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Abstract—Disaster response is a critical component oj/
disaster management, requiring effective strategies, to
reduce exposure and vulnerability to hazards. Rising gfgbal
temperatures and extreme weather events have iptnsified
the need for adaptive disaster relief systems. Humanitarian
logistics, a vital subset of the supply chain, plays, a
central role in disaster preparedness, Aesponse, . and
recovery phases but often faces challepges such as.resource
constraints, inefficient communication, and ““unpredictable
crises. This study employsasyﬁematicIiterature review
(SLR) using the PRISMA methodology to explore the
application of Artificial)ntelligence (Al) and Degision
Support Systems (DSS) “in humanitarian logistics from
2019 to 2024. SCORYS served a$ the primary database,
identifying 1,171 decuments, with'52 studies sélected for i
depth analysis, Thesedstudies‘highlight the potential of Al
techniques, 'rﬁcluding machine learning and clustering
algorithms, sand DSS™_implementations for# resource
allocation, stakeholder “coordination, aad real-time
decision- making. Findings demonstrate, that integrating
Al and DSS can Optimize emergenc{ vehicle routing,
improve relief distribtion, and Zénhance stakeholder
collaboration. Advanced tgchpelogies such as Radio
Frequency ldentification (RFID), the Internet of Things
(1oT), and Digital Twins improve logistics efficiency and
scalability. Despite these advancements, challenges like
data integration and algorithmic reliability persist. The
study recommends prioritizing transparent systems, hybrid
simulations, and addressing algorithmic constraints to
advance disaster management practices.

Keywords: Artificial Intelligence, Decision Support
Systems, Disaster Response, Humanitarian Logistics.
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I-"INTRODUCTION/

Thed "World “Meteorological ~Organization
(WMOQO) announced, globa} temperatures will rise
for ‘at"leastuthe next five years. By 2030, the
International Disaster'ﬁatabase and the Center for
Research on the Efidemiology of Disasters (EM-
DAT CRED) predict a 40% increase in disaster
risk due to gxtreme weather [1] influenced by the
greenhouse effect and the ElI Nino phenomenon
[2]. Urbeknownst to us, human actions in climate
chafige also contribute to increasing the risk of

Aisaster as it changes the geographic distribution
of weather-related hazards, creating new patterns
of risk at unprecedented levels [3]. Although
affecting billions of human lives, climate change
and disasters are not considered natural [4]. There
are only natural hazards that could be interpreted
as a risk of a disaster because of increased
exposure coupled with vulnerability. Resilience is
commonly defined as the ability or capacity of a
system to resist effectively, absorb, buffering, and
recover from the effects



of hazards in a timely manner [5]. In such
a catastrophe, resilience reflects on the depth of
impacts in a community and the time for recovery.
Thus, disaster management plays a key role in
strengthening resilience based on risk prevention,
and faster emergency response needs to save more
lives through enabling risk governance integrated
systems that can assist the decision-making
process [6]. Based on the Sendai Framework for
Disaster Risk Reduction 2015-2030, there are
seven strategic targets for reducing disaster risk
and losses by coordinating efforts with the United
Nations Sustainable Development Goals (UN
SDG) and the Paris Climate Agreement [7]. Two
of its targets are substantially reducing global
disaster mortality and the number of affected
people, which drives the Humanitarian action
system. Effective coordination among involved
stakeholders is crucial in solving the complex

as an artificial intelligence (Al) integrated risk
governance system, to help accommodate the
complexities of decision-making involving several
stakeholders. Implementing mitigation planning
through integrated systems, Al, and DSS could
enhance proactive strategies for optimizing
resource distribution decisions, enabling more
effective decision-making in real- time and better
coordination, forecasting resource needs, and
improving response coordination  [11].
Nevertheless, effective disaster relief efforts rely
heavily on well-structured logistics systems,
public-private partner¢hips; reliable infrastructure,
and empowered Jdgistics setice providers and
humanitarian  organizations “\J10]. ~ Despite
technologiyl advanceménts in today’s era, there
remains a‘critical gap in_understanding how Al
and DES can be developed to aid disaster
maiagement services, particularly in huﬁanitarian

nature of disaster management. Thus, to streamline )ogistics, to/ optimize resource alocation and

