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ABSTRACT

The aim of this paper is to conduct a systematic literature review to understand the research trends, identify
area of improvements and recommend the future research direction in humanitarian relief logistics (HRL).
Using Netminer 4.0, keyword network analysis, keyword frequency analysis, and topic modeling analysis
were undertaken. As a result, it has been identified that the number of studies on HRL continuously in-
creased since it mounted in the mid-2010s, with the main issues changing by period. Keyword network
analysis and keyword frequency analysis discovered that establishment of the HRL identity and disaster
response, preparation and recovery were the main issues from 2005 to 2009. Whereas followed by edu-
cation and practical logistics flow (2010 - 2014) and provision and coordination (2015 - 2019) to be the
main focused area of research. Through topic modeling analysis, nine topics (preparation, coordination,
stakeholders, sustainable development, facilities location, recovery, supplying and sourcing, emergent response,
transportation, supplying and sourcing) were extracted. Facilities location was the most frequent topic that
studied in the number of papers. Meanwhile, recovery, preparation, stakeholders, and emergent response
showed downward trends but facilities location, coordination, and supplying and sourcing showing upward.
This study is significant in the sense that it suggests research trends in different approach using keyword
network analysis, keyword frequency analysis, network analysis and topic modeling which are one of the
first attempts in research trend analysis in HRL field. This study will support HRL studies by understanding

macroscopic and comprehensive way and set as a steppingstone for future research direction.
© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of The Korean Association of
Shipping and Logistics, Inc. This is an open access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

the analysis of research trends from 2005 to the early 2010s— where
studies focused on HRL in general and its importance with tradi-

The COVID-19 pandemic has emphasized the importance of hu-
manitarian relief logistics (HRL) as a field of study. Van Wassenhove
(2006) highlighted that HRL started to be recognized as integral to
any relief operation. The range of supply chain and logistics costs
constitute between 62% and 79% of all costs as they are key to saving
time and costs in humanitarian response, building HRL capacities
should be an important objective of humanitarian investments (Van
Wassenhove, 2006).

In HRL research, there have been many attempts to analyze
current research trends and set future research directions, including

* The findings of this study have been presented in the 25th International
Symposium on Logistics (ISL21) on 12" and 13" july 2021.
* Correspondence to: 2, Busandaehak-ro, 63beon-gil, Geumjeong-gu, Busan 46241,
Korea.
E-mail address: janghO1@pusan.ac.kr (H. Jang).
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tional literature review methods. Latter studies mainly adopted the
bibliometric methodology, analyzing and forecasting major research
trends by determining the influential papers based on related sta-
tistics (e.g., number of articles and citations) and through clustering
to uncover affiliations among authors.

However, utilizing network science and leveraging network
modeling for research trend in HRL is scarce. Although network
analysis has been applied in other fields of study, (e.g., sociology,
economics, business administration, etc.) it has seldom used in HRL.
Only Zary et al. (2014) conducted research trend analysis with re-
spect to citations and co-citations to analyze knowledge networks.
Network analysis is distinguished from other existing methodologies
which it allows unearthing significant findings; it does so by sup-
plementing statistical analysis methods (Lee, 2012). Using network
analysis to analyze research trends in HRL can therefore open up a
perspective not seen in previous analyses.

2092-5212/© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of The Korean Association of Shipping and Logistics, Inc. This is an open access article under the
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The current study comprehensively reveals HRL research trends
using text-mining methods—keyword frequency analysis, keyword
network centrality analysis and topic modeling. First, highly im-
portant and frequently mentioned keywords are identified with
keyword frequency analysis with two phases - Term frequency (TF)
analysis and TF-IDF(Term Frequency-Inverse Document Frequency)
analysis in time series manner. Second, key issues in HRL are de-
termined using a keyword network analysis method that calculate
the frequency of simultaneous appearance of key words and trends
vis-a-vis their time series to examine Further, key research topics in
HRL are determined using topic modeling analysis along with ex-
amining changes that occur within the time series. The utilization of
these research trend analysis methods is noteworthy for their abil-
ities to provide objective and comprehensive views on the HRL re-
search trends and set further research direction effectively.

2. Literature review on humanitarian logistics

Many research have been conducted to summarize research HRL
trends and set future research direction (Table 1). Kovacs and Spens
(2007) and Overstreet et al. (2011) provide the fundamental fra-
mework to understand HRL using qualitative research methods.
Natarajarathinam et al. (2009) classified and summarized supply
chains in crises into five frameworks. Altay and Green (2006) sum-
marized HRL operational research (OR) and management system
(MS literatures); Galindo and Batta (2013) conducted research trend
analysis on HRL OR/MS to bridge the post-2006 research lacuna.
Meanwhile, HRL research trend analyses on optimization models
(Caunhye et al., 2012; Manopiniwes & Irohara, 2014), transportation
models (de la Torre et al., 2012; Safeer et al., 2014), and inventories
(Clay Whybark, 2007) were also conducted. Additionally, infectious
diseases and biochemical terrorism, refugees, HRL transparency and
disasters in certainty can also be found in recent studies (Dasaklis
et al., 2012; Seifert et al., 2018; Khan et al., 2019; Masudin &
Fernanda, 2019).

Most pre-2013 studies adopted the traditional literature review
methodology excluding the attempt to use meta-analysis (Kunz &
Reiner, 2012). Since then, systematic literature review was widely
conducted (Abidi et al., 2014; Leiras et al., 2014: Zary et al., 2014;
Nurmala et al., 2017; Chiappetta Jabbour et al., 2017; Banomyong
et al., 2019). The increase in the number of related studies made it
possible to apply the systematic literature review methodology
(Chiappetta Jabbour et al., 2017; Banomyong et al., 2019). Systematic
literature review can reduce authors’ subjective views which
otherwise seen in traditional literature reviews (Jeong & Park, 2019).
Using bibliometric method and network analysis, the systematic
literature review is found to be an outstanding research trend
methodology that enables in-depth analysis (Fahimnia et al., 2015;
Akter & Wamba, 2019). In particular, the use of keyword network
analysis—which forms and analyses networks based on the fre-
quency of simultaneous appearance of keywords—makes it possible
to determine relationships among research topics and specific issues
related to certain topics, while also bringing forward new insights
into knowledge development (Choi et al., 2011; Jeong & Park, 2019).

Zary et al. (2014) used both the bibliometric method and network
analysis for research trend analyses of HRL for the period
2001-2014. They sought to determine the development status of
studies related to HRL by leveraging the bibliometric method, and
clarified leadership and knowledge networks by performing citation
and co-citation network analyses (Zary et al., 2014). However, the
limitation of co-citation analysis lies in that the first author is mainly
considered and to secure legitimacy of literature review, it demands
to study the articles in detail. (Bhattacharyya & Verma, 2020).
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Meanwhile, social network analysis (SNA) also conducted to ex-
plore social networks related to HRL by analyzing patterns of com-
munication in organizations involved in HRL operation (Alvarez &
Serrato, 2013) and the characteristics of online user networks in
disasters (Kim & Hastak, 2018).

Therefore, the current study aims to uncover HRL research trends
by using network analysis in an innovative manner (e.g., topic
modeling analysis and keyword network analysis). To the best of our
knowledge, this attempt is the first of its kind in HRL research trend
analysis.

3. Network text analysis

Network Text Analysis (NTA) encode the relationships between
words in a text and constructs a network of the linked words
(Diesner & Carley, 2004; Popping, 1999). It is based on the thinking
that ‘texts can be represented as networks of concepts’
(Paranyushkin, 2011, p. 3), and ‘the extracted networks contain re-
presentations of social structure’ (Diesner & Carley, 2005, p. 2). By
using network text analysis, researchers can interpret relationships
among concepts that were not previously known (Diesner & Carley,
2005; Paranyushkin, 2011).

In network text analysis, the influence of each node in the net-
work is measured through network centrality analysis (or keywords,
if it is a keyword network); it attempts to identify the most influ-
ential keywords and understand the meaning and intent delivered in
the entire text (Park & Jeong, 2013).

Degree centrality is the key indicator in centrality analysis that
shows the number of connections of a certain word have with
others. Words with high degree centrality are those keywords that
convey the research topic (Song et al., 2018). The greater the number
of direct connections a node has with neighboring nodes, the higher
its degree centrality. Betweenness centrality measures the med-
iating role one node plays in building a network with other nodes;
the node undertaking this role can have a great impact on control-
ling the information flow. Betweenness centrality is measured in
terms of node proximity; concepts with high betweenness centrality
create various meanings in the overall text (Park & Jeong, 2013) and
are useful in finding connectivity between two different research
topics (Jeong & Kim, 2018).

