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Al has transformed crisis management throughout humanitarian supply chains by making
organizations capable of attaining SDGs with efficiency. This study investigates how Al brings
benefits to supply chain agility alongside integration as well as sustainable logistics and
readiness against disasters in humanitarian operations across Jordan. The research used
Structural Equation Modeling technique to evaluate data obtained from 321 humanitarian
supply chain professionals. The research results demonstrate Al serves as a positive moderator
that enhances the connection between supply chain agility (B = 0.21, p < 0.001) and supply
chain integration (B = 0.25, p <0.001), sustainable logistics (f = 0.27, p <0.001), and disaster
preparedness (B = 0.22, p < 0.001) which helps improve humanitarian supply chain
performance. This study establishes predictive decision-making and real-time tracking along
with optimized resource distribution to be fundamental features enabled by Al-driven
analytics. The integration of Al improves coordination between non-government organizations
and governmental agencies and logistics providers which results in better crisis response
capabilities. The research delivers theoretical value to Al-driven supply chain literature and
provides useful recommendations to policy makers together with logistics managers and aid
organizations who aim to maximize their emergency relief performance. Al technologies
require sustained funding to enhance humanitarian operations by making them more efficient

and transparent as well as sustainable.

1. INTRODUCTION

Humanitarian logistics require the use of Al as global
disasters becoming more frequent. The COVID-19 pandemic
has highlighted vulnerabilities in global supply chains and
disruptions in the delivery of aid to crisis-affected regions.
Similarly, natural disasters such as the 2023 Tiirkiye—Syria
earthquake and the 2020 Beirut explosion have shown the
exigency for the speedy utilization of Al-driven logistics
solutions that aid to maximize resource distribution and lessen
the inefficiency of disaster response.

Management techniques requiring innovation support
public humanitarian supply chains because conflicts of human
origins, natural disasters, and pandemics increase in severity.
Previous studies indicate that remarkable humanitarian supply
chain management in crisis areas requires executive leadership
for speedy aid distribution, enhanced operations, and cost
reduction [1-5]. The fundamental operation of HSC faces
various obstacles that lead to increased expenses and delayed
service delivery [6, 7]. The need for Al technology to improve
humanitarian logistics solutions increases because worldwide
disasters spread and intensify [8-10].

Al-based solutions for digital development in humanitarian
logistics create their primary value by uniting supply chain
forecasting methods with routing optimization features and
operational observation capabilities [11-13]. When HSCs and
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Al work together, they create superior results that strengthen
disaster preparedness and maintain sustainable operations
while providing flexible supply chains [14-16]. Current
scientific research on appropriate business supply chain Al
applications remains scarce unless investigators develop
methods to evaluate SDG achievements through humanitarian
logistics partnerships [17-19]. The simultaneous usage of
resource management systems and supply chain operations
creates swift beneficial effects for responsible production and
sustainable infrastructure and climate action [20-22].

The authors in this study demonstrate Al approaches for
supply chain operational enhancement, yet they do not prove
these methods' worth in achieving critical Humanitarian
Supply Chain project requirements for SDGs [23-25]. A study
of Al sustainability gap reduction and crisis response during
global emergencies in developing nations, including Jordan,
indicates low availability [26-28]. SDG-connected Al systems
operate with humanitarian logistics operations in Jordan to
deliver continuous, high-quality assistance to this country,
which serves as a main humanitarian aid center [29-31].

This study evaluates the relationship among supply chain
agility, supply chain integration, and sustainable logistics
practices, which will measure humanitarian supply chain
performance through disaster preparedness within Jordan. The
investigation examines how Al affects different supply chain
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parameters that lead to SDG accomplishments [23]. The
research addresses major theoretical along with practical
resource gaps in Al-driven humanitarian logistics, which
delivers substantial information to both supply chain
practitioners and humanitarian organization decision-makers
regarding disaster response sustainability and operational
resilience [19, 32, 33].

