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ABSTRACT

Purpose: As the connection between physical and non-physical structures in cities is expanding and
becoming more complex, the risk of complex disaster which causes damage in a complex way is
increasing. Preparing for these complex disasters, it is important to preemptively identify and manage
disasters that can develop into complex disasters. Therefore, this study analyzes the disaster types
studied as complex disasters by analyzing the trends of domestic and international studies related to
complex disasters, and presents the direction of complex disaster management in the future. Method:
We first established co-occurrence networks between disaster types based on 993 articles related to
complex disasters published in disaster-related journals for the last 20 years (2002-2021). Then,
through network analysis, domestic and international complex disaster research trends were compared
and analyzed. Result: Research on complex disasters related to storm and flood damage, infrastructure
failure and fire was high in domestic studies, and it was analyzed that research on complex disasters
related to earthquakes and landslides has recently increased. However, in international studies, the
proportion of studies on infrastructure failure along with storm and flood damage and earthquake was
high, and various types of disasters such as tsunami and drought appeared. Conclusion: The results of
this study are expected to increase the understanding of the trends in complex disaster research and
provide suggestions of domestic complex disaster research in the future.

Keywords: Complex Disaster, Trend Analysis, Text Mining, Network Analysis, Co-occurrence Networks
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(Leeetal., 2016).
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Table 1. The number of articles related to complex disaster by each journal

Articles related to

Division Journal name complex disaster Total articles
Disasters 25 (4.6%) 546
Disaster Advances 101 (9.5%) 1,063
Disaster Prevention and Management 23 (4.0%) 575
Environmental Hazards 8 (3.6%) 221
International Journal of Disaster Resilience in the Built Environment 7 (3.7%) 187
Int;;nu?:li;)lnal International Journal of Disaster Risk Reduction 118 (5.1%) 2,331
(Total: 741 International Journal of Disaster Risk Science 22 (5.2%) 422
Journal of Disaster Research 29 (5.2%) 556
Journal of Risk Research 68 (7.0%) 973
Natural Hazards 212 (12.2%) 1,734
Natural Hazards Reviews 105 (21.1%) 497
Risk Analysis 23 (9.2%) 249
Domestic Crisisonomy 57 (13.0%) 437
Journal Journal of Korean Society of Hazard Mitigation 167 (11.1%) 1,503
(Total: 252) Journal of The Korean Society of Disaster Information 28 (4.7%) 598

OF7E 4ol Y5le] YRR AAE AAPRE S5t dlole] MAEE 91510 WA, Natural Language
Toolkit (NLTK)©] £-§0] 5] Bghafdat ¥ Qe BolE 571 B8 0] 552 Bgolo] A E Yol gl E-80]
£ A5, o1 %, oo (Python)©] Gensim o] H2|2|E &-golo] SHEEA] ¢1o] Bl Hio] 13(Bigram), E2fO]
T15H(Trigram) &S Aokl AZEOA 245 £o] A T 7 52 A 710 TolEs FE01310H, dol 1 &
(Lemmatization) 2F-2 A% Hlo|HE Z-83F FHl4 742 -5l YA -sARES 264 0 2 S=E513{TH(Han et al., 2021).

2 Feie BAde 2 A EE A 3 1 AAVES BASH ] Siste] Ald {82 B olstaloH, S M 9
ebe] 7, 3 vl=o] AT E) 4 (Federal Emergency Management Agency, FEMA)IA 3 ofstat oli= 433t

A A 3L 2 gl o)F, SUT Aol that GAF G015 SAGH= AL Fol 4 A5 1370, A 5

(Network Text Analysis)= 25Tt 1 Aol 83 HES| T BIAE JA42 BIAE(A R H)of| ALt Tof 7]
AR ZZ6l0] Aslolil o2 7IAA] 0 B HolZ 4= 9o, TholS Alo]o] TA|e} 742 ek o @ mjelst 2 olr}
(Diesner et al., 2005; Lee, 2014). gk FUjQ] B3Rt A S5ko] A7 EAIS A5 Q5o A4 Al7]15 2002~
201197} 2012~202199] T A|7] 2 Viro] v mEAst i,

