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Abstract

Earthquakes are disasters that occur because of tectonic movements under
the ground, causing great damage and loss of life. Post-earthquake fires,
tsunamis, floods, avalanches, landslides, soil liquefaction, and volcanic
eruptions also have devastating effects. Here, we investigate basic analysis
methods and specialized methods used for these disasters in academic studies.
The study aims to determine and classify the analysis methods developed
for post-earthquake disasters that are used in academic studies. Analysis
methods are summarized from academic data, classified, and assessed using
bibliometric methods. Different analysis methods were used in each post-
earthquake disaster and new methods were developed, with a combination
of analysis methods in some disasters. There are many academic studies on
post-earthquake fires and landslides, and analysis methods have improved.
Inadequacy of academic studies on post-earthquake avalanches has been

observed.
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Introduction

Natural disasters have continued throughout the
history of the world (Soyluk and Harmankaya
2012; Ilerisoy et al. 2022; Jung and Han 2022).
Earthquakes are included in the class of natural
disasters and are the result of seismic movements
concentrated in many parts of the world (Rossello
et al. 2020). Earthquakes affect buildings in the
first stage, and their subsequent effects can con-
tinue to generate wider social issues and environ-
mental crises (Ilerisoy and Gokgoz 2022). The
Diizce earthquake in 1999, the Bam earthquake
in 2003, the Wenchuan earthquake in 2008, the
Haiti earthquake in 2010, the Van earthquake in
2011, and the Japan earthquake in 2011 are nat-
ural disasters with high casualties (Nedjati et
al. 2016; Ilerisoy and Soyluk 2012). Post-earth-
quakedisasters also trigger an increase in casual-
ties. Tsunamis occurred after the 2004 Indonesian
earthquake, the 2011 Tohoku earthquake, and the
2018 Indonesian earthquake.After the 1995 Kobe
and 2011 earthquakes in Japan, fires and explo-
sions occurred due to the intensity and impact of
the earthquake. Landslides following the Wench-
uan earthquake in 2008, Lushan in 2013, Nepal
in 2015, and the Nyingchi earthquake in 2017
also caused damage (Yang et al. 2015; Tang et al.
2016; Zhao et al. 2017; Zhao et al. 2019). Looking
at volcanic eruptions after earthquakes, Pinatubo,
the biggest eruption of the 20th century, occurred
approximately 1 year after the 1990 Philippines
earthquake. 47 days after the Hoei earthquake in
1707, Mount Fuji erupted (Nishimura 2017). After
the 1975 Kalapana (Hawaii) earthquake, Kilauea
volcano erupted in 1977 (Gonzélez et al. 2021).
Snow avalanche disasters can also be triggered
by earthquakes (Puzrin et al. 2019). In 2023, af-
ter the7.8 and 7.6 magnitude earthquakes, which
were described as the disaster of the century in
Turkey, deep cracks were formed in some regions.
Landslides have been triggered byearthquakes.
The diversity of disasters triggered by earthquakes

is an indication that academic studies in this field

are multifaceted.

Loche et al. (2022) developed a slope unit-based
multitemporal susceptibility model for the cen-
tral region of the 2008 Wenchuan earthquake.
With this model, the relationship between land
surface temperature and landslides over time was
evaluated. It was determined that the land surface
temperature could explain the post-earthquake
landslide. It was also found that there is no visi-
ble effect in the seismic scene where strong shak-
ing is dominant. Lotfi et al. (2021) investigated
whether a 28-storey multi-purpose high building
could create a safe evacuation environment under
post-earthquake fire. The operability of escape
routes was measured using the Pyrosim program.
Additionally, smoke generation and fire develop-
ment on different floors were simulated. Gonzélez
et al. (2021) highlighted the relationship between
tectonic earthquakes and volcanic eruptions. It has
been shown that seismic waves and static stress pa-
rameters are effective in volcanic eruptions. After
three earthquakes with a magnitude of more than
7.3 in Central America in 10 weeks in 2012, vol-
canic eruptions were observed within a few days,
and these eruptions continued for months and
years. It was emphasized that the increase in the
number of volcanic eruptions for seven years after
these three earthquakes following seismic events
was remarkable. Davies et al. (2020) compared
tsunamis following the Chile earthquake in 1960,
the Sumatra earthquake in 2004, the Chile earth-
quake in 2010, the Tohoku earthquake in 2011,
and the Chile earthquake in 2015, according to
sixteen nearshore tide indicators in Australia.Each
tsunami pattern was simulated for 60 hours, which
isa pragmatic approach for developing tsunami
simulations. Himoto (2019) performed a compara-
tive analysis of 665 post-earthquake fires in Japan
from 1995 to 2017 with the integration of survey
data. The causes of fire, ignition, the spread of fire

in urban areas, fire fighting activities, deaths and
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damage to fire safety equipment systems were in-
vestigated. Through the analysis, they observed
that 70% of these fires occurred within one day
after the main earthquakes occurred.