2. LITERATURE REVIEW AND HYPOTHESES
DEVELOPMENT

The increase in the academic literature about HSCs, SDGs
and Al happens because their collaboration demonstrates
enhanced crisis response capabilities, operational efficiency
improvements, sustainability benefits, and resilience
capabilities. Authors describe the procedure to identify
performance indicators for humanitarian supply chains [34,
35]. The supply chain agility integration seeks to unite
emergency preparedness community initiatives with joint
supply chain operations that offer sustainable delivery
solutions. A comprehensive analysis of Al effects on SDG
determinants and humanitarian outcomes in Jordan remains
scarce, according to former research [36, 37]. The analyzed Al
capacities from this research lead to fulfilling SDG goals and
creating innovative academic insights.

Supply chain agility originates from business capabilities to
perform operational adjustments as well as environmental
adaptations and market-responsive actions [38, 39]. Agile
systems enable organizations to distribute resources at high
speed during unforeseen crises [34, 40] because these systems
possess excellent capabilities in swift delivery under
unpredictable  crisis  conditions. The  humanitarian
organization's programs enhance delivery timing performance,
distribution region utility, and transportation performance to
fulfill the quick supply needs of target groups [5, 41].
Implementing Agile operations in humanitarian supply chains
results in improved outcomes [6]. While many scientific
studies have tried and failed to link operational agility to the
achievement of SDGs, the element of operational agility as a
prerequisite to realizing the SDG goals might not be needed if
companies go beyond operating behind the traditional
workplace and work boundaries.

Studies have stated that apart from being beneficial for the
faster operation [25, 37, 42], in Al predictive analysis, the risk
assessment evaluation is used. Al can greatly assist
humanitarian organizations push forward the SDGs more
quickly by means of deploying machine learning based
automatic forecasting software onto IoT systems [10, 43].
Previous research has also been examined by the team partners
who, based on the findings of such research, make creation of
these implementation recommendations [44, 45].

Previous research is well established on the role of Al in
business and commercial supply chains but the studies related
to Al-driven humanitarian supply chains are limited.' Some of
the studies stress out that Al can improve logistics efficiency
[46, 47], while the others question the feasibility of its use in
resource constrained environment [48]. Further, although
some identify Al for predictive analytics and automation [30],
others highlight the dangers of placing too much trust in Al,
especially in the uncertain and highly volatile condition of the
humanitarian context [49]. In this paper, this conflictions
reality between fieldwork and writ work is tackled through
providing  empirical evidence within  humanitarian
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organisations in Jordan.

SCI allows governmental bodies to work in synergy with
NGO suppliers and logistics providers to enhance the
operations of humanitarian aid [50-52]. Studies assert that with
implementation of integration practices stakeholders have
better results of crisis management, minimize costs, and
heighten resource administration capabilities as well as
improving information data sharing [5, 6]. The improvements
of supply chain interconnections [14, 15] help humanitarian
logistics work better and offer cost reduction opportunities
[53].

In 2022, previous studies also recognise that supply chains
strengthen Al technologies connection through data systems
[53, 54] that are quick and an automated procurement
management which ascertains inventory. SDG compliance
improves through blockchain-based Al systems that monitor
aid distribution activities to prevent fraudulent behavior in
organizational operations [14, 55].

SL arises from environmentally sound practices utilizing
socially oriented resource-efficient procedures [56, 57].
Humans working through the green supply chain movement
implement sustainable procurement practices and circular
economic approaches alongside carbon reduction techniques
[17, 58]. The achievement of SDG 12 and SDG 9, along with
SDG 13 sustainable development targets, relies on effective
waste management systems, sustainable transportation
solutions, and carbon emission-free supply chain networks [20,
59].

