the analysis shows significant improvements in performance metrics such as delivery times and cost
efficiency in maintaining competitive advantages within the marketplace.

Pre- and post-Al implementation analysis

Pre-Al Implementation

According to Hasan et al. (2024, p. 61-65), before the mainstream use of Al- technology, supply chains were essentially
subject to inefficiency and tremendous disruption. According to a survey conducted by McKinsey & Company in 2020,
before Al integration, a significant number of retail organizations in the U.S., such as Costco and Kroger, faced average
delivery delays estimated at around 7-10 days with cost inefficiencies ranging from 10-15% of total operational
expenses. This delay in supply was mainly attributed to a lack of real-time data analysis and slow responsiveness
against demand changes or disruptions caused by unforeseen natural calamities or geopolitical tensions.

Companies in the U.S. suffered significant losses from the disruption of their supply chain. For instance, Walmart, the
biggest retailer in the U.S., averaged $2.8 billion annually in disruption-related expenses from 2015-2019 (Hasan et
al.2024, p. 67). These costs arose from activities such as air shipping goods at higher rates that aim to bypass port
closures or even factory delays. Meanwhile, power outages pushed Intel's microchip manufacturing back 18 months in
2011, costing them $1 billion by missing market windows.

Moreover, pharmaceutical giant Pfizer reportedly lost $750 million between 2010 and 2015 because of disruptions that
blocked raw material shipments and delayed production of new drugs. In regulatory filings, it is reported that the
company repeatedly missed FDA approval targets, which was attributed to the manual system(Hasan et al.2024, p. 69).

Post-Al Implementation

Kashem et al. (2023, p.85) asserted that Home Depot, among the world's biggest retailers in the U.S., reported a
remarkable transformation after deploying Al in its supply chain. The company reported reducing its inventory shrink
by 30%, about $1.4 billion in savings in its annual report. This loss reduction was greatly attributed to the Al-powered
predictive analytics that improved inventory management and reduced issues of overstocking and understocking.

Another noteworthy example is Procter & Gamble, which employed AI for demand forecasting and inventory
optimization. According to the fiscal year 2021 report, P&G reported shaving $1.2 billion off supply chain costs. This
cost reduction came mainly from a 20% reduction in inventory holding costs and a 15% improvement in forecast
accuracy; both are directly linked to the Al implementation (Kashem et al., 2023, p.86).

Furthermore, IBM's integration of Al in its supply chain operations led to impressive results. The company's 2022
sustainability report reported that it decreased carbon emissions from the supply chain by 39% since 2010, with a
noticeable acceleration in the reduction that followed its implementation of Al-driven optimization in 2018. In addition
to the eventual decrease in environmental impact, this translated into cost savings estimated at $270 million over the
four years from 2018 through 2022(Kashem et at., 2023, p.88).
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Impact of Al on Predicting and Managing Disruptions
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The chart above showcases a clear connection between Al adoption, adequate response time, and resource allocation
efficiency. Organizations prioritizing Al integration are likelier to achieve optimal resource utilization and avoid
unnecessary waste. Al-driven supply chain management has proven to predict and handle disruptions relatively better.
Conventional forecasting and risk management methods have fallen short as supply chains have continually grown in
complexity, globalization, and interconnectivity(Hasan et al., 2024b, p.197). Al models can process large volumes of
data and complex algorithms, forming an integral part of organizations' quest to be resilient against unforeseen events.
Hasan et al. (2024b, p.198) contend that Al's most astounding element is predictive and prescriptive accuracy. A report
by Deloitte in 2023 revealed that companies such as Costco, Kroger, and Home Depot, using Al-driven predictive
analytics, have achieved disruption prediction accuracy rates of over 90%. This dramatic elevation results from Al's
ability to compete against a wide variety of information sources, including real-time market trend data, weather
conditions, and historical patterns of disruption. This supply chain management phenomenon is further augmented by
the use of Al models at companies such as Walmart, using machine learning algorithms to scan through historical sales
data and other exogenous factors for predicting shifts in demand and probable disruptions in supplies to keep a
sufficiently efficient stock level that minimizes both stock-outs and excess stock.

Another good example is Amazon, which utilizes Al algorithms to optimize its logistics network. For example,
Amazon uses data from many sources to predict possible disruption due to weather, congestion in traffic flow, and even
geopolitical events. Improved predictive capability means that the company can reroute deliveries or adjust inventory
levels well before disruptions, thereby limiting their impact(Hasan et al., 2024b, p.201). As a result, Amazon reported
that its Al-driven logistics management system improved delivery reliability by about 30%, demonstrating real added
value with such technologies.