The Industry 4.0 revolution, developments in con-
struction techniques, and artificial intelligence
applications also improve post-carthquake disas-
ter precautions (Takva ef al. 2023a; Takva et al.
2023b; Takva and Herisoy 2023a; Takva and Ile-
risoy 2023b). Based on information from the lit-
erature, methods developed to analyze post-earth-
quake disasters vary.There are many studies that
investigate earthquake scenarios on reinforced
concrete structure designs (ilerisoy and Tuna
2018; Harmankaya and Tuna 2011) and histor-
ical structures (Soyluk and ilerisoy 2013) from
among the existing building stock. However,com-
parative academic studies on the methods used in
post-earthquake disasters are limited. Here, we
review post-earthquake disasters and explore the
analytical methods. Although basic methods are
used in the evaluation of post-carthquake disas-
ters, methods specific to each disaster have also
been developed. We aim to determine and classify
the analytical methods developed for post-earth-
quake disasters and to show which methods can be

used for academic studies in this field.
Methodology

Bibliometric analysis has increased in popularity
recently (Donthu et al. 2021; Khan et al. 2021).
Bibliometrics includes a variety of statistical anal-
ysis methods to evaluate scientific communication
environments. The selected scientific literature can
be assessed according to criteria such as author,
citation, keyword, publication year, language, etc.
These studies can reveal the current state of the lit-
erature, and analysis outputs can be organized ac-
cording to publication by country, research areas,
the total number of publications in publication
platforms, analysis of authors, and the most cit-
ed publications and keywords (Merigd and Yang

2017; Gaviria-Marin et al. 2019), to generate an
academic structureof links between articles (Gha-
leb et al. 2022).

We used the bibliometric analysis tools WOS-
viewer and Biblioshiny. WOSviewer is an analysis
software for scientific mapping and visualization
(Hosseini et al. 2018). The bibliometrix R-pack-
age was used for data obtained from Biblioshiny, a
web-based version of Bibliometrix (Aria and Cuc-
curullo 2017; Wang et al. 2021; Mougenot and
Doussoulin 2022).

Academic studies summarized in the Web of Sci-
ence database were reviewed for bibliometric
analysis of post-earthquake disasters. The Web
of Science Core Collection database was chosen
because it has an interdisciplinary scope and in-
cludes many scientific publications (Skute 2019;
Escamilla-Fajardo et al. 2020). For research in the
database, ‘’post-earthquake fire”, ’post-earth-
flood”,
“’post-earthquake avalanche”, ’post-earthquake

quake tsunami”, ‘’post-earthquake
landslide™, “’post-earthquake soil liquefaction™,
and “post-earthquake volcanic eruption” key-
wordstrings were searched. As wider subjects, we
used the terms “natural disaster” or “earthquake”
(Fig. 1). Academic studies between the years
2000-2022 were examined according to the year
of publication.As document types, we included ar-
ticles, book chapters, proceedings papers, and re-
views, but excluded data papers and early access
documents. Academic studies published in En-
glish are within the scope of this study. According
to these criteria, we retrieved 521 publications and
1586 author networks. Most of these 521 academ-
ic publications were published in journals.

Findings

Bibliometrics covers the application of mathemat-
ical and statistical analysis methods in evaluating
scientific communication environments. Various

findings related to scientific communication were
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Figure 1. Research method and flow chart.

reached by examining the characteristics of pub-
lications in bibliometric analyses. In bibliometric
studies, which is one of the quantitative research
methods, various determinations and inferences
can be made by analyzing the publications fol-
lowing the determined characteristics (author, ci-
tation, keyword, publication year, language, etc.).
With these determinations, the current state of the
literaturewas revealed, and the environment was
prepared for the elimination of problems in future
studies by helping determine the development and
problems. Publications by year of publication by
country, research areas,the total number of pub-
lications in publication platforms, analysis of
authors, and the most cited publications and key-
words are given as sub-titles as analysis outputs.

