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Abstract: This study presents a bibliometric analysis of research on technology in the humanitarian
supply chain. The methodology includes performance analysis and science mapping to explore the
application of technologies in humanitarian supply chains. This paper contributes to the literature
by examining the most influential authors, trends, journals, countries, institutions, and the recent
humanitarian supply chain collaboration. The information presented in this research was obtained
with the Scopus database. The study identified 342 documents after applying filters to screen for
duplicates and manuscripts unrelated to the topic. The articles were analyzed using MS Excel and
VOSviewer. The research provides an overview of state of the art showing a high collaboration
between the authors Ramesh A. and Kabra C, and the most relevant institutions were the Griffith
Business School and the Delft University of Technology. Journal of Humanitarian Logistics and
Supply Chain Management and Journal of Disaster Research were the most productive journals. The
terms analysis shows that “disasters”, “disaster prevention”, “humanitarian logistics”, and “human”
are the most used keywords. The study identifies future research lines related to the interaction
between critical technologies to deliver real benefits to the humanitarian supply chain. As a result,
it proposes integrating the significant contributions of new technologies, such as blockchain, big
data, artificial intelligence, 3D printing, virtual and augmented reality, and the social media relief
phase following the disaster. It also indicates gaps in knowledge in terms of research related to
human-made disasters and health emergencies.

Keywords: humanitarian supply chain; digital technologies; humanitarian logistics; disaster prevention

1. Introduction

A bibliometry is an analytical method used to obtain measurable results from a
scientific production [1]. It is also considered a means to analyze publications that apply
statistical methods, to learn about a specific topic, and to internally quantify the scientific
process. The information and analysis obtained on scientific production can help discover
the development of a particular subject, different research fields, and future research
opportunities. It is also helpful for forecasting and decision-making.

Among the elements that are usually considered within a bibliometric analysis, there
is institutional affiliation, dates of publication, journals, books, authors, citations, keywords,
titles, and abstracts, among other sources of information included in the documents [2].
These elements are relevant to obtain the evidence of the results in a research field; thus,
these will be used to achieve the purpose of this study.

Bibliometric analysis is considered a validated research technique in several fields,
including business, technology, and infometrics [3]. In this study, a bibliometric review
was performed in the humanitarian supply chain technologies to learn about the most
outstanding publications and to review their evolution and the studies in progress.
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According to global statistics, approximately 60,000 people die annually due to natural
disasters (0.1% of deaths worldwide) [4]. The humanitarian supply chain participates in
activities related to preparing and managing the resources required (including materials,
information, and financing) during natural disaster relief efforts. The main actors are from
different organizations (private organizations, agencies, and non-governmental organi-
zations). The collaboration and cooperation of these actors are fundamental factors to
guarantee the success of relief operations [5,6].

A feature of this century is the high frequency and intensity of phenomena such as
hurricanes, droughts, floods, and tsunamis, among others, which are for the most part
related to climate change in one way or another. At the same time, the planet is immersed in
armed conflicts, wars, and terrorism, which produce human-made disasters. Consequently,
every continent faces such humanitarian emergencies with millions of victims who find
themselves dependent on external assistance, making humanitarian assistance a matter of
international importance [7].

Humanitarian logistics is a modern concept that focuses on obtaining adequate re-
sources for regions or areas that have suffered the impact of natural or human-made disas-
ters. The principal objective is controlling the resources for the affected areas, extending
the useful lives of the means necessary for survival, and ensuring the affected population’s
safety. Humanitarian logistics have a crucial role in facilitating coordination between the
various actors. They participate in disaster relief and offer additional assistance, such as
food, medical care, water, and shelter. Based on these requirements, technologies have
acquired significant importance for the effects of covering all types of emergencies and are
currently used in a broad range of fields related to disaster management, enabling the use
of smart/intelligent methods and efficient and effective logistics operations.

The humanitarian system presents important challenges. At the same time, new
technologies, partners, and concepts enable humanitarian actors to understand and ad-
dress problems quickly and effectively. This condition has generated increased interest in
“humanitarian innovation” by organizations. A better understanding of the potential and
purpose of the innovation cycle and an innovative mindset can bring significant benefits
to the humanitarian system [8]. Another research study developed by the International
Federation of Red Cross and Red Crescent Societies conducted a theory-driven, bottom-up
innovation search process for the real-life humanitarian problem of recurring floods in
Indonesia [9].

Some research related to applications in the Humanitarian Supply Chain (HSC) has
been developed. A literature review of bigdata supporting the humanitarian supply
chain strategies [10,11] identifies benefits related to humanitarian logistics, remote sensing,
information security, and the use of social media during humanitarian operations. Another
study presents a literature review of the communication challenges during a disaster that
recognizes the importance of including radio operations in emergency operation plans [12].
These studies focus on applications such as big data and radio operations but do not
consider all the technologies applied in the humanitarian supply chains.

This research also considers aspects related to the development of open innovation.
The topic of humanitarian logistics can expand the funnel of knowledge and promote
future studies. For example, technological applications, computational developments,
and communications prove that it is possible to prevent and face unwanted events due
to natural conditions, catastrophes, and conflicts. Development in the area generates
significant benefits for human well-being [13].

In this context, this study was conducted to evaluate the available literature on the
humanitarian supply chain that focused on the potential of technologies, and to establish
the most influential authors, institutions, articles, countries, regions, and future studies.
The bibliometric research includes scientific production and trends, principal authors, insti-
tutions, journals, articles, countries, regions, collaboration, analysis of citations, and future
studies. The objectives of this study are (a) to present a literature review of the application
of technologies in the humanitarian supply chain developed since 1983; (b) to identify
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the technologies applied and the future research lines; (c) to identify the main research
clusters from the analysis of co-citations; (d) to identify the impact of the contribution of
the technology’s applications in the innovation process within the humanitarian supply
chain. This research also includes an insight into the open innovation related to technologi-
cal applications, computational developments, and communications in the humanitarian
supply chain.

The paper is organized as follows. Section 2 presents the applied methodology and
the data collection procedure. Section 3 includes the results of the performance analysis
and science mapping. The analysis and discussion of the scientific production, trends,
authors, journals, institutions, countries, citations, and impact of the publications are also
presented. Section 4 provides the conclusions, implications, and future research topics.