Topic modeling, identifies the topics latent in the text of existing
materials and documents and analyses the ways in which topics
interconnect (Blei, 2012). Latent Dirichlet allocation (LDA) is the
most commonly used topic modeling technique because it extracts
topics based on highly correlated words by calculating the frequency
of simultaneous appearance of keywords in a massive document
dataset (Blei, 2012; Nam & Nam, 2020). LDA topic modeling postu-
lates follows. A document consists of several topics which emerge
from the synthesis of words and these words are intentionally se-
lected by the authors. The topic distribution of the document can be
assumed by examining the distribution of observed words in the
document. In other words, unlike the general clustering techni-
que—wherein each document is allocated a single topic—LDA posits
that ‘documents exhibit multiple topics, and each document exhibits
the topics with different proportion’ (Blei, 2012, p. 3). Therefore, it is
possible to estimate topics hidden in the document by determining
the ratio of topics in the document and the probability of a word
being included in the topic. (DiMaggio et al., 2013). As LDA topic
modeling is advantageous in reducing data volume, generally uses
simple algorithms, and producing consistent topics it is frequently
utilized in studies in a large volume of documents that look to
pinpoint topics (Yang et al., 2019; Nam & Nam, 2020). In addition, as
topic modeling is conducted automatically, it can reduce a high cost



The Asian Journal of Shipping and Logistics 38 (2022) 263-278

JJ. Kim, H. Jang and S. Roh

(a8pd 3x3u uo panuuod)
(s1sAjeue
JUIU0D) MIIADI JINIRIA] JIJRWIISAS

A3ojopoyraw urew se sisAjeue
JU9IU0D PIsn pue 1sapeolq pazAeuy
aAnelenb R aanenueny

SIA

s[euInof dIwapedy

suonedrqnd pamaiaai-1aad Ajug
110¢-

pLL

Isu] DOTNNH

Jo weyle] 13394 Aq 1s1] Aydeidonqrg
9seqeIep Ul [2Ieas pIomAd)

UOIIDAIIP Y21B3sal aIniny 3sa8sns
PUE SPU3I) DIBISAI JUILIND AJIIUPI O
TYH UO SAINJeIANI]

U21e3sal TYH Jo sisA[eue-ejawl y
(Z107) 12u1ay pue zuny|

MIIAJI 2INJLI) [EUONIPEIL,

sorwapids uo Juisndog

aAnejenb 3 aaneIuen)

S9A

uoneziuegIo [PUOEUIIUI IO
SJUWILLIDA0S JO dseqelep ‘uoneziuesio pre
Jo sy10dal ‘syooqpuey ‘sjeuinof dJ1WIpedy
SS9U[[I ULId}

-3uo[ 10 so1wapIda [BUOSEIS JO UOISN[IXT
payads Jo0N

€L

9seqelep Ul 2Ieas pIomA)|

UOI32311p YdIeasal aIninj 3sag3ns g paidde
9q 03 so1s130] ssauisnq 10y Ajfiqissod

9] duIWexa 0] pue sOIWIPIda 03 paje[al
S3IpNIs TH JO 91e3S JUALIND AJIIUIPI O,

TYH Ul WsLI0113]01q

pue so1wapids 03 paje[al SaINJeIalI]
MIIAII B

:suonye1ado sJ13S130] pue [013u0d sorwapldy
(Z102) 'Te 39 sipjeseq

(S1sATeue JuaIUO)) MIIAII INJLII)| [BUOLIIPEI]L

T¥H Jo s1a(qns urew uo sjydisul [e1auad Surpiaoid

aanejIfenb g aaneIRUEND
S

9DUIIJUOD JO S[ELI3IBW ‘S00(q ‘S[BUINO[ d[WUIPedY

porad uoneloysal Suipnput

J0U) I2)SeSIP 12)j A[3DAIIP PuE 210J2q SIINJLIA| paje[ai-uoneziundQ

1102-900T
(13quinu 3231103 ON)

900z 193je saInje1all| pajejal uoneziwndo jo jiey

S2INJBIN] U121 SuIsn
ISEQEIEP UI Y2IBS PIOMA)]

U013 [2Ieasal a1niny 3sag3ns pue des ydreasalr AJijuapl ol

THY Ul S21nje12)1] paje[al - [apowr uoneziwndo

MIIAJI 2INJeIAI] B

so1s1301 Adouagiawa ur spPpow uoneziwndQ

(z102) "1e 39 ?hyune)

MIAJI 2INJLI)] [PUONIPEIL
TYH ur uoneyiodsuery

uo Sursndoy surewop [euoriednddo pue
Srwapede woiy suorurdo jo adueydany

aanejenb 3 aaneInuUEN)

SIA

‘239 sapuade

pre jo suonediqnd ‘siadedsmau
‘SMIIAIRIUI ‘S[eUINof JIWapedy
TH ut

S9IN3e1all| paje[al-uonelrodsuer],
paymads 10N

pay1ads 10N

9SeqEIep UI YIIeds PIOMAR)Y]

syted play pue diwapede
y10q 10j [njasn TH ur uoneyrodsuery

Jo s[apow Y/Q 1s983ns pue azAjeue o],

MBIAI}UI 2}IS-UO pue Spoo3 Jalal jo

uonnguisip pue Aiddns uo sarpnis Jy/0

donoeld pue ydreasal
SBuneidaju] :3unnou Jarfal 1a3sesiq
(2107) e 32 2110, B[ 3p

Apnis jo spoylaN

uonenUAIIQ
sisfjeue eyeq
uonedyIsser)

[euinof papnpuj

Jaded papnpoujp
98e19A00 W]

3o13Ie JO "ON

sanbruyda, yoIeas

dIeasal

30 3A13[q0

adods

M3IADI 2INJRIDI [PUONIPRI],
K1093

JUIRIISUOD UO PIseq SaIpNIs a1nnj
10 yIomawrelj e 3s933ns 01 IsIy YL
aanelienb R aaneInUEN)

SOA

(19 "4VIOHIS

19009 'LSOHODSEd :paiusuwiwiod
S91ISqaM paydIeas A[uQ) paymads J0N

1asu0
uappns 03 paje[al saInjeidln| T4
600¢C-

1S

9SEqEIep UI YDIeds PIOMA)Y]

saIpnis

TYH Joj yiomaurelj diseq apiaoid o]
SI12)SESIp

13SUO UIPPNS 0) PJe[aI SAINJLIAN] TYH

MBIIAJI 2INJBIA] [BUOLIPEI]

uonenis
J19)SBSIP Ul MIIAJI dINIRII] DS IS1Y YL
aAneyenb R aAneIUENY)

SIA

sjeuInof pamaraal-1aad Ajup

JNDS 01 pale[al $j00qase)

SaINIBIANN YIN/YO ‘NDS d1Wapesy

[REIN:N
Jo sa8e3s pue sadAy [[e 03 paje[al saInJeId| DS
800¢-SL61

811

sreuanol paje[a-NDS

ur (o1eas piomAay

uonenIs Ia3sesip

Paje[aI-]ADS JO SPUAI} pUE UONENIIS JUILIND
JuiApnis Aq uond3IIp YdIeasal aning 3sag3ns of

UOIIEN)IS I2)SESIP Ul SAINJBIAN] PAIe[I-]ADS

MIIARI AINJBII| [BUOIIIPEI],

A103ju9AUl

Jo eare dynads uo 3uisndog
AAnIR}IeND

ON

payads jou

TH Ul

A10JUaAUL 03 PajeaI SAINJEIAN]
(Asemdoeur) , G00Z-9861
(Ad>eandoeur) , 61

payads jou

(218353l 10J MIOMIWel)

15933ns pue TYH Ul YdIeasal
Aiojuaaur jo adods ayy ad1e[ua ol

TYH Ut
K10judAUT 0) PIJE[RT SIINJEIANT

M3IAJI 2INJEII| [BUOLIPEIL

TH JO ylomawrelj e do[aAap 03 ISI1]
AAneIIeNn)
ON

$)IS qam ‘speunof
Jauonnoeld ‘sjeuinof JIWapedy

SI19)sesIp Jo sade3s

pue sadA) [[e jo saInjetl TH
900C -

payads jou

s1aded wouy

SuONeIID (SASeqelep ul spiomAay
uonerado jaral

19)SESIp Ul TYH JO SdnsLIaloeIeyd
ure[dxa pue I3A0ISIp O],

TIH UO SINIeIalry

M3IAII 2INJEII| [BUOLIPEIL

TH ut

M3IA3I 21NJBI YIN/YO ISIY YL
aanelenb @ aaneIRUEN

SOA

S9In3eI] YIN/JO d1WIPeIy
uoniugsp

D¥d1 03 SuIp10d® SI9ISESIP JO
sadAy pue siaisesip jo saseyd [y
¥00Z-0861

601

s1aded woiy

SuoNeIID (SIseqelep ul spIomAay
EXIRAEH|

WIN/YO Suifpnis Aq suondaip
[21e3sal aIninj 3s983ns o],
Juawageuew suonerado
19)SesIp ul aInjeIali] YIN/IO