2 AFoldE HIEYAS S4& ST & e AR T A2 SHA(Degree centrality), M7 F-4H/d(Betweenness
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Table 2. Disaster types for the research

Division Disaster Type Keyword examples
aircraft accident aircraft, aircraft accident
blackout electric power, blackout, electric, electricity, power failure, outage, power cut
building collapse building collapse, collapse, cave in, fall in
chemical accident chemical, chemical substances
dam/levee break levee, dam
explosion explosion, outburst, detonation, blast
fire fire, blaze, conflagration, forest fire, bush fire, wildfire
gas accident gas, gas explosion, gas outburst, gas accident
infectious disease infectious disease, pandemic, pandemic diseases, epidemic
Social . . . e g
Disaster infrastructure failure infrastructure, facility, lifeline
livestock disease livestock, livestock disease
marine accident marine, marine accident, maritime, ship, shipping, boat, boating
nuclear accident nuclear, nuclear accident, nuclear power, nuclear pow, nuclear power plant
particulate matter finedust, fine dust, particulate matter, pm
pipeline accident pipe, pipeline, pipe utility
railroad accident railroad, subway, railway, rail
terror terror, terrorist attack, terrorist, terrorism
traffic accident traffic accident, traffic, road, highway
water contamination drinking water, edible water, water pollution, marine pollution, marine contamination
coldwave coldwave, cold wave
drought drought, dry spell, dry
earthquake earthquake, seismic, tremor, aftershock, foreshock, quake, shake
flood flood, inundation, flooding, inundate, swamp, deluge, flash flood
heatwave heatwave, heat wave, heat, extreme heat
landslide landslide, landslip, rockfall, mudslide, avalnche
Natural rainfall rainfall, rain, heavy rain, torrential rain, downpour, pour
Disaster snow snow, sleet, snowstorm
storm typhoon, inundation, tornado, storm, tempest, superstorm, cyclone, heavy wind, gusty,
strong wind, gales
thunder thunderstroke, thunderstorm, thunderbolt, thunder
tsunami tsunami, tidal wave, tidal, seismic wave

volcanic eruption

yellowdust

volcanic eruption, volcanic, eruption

yellowdust, sand, dust
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Table 3. Co-occurrence score between natural & social disaster in domestic and international journals

Division Type of complex disaster Period 1 (2002-2011) Period 2 (2012-2021) Total (2002-2021)
) ) 52 280 328
Natural disaster — Natural disaster
(34.9%) (39.1%) (38.3%)
Natural disast Social disast 4 219 260
i atural disaster — Social disaster
DJZT;SSC (27.5%) (30.5%) (30.0%)
S o 56 218 274
Social disaster — Social disaster
(37.6%) (30.4%) (31.7%)
Total 149 717 866
) ) 248 936 1,184
Natural disaster — Natural disaster
(51.1%) (51.8%) (51.6%)
Natural disast Social disast 145 529 674
i atural disaster — Social disaster
International (29.9%) (29.2%) (29.4%)
journal
S o 92 344 436
Social disaster — Social disaster
(19.0%) (19.0%) (19.0%)
Total 485 1,809 2,294
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Fig. 1. The number of articles related to complex disaster by year
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Fig. 2. Aresult of network analysis and visualization using Gephi (Domestic)

Table 4. A result of cluster proportion using Gephi (Domesitc)
R At 59 g
D(A) 26.92%

At 53
infrastructure failure, flood, rainfall, storm, landslide, drought, dam/levee break

D(B) 4231% earthquake, fire, explosion, gas accident, tsunami, blackout, railroad accident, nuclear accident
= chemical accident, terror, volcanic eruption

D) 30.77% heatwave, traffic accident, building collapse, pipeline accident, yellowdust, snow, marine
e accident, livestock disease

=29 77, T 4] o 2 At 7ol EFE AL H(Fig. 3, Table 5), F-29719] ke =7F22371] A2 M= 12