2. Materials and Methods

The proposed bibliometric analysis allows a review of the previous research and
generates an overview of the technologies applied to humanitarian supply chains. This
study also includes a network analysis applied to the dataset to identify collaboration
networks between authors, countries, and territories. This approach incorporates the most
influential research analysis based on the citations and the representative terms associated
with humanitarian supply chains. The bibliometric analysis method was selected for the
following reasons. First, this approach allows the revision of a large number of publications,
comprehensive information, and metadata to show a performance analysis [14]. Second, the
applied method analyzed collaborative networks, evolution over time, citations, and most
used terms. Third, the visualization of the research results facilitates the understanding
and analysis of information for readers [15].

This bibliometric analysis is based on the literature recorded in the Scopus related to
the use of potential technologies in the humanitarian supply chains. The search strategy was
established according to the bibliometric analysis developed by Reyes, et al. [16] and Meza-
Peralta, et al. [17]. This approach included the relationships between authors, countries,
institutions, keywords, and citations [18,19]. This database was selected because it is the
largest database of peer-reviewed citations and abstracts of scientific literature, articles, and
conferences [20]. This research seeks to answer the following questions. Which are the latest
research areas? What are the major collaborative networks and contributions? Who are the
leading researchers/experts? Is the full range of leading-edge research being discovered?

In the initial stage of the search, the keywords used were “humanitarian supply chain”
and “technologies”. These terms were input into the Scopus database to obtain a first list
of publications that contained these three keywords in their title, abstract, and keywords.
The key terms for each keyword were identified, as illustrated in Table 1.

Table 1. List of keywords used for the literature search.

Groups Key Terms

Humanitarian supply chain, humanitarian supply chain management, humanitarian logistics, humanitarian

I_sltlllmeimiigii? logistic, humanitarian logistics management, humanitarian inventory management, humanitarian relief logistics,
PPy humanitarian operations, HSCM, emergency operations, disaster relief operations, disaster operations.
Technologies Technologies, technology, disruptive technologies, disruptive technology, digital technologies, digital technology,

humanitarian aid networks, digital, technology adoption, technologies adoption.

Subsequently, a new search equation was defined, combining both groups of terms
with the Boolean operator “AND” and between categories using “OR.” The study included
scientific articles, books, reports, book chapters, and conferences. The publication date was
not limited to a specific period. Lastly, the publications were screened to exclude articles
unrelated to the topic, as illustrated in Figure 1. If the exact search is done for a different
date, the results will change because the database is continuously updated, producing
minor changes over time [21].
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569 Identified studies
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Figure 1. Selection process for including articles.

Five hundred sixty-nine publications were obtained using the equation referenced
in Table 2, and they were screened using various exclusion criteria. The first exclusion
filter identified all duplicate articles (5 manuscripts). The second filter was for articles that
were unrelated to the topic (222 articles). The articles that were excluded were related
to electrical engineering, medicine, energy, and electronics that included terms such as
“emergency operations” in the context of medicine or references to terms such as “digital”
in articles on electronics and electricity. Other articles unrelated to the topic were identified
by reading the title and the abstract of all the manuscripts after applying the first filter.
The result of the number of publications that were included in this bibliometric study was
342 articles published between 1983 and 2021. All the search results were included in the
study without exception. Figure 1 summarizes the search and screening process of the
information related to the subject taken from Scopus. By type of document, the majority
are conference papers and conference reviews (conference = 165), followed by 146 articles
in journals. The other document types are books and book chapters.

Table 2. Summary of the methodology used.

Sources

Relevant Articles, Books, and Conference Proceedings That the Content Was Related between

“Humanitarian Supply Chain” and “Technologies”

Type of analysis

Qualitative and quantitative analysis

Period

1984-2020

Database

Scopus

Search terms

TITLE-ABS-KEY(“Humanitarian Supply Chain”) OR TITLE-ABS-KEY(“Humanitarian Supply Chain
Management”) OR TITLE-ABS-KEY (“Humanitarian Logistics”) OR TITLE-ABS-KEY (“Humanitarian

Logistic”) OR TITLE-ABS-KEY (“Humanitarian Logistics Management”) OR

TITLE-ABS-KEY(“Humanitarian Inventory management”) OR TITLE-ABS-KEY(“Humanitarian relief
logistics”) OR TITLE-ABS-KEY (“Humanitarian Operations”) OR TITLE-ABS-KEY(“HSCM”) OR
TITLE-ABS-KEY(“Emergency Operations”) OR TITLE-ABS-KEY (“disaster relief operations”) OR

TITLE-ABS-KEY(“Disaster operations”) AND TITLE-ABS-KEY(“Technologies”) OR
TITLE-ABS-KEY(“Technology”) OR TITLE-ABS-KEY(“Disruptive Technologies”) OR
TITLE-ABS-KEY(“Disruptive Technology”) OR TITLE-ABS-KEY(“Digital Technologies”) OR

TITLE-ABS-KEY(“Digital Technology”) OR TITLE-ABS-KEY (“humanitarian aid networks”) OR

TITLE-ABS-KEY(“digital”) OR TITLE-ABS-KEY(“technology adoption”) OR
TITLE-ABS-KEY(“technologies adoption”)

Total-/documents

342

Table 2 describes the variables and the methodology used, which were unit of measure,
type (qualitative and quantitative), period (unlimited), database (Scopus), and search terms.
The search results on Scopus Database contain information on the publication date, authors,
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affiliation, title, abstract, journals, and keywords, which were managed in an MS Excel
spreadsheet. The network analysis was carried out using the VOSwierver software, which
identifies relationships between authors, countries, co-citations, and terms. The analysis of
this information allows mapping of the concurrency and distance/relationship between
aspects. The maps are interpreted using clustering and assigning color codes, sizes, and
distances between the assessed terms.