Substantial improvement in sustainable logistics
performance is made using route planning algorithms, energy-
efficient logistics, and predictive waste reduction-based Al
optimization models [14]. This is the essence of using Al-
integrated logistics solutions to reduce fuel, utilize vehicles,
make a humanitarian relief operation more environmentally
friendly, with a lower carbon footprint, and render it
sustainable [60]. Although academic interest in the
applications of Al for supply chain management is growing,
the intersection of Al, humanitarian logistics and
implementation of SDGs still needs to be filled. Although
previous research with regard to Al has mainly been devoted
to productivity and cost savings [61], there has been
insufficient attention paid to the ways in which Al is used to
attain resilience and long-term sustainability in humanitarian
supply chains. This study fills the gap bridged by analysing the
moderating effect of Al to the supply chain factors and impact
of achieving SDGs crisis affected regions. It can be understood
that the moderating role of Al in supply chain performance
through the dynamic capability theory [62], that highlights the
dynamic capabilities of the organization in leveraging its
leading technology to bridge the gap in the current business
environment. Through Al, supply chains can make real time
decisions, be predicated on analytics and run automated
processes, which means they can respond dynamically to
disruptions. While logistical efficiency had been studied in
relation to Al in previous work, there has been much less
discussion on the moderating effect of Al in humanitarian
contexts. The gap that this study tries to fill is to analyze AI’s
applicability in improving the agility, integration, and
sustainability of humanitarian supply chains.

DP also proposes this in terms of bringing a definition of the
risk assessment and placement of relief stocks, improvement
on the reinforcement of infrastructures, and collaboration
among the humanitarian actors [60]. In response to the disaster,
this is effective regarding response time, being ready with



required resources, and managing response [63, 64]. As
previous studies put it [65-67], data-driven simulations,
scenario planning, and geographic information systems (GIS)
are becoming more and more the tools that the humanitarian
sector relies on to enhance disaster preparedness.
Humanitarian organizations use accurate time disaster
detection, monitoring, and automated response coordination
using Al-powered models as early alerts of disasters [68-70].
Al tools can predict the preconditions of a disaster occurring
as well as model the humanitarian supply chain before as well
as after the disaster occurs by gathering satellite imagery and
historical data as well as meteorological trends [33, 68, 71].
Regarding the literature review, hypotheses are proposed:

H1: Supply chain agility positively influences humanitarian
supply chain performance.

H2: Supply chain integration positively
humanitarian supply chain performance.

H3: Sustainable logistics positively influences humanitarian
supply chain performance.

H4: Disaster preparedness positively influences humanitarian
supply chain performance.

HS: Al positively moderates the relationship between supply
chain agility and SDG achievement.

H6: Al positively moderates the relationship between supply
chain integration and SDG achievement.

H7: Al positively moderates the relationship between
sustainable logistics and SDG achievement.

H8: Al positively moderates the relationship between disaster
preparedness and SDG achievement.

influences

3. METHODOLOGY

This paper investigates supply chain agility, integration,
sustainable logistics, and disaster preparedness for
humanitarian supply chain performance through an analysis of
SDGs enabled by Al as a moderating element. The
quantitative research design facilitates systematic, objective
statistical analysis of variable relationships to achieve valid
and reliable study outcomes. The study implements a
structured research format that enhances variable precision
assessment while enabling hypothesis testing and
subsequently  advances academic understanding of
humanitarian logistics and digital transformation research.

The study uses a stratified random sampling design to obtain
a diverse population of humanitarian organizations operating
throughout Jordan. The researcher divides the population into
corresponding subgroups to ensure all organizations, such as
international NGOs loc, NGOs UN, agencies, and government
entities, are appropriately included. Both supply chain and
logistics managers, as well as procurement and disaster relief
operations, received the self-administered  survey
questionnaire through distribution. Research procedures
produce results that demonstrate the viewpoints of critical
decision-makers who take part in humanitarian supply chain
operations. The study used stratified random sampling to make
certain that the data was accurate and reduce response bias.
Participants in the survey were selected on multiple levels of
an organization to view different perspectives on Al adoption.
In order to avoid self reporting bias, the responses were
anonymized, and the key insights were cross referenced with
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expert interviews to enhance validation checks. These
measures enhance robustness of dataset and generalize the
findings.