Most 521 academic publications obtained because

}———————— Conteat of the study and analysis |

Web of Science (WaoS) |

Past-earthquake fire
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Analysis methods used in
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of the analysis of the determined keywords were
published in journals.

Analysis of Publications by Year

The distribution of studies by year shows years
in which the subject was popular, and trends may
include multiple papers in subsequent years. Un-
til 2004, the number of publications was a max-
imum of two, and after that year the number of
publications increased. The maximum number of
publications up to 2009 was eight per year. Since
2010, the number of publications increased to
double digits, rising continuously from 2008 to
2012, documenting increasing awareness about
post-earthquake disasters. After 2010, there was
a fluctuating trend in the number of publications,
but an overall increase, from 18 in 2010 to 53 in
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2020. The number of publications was 27 in 2018,
36 in 2019, and 49 in 2021 (Fig. 2). The annual

Articles

20

growth rate was 19.88%. In 2022, a record was

broken with 54 academic publications.

2000
2002
2004
2006
2008

Figure 2. Annual scientific production.

The average number of citations per year has also
increased towards the present. In 2002, the aver-
age number of citations per year reached a maxi-
mum of 2.8. This was followed by 2008 with 3.2
and 2011 with 4.5. As we approach today, fluctua-
tions are seen in the number of citations, from 3.3
in 2015, 4.4 in 2020, and 3.5 in 2021.

Analysis of publications per country

By analyzing the publications according to coun-
try, it was determined which countries played an
active role in the post-earthquake disasters. We
identified publications from 55 countries. China
had the highest number of publications, with 212
(Table 1), followed by the United States with 104
articles and Japan with 62 articles. The proof of
the quality of scientific research depends on the

number of citations. In terms of citations, China
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ranks first with 3444 citations, followed by the
United States with 1158 and the Netherlands with
573 citations.

Mexico has 2 academic publications, and the Phil-
ippines has 1 academic publication, but these two
countries have zero citations. When the number of
publications and citations is analyzed, it is seen
that scientific studies are concentrated in China,
the United States, and Japan. Although the num-
ber of publications in Japan was higher than the
publications in the Netherlands, the number of
citations fell behind: the number of publications
in the Netherlands was 18, while the number of
citations was 573. Similarly, although Switzerland
was 27th in terms of the number of publications, it
was 12th in the number of citations. Thailand was
32nd in terms of the number of publications (two),

whereas it is 14th in the number of citations.
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Table 1. Number of publications per country.

Country Number of articles Country Number of citations
China 212 China 3444
United States 104 United States 1158
Japan 62 Netherlands 573
United Kingdom 37 Japan 466
Australia 33 Italy 311
Iran 31 Australia 272
New Zealand 23 United Kingdom 219
Italy 21 New Zealand 204
Netherlands 18 India 161
Canada 17 Iran 158
Taiwan 14 Canada 140
India 12 Switzerland 96
Chile 10 Belgium 93
Turkey 10 Thailand 88
Germany 9 Greece 85
Indonesia 8 Pakistan 75
Pakistan 8 Turkey 51
Belgium 7 Chile 42
France 7 Norway 42
Nepal 7 Korea 36
Research Area Analysis stitutes the category that has the most impact on

Of the 521 academic publications researched, 421
were articles, 85 proceeding papers, 8 review ar-
ticles, and 7 book chapters. The research areas
with the most academic studies (Fig. 3) were engi-
neering with 273 academic publications (10.9%),
geology with 200 (8%), construction-building
technology with 61 (2.4%), environmental sci-
ence-ecology with 59 (2.3%), water resources
with 52 (2%), materials science with 40 (1.6%),
with 38
(1.5%), remote sensing with 35 (1.4%), physical
geography with 32 (1.2%), and computer sciences
with 23 (0.9%).

meteorology-atmospheric ~ sciences

The field of construction-building technology is
seen as the closest science to architecture and con-

432

the discipline of architecture. Precautions should
be taken against post-earthquake disasters by de-
veloping innovative design solutions in architec-
ture. Effective approaches should be provided in
the design process by increasing urban-scale set-
tlement decisions and education awareness (ile-
risoy et al. 2021).