3. Results

Bibliometrics combines two main procedures, performance analysis and science map-
ping [22]. Performance analysis is used to study trends in scientific research based mainly
on research centers, journals, or regions [23]. The study of these statistics enables viewing
the trends in research, including the most influential authors and the most cited refer-
ences [24]. In contrast, science mapping provides a spatial representation of how the
various participants are related [25]. In this bibliometric study, the following aspects were
reviewed, (1) scientific production and trends, (2) authors and their work, (3) journals
of publication, (4) distribution by geography, institutions, and collaboration, (5) analysis
of citations, (6) analysis of co-citations (networks), (7) theme categories, and (8) analysis
of terms.

3.1. Scientific Production and Trends

Evaluating the publications included in this bibliometric study allows knowing the
progress, development, and research trends in the potential of technologies in the human-
itarian supply chain. The first publication was in 1983. From 1983 to 2004, there were
27 publications, with an average of 2.3 publications per year (see Figure 2). The number
of publications started to expand in 2003 (after the World Trade Center and the Tsunami
in the Indian Ocean). Then, this natural disaster is directly correlated with the increase in
publications produced in 2005, which was the year with the most publications on this topic.

NUMBER OF PUBLICATIONS

33 34
31 30 2

26
22 21

1983 1984 1985 1987 1993 1996 1997 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

(a)

CUMMULATIVE NUMBER OF PUBLICATIONS

491

yr 36 47 59 74 86

1983 1984 1985 1987 1993 1996

997 1998 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

(b)

Figure 2. Forecast of (a) the number of publications per year and (b) the cumulative number of publications on the subject
to 2025. Source: Scopus (2020).
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In 2006, another peak was found in the number of publications, just a year after
Hurricane Katrina. Other natural disasters in 2010 and 2011 (an earthquake in Haiti and a
tsunami in Japan) also produced a peak in 2012, with 22 publications (the highest number
of publications per year). The period from 2005 to 2012 is the one that presents the most
significant exponential growth in the number of publications on the topic. In 2015, the
number of publications also increased to 31 papers related to applications of the Internet
of the Things (IoT), Geography Information Systems (GIS), social media, cyber security,
and rescue robots. Another peak was identified in 2019, with 37 publications related to big
data, social media, blockchain, and risk management applied to humanitarian disasters.

The publication trends of technologies in the humanitarian supply chain were an-
alyzed using the exponential smoothing method. The results indicate that the number
of publications in the next five years would be around 30 articles per year, equivalent
to a cumulative total of 491 publications until 2025. Then, the current health emergency
produced by COVID-19 has generated an increase in the number of publications. The
socioeconomic consequences of the lock-down measures of recent months and the crisis
itself have had significant effects on the operation of supply chains, whose effectiveness is
now more necessary than ever. For this reason, the increase of publications evidences the
growing interest of researchers.

3.2. Authors and Collaboration

One thousand thirty-five different authors developed the 342 manuscripts. A total
of 94.5% of the authors are associated with a single publication on the subject; 5% are
associated with two publications; 0.1% with three publications; 0.29% with four or more
publications; 0.1% of the publications are conferences.

Table 3 displays the top ten authors in terms of the number of publications on the
subject, based on the total number of publications. Ramesh, A. is the author with the major
number of publications (six publications) on humanitarian supply chain technologies,
followed by Kabra, G. and Tatham, P. with five publications, Wu, Y., with three publications,
and the remaining authors with two publications. The range of average citations by
publication is between 0 and 55 citations. Kabra, G. and Tatham, P. are the authors with the
most publications as first authors (5).

Table 3. Top ten most productive authors with publications on the subject. Source: Scopus (2020).

Number of . Average Citation Per Number of Publications
No. Author Country Publications Total Cites Dgocument as the First Author
1 Ramesh, A. India 6 99 16.5 0
2 Kabra, G. India 5 87 17.4 5
3 Tatham, P. Australia 5 57 114 5
4 Akhtar, P. New Zealand 3 119 39.6 2
5 WuY. Singapore 3 19 6.3 0
6 Prasanna, R. Sri Lanka 3 32 10.66 1
7 Amditis A. Australia 2 89 44.5 0
8 Cai G. United States 2 94 47.0 0
9 Casoni M. Italia 2 110 55.0 0
10 Chang C.-L. United States 2 11 5.5 1

The average number of publications by the author is 1.1. A total of 12% of the
publications are by one author, 24.3% have two authors, and 63.7% have more than three
authors. A total of 85% of the publications have more than two authors, which implies that
many publications are co-authored. There are close relations between authors, contributing
to a greater collaboration in the future [26].

The authors with the highest number of publications are Ramesh A., and Kabra G.
Their research focuses on humanitarian logistics, disaster relief, placement, and assignment.
They studied the facilitators to improve information and communication technologies [27],
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speed and flexibility in the humanitarian supply chain [28], and the problems of information
and communication technologies in the humanitarian supply chain [29-31]. Similarly,
Tatham, P. studied humanitarian logistics, disaster relief [32], location-assignment [33,34],
supply chain management, management research, 3D printing [35], spare parts [36], and
manufacturing technology.

The cooperation network between authors was obtained using the VOSviewer soft-
ware, and the result is shown in Figure 3. The connections represent the cooperation
between the authors, and the color scales show the collaboration groups. According to
this result, Caunhye, A.M is the author who shows the authors’ greatest cooperation.
Ramesh, A. and Kabra, C. showed strong cooperation due to the affinity in the research
themes (humanitarian logistics, disaster relief, location, and assignment) and the country
of affiliation (India). Tatham, P. and Adjerid, I. show a close cooperative relationship, as do
Yang, H. and Duran S.

caunhye a.m. b <. w triggp m.

Figure 3. Collaboration networks between authors on the subject. Source: VOSviewer (2020).

3.3. Journals Publishing on Humanitarian Supply Chain Research

A total of 342 studies were published in 123 different journals. These publications
indicate a high level of interest in the subject of journals with an SJR-2019 and H-Index-2019
(See Table 4). A total of 69.2% of the journals published a single article, 26.7% published
two articles, 3.3% published between three and ten articles, and only one journal published
more than ten articles on the subject. Table 4 shows the information on the top-five of the
most active journals that publish on the subject. These five journals (1.5% of all journals)
have published 10% of all publications.