the decision- making process, integrating sever
technology advancements, such as Al and DSS,
are seen as promising tools to enhance realtime
data analysis and optimize resource dis#fibution.
Supply chain is one of the study domains;
especially during disasters invglving «complex
management systems, to increag efficiency and
effectiveness in terms of information and elief
aids distribution flow [8}. One of the specific
branches in the supply chain is humanitarian
logistics, which deals with the preparedness and
response phases df a disaster. management system
[9]. To ensuredimely respanse indistributing relief
aid, humapitarian logistics plays a pivotal rdfe.
Howe\;er, several studies indicated that tragditional
logistics ~ Operations often " struggle  with
unpret}k:tability, constrained resgurces, and
inefficient\ communication durirg crises, as
reported by e Leafning fron®’Mega Disasters:
Lessons from the Great East Japan Earthquake
[10]. These documeqts jighlight the need for an
adaptive, technology-driven approach to secure
logistic distributions due to debris-blocked roads
and unplanned contingency planning specifically
for logistics distributions. One effective strategy
for planning logistic distribution is to adopt
technological advancements, such

improve crisis response times./To this day, no
comprehensive literature rgview focuses on Al
and DSSdmplémentation specifically to address
unique challenges humanitarian logistics,
such as real-time reséurce allocation, stakeholder
coordination, apd operational efficiency during
emergencies.)dence, this paper aims to address the
issues of Artificial Intelligence (Al) integrated
Decision'ﬁupport Systems (DSS) implementation
to mitdlgate humanitarian logistics and disaster
rehief operations. Through a systematic literature
review approach, we analyze previous studies
regarding Al and DSS in different disaster case
study scenarios in the past five years. Thus, the
allocation of resources during emergencies could
be predicted, and better coordination among
stakeholders explicitly engaged in humanitarian
logistics efforts. Moreover, the study will provide
a better understanding of how these technologies
can effectively enhance mitigation and response,
as well as the future research agenda.

Il. RESEARCH METHODS

A systematic literature review is a rigorous
method used to synthesize scientific evidence
transparently and reproducibly, aiming to include



all relevant published studies on a specific re-
search question while evaluating their quality [12].
Due to the importance of humanitarian lo- gistics
during disasters, extraction and research analysis
are focused on designing decision sup- port
systems (DSS), which are integrated with artificial
intelligence (Al). Specific keyword re- search in
an article database is crucial for pa- pers with
specific outcomes aligned with the research
question. Therefore, the systematic lit- erature
review conducted in this paper follows the
checklist item in the PRISMA 2020 method. The
PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) method is a
reporting guideline used in systematic litera- ture
reviews (SLR) to ensure transparency and quality
in research synthesis [13]. The use of the PRISMA
method for systematic literature review is highly
recommended due to simpler sorting paper

techniques acquired from several trusted and /

reliable databases [14]. SCOPUS indexi)ag
database is one of the most comprehensi(? and
high-quality sources databases for biblidmetric
research, allowing for a broader knowledge in_.the
systematic analysis across various” fields [15].
Moreover, Scopus allows reseagcherso analyze
publication activity based on countries, cities,
universities, and individud? authors, providing
valuable insights into ténds and influential con-
tributors in specific research areas [16]. Hence,
this research focyses on the systematic literature

review using a single comprehensive, databases

SCOPUS. THe PRISMA/methed was selected due
to its robu$tness in ensuring a comprehensive “and
unbiaseds, review, “thereby enhancing Ahe re-
liability and{ransparency of this study’s findings
in the context of Al and DSS |pr humanitarian
logistics. The literature review is conducted to
answer the research* question” “How does Arti-
ficial Intelligence (AI)}ntegrate Decision Support
Systems (DSS) to mitigate humanitarian logistics
and disaster relief operations?” Thus, this research
implemented the PRISMA method and several
search strategies to extract data based on our
preferences. The PRISMA flowchart depicted in
Figure 1 below summarizes the steps acquired in
the paper synthesis.