Analysis of the Total Number of Publications
on Publishing Platforms

The 521 academic publications researched were
published on 241 different publishing platforms.
At the top of the list was Engineering Geology
with 28 publications and 812 citations (Table 2).
This journal publishes multidisciplinary articles

dealing with issues involving ground motions
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Figure 3. Percentage representation of research areas considering data from the Web of Science (WoS) database.

and geological phenomena. This was followed by
Landslides (18 publications; 635 citations) and
Geomorphology (16 publications; 754 citations).
The number of citations varied among journals
with the same number of publications. As exam-
ples, and in terms of the number of citations, Natu-
ral Hazards and Earth System Sciences are among
the journals with 10 academic publications, Bulle-
tin of Engineering Geologyand the Environment
among the journals with eight academic publica-
tions, Environmental Earth Sciences among the
journals with six academic publications, and In-
ternational Journal of Remote Sensing among the
journals with five academic publications. It was
observed that the citation rate was lower for book
chapters, proceedings papers, and review articles

compared to journals.

There were 169 publishing platforms with one
publication each and 72 publishing platforms with
at least two publications (Fig. 4). Most articles in
and around 2018 were published inLandslides,
Geomorphology, Remote Sensing, Bulletin of En-

gineering Geology and the Environment, Sensors,
International Journal of Disaster Risk Reduction,
Fire Technology, Journal of Constructional Steel
Research,Thin-walled Structures, and Journal of
Structural Engineering. Articles in and around
2016 were mostly in Engineering Geology, Natu-
ral Hazards and Earth System Sciences, Geology,
and Journal of Structural Fire Engineering. Arti-
cles in and around 2014 were mostly in Journal of
Mountain Science, Earthquake Spectra, Fire Safe-
ty Journal, Natural Hazards, Journal of Hydrolo-
gy, Journal of Asian Earth Sciences, and Bulletin
of Earthquake Engineering. Articles in and around
2010 were mostly in International Journal of Re-
mote Sensing, Journal of Fire Protection Engi-
neering, and Journal of Ecology. Considering the
citation networks of the journals, the Engineering
Geology journal stood out.

Analysis of Authors and Most Cited Publica-
tions

Academic publications evaluated on post-earth-
quake disasters included 1586 authors. While the
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Table 2. Journals in which articles were published.

Academic journals Number of articles | Number of citations
ENGINEERING GEOLOGY 28 812
LANDSLIDES 18 635
GEOMORPHOLOGY 16 754
FIRE SAFETY JOURNAL 14 271
NATURAL HAZARDS 13 452
JOURNAL OF CONSTRUCTIONAL STEEL RESEARCH 12 124
EARTHQUAKE SPECTRA 11 102
REMOTE SENSING 11 82
JOURNAL OF MOUNTAIN SCIENCE 10 149
NATURAL HAZARDS AND EARTH SYSTEM 10 239
SCIENCES
BULLETIN OF ENGINEERING GEOLOGY AND THE g 103
ENVIRONMENT
INTERNATIONAL JOURNAL OF DISASTER RISK RE- g 57
DUCTION
ISPRS INTERNATIONAL JOURNAL OF GEO-INFOR- 2 70
MATION
ENVIRONMENTAL EARTH SCIENCES 6 129
JOURNAL OF STRUCTURAL FIRE ENGINEERING 6 40
THIN-WALLED STRUCTURES 6 61
FIRE TECHNOLOGY 5 35
INTERNATIONAL JOURNAL OF REMOTE SENSING 5 127
JOURNAL OF EARTHQUAKE ENGINEERING 5 68
STRUCTURES 5 20
P TR p—
e ety by S ey
e
... | e
g S 'wl.:.,m:;t::fm e
e i g

Figure 4. Links of journals by the total number of publications on publishing platforms.
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number of authors of academic publications with
one author was 31, the number with more than one
author was 1502. There were 1246 authors with
one academic publication, 179 with two academic
publications, 57 with three academic publications,
16 with four academic publications, 13 with five
academic publications, and 22 with more than five
academic publications. From 2011 to the present,
it is seen that article trends and consistency have
intensified.