The most influential journals in this field are the Journal of Humanitarian Logistics
and Supply Chain Management, with 15 publications, followed by the Journal of Disaster
Research and Proceedings of SPIE, and the International Society for Optical Engineering,
with six publications.

The Journal of Humanitarian Logistics and Supply Chain Management was a journal
created to publish articles related to “humanitarian logistics and supply chain manage-
ment,” making it the most relevant journal in terms of the number of publications. In 2020,
this journal won the “Emerald Literati Awards” to recognize its contributions to scientific
knowledge. The award was granted to publish “Outsourcing of humanitarian logistics
to commercial logistics service providers: An empirical investigation.” This study covers
the gaps in the humanitarian literature related to the specific factors of the context for
outsourcing humanitarian logistics through empirical research on this topic. It is one of
the first studies to empirically assess the potential of outsourcing humanitarian logistics
during the stages of a disaster. It is consequently highly correlated with the purpose of
this bibliometric study, which leads to considering the Journal of Humanitarian Logistics
and Supply Chain Management as the most productive journal of this subject. The perfor-
mance shows promising results in average citations per document, with 332 citations from
81 documents published between 2016 and 2019.
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Table 4. Top five most active journals on the subject. Source: Scopus (2020).

Number of )
No Journal Documents SJR-2020  H Index-2020 Subject Area and Category
business, management, and accounting
Journal of Humanitarian management information systems
1 Logistics and Supply 15 0.7 25 decision sciences
Chain Management management science and operations
research
. engineering
2 Journal of Disaster 6 0.33 18 engineering (miscellaneous)
Research . 11 .
safety, risk, reliability, and quality
computer science
computer science applications
engineering
Proceedings of SPIE—The electrical frrlli:rlieaclgr:?izcnecrelglneerlng
3 International Society for 6 0.19 176 . - . .
. ) . electronic, optical, and magnetic materials
Optical Engineering .
mathematics
applied mathematics
physics and astronomy
condensed matter physics
4 Procedia Engineering 5 0.32 74 __ensiecring
engineering (miscellaneous)
Geo-Information for carth anc.1 planet.a Ty seiences
5 2 0.11 2 geotechnical engineering and

Disaster Management

engineering geology

3.4. Geographic, Institutional Distribution and Collaboration
3.4.1. Countries and Territories

The publications related to technologies in the humanitarian supply chain are from
51 different countries. Of the total countries, 21 are in Europe, 20 in Asia, 5 in Africa, 5 in
America, and 1 in Oceania. Of the total articles (342), Asia has the greatest number of
publications at 31.5%, followed by Europe and America with 104 and 101 publications,
respectively. The remaining publications are distributed among Oceania and Africa, which
were the continents with the smallest number of publications.

Forty-one countries (80%) produced eight or less publications. Five countries (10%)
produced between 10 and 13 publications, and five countries (10%) produced between 14
and 85 publications. The country with most publications on the subject is the United States
(n = 85), followed by China (n = 24), Germany (n = 20), and India (n = 20). Figure 4 shows
the top ten countries and regions with the greatest article production.

According to the World Intellectual Property Organization, the United States and
the United Kingdom are ranked in third and fifth place, respectively, in the “2019 Global
Innovation Index.” India and China have displayed substantial progress and have become
leaders in their regions. The leading indicators assessed to calculate this index were
associated with the development of applications for mobile phones and exports of high
technology. According to the 2019 edition of the Global Innovation Index, except for Italy
and Australia, the top 10 countries with the most significant contributions to technologies
for the humanitarian supply chain, which are shown in Figure 4, are among the top 20
most innovative countries in the world [37].

Figure 5 displays the co-authorship research networks between countries and regions.
The network shows the countries and territories with more than one publication on the
subject. The countries or regions that are not related to others were not included in the
network. The size of the circles represents the number of publications, and the links indicate
collaboration between authors from different countries.
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Figure 4. Top 10 countries with most publications on the subject. Source: Scopus (2020).
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Figure 5. Collaboration network between countries and territories on the subject. Source: VOSviewer (2020).

The cluster colors display ten identifiable main groups. The first group relates to the
United States and South Korea. They were followed by China and the United Kingdom
(second group). The third comprises Germany, Brazil, and Australia. The fourth adds
Russia and Netherlands. The fifth relates to Canada and Italy. In general, the absence of the
countries in the world that are most prone to disasters and less developed countries face
significant challenges in terms of governance, poverty, lack of disaster warning systems,
infrastructure deficiencies, deficient healthcare systems, and lack of comprehensive disaster
management plans.

The group linked to the United States has one Asian contributor, South Korea. The
group from the Netherlands has substantial affinities with countries from the same Euro-
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pean continent. Turkey, Iran, and Saudi Arabia are the most distant countries in terms of
collaboration between authors.

3.4.2. Institutions

Table 5 shows the classification of the 16 most relevant universities and institutions
according to the Scopus database. Two hundred forty-eight research institutions partic-
ipated in 273 publications, all of which have information on the authors’ affiliation. Of
the total institutions, 94% had only one publication, 2.8% had two publications, 2.8% had
three publications, whereas only one institution, 0.4%, had five publications on the subject.
Table 5 provides information on the top 16 institutions with the most publications on
the topic.

Table 5. Top 16 most productive institutions on the subject. Source: Scopus (2020).

No. Institutions Country Number of Publications
1 Griffith Business School Australia 5
2 Delft University of Technology Netherlands 3
3 Loughborough University United Kingdom 3
4 Massey University New Zealand 3
5 National University of Singapore Singapore 3
6 National Science and Technology Center for Disaster Reduction Taiwan 3
7 Simon Fraser University Canada 3
8 University of Modena and Reggio Emilia Italy 3
9 University of Miinster Germany 3
10 Indian Institute of Technology Roorkee India 2
11 Asian Institute of Technology Thailand 2
12 Chung Shan Medical University Taiwan 2
13 East Carolina University USA 2
14 Graz University of Technology Austria 2
15 Pennsylvania State University USA 2
16 Tsinghua University China 2

For the top institutions, the most recurrent countries are Australia, the Netherlands,
the United Kingdom, Italy, Germany, India, and the United States, which are also among
the top 10 with the most significant number of publications on the subject. Griffith Business
School from Australia, with five publications, is the institution with the most publications.
Most institutions are universities, but there are some research centers, such as the National
Science and Technology Center for Disaster Reduction. Of the participating institutions
by country, the most significant number of institutions are from the United States, which
has 62 institutions that have published works on the subject, equivalent to about 25% of
total institutions. The U.S. is followed by China (8%), India (7%), Germany (6%), and Italy
(5%). Of the total institutions, over 50% are universities, 15% are institutions, and 7% are
research centers, such as the European Research Center for Information Systems (ERCIS),
National Science and Technology Center for Disaster Reduction, and Stanley Ho Big Data
Decision Analytics Research Centre.