A distribution of 400 questionnaires reached humanitarian
professionals both through email communications and face-to-
face meetings. The survey yielded 378 responses, but data
screening procedures retained 321 valid answers to analyze
due to non-completeness and response bias. The research
achieved an 80.25% response rate, fulfilling the necessary
sample size requirements for Structural Equation Modeling
(SEM) analysis. The expert participants come from different
professional backgrounds, strengthening the research findings'
validity.

Accepted constructs from previous research studies were
utilized to develop the instrument and validate its reliability
and validity. The survey contained a 5-point Likert-type scale
to evaluate delicate participant viewpoints using responses
ranging from 1 (strongly disagree) to 5 (strongly agree).
Organizations are measured for remote supply chain agility by
assessing their speed in responding to disruptions, operational
flexibility, and resilience levels. The evaluation process of
supply chain integration requires the assessment of
collaborative processes, communication systems, and multi-
industry teamwork activities. A sustainable logistic analysis
includes eco-friendly transportation approaches with waste
reduction procedures and circular economic frameworks
operating within humanitarian circumstances. Evaluation of
disaster preparedness involves studying mechanisms that
minimize risks, creating warning systems, and setting
guidelines for emergency stock distribution locations. Success
evaluation within humanitarian aid supply chains is based on
delivery efficiency and response speed, but Al-based
evaluation focuses on predictive analysis and automated
systems with blockchain functionality. Studies validated the
research constructs by demonstrating their utility in past
research, which enabled the correct assessment of the variables.

AMOS version 24 served in SEM assessments of the
relationships between study variables. Before other analyses,
the researchers analyzed the respondents' demographics and
perception data using descriptive statistical methods. The
analysis of measurement model statistics through
Confirmatory Factor Analysis helped ensure construct
reliability and check convergent and discriminant validity until
necessary standards were achieved. SEM path analysis helped
establish both direct associations and moderation effects
within the supply chain framework, where Al examined the
relationships between supply chain agility, integration,
sustainable logistics, disaster preparedness, and performance
measures of humanitarian supply chains. The proposed model
obtained its good fit analysis through the use of four evaluation
criteria, which included root mean square error of
approximation (RMSEA), comparative fit index (CFI),
Tucker-Lewis Index (TLI), and Chi-Square by degrees of
freedom (Chi-Square/df).

The research methodology enabled valid results through its
complete research design. The study boosts research about Al-
enabled humanitarian logistics since it applies structured
methodology with standardized measurement tools and
advanced analytical methods for sustainable development
implementation. The subsequent part of this section presents
evidence of variable relationships that result in Dbetter
humanitarian supply chain performance outcomes.



4. RESULTS AND ANALYSIS

The study yielded empirical evidence about supply chain
agility, supply chain integration methods, sustainable
logistics, and disaster preparedness strategies that impact
humanitarian supply chain performance while analyzing how
Al influences SDG execution. The research study includes
professionals representing different humanitarian logistics
fields operating in Jordan. Statistical findings demonstrate that
the humanitarian workforce comprises 56.7% male
professionals and 43.3% female professionals. The survey
results show that mid-career humanitarian supply chain
managers are leading involvement due to 42.1% of
participants falling within 30-39 years old and 28.3% aged 40-
49. Analyzing the participants reveals an advanced skill level
because sixty-four-point five percent hold graduate-level
qualifications or equivalent. Major humanitarian stakeholders
provided insights through the study, with international NGOs
making up 35.4%. In comparison, United Nations agencies
comprise 27.9%, local NGOs constitute 21.2%, and 15.5%
belong to government humanitarian departments across
operations. Data reliability gains strength from the
respondents, who represent 58.1% of participants with more
than ten years of professional experience.

SEM analysis showed good empirical backing for all
hypothesis propositions yet several study restrictions require
acknowledgment. Rare linear relationships between variables
exist within the model structure even though humanitarian
logistics operations might not function this way. Future studies
should evaluate additional variables and measurement errors
because the good model fit observed in this research needs
further refinement to enhance Al-driven supply chain
prediction accuracy.