Eighty-eight publications, including articles pub-
lished in 2022, have not yet been cited. The num-
ber of academic publications cited once only was
43, 201 were cited at least ten times. The number
of articles cited at least 30 times was 71, and the
number of articles cited at least 50 times was 25.
Eight articles hadover 100 citations, fourhad over
150 citations, and threehad over 250 citations (Ta-
ble 4). Keefer (2002) was the most cited article,
and Gorlim ef al. (2011) and Xu et al. (2014) also
had high numbers of citations. The top 20 most
cited articles were research articles, and the cita-
tion rate of review and proceedings paper publica-

tions is low.
Keyword Analysis

Keywords were selected in the form of commonly

occurring word clusters throughout the sample of
articles, and shown by colors (Fig. 5). Cluster 1
is the red zone with 20 common words, including
the terms 2013 Lushan earthquake, aerial photo-
graphs, classification, coseismic landslides, dam-
age detection, debris flows, disturbance, earth-
quake-induced landslides, earthquakes, erosion,
geohazards, rock falls, satellite images, seismic
slope stability, spatial analysis, spatial distribu-
tion, structural health monitoring, inventory, land-
slide inventory, and landslide dam. Cluster 2 is the
green zone of 15 common words, including the
terms community, conflagration, debris, emergen-
cy management, fire following earthquake, fire
spread, GIS (Geographical Information Systems),
ignition, modeling, physics-based, radiation, sim-
ulation, simulation system, and urban and urban
planning. Cluster 3 is the blue region including 12
common words, namely composite building, dis-
placement, failure mechanism, fire engineering,
fire insulation, landslide susceptibility, logistic
regression, multi-hazards, progressive collapse,
susceptibility evaluation, and vulnerability. Clus-
ter 4 is the yellow region of 10 common words,
namely the 2011 Tohoku earthquake, co-seismic
deformation, cross-sectional study, depression, di-
saster, earthquake and tsunami, Great East Japan

earthquake, natural disasters, trauma, and tsunami
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Figure 5. Comprehensive keyword map.
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are the words of this cluster. Cluster 5 is the purple
region of nine common words, namely ArcGIS,
bathymetry, Daguangbao landslide, Gorkha earth-
quake, hazard assessment, susceptibility mapping,
Palu earthquake, material point method, and run-
out analysis.

When the words in the titles of academic pub-
lications were examined, the most used word
was “earthquake,” used 187 times, followed by
“post-earthquake” 177 times, “fire” 150 times,
“landslide” 60 times,
“steel” 50 times, “landslides” 46 times, ‘’China”

“’resistance’ 31

“Wenchuan” 51 times,

38 times, ‘’seismic’’ 36 times,
times, and “’risk” 28 times. Another application
in keyword analysis is the three-field diagram

method, which shows the connections between

china
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concepts according to their hierarchical order in
research. Links between authors, countries, key-
words, titles, abstracts, sources, references, and
cited sources can also be created in triple combi-
nations. Figure 6 shows the hierarchy between the
keywords, along with the countries of the 18 most
cited authors. In terms of country, China, the Unit-
ed States, and Australia were the countries with
which authors interacted the most, followed by the
Netherlands, Japan, Iran, the United Kingdom, It-
aly, and Canada. When we looked at the most pop-
ular keywords, Wenchuan earthquake, post-earth-
quake fire, landslides, and cyclic loading came to
the fore. Slope stability was the least used key-
word in the papers of the most cited authors.
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Figure 6. Relationship between countries, highly cited

authors, and keywords.
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Results and Discussion

Research methods used in terms of post-earth-
quake disasters, environmental effects, and build-
ing performances are categorized in Table 4.
These methods have turned into computer simula-
tion programs with the developing technology and
experimental methods are also being used today

as in the past.

Academic studies on post-earthquake fires gen-
erally include studies on the geological structure.
Steel-based studies have been tested in terms of
static analysis and fire resistance. In post-earth-
quake tsunami studies, analyses were carried out
with remote sensing methods including satellite
and radar photographs. There are also articles
using chemical data. In post-earthquake flood ac-

ademic studies, methods similar to a post-earth-

Table 5. Developed methods for post-carthquake disasters.