Apnis Jo spoyIaAl

uonenuAIIq
sisA[eue ejeq
uonedyIsse)

[eunol papnpouf

1aded papnpuj
93eI9A0D W],
d[o131e JO "ON

sanbruyda, yoIeas

[21easal Jo aAdalqo

adods

TYH Ul yd1easay
(1102) Ie 32 1921S19AQ

1ySISul pue INJeIA] JO MIIAI
B ISISLID Jo sawn ul sureyd Ajddns SurSeuejy
(6002) 'Te 32 weulyjeieferejeN

SILI0JUAUL
Jar[a1 1a3sesip SuiSeuew Ul SaNss|
(£002) A11eqAym Aed

suonjesado Ja1[al 191sesip ul TYH
(L007) suads pue soeA0y

JuswaSeuew uonelado
J19)SesIp ul Y21easal YN/JO
(900¢) uaa19 pue Aeyy

“TH Ul M3IAI 3INJeId)] snoiadld Jo sisA[eue-eIajn

L 3lqeL

265



The Asian Journal of Shipping and Logistics 38 (2022) 263-278

JJ. Kim, H. Jang and S. Roh

(a8pd 3x3u uo panuuod)

JNDST-OH UO S9Injeary

Apnis aaneyenb

e - juawageuew ureyd Ajddns pue TH
(6107) euejeios pue byeys

(weidoxd 13'sepy

BuISN)) MIIAII 2INJRIA)| d1JeWISAS

$233nJa1 0) paje[al

TH U0 MIIARI 3INJBIAN] ISIY YL
aanefenb 3 aaneIRUEND

SIA

s[euInof dIwapedy

$993nja1 pue DS Py woy
SpIOMARY SUIPN[IU] PIMIIARI 193
910Z-6861

€S
3SBQRIEP Ul YIIB3S PIOMAR)Y|

asuodsal SIS 993nJal 01 paje[al TH
uo aInjerdll| ay3 azAjeue pue dew of,

TH Ul $238nJaI 0] Paje[al SaINJeIdN]
MIIAJI AINJBINN] V :

s998nja1 01 Surpuodsal JuawaSeuew
ureyd Ajddns ueriejiuewny

(8102) "I 19 113J19S

(sisAeue

JLI3WOIqI() MIIAJI DIJRLWISAS

poylaw dLRWoIqiq Suisn
aAnEINURND

SIA

s[eurnof d1wapedy
(v102-1002)

TYH Ul saInjelali diwapedy
¥102-100C

€86

oseqejep Ul yoieas _u‘_O>>>wv_

POY3IaLW }I0MIJU [BID0S
R JL3aWwoIqIq Suisn Juawdo[aA3p pue
SspuaJ} yd1easal ajep o3 dn Ajuapr o

TYH Ul S3In3erar]

sisA[eue dawolqlq V “TYH

10J (¥102Z-100¢) WNIUUS[[IW PIIy)
9y} jo Suruurdaq ay3 e suondnpoid
JYIIUSIDS JO UOIINALIIUOD YL
(¥102) 'Te 39 Arez

Tweuns) pue ayenbyired

URISUOPU] JO AI9A0IAI UO SIINIRIANNT TYH
eISauopu]

ul 191SesIp ayenbylies pue rweuns)y

9y u1 suonjesado TYH pue A19A0331

Jo sa3e3s ‘sadA) U0 aINJeIdI| JO MIIAJL Y
(6107) EPUBUIS] pUB UIPNSEJA

MIIAJI AINJBIAI[ DIBWAISAS

Surpodus Aq sainjesayn| Suiziuedig
aAneyenb 3 aanenuen)
S9A

s[euInof d1wapedy

paymads JoN

payads 10N

L8

aseqelep Ul YdoIeas pIomA)Y

saInjerdN (IWDSTH) DS
pue TH 1sa1e] SurziueSio Ajjed13ewalsAs
Aq uondaip aIn3e1d| aIniny 3sa33ns oL

TH UO SaINJelalr]
S9IpNIs 2INInJ 10§

Aem ay3 Suiaeq :juawadeuew ureyd Ajddns
pue TH U0 2INJeIdll[ 3y Jo SisA[eue uy
(£102) ‘1€ 32 Inoqqe[ enaddery)

M3IA3I 2INJBI)I| [BUOLIPEIL

TH ur uoneziwndo uo 3uisndog
aAnyelenb R aaneIRUEND

SOA
s[euanof d1wapedy

TYH Ul s|apow uoneziwndo Uo SaINJeINNT
¥102-¥00C

0s
9SeqeIep UI YIIeds pIOMA)Y]

UOIIJ3IIP Yd1e3sal
21Ny 3s983ns pue uoneziwndo uo saIpnis
Jo synsal pue ‘sdeg ‘puaxy Aynuapr of

TYH ul uoneziundo Uo SaINJeIAI]
uoneziwndo

ureyd Ajddns jorpal jJo maraal y
(#107) exeyoay pue samrurdouejy

TYH ur A>uaredsuen) Uo SaINJeIAI]
saAdadsiad pue snyeys

juan) :Aduaredsuery ysnoiyy
TYH JO JUaWadUBYUD ddUeWLIojId
JO M3IASI D1IPWAISAS

(6102) 'Te 32 ueyy

MJIAJI AINJRIANI] J1IPWISAS
OINID Buisn so1s130] ssauisnq
pue TH uaamiaq diysiauried
U0 MIIAI JIJBWRISAS 151 Ay,
aAneyenb 3 aanenuen)

S9A

s[euInof J1wapedy

(s1aded pajefar Azejrjiw se yons
TH Apanipur Surpnppxa) sapdne
Pamalnai-193d pue d1wapede AjuQ
910z Am[-

9€

aseqejep ul ydIeas pIomAd)]

sonsiSo[ ssaursnq

pue TH uaamiaq diysiauired

JO UOIIBNIIS JUILIND AJUaPI Of
sonsi8o[ ssauisnq pue TH

u2am3aq diysiauyred Uo SaINJeIANN]

TH SuiSeuew ur sdiysiaulred
SSaUISN(-UeLIB}UBWNH
(£102) T8 19 e[RWINN

MJIAI 2INJEIA) [PUOIIPEI],
AjeonewalsAs

s[opow uonellodsuer) paziuesiQ
annejenb R aaneInUENY

S9A

payidads 10N

TYH Ut

uoneliodsuen) uo SaINJeIall]
vioc-

payiads 10N

payads Jo0N

UOIIAIIP Y21B3SaI 31NNy 3sa88ns
pue [apow uopelodsuer) uo
SPU2I) Y21B3SI JUALIND AJIIUPI O,
TdH ut

uorjeylodsuer) UO SAINJLINIT

TYH Aousdiaws ur uonnqLisip
pue uoneliodsuern) uizAjeuy
(¥102) 'Te 19 199JeS

TYH UO saInje1ar|

910Z 03 S00T

aInjelall| duewio)ad ureyd Aiddns
ueLiejlueWNY pue “YH ‘suonerado
UPLIRJIURWINY JO MIIAJI JIPWIRISAS
(6102) ‘Te 32 SuoAwoueg

M3IAI JINJBI)] [BUOIIPEIL

PIEpUB)S UOIIBIYISSE[D SNOLIBA
3uisn sa1nie1al snoladld paziio3aie)
aAnelenb R aanenuen)

SIA

s[euanof d1wapesy

SI)SESIP [BINJEU
Uo SUISNJ0j S2INJeI)[ TH SNOIAdI]
9102-200T

8LL
3SBQRIEP Ul YD1B3S PIOMAR)Y|

UOIIJ2IIP Y2IB3sal 21n)ny 3sa38ns
pue spuai ydreasal TH Ajruapi oL

TH UO SaInjeIai]

so13s130] 193ISESIP Ul SISA[eue
pUDI] YDIBISAI PUB MIIAJI INJEIANN]
(£102) 'Te 32 uow

M3IAJI 2INJEI| dBWISAS

MI]ASI INIBI| JAISUIIXD JSOW Y,
aanejenb g aAneInUEND

SIA

s[euanof dS1wapedy

sapnIe

PamalAaal-19ad pue drwapede AjuQ
—-0861

8¢TC

9SeqeIep Ul YdIeas pIoMAd)|

UOIJ3IP Y2Ie3sal a1ninj
15933ns pue spuail YdIeasal AJ1jusapl o]
TYH UO saInjerary

S93U[[eYd pue SpUIIL

1218351 TYH JO MIIAAI INJLIAIT
(¥107) 'Te 39 se1a]

TYH UO S2InjeIalr|
yo1easal

JO UOIJAIIP ININJ PUB MIIAIIL
9INJeII] dNJeWAY] Y JUdWISeuew
ureyd Aiddns uenejiuewiny