The research employed Confirmatory Factor Analysis
(CFA) to examine the measurement constructs' reliability and
validity. Robust reliability emerged through Cronbach's Alpha
(o) and Composite Reliability (CR) values, which exceeded
0.70 to indicate solid internal consistency. The measurement
constructs properly measured theoretical dimensions through
Average Variance Extracted (AVE) values, which exceeded
0.50. Evaluation of the constructs measured their
distinctiveness [72]. The measurement model alignment
indicates sufficient performance according to CFI = 0.943,
TLI = 0.929 and RMSEA = 0.045, Chi-Square/df = 2.22 [73].
The selected model correctly visualizes important
relationships between variables, making it suitable for
hypothesis building.

Hypothesis testing provided evidence that supply chain
agility, along with supply chain integration, sustainable
logistics, and disaster preparedness, substantially impact
humanitarian supply chain performance, confirming the
established theoretical model. Research data indicates a strong
positive correlation between supply chain agility (B = 0.37, p
< 0.001) along with supply chain integration (B = 0.42, p <
0.001) and sustainable logistics (B = 0.34, p < 0.001) and
disaster preparedness (f = 0.29, p < 0.001) and humanitarian
supply chain performance. Al application strengthens the
entire set of relationships the analysis detected as positive. Al
strengthens the relationships between supply chain agility and
humanitarian supply chain performance (f = 0.21, p <0.001)
as well as supply chain integration (f = 0.25, p < 0.001),
sustainable logistics (B = 0.27, p < 0.001), and disaster
preparedness (f = 0.22, p < 0.001). The research validates
discoveries about how Al enhances decision quality and

improves resource management and prediction abilities in
humanitarian supply chains. This study shows how
implementing Al systems can enhance operational
achievement, load disaster readiness capabilities, and improve
supply chain response capability, which helps achieve SDGs
through better supply chain execution. Research findings
provide strong evidence to support the hypothesis that
humanitarian organizations require funding for Al solutions
for better supply chain operational outcomes and capabilities.

Table 1. Demographic profile of respondents

Demographic Percentage
Variable Category  Frequency (%)
Gender Male 182 56.7%
Female 139 43.3%
Age Group 18-29 years 53 16.5%
30-39 years 135 42.1%
40-49 years 91 28.3%
50+ years 42 13.1%
. Bachelor’s 0
Education Level Degree 114 35.5%
Master’s Degree 141 43.9%
PhD 66 20.6%
Organizational International 0
Affiliation NGO 114 35.4%
UN Agency 90 27.9%
Local NGO 68 21.2%
Government 0
Entity 49 15.5%
Years of Experience Less than 5 years 45 14.0%
5-10 years 90 28.0%
More than 10 186 58.1%

years

The demographic composition of the respondents is given
in Table 1 and the representation is balanced in gender, age,
level of education and organization affiliation. However, it is
worth mentioning that the majority of participants possess
over 10 years of experience.

Table 2. Reliability and validity assessment

Cronbach’s
Alpha (a)

Construct No. of Fact'or AVE CR
Items  Loadings

Supply Chain 7 689 061 084 0.81
Agility
Supply Chain = 56 588 060 0.83 0.79
Integration
Sustainable 559 697 053 082 078
Logistics
Disaster 5 0.71-091 0.63 0.86 0.82
Preparedness
Humanitarian
Supply Chain 4  0.73-0.89 0.64 0.87 0.84
Performance

N

Al (Moderator) 0.74-088 0.65 0.86 0.83

Table 3. Model fit indices

. Obtained Recommended . .
Fit Index Value Threshold Decision
CFI 0.943 >0.90 Good
TLI 0.929 >0.90 Good
RMSEA 0.045 <0.08 Good
Chi-
Square/df 2.22 <3.00 Good