Records identified
from:

Identification

Scopus Database (n = 117)

Records remove before
screoning limited to:
Docurment types book (n=30) and
not in English Longuage (n=151)
total (n=181)

Records screened:
Scoput Datobow (n= 990)

Records remove before
screening limited to:

Duplicate recoras removed (n = 0) Records screened:

records ond limited to year of Scopus Dotobase (ne 481)
publication 2019 - 2024 = (n = 539)

total (n=539)

Screening

Records eschuded for tystemotic Reroture
review (n=8)

Records screened.
Scopus Datobase (ne 448)

Becord not retated to disoster refel

Records screened:
oparanon (n=149) 5

opus Database (ne 297)

Records not refoted 1o humantarion

fogatic (nw182) Records icreened:

Scopus Databowe (n= 15)

Recoras not Include decision support
systom (n=30)

Becords screened.
Scopus Dotobose (n= 65)

Records not Inciude aruficol Inteligence

(o Records screened:

Scopun Dotatose (e 62)

Result

lomilrln:ludol
studies: (n =82)

7
/7

Result}’f Systematic Literature Review

/7

The most effective keyword search strategy for
?;cessing academic literature on SCOPUS
nvolves constructing a comprehensive set of rel-
evant terms and validating them for accuracy
and relevance. This strategy is crucial for en-
suring the precision and comprehensiveness of the
extracted literature, especially in systematic
reviews and science metrics studies. Therefore, to
gather a holistic view in the scope of this research,
the SCOPUS search strategy is de- fined as the
following queries: (TITLE-ABS- KEY (artificial
intelligen* OR decision support AND disaster)
AND PUBYEAR > 2018 AND PUBYEAR <
2025) AND (LIMIT-TO (DOC- TYPE,”ar” ) OR
LIMIT-TO (DOCTYPE,”cp”) OR LIMIT-TO (
DOCTYPE,”ch”)) AND (LIMIT-
TO(LANGUAGE, “English” ) ). Based on the
advanced search queries, 1,171 documents were
found with the keywords artificial intelligen*,
decision support, and disaster. However, only

Fig. 1.



selected document types were chosen as our
preference database for more reliable results and
deep analysis reviews, such as conference pa- pers,
articles, and journals that are written in English. In
total, the identification of papers showed 1,020
articles in SCOPUS as . Due to technological
advancements in the past few years,

451 documents were identified during publica-
tion year 2019-2024 (see the data: 10.5281/zen-
0d0.13931530).

I1l. RESULTS AND DISCUSSION

Based on our findings, 52 papers match specific
criteria for implementing artificial intelligence in
the humanitarian logistics decision support system
case study. The Asia region, especially China and
followed by India, has the highest occurrence of
case study disasters with the development of DSS
and Al research topics in the field of humanitarian
logistics, as shown in Figure 2.
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Fig. 2. Mapping of 143 research in _several continents.
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Although there have been five papers identifiéd
as literature reviews, ¢here has been no Iit,erature
review thatfocuses specifically’ on hurpanitarian
logistids. amongst the,papers identified, there are
two paperg focus on infrastructure’’] [17] and de-
cision suppox{ for urban desigi’ planning during
catastrophe events such as pandemic events [18].
Whereas, the other Sere g,ecision support for social
sensors [19]; meteorological power grid [20]; and
general usage of Al implementation to assist data-
driven decision-makers during disaster evacuation
[21].

A. Humanitarian Logistics

Disasters can occur due to natural hazards or
factors, such as hydro-meteorological (hydrologi-

/Due to the nature of the sudden ons

cal, meteorological, and climatological), geophys-
ical, biological, and extraterrestrial hazards [22].
However, there are also other forms of hazards,
such as crises due to conflict and violence, which
are mostly triggered by human actions [23]. An
area’s potential hazards can be calculated based on
the value of its vulnerability and capacity,
resulting in a risk, which can be measured by the
value of losses, including the number of fatali- ties,
injuries, building damage, and others. Risk is a
combination of potential hazards, exposure, and
vulnerability [24]. Fherefore, to strengthen
community resilience, the gqvernment or organi-
zations must contﬁcct needs assessments, supply
planning, and distribution planni}g [8] during the
prevention/mitigationg“and preparédness phases
before g disaster occurs.dn‘addition, organizations
will focus more on their response, recovery, and
recBnstruction phases.during and aftey the disaster.

e(of a disaster,
the respense phasesWwas done’based on spon-
taneols acts. Consequently previous studies fo-
cused on relief distributign and victim evacuation
route‘planning based gn a case study as studied by
[25-29]. Ultimately,’ﬁumanitarian logistics plays a
crucial role in/planning, implementing, and
coordinating Jogistics operations efforts during all
phases the disaster. According to [30],
humanjtarian logistics focuses on five key com-
poneé: human resource deployment, knowledge
ménagement, financial resources, and collabora-

/ tion, especially the coordination of several parties

involved, such as governments, military, local and
international non-profit organizations, and several
private donors, sectors, or volunteers. There are six
fuzzy boundaries which should be built upon for a
successful humanitarian action, which are security,
stabilization, development, sustainabil- ity,
governance, and rights [9]. Therefore, supply
chain in a humanitarian system, a network of inter-
connected institutional and operational en- tities
[31], needs to act upon in every phase of disasters
through short, medium, and long-term assistance
[32].