VI. CHALLENGES AND LIMITATIONS OF USING AI IN SUPPLY CHAIN MANAGEMENT

Data Quality and Integration:

Retrospectively, Kashem et al. (2023, p.90) articulate that the most significant challenge confronting the
implementation of Al in supply chain management is ensuring good data quality and its integrated workflow into
existing systems. Al, heavily dependent on correct and comprehensive data, can only generate reliable insights and
predictions. However, in many supply chains, data sources can be fragmented, and there may be a lack of coherence in
their formats, which can affect the performance of AI models. Data would be collected, for example, from sources such
as suppliers, logistic partners, and sales channels operated on different systems and according to various standards.
Fragmentation in all these sources results in discrepancies and errors that may intrinsically weaken the predictive power
of Al

Cost and Resources Barriers
Aljohani (2023, p.72), Al adoption's financial and resource-intensive nature are major stumbling blocks, particularly for
smaller firms. For instance, implementing Al solutions by firms requires an upfront investment in technology, software,
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and skilled human resources. These costs can be out of reach for the SME sector, which might not have capital reserves
comparable to larger firms. Furthermore, the cumulative expense associated with training Al models and updating
systems to keep pace with emerging technology is undoubtedly an overriding factor in those cases where budgets are
limited.

Apart from financial resource constraints, there are also limitations relating to skilled personnel. Al requires expertise
in data science and machine learning, besides IT infrastructure skills that may not be readily available to smaller
organizations. Somewhat relatedly, talent recruitment and retention in these two areas are pretty cumbersome due to the
increasing demands and competition in the job market (Aljohani, 2023, p.73). Small companies could feel far
outmatched by more considerable competition that can offer more wholesome pay and promotional packages.

Ethical Considerations

Khan (2022, p.3-4), other critical issues related to Al in supply chain management concern ethical issues, such as
employment issues. With Al-driven automation, jobs might be at risk. While Al improves efficiency and cuts costs, it
also reduces some traditional roles human workers hold in logistics, inventory management, or order processing. This
shift can also lead to disruptions in the workforce and will require strategies for retraining and redeploying the affected
employees to mitigate any negative social consequences.

Ray et al. (2024, p.207) argue that another ethical concern is the use of Al in decision-making. Sometimes, Al systems
can act like "black boxes," where recommendations are given without explaining how they came to make certain
decisions. This outcome can become problematic when Al decisions have a very significant impact on stakeholders, for
example, in the selection of suppliers or prioritizing shipments. Accountability and trust call for systems that are
effective yet non-discriminatory and transparent.

VII. THE FUTURE OF AI IN SUPPLY CHAIN MANAGEMENT

Ray et al. (2024, p.208) posit that the future of Al in supply chain management is positioned for exponential
transformation, steered by upcoming trends and advanced technologies. As Al technology evolves, its capabilities will
thrive, providing more advanced solutions that strengthen supply chain resilience. One of the significant trends is the
incorporation of the Internet of Things (IoT) into Al. As a result, this convergence also enables real-time data collection
from various sources, such as inventories in warehouses and vehicles. All these IoT devices send back stalactites of Big
Data, streaming continuously, which Al systems analyze for insightful information about inventory levels, equipment
status, and environmental conditions. This capability allows for real-time monitoring and, thus, proactive maintenance
that reduces downtime and brings operational efficiency.

Another significant development is in machine learning and deep learning algorithms. These technologies will
gradually enhance their capabilities in handling complex data sets and extracting patterns that cannot be detected.
Accordingly, Al will provide better demand forecasting, risk assessment, and scenario planning. In greater detail,
predictive analytics can predict market changes in advance, enabling changes in corporate strategies (Ray et al., 2024,
p-209). Moreover, NLP is furthering the development of Al to make it understand and interpret human language much
better; it will be easy to communicate and collaborate even across global supply chains.

Ray et al. (2024, p.2010) indicate that blockchain technology also has a critical role in the future of supply chain Al
The technology offers secured and transparent ledgers for recording transactions, thus promoting trust and traceability.
Al users will be empowered to tap data from the blockchain to ensure the authenticity of products, track shipment
origins to destinations, and ensure that goods comply with regulatory requirements. This level of transparency is critical
to industries like pharmaceuticals and food, where safety and authenticity are paramount.

VIII.CONCLUSION

Recently, supply chains in the U.S. have encountered unprecedented disruptions due to natural calamities, pandemics,
and geopolitical unrest. This report explored how businesses in the USA can leverage Al to combat the supply chain.
Undoubtedly, despite the tremendous challenges confronting the supply chains in the U.S., Artificial Intelligence has
become increasingly crucial in supply chain disruption prediction, mitigation, and management. In particular,
companies in America can effectively enhance their demand forecasting and mitigate risks from over-production or
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stockouts by leveraging machine learning algorithms. Al offers an array of solutions to the multifaceted problems
facing supply chains in the U.S. With the application of machine learning models; companies analyze enormous
historical data to find patterns and trends that show when incidents might happen in the future. Al systems have proven
efficient at monitoring real-time data streams from various sources for early warnings of potential disruptions. Besides,
Al empowers better decision-making over supply chain disruptions supported by large volumes of data. Al thrives in
scenario simulation and planning, assisting organizations in preparing for potential future disruptions.
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