Eof AL 71 FollA 167 e = THAFT AAAo] o, HEF O] Bt W= 2F0.574% iU HEE A9t FARH =
2 Uk 2 o] Y= Ao R FAEGITE HIES A HA A1 I & = 2] FAFSHA S<7(Flood), Z-3(Storm),
2% (Earthquake), 715FA1d B-1)(Infrastructure failure), 3%-2-(Rainfall), AFAFE(Landslide), 1-5-Ak(Traffic accident)
T A G FHol 2 A o= FAEIh

KOSDI 915



Journal of the Society of Disaster Information | Vol. 18, No. 4, December 2022

o

=] BNt AT HIE =] 7Rt FEA A 1(A) A2 Z4r(Flood), F8(Storm) 50 55750 AltS F4
2 d/AHF S3)(Dam/levee break), 7 (Infectious disease), TAHY 2 F(Water contamination) 5-2] 2t -f-do] &
Aol =A] A= AL I(B) w7 o= A53-Rainfall) 2 AbAFE(Landslide) 7t 540] H -0 2 A, T9=1(A)
9] T4x(Flood)@} 733t A4S AU AATEE=1(C) w3 9] A F(Earthquake) ¥t 739t A4S A U= 7072 B4
ot [(C) w3 2] 3¢ A|F(Earthquake)S 54 2.2 HIAIE 4= Q1= 2718 Y (Tsunami), 7152 5-2(Building collapse),
BAF(Traffic accident), &= A}3(Railroad accident), Y& AL Nuclear accident) 5] At o] 5 HE {02
B}t izt o 2 (D) w32 7REAA ‘&3 (Infrastructure failure)2t TE0] SEl|(Fire), & (Explosion), %
(Blackout) 5 25 ARl PHAE At o] -S4 o] glom, 1% 7HAVE Si=1(A) 4 0] B2t I(C) A o] AR
T2 A4S AU A o2 AR

3@ mN

El

. VA hea@ave ‘\‘ I(D)
. . 11

,aﬁnfectlo@lsease 1 1 ga @dent chemm@cciden\
\

damll brea‘l

i
; bldekput P
i tefror 1 \‘@
/ d’@ht |‘e \ plpelln@mdgnt
i thunder @ 1\
‘r i ||‘frast failure ,’
\J"" 11
’water corftamination ;,,‘\‘» \ /‘p e
\. —‘ & &b 4

S = { im—m——=aaZ -
[ of- e [©
AT lgxﬁ i o

\ L
2

e ~
nuclear@ccident |
4 buildi llapse H
¢ b [
% - marinelagcident !
X @ ‘ ltr:;\fflldent dap J]
, r
I(B) |1, 74 , railroad agcident .~
yivestock disesse s vo.can@upt.on @cont
\ yell ust "/
"

‘--._ -
gy i #*

#Node: 29, #Edge: 233, Network density: 0.574, Average degree: 16.069, Average path length: 1.431

Fig. 3. Aresult of network analysis and visualization using Gephi (International)

Table 5. A result of cluster proportion using Gephi (International)

=4 Ak 5 1l At 53
I(A) 27.59% flood, storm, drought, dam/levee break, infectious disease, water contamination, terror, thunder
I(B) 13.79% rainfall, landslide, snow, livestock disease
earthquake, traffic accident, tsunami, building collapse, volcanic eruption, railroad accident,
I(C) 31.03% . . .
yellowdust, marine accident, nuclear accident
1D) 27 59% infrastructure failure, fire, blackout, explosion, gas accident, pipeline accident, chemical

accident, heatwave
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Table 6. Result of network analysis by period (Top 10 disaster type, Domestic and International)

Rank

Domestic - Period 1 (2002-2011)

Domestic - Period 2 (2012-2021)