Subject Reference Method Description of the method
A bination of . .
combina 1on' © It has been determined that the effectiveness of
. Monte Carlo simula- . .
Nishino et al. . . countermeasures that increase the fire resistance
tion and physics-based o . .
2012 . of buildings can be measured in terms of risk
fire-spread/evacuation . .
. . reduction by combining these two methods.
simulation
. . . A 11 ibed that simulates th
Lee and David- | Physics-Based Simula- new model is described that simulates the
. spread of post-earthquake urban fires, such as
son 2010 tion Model
Post-earth- room-to-room and room-to-roof.
quake fire A random Poisson event, a GIS-based stochastic
A rearession analvsis simulation schema, and a Weibull distribution
Zhao et al. 2006 metfo J Y model are proposed to generate the spatial-tem-
poral probability distribution of fire outbreaks
following an earthquake in urban areas.
Behnam and Seismic, thermal, and Three different post-earthquake fire scenarios
Ronach 2014 structural analvsis were created on the 1st, 4th, and 7th floors. SA-
& ¥ FIR and Sap2000 programs were used.
Satellite images before and after the earthquake
Post-earth- - . were classified using artificial neural network
. An Atrtificial Intelli- .
quake tsu- Syifa et al. 2019 . (ANN) and support vector machine (SVM)
. gence Application .
nami classifiers and a post-earthquake damage map
was created.
. . Experiments have shown that diatoms can record
Microfossil measures .. . . .
Horton et al. . . seismically induced subsidence in the low marsh
(diatoms and foramin- . . . .
2017 ) and tidal plains by forming colonies after an
ifers)
earthquake.
Presented a new approach to implementing the
Post-carth- ‘NASA Earth Exchange Global Daily Down-
scaled Projections (NEX-GDDP)’ dataset at
quake flood . . .
CAESAR-Lisflood the local scale. Spatial and statistical temporal
Lietal. 2020a model and a future land- | downscaling methods with NEX-GDDP data
scape evolution analysis | were used to predict future extreme precipitation
in conjunction with the CAESAR-Lisflood mod-
el to simulate landscape evolution in response to
climate change.
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o ANN models were used to investigate slope fail-
. Artificial Neural Net- . A
Lin et al. 2009 ure characteristics before and after the Chi-Chi
work (ANN)
carthquake.
Digital elevati del . .
(I;gEll\?[s)e f:lfolr(;rtlomo “ | The initiation process was simulated and moni-
Hu et al. 2016 ’ . v tored to better understand the initiation mecha-
Post-earth- flume test, with the help | .
nisms.
quake land- of'a 3D laser scanner
slide Huane ef al Smoothed particle It was developed to simulate post-earthquake
2015 £ ' hydrodynamics (SPH) | debris flows in Wenchuan earthquake disaster
modeling technique areas.
An automatic landslide identification method
Liu et al. 2020 U-Net model has been developed to identify the landslides that
occurred post-earthquake.
. As a result of field observations, drillings were
Spectral analysis of sur- made and data were collected. Shear wave veloc
Zhou et al. 2009 | face waves (SASW) and | . . . .
ities were measured with SASW and down-hole
down-hole methods
methods.
Post-earth-
. Based on the data from the 1976 Tangshan
quake soil hauake. th - onal seismic soil liauefacti
liquefaction A novel simplified earthquake, the regional seismic soi 1qu§ act'lon
. . method was proposed. The 4 parameters in this
Liet al. 2020b four-parameter predic- .
. method were a mean value of shear-wave veloci-
tion method .. .
ty, compound topographic index CTI, distance to
river, and PGA to bearing seismic action.
. S b O . .
Avouris et al. l\fjgiio?::e In?frlzl;ent 69 carthquakes were studied with OMI.Evalua-
2017 & tions were made with sulfur dioxide (SO2).
(OMI)
Post-carth- The study focuses on the Mw 8.8 2010 earth-
quake that occurred along the Chilean subduc-
quake volca- . . : L .
. . . A sensitivity analysis tion zone near 24 historic/Holocene volcanoes in
nic eruption | Bonali et al. o . . .
2015 (six different finite the Southern Volcanic Zone. Static stress change
fault-slip models) induced by a coseismic slip in a direction normal
to several theoretical feeder dykes with various
orientations is calculated.

quake tsunami are used, as well as tidal simulation

studies, all summarized in Table 5.

In post-earthquake avalanche studies, it was de-
termined that in addition to the methods used in
other disasters, chemical analysis of the soil, and
topographic and geographical mapping techniques
were used. In post-earthquake soil liquefaction
analyses, studies examining the structure of the
soil were conducted.In post-earthquake volcanic
eruption studies, methods in which seismic move-
ments are predominant are used. While there are
basic analysis methods for academic studies deal-

ing with post-earthquake disasters, there are also

studies in which two or more methods are com-
bined or new techniques are developed. The clas-

sification of analysis methods is given in Table 6.