(6102) ®1INQ pue [y2g

MJIAJI INJRIAI] JIRWISAS

TH Ul Juswageuew

pue JusWwAINSeaWw duewLIofad
uo yoeoidde dnyewaisAs 11y ayL
aanejenb 3 aanenuen)

SIA

191A9S[q ‘suLIoju|

/19 ‘Ie[oyds 313009 ‘ISOHODSIA

$953Y) Jasew
‘s191deyd j00q ‘SI[I1IIE PIMIIAI-I]
¢10z-0L61

4

9seqelep Ul YdIeas pIomAd)|
sagudjreyd pue sdeg

9UYSp pUE SI0JBJIpUl SI 971103318
pUE TH Ul JUSWSeURW JUSWIINSEIW
douewioy1ad ajep 03 dn Ajiyuapi o],
TH ul JuswaSeuew

doueurioyrad JS UO SAINJRIANT

M3IAII INIRII] JJBWISAS

V :JuswaSeurw dueuLojrad

ureyd Ajddns uenejiuewny

(¥102) ‘Ie 19 Ip1qy

MJIAJI INJRIAI] [BUOIIPEIL
(9007) uaa19

pue Aeljy Aq sdeS SuiAjyuap]
aanelenb R aaneinuen)

SIA

s[eunof Jrwapedy

ysi8ug ur Ajuo paysiqnd

TH Ul SIN/¥O UO S9In3eIdl[ JIWIpedy
0102-500C

GGl

9seqejep ul YoIeas pIomA)]

(9007) uaa1n pue

Aeyy Aq paynuapt sde ay) uo paseq
JU3IXD JeYM 03 pUuB PaAJ0Ad Sey INOd
Ul 21e3sal YN/JO MOy 1en[ead o
Juawageuew suonerado

J19)SBSIp Ul SaINJeIdll] pajeRI-YN/ 0

Juawadeuewt

suonerado I91SesIp Ul YdIeasal SN
/MO0 ur syuawdo[aAap JUIIAIT JO MIIAY
(€102) eneg pue opuien

adods

Apnis jo spoylaN

uonenUAIIQ
sisA[eue eyeq
uonedyIsser)

[euinof papnpuj

Jaded papnpoujp
98e19A00 dwl],
JpnIe jo "'oN
sanbruyda], yoreas

[dIeasal
30 2A1123(q0

adodg

Apnis Jo spoyIaN

UOneNUAIIA
sisA[eue eyeq
uonedyIsser)

[eunof papnpauj

1aded papnpuj
93eI9A0D W],
9[d11Ie JO "ON
sanbruyda, yoreas

dIeasal
30 2A123[q0

adods

(panunuod) 1 3qeL

266



JJ. Kim, H. Jang and S. Roh The Asian Journal of Shipping and Logistics 38 (2022) 263-278

= of time and efforts for the researchers, which indicates topic mod-
5 % eling is a potentially good fit for exploratory literature reviews
£ o @ & 5 (Asmussen & Mgller, 2019). Furthermore, it helps to extract highly
=1 5 £ s . .. . . .
2 ; 8 2 N € 2 soluble topics by examining time-series changes in the embedded
= 9] [ = . . . . . .
2oc s L5 2= 2 topics with massive data which is appropriate for research trend
= T Vo>, c o .
5= © 5 8 = 9 ) analysis
QO v = =5 = .
=1 [=} (=% fac} = .. . .
g :; § = gé Oéz‘- é ‘g Reorganizing applying the table of Kunz and Reiner (2012, p. 118)
o e v = = 5] =
= © LUV »n o Py » =
§gs 3 -9 9 o8 =
ZEw g2 £ £ L B 4. Research process
= > 5 = S = @ 282 8
o5 2 S ~ = w5 o == =
< 59 2 = L SO © =350 5
e < o (7] - < 9] .
cEZ & nR g8 3 g58e E 4.1. Research design
< The main purpose of this study is to identify the HRL studies and
w0 9 % Z analyze the time sequential changes. For this, keyword analysis and
S g El g = % topic modeling analysis were conducted using NetMiner 4.0 soft-
=]
g §O z - 290 5 ware. After keywords were extracted from the abstracts, they were
h=1 9] =} . . . . .
;E; g £ £ £ 2 analyzed using frequency analysis, centrality analysis, and topic
< ot . . . . . .
2 g £ | e E E E 2 modeling analysis. To identify the time-series flow, all the analyses
& ] 2 . . .
Zé 2e 3 £ 258 ¢ were segmented into time periods.
ey = 0 3 Ss3 2
nw T 2 =) <@ . [SB=a ©
a o E=lR S
X >3 £ & = “23: 2 4.2. Research process
>a 2 ~ ° £ 9 2= ° >
= 2] — T 9 s o« =
el o >0 wn v s s & .
5% < S N5 o £33 E 4.2.1. Data collection
= oo = 3 .
S 2 § g nw S8 § z $ g % g g Data was collected from SCOPUS database using the keywords
=T E M N R g = &a . s e e . ey e
Humanitarian & Logistics’, ‘Humanitarian & Supply chains’, ‘Disaster
< 2 2 & Logistics’, ‘Disaster & Supply chains’, which were selected after
E = E g =} examining the keywords in previous literature reviews.
£ g ~: _“-; T 3 o 2 4,269 papers were initially collected and examined their titles
— 2 . .
z° g _?:3‘ o3 5 > % T . 2 and abstracts to assess their relevance to this study. 1,058 papers
TEL SE2 TS &5 EEC g were selected after excluding papers which were irrelevant, over-
£22 T2z PR a2 s5pE s . , & pap '
=>§ Tz g -q‘;, $3 E =8 El %°§ g = lapping, or without abstracts.
cgs 252 £23.5% ©=3>8%
2%z ez gEfgif  i3ip rocess
Esg o232 bys gL8 ==l == 4.2.2. Data pre-processing
== QJ =] . . . .
Zga S5 g g :§ = §§ T § EZ23E 3 Data pre-processing is the basis for accurate network analysis.
= = > = P = . . . .
E E E TEE58EE z E % £32¢8 E 22 Since keyword extracting programs use simple comparison to detect
identical words, words with the same meaning written in different
o ways (special characters, uppercase, or abbreviations) could erro-
25 2 neously be classified as several different words and a compound
c 2 @ .
_ & g 3 word could be detected as separate words. To prevent such errors, it
S — g ) ~ 2 . . . .
SeE2 2 w g is necessary to perform data pre-processing, that is, cleaning papers
g2cX2 gz £ ; - L
o 2 EcE § 8 g and making an exemption dictionary, designation dictionary, and
S5227T " =2 £ synonym dictionary.
2 g £ % = g’--g § Cleaning a paper refers to converting all words to lowercase and
] = = ] L . . . .
= 23 o8 ©F 3 v E = removing punctuation, white-spaces, and special characters.
— o= o . . . .
EESRg g E 2 2. = Dictionaries are applied to the cleaned documents.
R el = v . . . .
g2 geLe b & 8 2 we 5 An exemption dictionary includes commonly used but non-
= (= — . .
R NS 2 3 $32¢ 2 value-added words not to be extracted as subjects of words analysis
such as study, research, method, analysis, humanitarian, and disaster. A
2z o B designation dictionary includes compound nouns conveying im-
=] = ] o R . .
28 2 g 8 o portant ideas. For example, to prevent the compound noun decision
© . .. . . . e .
25 o e 5 %“ @ 2 ° . support from being divided into decision and support, the unit ‘deci-
T m= ] = Sgw g : y s . . .
£53 2 = 2 8% FE= % sion support’ is added to the de51g.nat10_n _dlctlonary_. A synonym
g T>“ é kS g g 55 i ; & d.lctlonary clubs .together.words with sqm!ar meanings under. a
9238 o =8 = Eh 5 single word. For instance, in a synonym dictionary, earthquake, dis-
e S g s s 5 1 d. F t dict thquake, d
=] = - = . . .
S8y 5 2 g2 2 &£ g astrous earthquake, earthquake disaster, earthquakes, are unified in a
Z X = o > 2 & 3}
= =) = T ¥ =
EY¥5 % 5 5 g = e, = word, earthquake.
Sws 8 - & E8y 258 ¢ ; o ,
$E5 T S5 g <5 o 2% E After applying these three dictionaries to the 4,525 words in-
= R .. . .
§°~§ s 2 e g ] E% k] ‘é%’ 2 8 itially extracted using NetMiner 4.0 program, we collected 2,925
= B > 9 @ . .
&5 < R R ZEseddE & keywords of subjects of analysis.

To conduct keyword network analysis, a 2-mode network com-
= g 2 posed of words and sentences, or wosr,ds and paragraphs has to be
= =] = © B
L o = = .
2| o o £ o HE £ g2 5 a converted into a 1-mode network composed of words and words.
= —_— wn = S
£ ; = g = 2 =28 S Inner Product was employed as proximity measure method to con-
o =9 o (] =] .