Table 4. Hypothesis testing results

Hypothesis Path Coefficient (B) S.E. C.R. P-Value  Decision
H1: Supply Chain Agility — Humanitarian Supply Chain 037 006 6.15 <0001  Supported
Performance
H2: Supply Chain Integration — Humanitarian Supply Chain 042 007 6.83 <0001  Supported
Performance
H3: Sustainable Logistics — Humanitarian Supply Chain 0.34 006 506 <0001  Supported
Performance
H4: Disaster Preparedness — Humanitarian Supply Chain 029 005 547 <0001  Supported
Performance
H5: Al moderates Supply Qham Agility — Humanitarian Supply 021 004 493 <0001  Supported
Chain Performance
H6: Al moderates Supply Ch_am Integration — Humanitarian Supply 025 005 591 <0001  Supported
Chain Performance
H7: Al moderates Sustalna_ble Logistics — Humanitarian Supply 027 005 536 <0001  Supported
Chain Performance
H8: Al moderates Disaster Preparedness — Humanitarian Supply 022 005 497 <0001  Supported

Chain Performance

The results of reliability and validity assessment for all
constructs are presented in Table 2, where it indicates all
constructs’ factor loadings, AVE, CR, and Cronbach’s Alpha
values are satisfactory thus signifying that all the constructs
are internally consistent and they have satisfactory convergent
validity.

All the values resulting from the model fit indices are found
in Table 3, and as it is shown in the table, all of the values meet
the recommended thresholds, therefore demonstrating that
there is a good model fit.

Results of the hypothesis testing, Table 4 finds that all the
proposed hypotheses are supported, as revealed in the
significant path coefficients proving the positive effect of the
proposed supply chain factors and Al moderation to
performance of humanitarian supply chain.

5. LIMITATIONS OF THE STUDY

A limitation of this study is that it relies on a cross-sectional
research design that limits the capacity to determine causality.
The findings offer important insights into the relation between
Al and resilience of humanitarian supply chains, yet an area
for future research is the tracking of the evolution of Al-driven
interventions in time and of their impact on the sustainability
of the humanitarian logistics. Such a framework would let
researchers trace supply chain performance changes across
time as it relates to Al implementation, and would provide
stronger evidences about causality.

An additional limitation of this study is the assumption that
Al can be applied without barrier in humanitarian supply
chains. Nevertheless, the practical aspects need to be taken
under consideration since the implementation of the
technology comes with its own set of challenges, like financial
constraints, technological infrastructure gaps, as well as
ethical issues around Al based decision making. It will help
with a more complete understanding of the practical
implications of Al, if these factors are addressed in future
research.

6. DISCUSSION

The research explores crucial humanitarian supply chain
aspects in Jordan by merging an evaluation between supply
chain agility and supply chain integration with sustainable
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logistics and disaster readiness, employing Al as a connecting
mechanism. The study provides substantial backing for
academic research on humanitarian supply chain performance
by showing the essential value of all variables analyzed based
on humanitarian logistics and disaster relief studies [1, 74]. Al
technology enhances organizational performance by
managing supply chain operations and continuously expands
its value in supply chain optimization, demand prediction, and
decision-making [75]. The study faces a major problem
because it uses a cross-sectional research design which
prevents us from understanding how Al affects humanitarian
supply chain resilience. Research needs extended observation
to explore Al development changes as they improve the
operational and supply chain sustainability of humanitarian
logistics. A study that observes supply chain performance
changes throughout time can better show if Al use causes
improved results.

Supply chain agility is the main factor in achieving
performance results throughout humanitarian supply chain
operations (f = 0.37, p < 0.001). Time-sensitive aid delivery
depends on quick supply chain logistics to perform emergency
assistance properly at humanitarian organizations [3]. The
agile supply chain structure equips humanitarian relief supply
chains with speedy disruption management and delivery times
to reach maximum operational excellence [38]. Al strengthens
humanitarian supply chains with its agile structure by creating
predictive systems that perform autonomous decisions and
track operations in real time [76]. The research results
demonstrate that Al is an essential moderating aspect (B =0.21
and p <0.001) for these elements.