When the analysis methods of the 15 articles were
examined, it was seen that the simulation method
was dominant. Innovative mechanisms were de-
veloped in simulation methods supported by arti-
ficial intelligence applications. In addition, predic-
tion methods were used against disasters that may
occur in the future. In prediction and simulation
methods, numerical calculations and inferences
were made from the data. Apart from these studies

in which qualitative and quantitative observations
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Table 6. Classification of analysis methods in studies.

Prediction Simulation Situation
Subject Reference K
method method analysis
Nishino et al. 2012
Lee and Davidson 2010
Post-earthquake fire
Zhao et al. 2006
Behnam and Ronagh 2014
Post-earthquake tsunami | Syifa et al. 2019
Horton et al. 2017
Post-earthquake flood -
Liet al. 2020a
Lin et al. 2009
Post-earthquake land- Huetal 2016
slide Huang et al. 2015
Liu et al. 2020
Post-earthquake soil Zhou et al. 2009
liquefaction Li et al. 2020b
Post-earthquake volcanic | Avouris et al. 2017
eruption Bonali ef al. 2015
were applied, some studies analyze the area affect- Conclusion

ed by the disaster. In these studies, in which situa-
tion analysis wasconducted, the extent of disasters
post-earthquakes was seen on a large scale.

In Table 7, the scope of the analysis methods ap-
plied according to each disaster is explained. In
post-earthquake fire studies, evaluations were
made at the building scale.In post-earthquake tsu-
nami and flood studies, the affected area was an-
alyzed, including the extent of the flood and the
soil structure of the region. In post-earthquake
landslides, the situation of the affected area was
reviewed with simulation and algorithm-based
analysis. Post-earthquake soil liquefaction studies
were carried out at the building and regional scale.
In post-earthquake volcanic eruptions, regions
with volcanic activity were examined. Consider-
ing the quality and number of academic studies,
developed countries are dense, and a limited num-
ber of underdeveloped countries with active earth-
quake risk.

Earthquakes are natural disasters that cause the
most damage from past to present, and clearly,
precautions should be taken against these disas-
ters. With the increasing intensity of earthquakes,
the size of the disaster and destruction of the living
environment increases. The expansion of existing
settlements and the increase in new settlements
create risks for the environment and people, mak-
ing it difficult to respond to disasters. Disasters
that occur after earthquakes increase the impact
of the damage, leading to an increase in loss of
life. For this reason, taking measures against
post-earthquake disasters should be one of the
most important priorities. Here, we investigated
which analysis methods were used in academic
studies of post-earthquake disasters, leading to
inferences about how to raise awareness against
disasters. Developing analysis methods will also
affect future studies and make it easier to take pre-

cautions.
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Table 7.Information about leading studies with the analysis methods.

Subject

Reference

Scope of the study

Post-earth-

quake fire

Nishino et al.
2012

The number of outbreaks, the direction and velocity of the wind, and the
distribution of the population are important factors in fire and evacuation
post-carthquake. An evaluation method was presented for the safety and
risk calculation of buildings and individuals, implemented in the city of
Kyoto. As a result, fire-resistant buildings and risk reduction measures were

explained.

Lee and David-
son 2010

A new method was proposed for post-earthquake urban fires, to test the pa-
rameters of fire evolution in a room or roof, fire spread from room to room
(through doors, windows, walls, and ceilings), and fire spread from building
to building.

Zhao et al. 2006

In this study, in addition to post-earthquake fires, the importance of
post-earthquake fire outbreaks was emphasized. In this context, the Hanshin
earthquake that occurred in Japan in 1995 was analyzed. Post-earthquake
fire outbreaks were modeled using a regression analysis method. A GIS-
based stochastic scheme was proposed to predict future post-earthquake fire

outbreaks.

Behnam and
Ronagh 2014

Analysis of the 10-story moment-resisting steel structure against five
post-earthquake fire scenarios. Three different scenarios were considered,
where the fire started from the first, fourth and seventh floors. As a result, it
was observed that the structure frame collapsed during the cooling phase 25
minutes after the fire started.

Post-earth-
quake

tsunami

Syifa et al. 2019

The 2018 earthquake in Central Sulawesi Province, Indonesia triggered a
tsunami in Palu City and Donggala. In this earthquake, 68 thousand houses
were damaged. In the study, a post-earthquake damage map was made using
artificial intelligence tools on the basis of images created by Landsat-8 and

Sentinel-2 satellites.