Z| €9 = < S © 53 3 vert the 2-mode network into a 1-mode network. Inner Product
=~ | g= g Sy= 3 28 £ PN ideri

25 8 ) E E E SrE g measures the similarity of keywords by considering the frequency of
a simultaneous appearance of keywords. The more frequently two

267



JJ. Kim, H. Jang and S. Roh

Table 2
Research Design.

The Asian Journal of Shipping and Logistics 38 (2022) 263-278

Analysis Element

Detail

Research subject
Keyword analysis

keywords
Frequency analysis

Centrality analysis

Topic modeling analysis Topic analysis

Text keywords in abstracts of related studies

TF (Term Frequency) analysis

TF-IDF (Term Frequency- Inverse Document Frequency) analysis
Degree centrality and betweenness centrality analysis

LDA (Latent Dirichlet allocation) topic modeling

keywords appear in the same paper and in many papers, the higher
the value of Inner Product becomes. As Inner Product expresses its
result value in whole number, it is possible to interpret intuitionally.

We filtered unimportant words using Term Frequency-Inverse
Document Frequency (TF-IDF) value in batches. TF-IDF works by
determining the relative frequency of words in a specific document
compared to the inverse proportion of that word over the entire
document corpus. Therefore, words that are common in a single or a
small group of documents tend to have higher TF-IDF numbers than
common words such as articles and prepositions (Ramos, 2003, p. 2).
After simulating different TF-IDF values, we examined the result of
extracted words and decided a cut-off point for mass filtering.
Common words such as uncertainty and complexity, or comprehen-
sive meaning words like optimization and response were included in
the target of exception. As a result, we selected 0.828 of TF-IDF value
as cut-off point for keyword filtering. Finally, we extracted 2,897
keywords after applying exemption dictionary, designation dic-
tionary, synonym dictionary, and a 0.828 cut-off point to the initial
4,525 keywords.

4.2.3. Bibliometric analysis and keyword frequency analysis

For the basic bibliometric analysis, we considered the number of
published articles by year, the top journals contributing to the HL
field, and the top mentioned disasters in the articles.

In keyword frequency analysis, we conducted Term Frequency
(TF) analysis and TF-IDF analysis. After obtaining the results of the
two frequency analyses, comparative analysis and time sequential
analysis were performed.

4.2.4. Keyword network analysis

To identify core keywords and main issues in HRL, keyword
network analysis using 1-mode network data was performed fo-
cusing on degree centrality and betweenness centrality analysis. The
analysis was conducted by time periods to help examine time-var-
iant characteristics.

4.2.5. Topic modeling analysis

Since the LDA algorithm runs on the training set and the test set
is used to validate the result, it is necessary to undergo the process to
input several parameters into topic modeling program and select the
topics comparing results to extract final topics (Asmussen & Moller,
2019). As parameters, a value, p value, iteration, and topic numbers
are used. o value indicates the concentration of topical focus. If «
value increases, papers intend to concentrate on specific topics; if
value decreases, papers discuss a wider variety of topic groups. p
value concerns dispersion of words in topics. As B value rises, dis-
tribution of the words becomes varied, and as it lowers, keywords
are concentrated in specific topics (Choi & Kim, 2019). The closer to
zero both a value and p values are, the higher is the accuracy of topic
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modeling (Moon, 2020). Iteration means to perform sampling re-
peatedly to make topics allocated generally (Choi & Kim, 2019). The
criteria for selecting the right number of topics are to find the bal-
ance between a useable number of topics and minimum complexity
(Asmussen & Moller, 2019). Although the right number of topics can
vary largely depending on the purpose of analysis, researchers can
decide the number of iterations and topics throrugh trial-and-error
(Asmussen & Meller, 2019; Moon, 2020). In this analysis, we use 1 as
a value, 0.01 as p value, 1000 iterations and 9 topics as parameters.

After distributing all the documents into each topic group, it is
necessary to label the topics. Since labeling of topics can be influ-
enced by researchers’ subjective decision, we lowered the risk wrong
naming by examining the words with high probabilities, titles and
abstracts of articles of the corresponding topic groups with synthetic
judgment.

To figure out main topics of HRL easily and observe changes in
them, we conducted topic modeling network visualization and time-
series analysis. Table 2

5. Research result
5.1. Bibliometric analysis

There were 1,058 journal articles related to HRL until 2019
(Table 3 and Fig. 1). The fact that the number of published articles in
this area soared after 2009 reconfirms the statements that “there
were only a handful of articles on HRL up till 2005” (Kovacs et al.,
2009, p. 506) and “There was a sharp increase in the number of
publications on HRL, especially after 2009” (Leiras et al., 2014,
p. 103).

Table 4 shows HRL papers published in journals, among which,
Journal of Humanitarian Logistics and Supply Chain Management took
the top spot by publishing 11.6% of all papers. The top 8 journals
published 345 (33.4%) of 1,058 papers.

Table 5 shows the frequency of the mention of disasters. Natural
disasters such as earthquakes, floods, hurricanes, tsunamis, cyclones

Table 3
Number of published papers by year.

Year pcs of papers Year pcs of papers
1986~2004 13 2012 68

2005 2 2013 59

2006 3 2014 93

2007 11 2015 88

2008 9 2016 120

2009 40 2017 105

2010 27 2018 158

2011 49 2019 213

Total 1058
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Fig. 1. Trend of number of published papers.

Table 4
Top publishing journals contributing to HRL.

Name of journal no.
Journal of Humanitarian Logistics and Supply Chain Management 123
Annals of Operations Research 52
International Journal of Disaster Risk Reduction 35
European Journal of Operational Research 35
Socio-Economic Planning Sciences 29
Production and Operations Management 29
Transportation Research Part E: Logistics and Transportation 28
Review

International Journal of Production Economics 23
Total 345

Table 5

Frequency of disasters mentioned in papers.
Disaster pcs ratio Disaster pcs ratio
earthquake 279 475 typhoon 10 1.7
flood 96 16.4 rainy season 8 14
hurricane 70 119 epidemic 8 14
tsunami 33 5.6 drought 6 1.0
conflict 24 4.1 famine 4 0.7
cyclone 19 3.2 snowstorm 3 0.5
war 15 2.6 starvation 1 0.2
landslide 1 19 Total 587 100

Table 6

Chronological TF, TF-IDF high ranking words (2005-2019).
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were mentioned often, with earthquake appearing most frequently
(47.5%). On the other hand, man-made disasters like conflict, war,
starvation were mentioned marginally.

5.2. Keyword frequency analysis

2,897 keywords were used for keyword frequency analysis for TF
and TF-IDF. TF analysis measures the frequency of appearance of
keywords of all documents. If a word has high TF value, it can be
understood to have high importance as a broad subject of research.
However, the fact that a word appears in several documents means
that the word has less importance in a specific document. Since TF-
IDF value is measured by calculating the frequency of each word in a
specific document, it is a consistent and effective indicator of how
much significance each word has in a particular document (Nam &
Nam, 2020). Furthermore, this method is suitable for identifying a
particular important word which cannot be identified by TF analysis.
Two frequency analyses were executed dividing the period from
2005 to 2019 into three five-year periods (Table 6).

As period 1 (2005-2009) is the initial stage, attempts to define
HRL and confirm its importance appeared. Words such as disruption,
safety, preparation, rescue, victim, private sector, united nation, re-
construction, quick response, not for profit dominated this period.

In period 2 (2010-2014), interest in practical logistics increased.
High TF value ranking words such as supplier, shortage, source, and
procurement; high TF-IDF value ranking words like vehicle routing,
emergency supplies, lead time, and robustness confirm these flows.
The appearance of logistics optimization related words like integer
linear programming and heuristic algorithm shows these trends as
well. On the other hand, it was possible to verify the man-power
management concerns through the words like education, training,
and personnel.