Griffith Business School is Australia’s most important public university that commer-
cializes research services for companies, industries, and governments through Griffith
Enterprise. Advanced Design and Prototyping Technologies (ADaPT) is a research institute
that collaborates with industries to expand the limits of advanced personalized design,
the quick creation of prototypes and new materials, and the next industrial revolution or
Industry 4.0 and Supply Chain 4.0. This approach generates the most productive university
in the development of supply chain technologies.

On the other hand, Delft University of Technology is one of the most prestigious
universities in Europe and the world. According to the Times Higher Education, it is
rated as the best university in the European Union and ranked 15th place worldwide in
engineering and information technologies for humanitarian logistics.
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3.5. Analysis of Citations

The analysis of citations indicates the number of times the publications on the subject
have been cited in other publications in the Scopus database. In total, the 342 publications
were cited 4839 times in other publications. A total of 32.7% of articles have not been cited;
12.3% have been cited once; 36% of the publications have between 2 and 10 citations, and
19% have more than ten citations. Currently, researchers have found that citations are
highly related to visibility, which implies that publications with free access tend to be cited
more often [38]. Table 6 lists the ten most-cited publications.

The study by Richards [39], “Space Technology Contributions to Emergency and
Disaster Management,” is the oldest article on the subject and was published in 1983. The
article with the most annual citations is “ Automated Planning: Theory and Practice” by
Ghallab M., Nau D., and Traverso P, (2004) [40] from the institute LAAS-CNRS, Toulouse
(France). Since its publication in 2004, it has been cited 94 times a year. It is followed
by the article by Caunhye A.M., Nie X., and Pokharel S. (2012), “Optimization models
in emergency logistics: A literature review” [41] from Nanyang Technological University
(Japan). Since its publication in 2012, it has had 56 citations per year. In the list of most
cited publications, the United States is the most frequent country of origin of the first
author, with a frequency of three, followed by Turkey with a frequency of two. Based on
the central subject of the publications, eight of the articles cover topics on humanitarian
logistics, disaster assistance, and placement and location.

The journals with the most citations are “Socio-economic Planning Sciences,” with
10% of total citations on the subject, followed by the Journal of Humanitarian Logistics and
Supply Chain Management, Supply Chain Management, European Journal of Operational
Research, Interfaces, Proceedings—IEEE Military Communications Conference MILCOM,
which account for 20% of total citations. Of the top 10 published articles, the oldest was
published in 2003 and has 80 cites, followed by the most cited article, which has been cited
1502 times since 2004. In contrast, the most recent article, from 2015, has 180 citations. All
the top publications have been written in the last 17 years. The most cited article is 16 years
old, followed by an 8-year-old article.

3.6. Analysis of Co-Citations

In this analysis of citations, we identify the number of references used by the 342
articles on the subject, to which end 8799 references were analyzed, equivalent to an average
of 26 references per article. Figure 6 displays the networks of co-citations, while at the same
time quantifying the relationships or links between the publications. In the 342 articles,
1035 authors were found, and it was decided to include those who appear more than twice
in the network. Of the 8799 references, 1763 passed this threshold. In the network, the size
of the circle represents a more significant number of citations in the publications about
technologies in the humanitarian supply chain. The distance represents the closeness of
relationships between two publications and their level of similarity. When publications are
shaded in the same color, their subject has a high level of affinity. In the network, seven
groups can be identified.
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Table 6. Top 10 publications with most citations on the subject. Source: Scopus (2020).

Country of First

Journal-SJR

Average Citations

No Publication Title Author(s) Author Institution (2019)-SNIP (2019) Times Cited Per Year Main Topic
L Instituto Task planning (robotics),
1 Automated Planm.ng. Theory Ghallab M., Nau D., France LAAS-CNRS, Book 1502 94 technological planning for
and Practice Traverso P. (2004) [40] Toulouse emergencies
S . ; Nanyang Socioeconomic Humanitarian logistics,
Optimization Models in Emergency Caunhye A.M., Nie X,, ¢ : : ! :
2 Logistics: A Literature Review Pokharel S. (2012) [41] Japan T%Iﬁ?‘?elgsgii;al pk}rllgllnsg—igig)ces . > IOC":ltlizarf}ae;Sl;g;‘ilﬁent
P -2 Middle East Humanitarian logistics,
Pre-positioning of Emergency Items Duran S., Gutiérrez M.A., : Interfaces - . ’
3 for CARE International Keskinocak P. (2011) [42] Turkey Sﬁib?rlgﬁ; (0.609-0.619) 186 21 oc ;;itlii)arf—tae;slirgrﬁf{ent
Models, Solutions, and Enabling Ozdamar L Yeditepe European Journal of Humanitarian logistics,
4 Technologies in . Turkey . p Operations Research 180 36 disaster relief,
Humanitarian Logistics Ertem M.A. (2015) [43] University (0.618-0.715) location-assignment
Developing Supply Chains in L . - -
: : : : Université Supply Chain humanitarian logistics,
s Dirleioponiiowh  MenEUMgOA  gan  ciolede  Sidbgner X
Collaborations: A Theoretical Model ouvamn (1.676-2.158) location-assignment
. . . . Collaboration in the supply
A Decade of Supply Chain Soosay C.A., Hyland P. . University of South Supply Chain chain, transportation
6 Collaboration and Directions for (2015) [45] Australia Australia Business Management 106 21 management; vendor
Future Research School (1.676-2.158) man agge d in\//en tory
Sharma R., Yeasin M., | dal
. . Krahnstoever N., : Multimodal interaction,
7 Speech-gesture D.r rven Multimodal Rauschert I., Cai G., Brewer USA State College Proceedings of the 80 5 natural language interfaces,
Interfaces for Crisis Management L. MacEachren A.M. IEEE (2.329-5.334) public speaking
Sengupta K. (2003) [11]
Designing Gaming Simulations for . .
. Mendonga D., Beroggi Instituto de ; - :
8 the Assessment of Group Decision G.EG., van Gent . USA Tecnologia de Safety Science 65 5 Crisis management, fire
E UppOrt Systems in Wallace W.A. (2006) [46] Nueva Jersey (1.241-2.589) Service, commanders
mergency Response
. - . . Produccion o -
Improving Humanitarian Ergun O., Gui L., Heier . . .2 y Humanitarian logistics,
9 Operations through Stamm J.L., Keskinocak P, USA Georgia Institute of Sestion de 57 10 disaster relief,
Technology-enabled Collaboration Swann J. (2014) [47] &Y (2% 43-1.950) location-assignment
Hvbrid Ziebee RFID S Network Journal of Network H itarian logisti
10 Y r; 1gbee BriL] sensor Ivetwor Yang H., Yang L., Yang United Loughborough and Computer 55 6 um;n uarian l(.)gfl sties,
or Humanitarian Logistics S-H. (2011) [48] Kingdom University Applications isaster relief,