Post-earth-
quake flood

Horton et al.
2017

Tidal comparative analysis of pre- and post-earthquake microfossils pro-
vided accurate measurements of coastal subsidence. In this context, the
response of diatoms and foraminifera was measured in a salt marsh in south-
ern Oregon, USA. It was concluded that the diatoms were able to record the

seismically induced subsidence after earthquakes.

Lietal 2020a

The Wenchuan earthquake caused changes in the geomorphology of the
region that led toextreme rainfall following geohazards and flooding.Long-
term geomorphic and fluvial evolution simulations were made depending
on the climate of the future. As a result, it was seen that the pattern after the
earthquake changed dynamically according to the future rainfall projection
model. In addition, post-earthquake mountainous areas can provide informa-

tion about future climate and geohazard projections.
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Post-earth-
quake land-
slide

Lin et al. 2009

The failure characteristics of highway slopes in Alishan, Taiwan, before and
after the 1999 Chi-Chi, Taiwan earthquake were analyzed. In this study, an
empirical model was created based on 955 slope records in the Alishan area.

Hu et al. 2016

The frequency of debris flows increased in the epicenter area of the Wench-
uan earthquake.As a result of the field investigation, it was seen that debris
flows play an important role in the loose deposits left by coseismic debris
avalanches during the rainstorm. Tests and simulations were performed to
understand the complexity of initiation processes in runoff-generated debris

flows.

Huang et al.
2015

After the Wenchuan earthquake, debris flows occurred in Sichuan Prov-
ince, causing large-scale destruction. A numerical method was proposed to
estimate flow severity and identify potentially risky areas, and a preliminary

scientific basis for post-earthquake debris flows was established.

Liu et al. 2020

One of the most devastating disasters post-earthquakes is seismic landslides.
An algorithm-based model was proposed as seismic landslides have a low
degree of automation and manual operations. With this model, efficiency
was aimed attimely intervention and landslide identification post-earth-
quake. The proposed method was implemented and validated in Jiuzhaigou

County, Sichuan Province, China.

Post-earth-
quake soil
liquefaction

Zhou et al. 2009

The Wenchuan earthquake caused severe damage in the Chengdu Plain. One
of the major causes of this damage was soil liquefaction. With the qualified
evaluation of soil liquefaction, post-earthquake reconstruction and under-
standing of seismic movements can be achieved. For this reason, research on

soil liquefaction was conducted around Bangiao School.

Liet al. 2020b

Developing a regional soil liquefaction prediction model for before and after
carthquakes provides immediate response and rapid assessment. Using the
data from the 1976 Tangshan earthquake, the Christchurch earthquake that
occurred in New Zealand in 2011 was tested. As a result of regression anal-
ysis, high success rates were obtained in liquefaction and non-liquefaction
areas. The analyzed results demonstrated the reliability and accuracy of the

model.

Post-earth-
quake volca-
nic eruption

Avouris et al.
2017

Earthquakes of magnitude 7 and above can trigger volcanic eruptions in an
area of 1000 km or more around the epicenter. With the Ozone Monitoring
Instrument (OMI), 69 earthquakes between 2004 and 2010 were simulated
on 12 volcanoes. Different responses were determined between basaltic

volcanoes and andesitic volcanoes.

Bonali ef al.
2015

It investigated how a large earthquake can cause stress changes on the vol-
cano, based on the earthquake that occurred in Chile in 2010. The impact of
this earthquake on 24 historic/Holocene volcanoes in the Southern Volcanic
Zone was simulated. As a result of the analysis, magma pathway geometry
and orientation showed different responses according to different stress

changes.
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We focused on post-earthquake fire, tsunami,
flood, landslide, and volcanic eruption disasters.
Most discussed in academic studies are post-earth-
quake landslides, reflecting their common oc-
currence. In these studies, the analysis methods
were generally similar and carried out on satellite
photographs and geological maps. Next most dis-
cussed are post-earthquake fires which can cause a
great deal of damage to buildings. In these studies,
analysis methods developed against the structural
elements were abundant, and simulation and ex-
perimental tests were carried out with programs
for fire resistance of buildings. The area where the
least work has been done is on post-earthquake
avalanches, possibly because these are restricted
to mountain areas far from cities. In future stud-
ies, it is predicted that the analysis methods used
in post-earthquake disasters will improve and that
objective and significant results can be obtained

with the combinations of the classified methods.
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