Research evidence supports Al’s constructive impact on
supply chain resilience in accordance with previous studies
[77, 78]. Our research shows that Al enhances strategic
decision-making while improving operational agility in
addition to its well-documented ability for efficiency and
automation [10]. A gap exists between the current
understanding of Al functions which requires more analysis
about its varying effects in commercial and humanitarian
supply chain settings. The research diverges from past
research by demonstrating how Al achieves sustainable goals
and fulfills the United Nations SDGs.

The research data supports hypothesis two, showing that
supply chain integration positively affects humanitarian
supply chain performance through significant statistical values
(B = 0.42, p < 0.001). The operational framework develops
thanks to supply chain integration. It creates stakeholders'



collaboration to establish connections between donors and
suppliers and suppliers and logistics providers [30]. Previous
studies agree that information sharing, process
synchronization, and collaborative decision-making form the
basis of operational requirements [79]. Al systems achieve
operational integration by creating digital networks and
automated workflows. At the same time, they minimize supply
network entity communication deficits [80] based on a
statistically significant result (§ = 0.25, p <0.001).

The study findings show that sustainable logistics
significantly impacts ( = 0.34, p < 0.001) the improvement of
humanitarian supply chain performance. Optimized storage
systems and energy-efficient solutions for sustainable logistics
enable the implementation of environmental transportation
[37]. Research documents demonstrate how green logistics
programs generate dual advantages, promoting lower
environmental destruction with reduced operational expenses
and improving resource utilization [81]. The combination of
Al route optimization with forecasting and inventory
automation in humanitarian supply chains creates beneficial
results for sustainability objectives [82]. The research
investigation confirms the relationship with B = 0.27 at a
significance level under (p < 0.001).

Research has proven that disaster preparedness significantly
positively affects humanitarian supply chain performance (=
0.29, p < 0.001) at a strong connection level. The planning
processes of organizations through emergency preparedness
lead to disaster readiness through resource backup
development and risk reduction management combined with
strategic resource distribution [37]. Other scientists have
validated through research that strategic supply chains succeed
in flexible disaster reactions [4]. The fundamental part of Al
produces enhanced emergency preparedness operations by
interconnecting disaster management elements (f = 0.22, p <
0.001) [35]. Al has great potential to improve humanitarian
supply chain; It is not without its drawbacks. Oftentimes
current organizations face barriers of high implementation
costs, shortage of capable staff, data security issues, and
resistance to digitalization. In addition, AI based decision
making models need to be trained with substantial dataset
availability, something that is not always possible in the crisis
prone areas where data can neither be collected stably nor be
relied upon. Finally, future research should look into strategies
that will allow Al technology to be operationalized to support

field humanitarian operations, despite the limitations
mentioned.
Strategic information from this research generates

operational value for supply chain operators, humanitarian
officials, and their representatives in the domain of Al-based
supply chain management and humanitarian logistics.
Research evidence demonstrates that Al technology needs to
merge with supply chains because it produces superior results
in dynamic coordination and disaster relief functions [25].
Transportation systems and machine learning solutions use
blockchain infrastructure and Internet-of-Things networks to
generate prompt operational methods for resource distribution
during humanitarian relief operations after receiving proper
investment [74].

The primary contribution of this research appeared
alongside the identified weaknesses because of its ability to
produce important findings. The research team examined
without identifying how Al influences supply chains for
humanitarian relief due to static observation methods. The
development of Al-driven supply chain practice requires
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researchers to transition from cross-sectional research designs
to longitudinal approaches [83]. The research examined
Jordan's human capital sector, which creates restrictions for
the broad international applicability of the findings. Multiple
humanitarian ~ environments should assess their Al
implementation strategies by performing comparison studies
of their supply chain performance results [74]. Subsequent
research must evaluate the cooperative effects between
government policy elements and modern technology
development with human resources management practices
because these sophisticated elements would precisely
determine the effects of the AI system on humanitarian
logistics [40].