. Betweenness Eigenvector . Betweenness Eigenvector
Degree centrality . . Degree centrality . .
centrality centrality centrality centrality
fire fire flood flood 1nﬁ';1:itlruw c;ture flood
(0.774) (0.234) (0.633) (4.000) (0.109) (0.705)
rainfall rainfall rainfall mﬂ?:it]r::r ceture earthquake rainfall
(0.710) (0.084) (0.609) (3.581) (0.058) (0.617)
3 flood pipeline accident 1nﬁ';1:itlruw ceture rainfall fire mfr?:itlruur Zture
(0.677) (0.058) (0.532) (3.000) (0.033) (0.598)
4 1nfr?:itll11r ceture earthquake fire fire flood storm
(0.581) (0.054) (0.465) (2.290) (0.028) (0.400)
5 earthquake mfr?:itlrll;r (;ture storm earthquake heatzx;alcxi/z;rtlrtafﬁc landslide
(0.484) (0.051) (0.449) (2.161) (0.026) (0.377)
6 storm flood earthquake storm earthquake
(0.355) (0.027) (0.388) (1.806) (0.303)
traffic accident,
railroad accident, traffic accident traffic accident landslide explosion fire
heatwave (0.018) (0.278) (1.645) (0.022) (0.283)
(0.258)
g railroad accident ~ dam/levee break heatwave building collapse ~ damv/levee break
(0.016) (0.256) (1.226) (0.017) (0.262)
9 i storm heatwave dam/levee break rainfall traffic accident
(0.011) 0.217) (1.129) 0.011) (0.191)
10 pipeline accident heatvle\;i,l b;leﬂdmg landslide explosion gas accident heatwave
(0.226) 0.0 5’7) (0.216) (1.065) (0.007) (0.184)
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Table 6. Result of network analysis by period (Top 10 disaster type, Domestic and International) (Continue)

International - Period 1 (2002-2011) International - Period 2 (2012-2021)
Rank . Betweenness Eigenvector . Betweenness Eigenvector
Degree centrality . . Degree centrality . .
centrality centrality centrality centrality
| earthquake earthquake earthquake earthquake storm earthquake
(2.903) (0.170) (0.626) (11.774) (0.089) (0.682)
) flood storm flood flood flood, Egiigucture flood
(2.613) (0.074) (0.619) (9.645) (0.059) (0.606)
infrastructure . infrastructure infrastructure
storm . landslide . .
3 (1.935) failure (0.538) failure - failure
’ (0.068) ’ (7.935) (0.511)
4 landslide flood rainfall landslide earthquake landslide
(1.806) (0.061) (0.517) (6.806) (0.040) (0.507)
5 rainfall rainfall storm rainfall rainfall rainfall
(1.645) (0.044) (0.483) (6.194) (0.029) (0.440)
6 mﬁ?::um c;ture landslide mfr?::jr Zture tsunami drought tsunami
(1613) (0.031) (0360) (4.458) (0.024) (0.400)
. traffic accident yellowdust traffic accident storm landslclgﬁ;qk:;l;ldlng traffic accident
(1.000) (0.018) (0.273) (4.226) 0.016) (0.297)
g fire traffic accident dam/levee break traffic accident i storm
(0.839) (0.014) (0.249) (4.065) (0.286)
9 damy/levee break fire fire dam/levee break H?nga?;iclgj?’ dam/levee break
(0.774) (0.013) (0.215) (2.452) 0.014) (0.200)
10 yellowdust dam/levee break yellowdust fire i fire
(0.548) (0.006) (0.136) (2.226) (0.142)
A=
= Qs FE 2018(2002~2021'9) F9T SEAG pct 2 ATeS SHCR FHA] A Fd 24
Sttt 24 A, 9] B ERAd A7 S, U] SRk Aol 354 o= At ApedAdt
7 A T B Q0] vl o] 7 etk Fe] Aol B F4, 2|, 7MbAL A B3k 2R e At
TR o= EEE ek FUie] EeAid YIEY A At G371 AAIE B, oAM= Sraliet 7[RAE B E SH L
2 5l A7 H s A=l e H, =ejel e E4rall, AR, A, 7RI B S T iR Al S e
2 B3 A7t oA K19 =Sict. 2 el 2002-2011Aoll= shfet TAE B3 A7 2ishA| 118y
& ATH, ©1%-2012-2021 0= F<raliet 7[WHAE Sjet el A7 EEstA| Ja8E gl o™ Abare|et P St
A A7 57 A 0 & AR =] BgAd At A 717l A 2|71t Fapol T A 2skA 113
E]310™, 2012-2021'd0l= AR S A} PAHE EQMAd A7 S7IRE A o2 BAE I o] 4] Uil 2 Bt A
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