Center Management

(1.389-3.154)

location-assignment
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Figure 6. Analysis of most frequent co-citations on the subject. Source: Scopus (2020).

The blue (light) and red groups display more significant interaction with the others,
while the yellow group is distant. The blue (light) cluster may be more closely related
to its central author, Kovacs, G. Around the red cluster; there are topics related to infor-
mation technology studies, flexibility, speed, and adaptability in humanitarian supply
chain operations, as well as the assessment of the position of information technology and
emergency management. The red cluster is more closely related to the authors Kabra, G.,
and Ramesh, A., who are the authors with the most significant number of publications on
the subject. The yellow cluster highlights the models, solutions, and technologies available
for the subject, headed by Ordenar, I. and Eterm, M. A. The purple and orange clusters have
an affinity with topics related to technology in the coordination of emergency operations in
rescue chains. Duba, R., Luo, Z., Gunasekaran, A., Akter, s., Hazen, B.T., and Douglas, M. A.
of the orange cluster propose using big data analysis for predictions in the humanitarian
logistics chain. The list of the most frequently co-cited articles includes: “Humanitarian
Logistics in Disaster Relief Operations” (2007) [49], “Coordination in Humanitarian Relief
Chains: Practices, Challenges and Opportunities” (2010) [50], “Humanitarian Supply Chain
Performance Management: A Systematic Literature Review” (2014) [51], and “Identifying
Challenges in Humanitarian Logistics” (2009) [52]. These publications have 171, 105, 88,
and 76 citations, respectively.

3.7. Analysis of Subject Categories

In Scopus, an analysis was carried out to identify the most common categories of
research in the humanitarian supply chain. They can be divided into four main categories,
which are described in Figure 7. The engineering category has the most significant number
of research studies on this subject in the Scopus database, with 33.5% of total publications,
followed by computer science with 26.9%. It should be noted that one publication may be
listed under more than one category.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 232 14 of 22

181

Engineering

145
55
. 42

Computer Science Business, Management and Decision Sciences
Accounting

Figure 7. The most frequent sub-topics of the publications in the database. Source: Scopus (2020).

Technological progress and the growth of society have produced competitive advan-
tages for the areas of engineering and computer science due to the multi-functionality of
their contents, which enables them to interact with any environment and to contribute
to understanding problems through the identification of root causes (engineering) and
technological solutions (computer science), as a result of which there is a high level of
correlation between these sub-topics in the subject of this bibliometric study:.

3.8. Analysis of Terms

The analysis of the terms used in the titles and abstracts of the articles helps identify
trends in new research on the subject (see Figure 8). This analysis was carried out using the
VOSviewer software to visualize the network of terms. The analysis covered 342 articles
and included only terms that appear at least in five publications. Two hundred thirty-
one terms were included in the network, which is displayed in Figure 8. In the chart
generated by the software, the circles symbolize the relevance of the terms, and the distance
between them represents the relationships between them (a closer distance represents a
more vital link). The connection between terms is based on the number of times they appear
simultaneously in the title and abstract. As a result, nine colors are assigned to the clusters.
Figure 8 highlights the most frequently used keywords in the publications. The three most
frequent terms are Disaster, Humanitarian Logistics, Human. This situation shows the
importance of logistics in the context of the humanitarian supply chain. Logistics account
for around 80% of disaster relief operations [53]. All the keywords included in the top three
positions illustrate the challenges currently faced by humanitarian organizations. They
are expected to secure financing from donors, but they must also develop technological
models, frameworks, and strategies to optimize their operations and resources to reach all
those in need in several disaster sites worldwide.

The red cluster lists the most significant number of terms; these terms are closely
related to strategic aspects in which humans are considered an essential objective when
formulating the emergency humanitarian assistance plan (human(s), aged, human exper-
iment, procedures, methodology, diagnosis, case report, risk factor, retrospective stud-
ies, education). The yellow group includes terms associated with technological tools in
emergencies (artificial intelligence, big data, virtual reality, block-chain, user interfaces,
human-computer interaction, information system, computer simulation model, remote
sensing, internet of things). The blue cluster (top) lists the terms related to communication
systems (communication, telecommunication, smartphones, wireless communications,
wireless telecommunication systems, signal processing, global positioning systems, digital
storage, automatization). The brown cluster lists organizations that manage and implement
emergency response plans (civil defense, European Commission, civil protection). The
green cluster covers the terms associated with the emergency assistance in the supply
chain management (disaster management, inventory management, logistics, supply chain,
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humanitarian operations, information technology, humanitarian aid, humanitarian supply
chain management, supply chain management). Other frequent terms are names of coun-
tries (United States, Taiwan, Japan) and terms related to the type of emergency, grouped
under the blue (bottom) cluster (floods, storm, flooding, natural hazards).
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Figure 8. Terms of analysis on the subject. Source: VOSviewer (2020).