In period 3 (2015-2019), the cooperation among HRL actors were
assumed to be the main topics. Eight out of 15 TF high-ranking words
were related to co-operations such as coordination, community, govern-
ment, manager, decision maker, supplier, collaboration and stakeholder: five
out of 15 TF-IDF high-ranking words were related to cooperation con-
cerns such as intervention, trust, intervention, assistance, united nations.
Considering that road and route were included in high TF value words

2005-2009 (period 1)

2010-2014 (period 2)

2015-2019 (period 3)

Rank Word TF pcs  Word TF-IDF pcs  Word TF pcs  Word TF-IDF pcs  Word TF pcs  Word TF-IDF pcs
1 preparation 12 united nations 4 community 35 emergency supplies 13  community 67  reduction 25
2 coordination 11  restriction 4 coordination 25  vehicle routing 10  coordination 59  product 24
3 community 9 private sector 4 principle 21  property 10 government 52 donation 22
4 communication 7 performance 4 communication 19  personnel 10  disruption 45  partner 21
measurement
5 safety 6 partnership 4 shortage 18  education 10  decision makers 45 trust 21
6 disruption 6 equipment 4 preparation 18  option 9 supplier 44 equity 20
7 rescue 5 vulnerability 3 supplier 17  heuristic algorithm 9 manager 42 arrival 20
8 performance 5 treatment 3 humanitarian 17  feasibility 9 route 41  sustainability 20
measurement action
9 manager 5 staff 3 procurement 16  equipment 9 collaboration 40  sensitivity 19
analysis
10 integrates 5 routing 3 trade off 15  delay 9 road 39 intervention 19
11 health care 5 reconstruction 3 source 15 advantage 9 resilience 39  assistance 19
12 government 5 quick response 3 government 15  robustness 8 recovery 39  agility 19
13 combination 5 partner 3 safety 14  logistic operations 8 health care 36 united nations 19
14 victim 4 pest for profit 3 collaboration 14  lead time 8 stakeholder 35  unit 18
15 united nations 4 logistic operations 3 training 13 integer linear 8 preparation 35  provision 18

programming
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and sensitivity analysis used for predicting business profitability or
availability of funding are in high TF-IDF rank words group, it can be
inferred that relief supplies arrangement was the main issue at that
time. In addition, high TF-IDF ranking words like donation, equity, unit,
provision show that supplies were the main issue in that period.

The highest TF ranking word in all periods is community.
Considering with the words such as coordination, government, sup-
plier, manager, decision makers, collaboration, communication, co-
ordination in a community was a main issue in all periods. In
addition, with the high TF-IDF ranking words such as feasibility,
sensitivity analysis, and equipment, research to assess the feasibility
in HRL progression was conducted actively.

5.3. Keyword network analysis

To identify the key topics studied, network centrality analysis
was conducted centring on degree centrality and betweenness
centrality per period.

5.3.1. Time variant degree centrality

Degree centrality of a keyword is measured by the total amount
of direct links with other nodes (Zhang & Luo, 2017). A word with
high degree centrality is connected to many concepts and variables
and consequently features prominently in the literature (Moon,
2020; Song et al., 2018).

In periods 1, 2, and 3, the keywords with highest degree centrality
were united nations, education, and provision respectively and they re-
present main subjects of research per period. In period 1, united nations,
reconstruction, survivor, early warning system, restriction, attack, protec-
tion, affected area, sharing have high degree centrality, confirming that
the top issues of that time were damages, response, and post-disaster
restoration and through them, researchers at that time tries to em-
phasize the importance of HRL. This trend can be interpreted as an
effort to address the damage caused by the 2004 Indonesia tsunami,
2008 Sichuan earthquake, and 2008 Myanmar cyclone, and so on. A
different trend appeared in period 2. Words such as robustness, travel
times, simulated annealing, relief distribution centers, deviation, data un-
certainty, inventory control, reflect an endeavor to conduct HRL research
concretely. Meanwhile, considering the exceptionally high degree of
centrality of education and the words such as leader and candidate,
personnel training can be assumed to be a core subject at that time. In
period 3, words related to transportation or facilities like provision,
agility, equity, accessibility, product, routing, and depot, and those related
to cooperation such as trust, united nations, and partner had higher
degree of centrality.

5.3.2. Time variant betweenness centrality

Betweenness centrality measures the ‘mediation’ function of a
node in a network. If a node is located in a way that other nodes have
to pass through it, then this node is considered important and very
likely to have a high betweenness centrality (Zhang & Luo, 2017). The
words which have high betweenness centrality take the lead in fu-
sion and connection of research topics and play an vital role in
creating various meanings in the documents. In period 1, keywords
related to damages, response, and post-disaster rehabilitation have
high betweenness centrality value (in addition to high degree cen-
trality as mentioned before). Words like chaos, disturbance, survivor,
affected area; early warning system, treatment, satellite; and equip-
ment, reconstruction, protection indicate that studies were conducted

270

The Asian Journal of Shipping and Logistics 38 (2022) 263-278

on disaster damage, emergency response and rehabilitation re-
spectively. The distinct characteristic of period 2 was that disaster
affected regions, press, intervention, nutrition, and conflict showed
high betweenness centrality value. Since this was the period of the
Sudanese and Syrian civil wars and the refugee crisis, it can be as-
sumed that these words reflect the broadening of the scope of re-
search on relief activities. In period 3, words with high betweenness
centrality were provision, feasibility, trust, reduction, equity.
Especially, the betweenness centrality of provision was much higher
than others. Words such as provision, accessibility, agility, assignment
and depot suggest that research on supplies of relief goods was being
conducted. In addition, the appearance of a new word, sustainability,
showed that a new area of interest had emerged.

5.3.3. Comparison between degree and betweenness centrality and
network map in all periods

Words with high degree centrality act as hubs of sub-groups
whereas, high betweenness centrality represents information flow
mediation. Considering that studies focus on high degree centrality
words, practical logistics flow became a main topic turning words
like provision, product, agility, vehicle routing, accessibility, and routing
into hubs. Furthermore, studies revolved around participants and
cooperation between them in HL making the words united nation,
partner, trust, staff, and employee hubs. Meanwhile, high-ranking
words in betweenness centrality can be considered to be acting as
intersection points connecting the meanings between sub-struc-
tures. Especially, sensitive analysis, feasibility, sensitive analysis which
have higher betweenness centrality values than degree centrality
values, suggest that researchers were seeking solutions to un-
certainty in HL. Besides, staff and equity which showed relatively
high degree centrality values but low betweenness can be under-
stood as mainly influencing formation of meaning in sub-groups.

The network map shows different aspects of each period. In
period 1, keyword networks were broadly divided into 6 clusters
(Fig. 2). Perhaps, this being the beginning of HRL research, re-
searchers were focusing on several separate topics. In period 2,
several loose clusters and individual nodes were detected, indicating
that the research focus was expanding, and new directions were
being explored. For period 3, a tight network can be seen. This can be
elaborated that as more studies were conducted, the density of the
network became tighter. Although the illustration of the network
map of all periods looks similar to the map of period 3, it is denser as
it considers all periods as target.

5.4. Topic modeling analysis

Topic modeling is a method that extracts latent topics from a
collection of papers and analyses how trends of topics change over
time or how a specific topic is composed (Nam & Nam, 2020). In this
study, we distributed topics in HRL studies not in subjective topic
classification but in probability distribution by using the LDA
method. Table 7-9

5.4.1. Extracted topic network

In extracted topic network analysis, 9 topics from HRL related
papers using LDA were extracted. The extracted topics were co-
ordination, sustainable development, preparation, recovery, stake-
holders, facilities location, transportation, emergent response, and
supplying and sourcing (Table 10).
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period 1 key word network map (2005-2009, period 1)

period 2 key word network map (2010-2014, period 2)

e ey

Fig. 2. Key word network map by period.

Table 7

TF, TF-IDF Ranking (2005-2019).
Rank Word TF Frequency Word TF-IDF Frequency Rank Word TF Frequency Word TF-IDF Frequency
1 community 111 united nations 28 9 collaboration 58 trust 26
2 coordination 95 product 28 10 recovery 55 reduction 26
3 government 72 equity 28 11 communication 54 build 26
4 preparation 65 donation 28 12 safety 53 agility 26
5 supplier 63 property 27 13 route 53 staff 25
6 disruption 63 partner 27 14 health care 53 sensitivity analysis 25
7 manager 60 feasibility 27 15 victim 49 equipment 25
8 decision makers 58 advantage 27 Total 962 399
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Table 8

Chronological degree centrality and betweenness centrality high ranking words (2005-2019).