B. Decision Support System (DSS) in Humanitar-
ian Logistics

Decision Support System (DSS) is a computer-
based interactive system designed to assist in
decision-making by processing data into help- ful
information for addressing specific semi-
structured problems within an organization or
company [33]. In the context of humanitarian
logistics, DSS are vital for high accuracy and data
integration of several stakeholders to solve
dynamic and complex systems while maintaining
data consistency and reliability. Previous studies
have shown that DSS are leveraged to manage four
different phases in disaster management, such as
during mitigation, preparedness, response, and
recovery [34-36].

Several approaches to addressing such chal-
lenges, as stated explicitly in the taxonomy of DSS
implementation to support disaster man- agement,
are mainly data-oriented and model- oriented DSS
[34]. For instance, research [33] relies heavily/6n
a Disaster Management Knowl- edge Framgwork,
also known as DM KAF, to create cystomized
Agent-Based Modeling (ABM) templates™to
generate specific disaster managé- ment plan
(DISPLAN) methods through thé in-tegration/of
six different models as the bgsis of ABM templates
[36]. If there are no pgevious data, then: the
decision maker cannot analyze and DSS is unable
to perform recomfnendations. Other studies
suggested a hiegdrchical allocation. of resources
and tasks ap[yoach based on theirlocation; thus, °d
meticulo? outline of a top-down approach cguld
define specific'supplyand demand points [}5].

Additio\lally, other research in DSS, facilitates
the simulation and optimization—base(ﬁransporta—
tion problems, Such as the assimitation of agent-
based modeling simulation wjth a mixed-integer
problem formulation, aheuistic-based scheduling
and routing procedure, and a tabu search meta-
heuristic problem [37]. Another optimization ap-
proach is utilizing vehicle routing problems in the
development of expert decision support systems
[38]. As a result, the system could accommodate
efficient resource allocation based on real-time
data and needs and minimize the wastage of sup-
plies and efforts. Notwithstanding its benefit, there

are several limitations worth noticing in research,
specifically in the DSS implementation, which is
limited data analyzing performances, also known
as algorithm constraints, hence leading to an
inaccurate real-time decision-making process.

C. Artificial Intelligence (Al) in Humanitarian
Logistics

Acrtificial Intelligence (Al) algorithms allow
users to make data-driven decisions. Al tech-
niques, such as machin€ led¥ning, deep learning,
and natural language processig, make it pos-
sible to learn frem large data set§ provided in
any form of, data and offer, solutiong just like
what human( do to enable faster responsg times
done by”several stakeholders [39]. By provid-
ing appropriate .advanced jtools and teclﬁiques,
can help the data analysis procesS, identify
patterns, and propose effective courses of action
[40, 41)¢ In previous studies, ,nachine learning
models are‘leveraged to find relationships in vast
datasets, ensuring more efficient problem-solving
processes and aiding iman decision-makers in
complex tasks witheut replacing them [42, 43].
Additionally, Al alignment paradigms guide the
selection of sultable techniques for industrial risk
managemeﬁf, integrating causal and anticipatory
networkg, multi-criteria analysis, and knowledge
engjneering to optimize risk mitigation strategies
?d improve response actions in real-time scenar-
0S [44]. Furthermore, the concept of Intelligent
Decision Assistance (IDA) within DSSs, utiliz-
ing Explainable Al (XAI) techniques, supports
knowledge workers by providing insights and rec-
ommendations without imposing automated deci-
sions, thus addressing concerns of automation bias
and deskilling in decision-making processes [42].
There are several algorithms used in the im-
plementation of Al in humanitarian logistics; for
example, in the machine learning category, there
are classifications [45, 46], clustering [47, 48],
neural networks [49, 50], reinforcement learn- ing
[51, 52], and natural language processing (NLP)
[53, 54]. In addition, several studies also used deep
learning techniques to predict and facilitate
humanitarian routings [55-57]. There- fore,
Artificial Intelligence implementation mostly
concentrates on digital twin design and chatbot



development. The specific algorithms used in Al
are Ontology, Artificial General Intelligence
algorithms, 3D printing, Blockchain protocols,
Augmented Reality, Mixed Reality, haptics, and
robotics algorithms [53, 58, 59]. In the design
of Al implementation in humanitarian logistics,
future research must consider the advantages and
disadvantages of each method or algorithm.