Figure 9 displays the terms of analysis over time, enabling the identification of future
trends in research on the subject. The color of the terms signifies their average time of
publication. This is determined as the average of all the publications containing the term in
the title or abstract. The most frequently used terms were in the range from 2012 to 2016.
The oldest terms tend to be bluer, whereas the newest terms tend to be yellower. Based
on the color shades, the most recurrent terms are between 2012 and 2014, representing
the trend in using keywords over the years (2010-2018). Concerning the trend, the initial
approach towards supply chain technologies focused on communications, risk assessment,
resource management, and administration, and since then, the terms have evolved towards
technologies associated with Supply Chain 4.0 in the yellow cluster. These topics include
organizational entrepreneurship leading culture for open innovation dynamics.

The technological tool cluster is the most contemporary throughout the subject (tech-
nology adoption, block-chain, big data, internet of things, information, and communication
technology), considering the cost/benefits of their implementation. On the other hand,
the cluster related to the emergency response in the supply chain management framework
and strategic aspects include terms that tend to be older. Compared to the areas of study
(Section 3.7 on sub-topics), this trend may be related to the increase in the number of studies
on engineering and computer science regarding technological tools required for research
these two areas.

3.9. Management Implications

The new information technologies (newlT) are tools that facilitate planning and
collaboration between humanitarian logistics entities. In addition, they improve transaction
processing, activity monitoring, and control, and they aid delivery coordination. The
newlT facilitated a disaster response system in Zimbabwe. These applications guarantee
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the supply of medicines, the availability of products, and essential elements for the care
and support of victims [54].
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Figure 9. Analysis of representative terms on the subject over time. VOSviewer: Scopus (2020).

Another study developed an integrated logistic information system based on the web
and smartphones for disaster response. In this case, government agencies, donors, and
stakeholders can manage aid distribution to emergency areas as suddenly as possible [55].
Similarly, mobile cloud computing (MCC) showed the potential to improve communication
and information management during emergency operations due to disasters. The key
performance factors are the reliability of the connection, security, privacy, and management
of the victims’ data [56]. Mobile technology improved the performance of humanitarian
logistics by managing reliable information for delivering aid to refugees in sub-Saharan
Africa, the refugee camps of Jordan, and Germany [57].

The research examined the technology adoption behavior of humanitarian organiza-
tions [27]. The modeling results show that performance expectation and effort expectation
significantly affect the adoption of newIT. This situation generates the need to consolidate
a learning culture with efforts to improve education and skills in IT and data mining
as an integral part of its activities. The above shows that the use of newlIT to support
humanitarian logistics is a developing research area.

Humanitarian logistics must take advantage of the benefits offered by the advance-
ment of big data analysis due to the amount of unstructured data generated during a
disaster in a short time [10]. China’s Emergency Operations Center (EOC) developed a
knowledge management system (KMS) based on large volumes of data to support decision-
making processes [58]. The proposed system was intended to improve awareness and
regulate human behaviors regarding emergencies.

On the other hand, applications of sensor networks, the Internet of Things (IoT), and
smartphones for data capture will increase big data analysis [59]. These applications would
reduce the impacts associated with disasters and improve the design of mitigation strategies
(for example, the weather forecast and rainfall monitoring in real-time). Furthermore,
disasters often cause the collapse of the information and communication technology (ICT)
infrastructure, hampering the agility of humanitarian logistics. Therefore, big data satellite
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analysis on real-time weather information, such as geospatial data on a cloud computing
platform can help better coordination and collaboration between rescue teams [60].

A Humanitarian Logistics Digital Business Ecosystem (HLDBE) was developed as
a strategy to sustain operations and support through a hybrid humanitarian-business
logistics system [61]. This strategy consolidates financial reserves and builds capacities to
benefit stakeholders. Therefore, newlT and emerging technologies are critical factors for
the digital transformation of humanitarian logistics.

Other emerging technologies used in humanitarian logistics include blockchain-based
smart contracts, virtual reality, and 3D printing, among others. Blockchain technology can
improve rescue operations’ transparency, guarantee an allocation of resources to victims,
reduce transaction costs, and monitor supply chain operations [62]. Some researchers have
recruited volunteers to carry out disaster relief operations and to deal with physical and
mental problems. They use digital media in the logistics operation for the learning and
awareness of the interested parties [63].

Some technologies such as artificial intelligence, blockchain, and 3D printing can
reduce uncertainty related to information updating, budget execution, resource manage-
ment, and efficiency of rescue operations in a humanitarian supply chain [64]. Moreover, a
study proposed integrating multi-objective optimization algorithms, GIS, and emerging
artificial intelligence technologies. This approach could solve multi-objective geospatial
optimization problems in the future logistics management of urban emergencies [65].

Emerging technologies such as the Internet of Things (IoT), 3D/4D printing, AR/MR/VR,
cyber-physical systems (CPS), robotics, new human-machine interfaces (HMI), artificial
intelligence (Al), big data techniques, machine learning (ML), deep learning (DL), 5G/6G
connectivity, and new computing paradigms, when oriented towards the Sustainable
Development Goals (SDGs), will bring a wide range of disruptive solutions in multiple
fields [66].

Finally, the agility of humanitarian relief operations can be increased by using big data
analytics to improve the accuracy of the information, the planning of rescue operations, the
performance of remote sensing monitoring, and information security [10,60]. In addition,
operations in a humanitarian supply chain require information intelligence, big data
analysis, knowledge of social vulnerabilities, and stakeholders [59].