Between
-ness

2015

Between
-ness

2010

Between
-ness

2005

Degree

2015

Degree

2010

Degree

2005
-2009

Ra

nk

-2019

-2014

-2009

Centrality

-2019

Centrality

-2014

Centrality

Centrality

(period3)

Centrality

(period2)

Centrality

(peirod1)

(period3)

(period2)

(period1)

0.09931

provision

0.06000
0.05849

emergency supplies

delay

0.19917

equipment
authority

0.05333

provision
trust

0.05333

united nations 0.26950 education

Re

1

Roh

0.06433

feasibility

0.18364

0.04296

0.04000

robustness

0.26950

construction
survivor

0.06199

0.05433 trust
0.04972

disaster affected regions

press

0.16859
0.16713

chaos

0.03852

reduction
agility

0.04000

option

0.25532
0.21986
0.19149
0.19149
0.18440
0.17731

0.17731

0.05994
0.05533

reduction
equity

early warning system

disturbance
survivor

0.03852

0.04000
0.04000

emergency supplies

delay

equipment
treatment

staff

4
5
6
7
8
9

0.04917

option
depot

0.16481
0.13950
0.09543
0.08716

0.03704
0.03704
0.03556
0.03556
0.03407

united nations

donation

0.05469
0.05151

united nations

donation

0.04861

0.03556

travel times

0.04857

transshipment

united nations
restriction

Re

feasibility
employee
partner

0.03556

simulated annealing

early warning system

restriction
attack

accessibility 0.04591

employee

0.04798

disaster relief vehicles

education

0.03556

relief distribution centers

leader

0.04389

0.04217

0.07445

0.03556

construction

staff

0.04191

agility

0.03464
0.02559
0.02484
0.02476
0.02020

industry
product

0.05463
0.05282
0.04551

0.03407

equity

0.03556

interval

0.17021

protection
unit

10
11

0.03761

assignment
depot

treatment

0.03407
0.03259
0.03111
0.03111

accessibility

product
routing
depot

0.03556

disaster mitigation

deviation

0.16312

0.03692
0.03608
0.03541

intervention

nutrition
accuracy

protection
satellite

unit

0.03556

0.16312

personnel

12
13
14

product
sustain
ability

0.04307

0.03556

data uncertainty

candidate

0.16312

affected area
staffing

0.03807

0.03556

0.15603

advantage 0.03311

0.01731

conflict

0.03563

affected area

0.02963

barrier

0.03111

inventory
control

0.15603

sharing

15
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Table 9
Degree centrality and betweenness centrality high ranking words in all periods
(2005-2019).

Rank 2005-2019 Degree 2005-2019 Betweenness
Centrality Centrality
1 provision 0.04634 united nations 0.05299
2 united nations  0.04526 provision 0.05176
3 partner 0.04310 feasibility 0.04735
4 trust 0.03987 trust 0.04061
5 donation 0.03987 donation 0.03869
6 staff 0.03879 partnership 0.03746
7 product 0.03772 vehicle routing 0.03728
8 agility 0.03664 employee 0.03384
9 employee 0.03556 sensitivity 0.03247
analysis
10 vehicle 0.03448 product 0.03232
routing
1 feasibility 0.03448 advantage 0.03180
12 equity 0.03448 staff 0.03170
13 accessibility 0.03448 option 0.03161
14 sensitivity 0.03341 sustainability 0.03076
analysis
15 routing 0.03341 equity 0.03039

Forming of each topic has been considered composing words and
titles and abstracts of articles. In case of coordination, preparation,
supplying and sourcing, the top-ranking word determined the topic
name. The subject of the topics like stakeholders, recovery, facilities
location, transportation could be inferred easily by considering topic
composing words. In case of sustainable development and emergent
response, we selected topic names by looking at topic composing
words and titles and abstracts of papers as choosing topic names
based on only high-ranking words could lower accuracy. Especially,
for sustainable development, we named the topic taking into account
the top 10 topic probability words such as training, principle, edu-
cation, sustainability and the words at rank 11 (waste) and 13 (debris),
all together. We judged that continuous development through edu-
cation and environmental sustainability through proper waste dis-
posal was involved in the subject of sustainable development.

Seeing the representative articles of each topic, literature on
cooperative work in HRL by Balcik et al. (2010) could be an example
of topic 1, coordination. They commented that as various and com-
plicated participants are involved in HL, mutual cooperation be-
tween them in HL is important above all things but it left much to be
desired compared to cooperation in business logistics. In topic 2,
preparation, Duran et al. (2011) introduced pre-positioning model
and presented results after applying it. For topic 3, sustainable de-
velopment, Kovacs and Spens (2011) and Habib and Sarkar (2017) can
be cited as examples. Kovacs and Spens (2011) pointed out the
shortage of training programs for generating expertise and Habib
and Sarkar (2017) agonized over the selection of TDDMS (Temporary
Disaster Debris Management Site) during a disaster response period.
As an example of topic 4, stakeholders, the study on optimization
model for decision making between interested parties in HRL by
Regis-Hernandez et al. (2017) can be cited. The study in which
Liberatore et al. (2014) studied the restoration plan of supply net-
works after disaster falls into topic 5, recovery. For the example of
topic 6, study on optimization model for positioning of facilities by
Hong et al. (2012) can be given. Tatham et al. (2015) revealed that 3D
printing technology has potential to be used effectively for re-
sponding to natural disasters. This is an example study for topic 7,
emergent response. In topic 8, transportation, Wang et al. (2014) tried
applying ‘multi-objective open location-routing model’ to the Si-
chuan disaster case to find a solution for locating supply facilities
and planning transportation management. Lastly, for topic 9, sup-
plying and sourcing, the study in which efficiency in supplying relief
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Table 10

Documents distribution by topic.
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4 words
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0.014
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Table 11

Number of related literatures by topic and their ratio.
Topic Number of literatures Ratio (%)
coordination 128 12.2%
preparation 107 10.2%
sustainable development 98 9.4%
stakeholders 109 10.4%
recovery 85 8.1%
facilities location 165 15.8%
emergent response 94 9.0%
transportation 146 14.0%
supplying and sourcing 113 10.8%
Total 1045 100.0%

goods focusing on the aid auction process, studied by Ertem et al.
(2010) can be given as an example.

Table 11 below illustrates the number of literatures by topics and
their weightage. The number of related literatures is almost similar
for all topics. Topic 6, facilities location, has the maximum literatures
at 165, followed by transportation (146) and coordination (128).
Meanwhile, recovery has the least number of related literatures, 85.

Fig. 3 below presents visualization of topic modeling network.
Through the visualized network, the structures between topics can
be easily figured out which would be difficult to understand with
only keywords. From the figure, it can be confirmed that five out of
nine topics, facilities location, sustainable development, transportation,
emergent response, and supplying and sourcing are individually or-
ganized. Furthermore, it can also be seen that preparation and co-
ordination are connected through the manager and stakeholders and
recovery are connected by the community. In the light of these facts,
manager is understood as the main agent of cooperation and disaster
preparation and community is the main agent of party directly in-
volved in HRL and disaster recovery.

5.4.2. Topic analysis by period

Time-variant changes of topics over the three periods was ana-
lyzed (Table 12 and Fig. 4). In period 1, the most common topic was
preparation with a weight of 21.5% followed by stakeholders (15.4%)
and recovery (15.4%). This shows that preparation and recovery were
the main focus of studies in the early stage of HRL research. In ad-
dition, from the fact that emergent response took larger portion
compared to other periods, it is confirmed that results from topic
modeling are similar to ones from network analysis. In period 2, the
weightage of all topics was distributed evenly in general. However,
facilities locations, which was least addressed in period 1 (3.1%), had
the greatest percentage share in period 2 (17.1%). In addition, the
proportions of transportation and supplying and sourcing increased as
well. Judging from this, it can be verified that as studies on HRL
proceeded, practical logistics flow issues gained attention. That the
portion of the topic, sustainable development in period 2 was highest
among all periods shows that education was researched most at that
time. In period 3, there was large difference in ratios between topics.
Topics whose proportions increased sharply such as facilities loca-
tion, transportation, supplying and sourcing in period 2, increased
slightly or maintained their position, but in case of coordination, its
weight rose largely, approximately by 6%.

5.4.3. Topic analysis by year

Table 13 presents the extracted topics examined from 2005 to
2009. Until 2010, 9 of all the topics had not been introduced. Espe-
cially, no study was found on coordination and sustainable develop-
ment until 2008. However, from 2011, throughout all topics,
continuous studies kept progressing without high portion differ-
ences by year. Though, as to topics such as coordination, sustainable
development, transportation, supplying and sourcing, wide variation of
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topic1: coordination, topic2: preparation, topic3: sustainable development, topic4: stakeholders, topic5: recovery,
topic6: facilities location, topic7: emergent response,topic8: transportation, topic9: supplying and sourcing

Fig. 3. Topic modelling network map.

portions by year was witnessed especially in transportation. With
regards to portion difference between topics, in general no drama-
tically large gaps were found from 2011. However, in 2017 the largest
deviation of ratio between facilities location (19.1%) and recovery
(4.8%) was detected while in 2015 the smallest deviation between
coordination and facilities location (14.8%) and recovery (8%) was
spotted.