D. Integration of DSS and Al in Humanitarian
Logistics

Artificial Intelligence (Al) and Decision Sup-
port Systems (DSS) are essential in improving
humanitarian logistics operations. Al technolo-
gies, including deep learning and natural language
processing [60], can extract pertinent informa- tion
from social media posts to offer real-time
awareness during crises. Moreover, Al-based lo-

or processes, enabling real-time simulation, mon-
itoring, and analysis of real-world behavior [66].
One of the challenges in implementing digital
twins is managing the seamless amalgamation of
data from various sources, which can be complex
and time-consuming. Besides data integration, one
aspect that is worth noticing is that every data
exchange should pass reliable and trusted database
transactions to reduce fraud and errors [67], thus
ensuring a secure, transparent, and traceable
record-keeping and automated execution across the
stakeholders involved }681\

7/ N\
AV. CONCLUSIONN

Advancéd technology is essentiahoKbetter re-
sourceAllocation and decision-making in humani-
tarian logistics..This studysexplores the/lmportant

gistics tools can enhance relief distribution strate- }ole of Artificial_Intelligence (Al) ahd Decision-

gies following disasters [61], leading to increased
efficiency and effectiveness. The integration of A
and DSS in humanitarian logistics notonly
streamlines operations but also contributps to sav-
ing more lives during disasters while promoting
sustainability principles [62]. Through thesuse of
advanced algorithms and fastef computational
capabilities, Al has the paiéntial¢to transform
decision-making processgs in humanitarian lo-
gistics, ensuring prompt and effective responses.to
crises [63]. Additionally, hybrid simulation
models that comBine agent-based and discrete-
event simulatjen techniques canyassist in studying
and improying coordination mechanisms amefig
huma?arian logistics actors, for:better long-term
outcorfes [64]. /
Previous studies have shown that several tech-
nologies have been utilized to support the integra-
tion of DSS aqd Al. Among pogular technologies
are RFID, Digitgl Twins, the Internet of Things
(1oT), and Blockchain. ,Radio-frequency identi-
fication (RFID) is an electronic tag attached to
an object that can emit electromagnetic waves to
exchange data with a terminal [65], facilitating
identification and tracking over distances, even
beyond the reader’s line of sight, usually used in
warehousing and relief aid stocks. Whilst tracking
the aids, digital twins are employed as a virtual
mimicry device of the physical objects, systems,

Support Systems (DSS) in this context, especially
in disaster management scenarios. A systematic
literaturedreview addresses ‘a significant research
gap by specifically focusing on the application of
Al and"DSS in hurpénitarian logistics. Through
this review, we bighlight the untapped opportu-
nities of these technologies to improve response
strategies arﬁ reduce the impact of disasters.
ResearchArends from 2019 to 2024 reveal a real
surgeAn interest in integrating Al and DSS in
digaster management. However, amidst increasing
enthusiasm, we cannot ignore the challenges that
lie ahead. These include a dearth of research on
certain applications and the urgent need to ensure
transparency and reliability in Al-powered sys-
tems. This paper describes several promising areas
of research for the future. This includes studying
Al-based solutions to optimize emergency vehicle
routes, facilitate collaborative decision-making,
improve resource allocation strategies in humani-
tarian logistics, and increase the transparency and
reliability of Al-based DSS. In conclusion, this
research emphasizes the importance of Al and
DSS in humanitarian logistics. It lays the founda-
tion for continued research to fully exploit these
technical capabilities to save lives and reduce
the impact of disasters. As the global risk of
disaster increases, one must prepare to decrease the
chance of vulnerability and exposure due to



the uncertainty of catastrophe. Therefore, techno-
logical advancement can be utilized to decrease
the impact of such catastrophic events. Artifi- cial
intelligence in the decision support system can

support

stakeholders’ data-driven  decision-

making. There are several methods and algorithms
to predict humanitarian logistics routings and lo-
gistics needs based on the location of the data and
traffic model. Future studies could focus on Al
models for optimizing resource deployment and
logistics management systems. Increasing the hu-
man factor of cognitive function can enhance the
transparency of decision-making. Thus, operators
can be notified if things go wrong and adjust or act
based on the necessary response.
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