Combining supply chain agility and integration with
sustainable logistics management and disaster preparedness
systems creates maximum performance levels for
humanitarian supply chains. The findings validate that Al
functions as an innovative, transformative force to help
emergency operations and foster collaboration, operational
agility, and disaster resilience for humanitarian logistics
systems. Research-based practical guidelines enable
humanitarian operators, logistics firms, and government
officials to make the right decisions regarding investing in Al
innovation to enhance humanitarian supply chains for SDG
fulfillment.

7. CONCLUSION AND IMPLICATIONS

The study examines the effects of SDG implementation on
humanitarian supply chains when deploying AI variables.
Available research proves that Al systems actively boost
response speed and sustainable operation capabilities in
humanitarian supply chain management. The Al system
modems enable humanitarians to conduct assessments of
supply chains and analyze coalition structures to create lasting
benefits for supply chain infrastructure.

Promoting SDGs happens through humanitarian supply
chains through two main channels: creating poverty
elimination frameworks and environment-friendly distribution
networks that deliver fair resources. Strategic decision-making
capabilities arise from the implementation of Al analytics with
real-time data tracking and predictive modeling systems,
which improves market need identification to enhance aid
distribution. The adaptive logistical operations produced by Al
systems cut down operational security threats and maximize
disaster resource distribution throughout the pursuit of SDG
targets. The Al-based humanitarian assistance system deploys
waste disposal operations to implement practical and time-
efficient procedures that reduce environmental pollutants for
whole disaster victim recovery.

The outcomes of this investigation benefit government
decision-makers, humanitarian organizations, and technology
creators. Aid organizations' core investment funds should
focus on enhancing Al-supervised supply chain technology
development since this joint approach will strengthen
operations and boost emergency aid delivery efficiency.
Public entities and non-profit organizations need to build
operational systems using protective measures for data
security and discrimination prevention to maintain
transparency. Corporate stakeholders and technology
companies must create Al solutions that merge facility
tracking systems into automatic distribution service
frameworks from distributed command structures.



The current research obstacles should be resolved to enable
scientists to establish new experimental outcomes from this
research period. Researchers conducting initial data collection
fail to observe the extensive impact of Al on humanitarian
logistics operations during their study period. This study
requires future scientific investigations to deploy time-
sensitive evaluation models that analyze the duration effects
of Al-driven humanitarian supply chain operations. Research
in humanitarian logistics involves the examination of
regulatory standards together with societal elements that affect
construction site practices and building condition needs.

Al capabilities in the examined system surpass all other
systems to enhance supply chain quality while achieving
multiple SDGs. Through a centralized framework, non-profit
organizations that deploy AIL programs help their operations
become more efficient by speeding up emergency response
capabilities and development target completion. Al strategic
initiatives require operational changes for humanitarian
logistics operations because these initiatives produce
worldwide solutions to environmental change problems,
resource scarcity demands, and disaster management needs
that lead to sustainable, fair outcomes. This future research
should inform longitudinal basis studies investigating the
long-term repercussions of integration of the Al into
humanitarian supply chains. By taking this approach, the
insights would be valuable in knowing how more sustainable
Al-driven improvements are and how they contribute to
building long term resilience. This also requires further studies
from the perspectives of cooperative effects of government
policy elements, modern technology development, and human
resources management practices which would specifically
affect the effects of Al systems on humanitarian logistics.
Using these methodologies would allow the researchers to
provide more conclusive evidence on how Al can help
humanitarian supply chain performance towards achieving
SDGs. The potential of Al for transformative impact on
humanitarian supply chains is highlighted by this study with
its focus on the specific contributions to agility, integration,
and sustainability. From a practical point of view,
humanitarian organizations should invest money in Al to
rescue the resources and prepare for disasters. They also need
to create supportive frameworks that encourage as much as
possible the adoption of Al in the crisis settings. These
findings should be further investigated by future research
extending across a number of years and crossing regional
boundaries.
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