The Fig. 5 below shows the declining and rising trends of each
topic by year. The topic revealing apparently decreasing tendency is
preparation. Its portion between topics by year declined significantly
from 66.7% in 2006 to 11.3% in 2019 falling by over 55%. Topics like,
preparation, stakeholders, recovery and emergent response showed
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downward trends by and large as well. However, topics like co-
ordination and supplying and sourcing showed a weak upward-trend
and the topic of facilities location continued a rising curve accounting
for 18.3% (2016), 19.1% (2017), 19% (2018), and 15% (2019). Looking at
2019 alone, 32 of literatures on facilities location were published
recording 1 ranking topic followed by coordination (31), transporta-
tion (28) and supplying and sourcing (28). These data indicate that in
initial and middle stages of HRL studies, response or restoration of
disasters or participants and expert education in HRL were the main
focuses, but as time went by, logistics flow and cooperation were
gradually paid more attention by researchers and this trend is pre-
dicted to continue hereafter.
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Table 12
Number and weight of related literature by period.
Topic 2005-2009 (period 1) 2010-2014 (period2) 2015-2019 (period3)
Pcs. Ratio Pcs. Ratio Pcs. Ratio
coordination 5 7.7 33 111 90 13.2
preparation 14 21.5 25 8.4 68 9.9
sustainable 6 9.2 37 125 55 8.0
development
stakeholders 10 154 32 10.8 67 9.8
recovery 10 15.4 23 7.8 52 7.6
facilities location 2 31 46 15.5 117 171
emergent response 8 123 25 8.4 61 8.9
transportation 6 9.2 42 14.2 98 14.3
supplying and 4 6.2 33 111 76 111
sourcing
total 65 100.0 296 100.0 684 100.0
supplying and sourcing [ INEEE——m™
transportation NN
emergent response [N Emmm™"
facilities location I
recovery I
stakeholders [N
sustainable development | ——
preparation I
coordination  INEENN—
0 5 10 15 20 25 30 35 40 45
mperiod 1 mperiod2 ®period 3
Fig. 4. Bar chart of weight of literatures by period.
Table 13
The number and ratio of literatures related to topics by year.
Pub  coordination  preparation  sustainable stake recovery facilities location =~ emergent response  transportation  supplying  Total
Date development  holders and
sourcing
pcs ratio pcs ratio  pcs ratio pcs ratio pcs ratio pcs ratio pcs ratio pcs ratio pcs ratio pcs ratio
2005 0.0 0.0 0.0 1 50.0 0.0 0.0 1 50.0 0.0 0.0 2 100
2006 0.0 2 66.7 0.0 1 333 0.0 0.0 0.0 0.0 0.0 3 100
2007 0.0 2 18.2 0.0 00 3 273 0.0 1 9.1 3 273 2 182 11 100
2008 0.0 1 111 0.0 00 1 11 2 222 3 333 2 222 0.0 9 100
2009 5 125 9 225 6 15.0 8 200 6 150 0.0 3 75 1 2.5 2 5.0 40 100
2010 7 259 4 14.8 3 111 6 222 4 148 2 74 0.0 0.0 1 3.7 27 100
2011 3 6.1 3 6.1 7 143 7 143 1 2.0 5 10.2 7 14.3 9 184 7 143 49 100
2012 10 14.7 3 4.4 n 16.2 5 74 2 29 1 16.2 7 10.3 7 10.3 12 177 68 100
2013 8 13.6 5 8.5 4 6.8 4 68 7 119 1 18.6 4 6.8 10 17.0 6 102 59 100
2014 5 54 10 10.8 12 129 10 108 9 97 17 18.3 7 75 16 17.2 7 7.5 93 100
2015 13 14.8 10 114 11 125 8 9.1 7 80 13 14.8 8 9.1 8 9.1 10 114 88 100
2016 16 133 13 10.8 1 9.2 7 5.8 1 9.2 22 183 10 8.3 21 175 9 7.5 120 100
2017 13 12.4 8 7.6 10 9.5 10 95 5 4.8 20 19.1 15 14.3 13 124 1 10.5 105 100
2018 17 10.8 13 8.2 10 6.3 19 120 12 76 30 19.0 1 7.0 28 17.7 18 114 158 100
2019 31 14.6 24 11.3 13 6.1 23 108 17 8.0 32 15.0 17 8.0 28 13.2 28 132 213 100
Total 128 123 107 102 98 94 109 104 85 81 165 15.8 94 9.0 146 14.0 113 108 1045 100
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Fig. 5. Graph of time-variant topic ratio.

6. Conclusion

To objectively and systematically determine research trends in
HL and suggest future research tasks, the current study analyzed the
frequency of keywords in articles and reviews related to HL pub-
lished between 2005 and 2019. It did so by dividing the data into
three five-year periods and performing keyword network analysis
and topic modeling analysis. The results of the three analyses in each
time period are as follows.

The main research topics in papers published between 2005 and
2009 were disaster damages, countermeasures, restoration, and the
establishment of identity in HL. These can be found in the TF hy-
pernyms seen in this time period (e.g., preparation, disruption, rescue,
victim) or in TF-IDF hypernyms (e.g., private sector, partnership,
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vulnerability, quick response, not for profit). We included terms such
as united nations, reconstruction, survivor, early warning system, pro-
tection, and affected area in the degree centrality hypernyms, and
terms such as equipment, chaos, and disturbance in the betweenness
centrality hypernyms. This step is supported by the fact that among
the nine topics extracted during topic modeling analysis (i.e., pre-
paration, coordination, stakeholders, sustainable development, stake-
holders, emergent response, recovery, facilities location, transportation,
supplying and sourcing), the superordinate topics of period 1 were
preparation (21.5%), stakeholders (15.4%), and recovery (15.4%).

From 2010 to 2014, the main research interest was the physical
flow of HL and the education of hands-on workers in the field. This is
seen from the fact that terms such as emergency supplies, vehicle
routing, heuristic algorithm, feasibility, delay, lead time, integer linear
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programming, personnel, and education dominated among the TF-IDF
hypernyms during this period, and degree centrality hypernyms
included robustness, travel times, simulated annealing, relief distribu-
tion centers, data uncertainty, inventory control, and education. The
research topics seen in this period were evenly distributed overall,
with no one topic standing out; nonetheless, facilities location,
transportation, and supplying and sourcing were superordinate topics,
and many studies also focused on sustainability vis-a-vis education.

From 2015 to 2019—a period during which research on HL in-
creased explosively—the focus was on mutual cooperation among
logistics stakeholders or the transport and supply of relief goods. We
included words such as coordination, government, collaboration, route,
and road in the TF hypernyms, and partner, trust, arrival, sensitivity
analysis, agility, and provision in TF-IDF hypernyms. Keywords re-
lated to transport, facilities, and location selection (e.g., provision,
equity, accessibility, product, routing, and depot) as well as those re-
lated to cooperation (e.g., trust and partner) ranked highest in terms
of degree centrality. This is seen in the fact that the betweenness
centrality of provision in the same period is remarkably higher than
that of other keywords. As for topics, the ratios of occurrence of
facilities location, transportation, and supplying and sourcing, all of
which had rapidly increased in period 2, increased slightly or re-
mained the same, while that of coordination increased significantly
(i.e., by approximately 6%).

The topics that received the most attention between 2005 and
2019 were the supply of relief goods in the community and mutual
cooperation. This is seen in the frequency of hypernyms in all per-
iods (e.g. community and coordination) or in degree centrality hy-
pernyms (e.g. provision, united nations, partner, trust, agility, vehicle
routing and accessibility) or betweenness centrality hypernyms (e.g.
united nations, provision, feasibility, partnership and sensitivity ana-
lysis). In terms of topic, facilities location had the highest ratio
(15.8%), followed by transportation (14.0%) and coordination (12.2%);
these findings confirm once again that in all periods, supply and
mutual cooperation were the topics that received the most attention.

Conversely, the topic showing the most obvious decrease was
preparation; recovery, emergent response, and stakeholders also
showed a declining trend by and large, as well. On the other hand,
each of coordination, facilities location, and supplying and sourcing
showed a slight increase. These findings suggest that while earlier
studies on HL had focused on disaster situations (such as disaster
response or recovery), more recent studies have paid more attention
to actual HL flow and mutual cooperation; the implication here is
that more research will be conducted on such topics in the future.

This study has a significant contribution by undertaking research
trend analysis from a new and objective perspective based on key-
word network analysis, keyword frequency analysis, and topic
modeling analysis. The results herein can be used as a steppingstone
by which to set future research direction by determining the HRL
research findings in a macroscopic and comprehensive way. The
three analytical methods all demonstrated similarities, ultimately
proving that these methods are significant.

Nonetheless, the current study lies certain limitations. Keywords
were limited to four types and the analytical subjects were also
limited to academic papers and reviews; in this sense, analyzing a
large body of data was challenge. Additionally, healthcare HRL lit-
erature was included so there were certain limitations in terms of
exclusively determining the logistics characteristics. Therefore, fur-
ther direction into research trend analysis could derive more abun-
dant search results by expanding the scope of search words (e.g.
‘relief and ‘emergency’). Furthermore, the analytical subjects could
be extended to conference papers, news articles, interviews, and
data analyzed by various institutions. By comparing those results
with the existing data on academic research trends and determining
the gap would be possible to uncover research topics that could
assist in the rollout of HRL. Moreover, additional studies should be
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conducted on HRL policies, customs clearance management, and
waste disposal all of which are topics currently known to receive less
attention from researchers.
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