4. Conclusions

The main objective of this study is to provide an overall view of the development of
technologies in the humanitarian supply chain. A bibliometric analysis was performed
to identify the contributions and interrelationships between technologies and the “Hu-
manitarian Supply Chain” extracted from the Scopus database to achieve this objective.
This analysis is based on a sample of 342 articles, which enabled the identification of
global research trends on this subject from 1983 to 2020 and forecasting (using MS Excel)
the number of articles expected by 2025. Research on this subject has displayed a grow-
ing trend, with a considerable increase in the last eight years, particularly in 2019, with
the most significant number of publications. The leading science areas are engineering,
understanding the causes and solutions for the problem; computer science; designing,
developing, and implementing technological solutions; business to assess the costs and
benefits of the investment. Engineering was found to be a central area of study. The Journal
of Humanitarian Logistics and Supply Chain Management is considered the most closely
focused journal on the subject. The most important institution in terms of contributions
to the field by the number of documents is the Griffith Business School. In terms of total
citations, the leading institution is LAAS-CNRS, Toulouse. In geographic terms, the most
productive countries are the United States (in terms of the number of documents) and
France (by citations).

The following are some of the most critical aspects of the bibliometric review.

The number of publications on the subject is directly correlated with the tsunami in
the Indian Ocean (2004), Hurricane Katrina (2005), the earthquake in Haiti (2010), and the
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tsunami in Japan (2011). In these specific years, the number of publications increased. An
increase in the number of publications is expected starting in 2020 due to the current health
emergency caused by the COVID-19 virus, which has challenged the entire humanitarian
supply chain’s effectiveness in supplying essential products, protection equipment, and
healthcare materials not locally available.

A select group of authors (1%) made many contributions to publications related to
the humanitarian supply chain. Ramesh and Kabra, the most productive authors, are
from the same country and are affiliated with the Roorkee Institute of Technology in India.
Both authors’ research focuses on humanitarian logistics, disaster relief, placement, and
assignment. They show a high level of collaboration in the research subject of their interest,
including humanitarian logistics, placement and assignment, supply chain management,
and 3D printing.

Of the total journals on the subject, 97% have produced only one or two publications.

e  The Journal of Humanitarian Logistics and Supply Chain Management is a magazine
created to publish articles related to “all aspects of humanitarian logistics and supply
chain management,” making it the most crucial journal on this subject. It recently
was awarded (in 2020) the “Emerald Literati Awards” for its contribution to scientific
knowledge on topics related to the humanitarian supply chain.

e  The United States is the most productive country, but none of its authors are in the top
five of the most productive authors. The United States, China, and India are among
the top 20 most innovative countries in the world, according to the “2019 Global
Innovation Index” of the Work Intellectual Property Organization. Additionally, an
absence of publications on the subject was observed in the world’s most disaster-prone
and least developed countries.

e A high proportion of the publications (33%) have not been cited by others, whereas a
small number of publications (4%) have been cited more than 50 times.

e Engineering and computer science are the areas in which most research has been car-
ried out in connection with this subject, with 33.5% and 26.9% of the total, respectively.
The keywords associated with these areas include technology adoption, block-chain,
big data, the Internet of Things, information, and communication technology, which
are also the newest terms associated with expected future studies on the humanitarian
supply chain.

e Caunhye, Nie, and Pokharel [41] developed the most cited article that presents a
literature review related to optimization models in emergency logistics, including
disaster operations such as evacuation, facility location, and transportation.

e  The leading universities in terms of production on this subject are Griffith Business
School (Australia), Delft University of Technology (Netherlands), and Loughborough
University (United Kingdom). Griffith has its research institute (ADaPT), which
focuses on quickly developing prototypes, new materials, and advanced personalized
design associated with Industry 4.0 and Supply Chain 4.0.

e  This bibliometric study shows a wide range of trends or concentrations of terms
over time, scientific areas, research centers, journals, countries, and topics. These
results could facilitate the planning, design, and publishing of future research on
humanitarian supply chain technologies.

Some of the most important research studies include that by Rodriguez-Espindola,
Chowdhury, Beltagui, and Albores [64], who presented solutions based on disruptive
technologies for the floods in Tabasco, Mexico to shorten delivery times, increasing the
transparency, traceability, and accountability of the material and financial resources. In turn,
Dubey, Gunasekaran, Bryde, Dwivedi, and Papadopoulos [62] proposed a theoretical model
to understand how Blockchain can quickly influence transparency and trust in disaster
relief in supply chain operations. Nagendra, Narayanamurthy, and Moser [60] proposed
developing a big data analytics platform that was developed based on meteorological
data in real-time and geo-spatial data to improve coordination and collaboration between
humanitarian disaster relief teams in the case of floods in Kerala (India) in 2018. These
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solutions included technologies and knowledge to generate open innovation into the
supply chain. Some technologies such as blockchain, big data, the Internet of Things,
information, and communication technology generate dynamics capabilities to attend the
global market and improve organizations’ productivity [67].

Four lines of future research are proposed, (1) development and implementation
of emerging technologies for disaster relief. Considering the significant contributions
of leading-edge technologies such as block-chain [68], big data [62,69], artificial intelli-
gence [70,71], 3D printing, information security, and drones/robots [72], increasing the
number of studies on these technologies applied to humanitarian logistics would be a
significant contribution. (2) Explore the key challenges and benefits of integrating data
from social media (Twitter, Facebook, Instagram) in local-level information systems in
affected regions to improve decision-making and response times to the emergency. (3) The
use of robots and drones to perform visual assessments of the regions affected by a disaster
and facilitate the delivery of assistance and search and rescue missions. (4) Research on
slow-occurrence and human-made disasters (wars, forced displacement, terrorism) and
health emergencies (the most recent of which is COVID-19). From the perspective of
situation factors, the study of the environmental outlook is also a field of study that is
notoriously lagging.

This study also indicates that developed countries (United States, China, Japan, Ger-
many) have the most relevant research on this subject published in the Scopus database.
The most disaster-prone regions and less developed countries should also appear on this
list. Future studies should broaden the reach of this study and improve its findings by
incorporating additional sources, including other well-known databases such as Business
Source Premier, Science Citation Index, Social Science Citation, and WoS.

Some limitations of this research are presented. First, this study included the results
obtained from a literature search on Scopus Database. A comparison between the results
of the different databases would be less exclusive. Second, the current health emergency
produced by COVID-19 has generated much research related to the humanitarian supply
chain, and it could increase the number of publications on the subject in the last few
months. Future research may continue to examine the effect of the COVID-19 pandemic
into research areas.
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