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Abstract

Disaster response involves facing the pressure of making decisions that are
multidimensional, uncertain, and highly variable under states of emergency. The
present study primarily employed the analytic hierarchy process to explore the
selection and prioritization of major decision-making factors while preparing for
imminent disasters and during the emergency response stage of when a typhoon
strikes. A literature review was conducted, and important factors for typhoon response
measures were identified. An expert interview was performed to stipulate the
decision-making and action indicators for the response stage. Subsequently, the
modified Delphi method was applied for indicator screening of the expert
questionnaire. Ultimately, three indexes, 20 indicators, and 86 items were identified
and used in the weight analysis questionnaire for the next stage of the study. Indexes,
indicators, and items were employed as the three layers to establish an AHP analysis
model. The collected questionnaires underwent consistency testing, the absolute
weight of the factors of the various hierarchies were identified, and the ranking of the

various response items was confirmed. The analysis results indicated that “action of
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emergency response’ yielded the highest value (0.497) in Layer 1, whereas “securing
disaster prevention and relief resources and telecommunications” ranked the highest
in Layer 2 (0.14703). Thus, these two factors should be prioritized for disaster

response for Layers 1 and 2.

Keywords: Imminent disaster, Decision-making indicators, Emergency response,

Analytic hierarchy process.
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Applying AHP to Evaluate Typhoon Disaster Preparedness

1. Introduction

Disasters are, by nature, highly uncertain and variable. Different disaster
scenarios occur with the passage of time, and each scenario is accompanied by an
urgent need for responses (Kauthold et al., 2019). The state of a disaster under high
tension is often dependent on the decisions made at pivotal points. Thus, identifying
the optimal solution and making decisions within a finite amount of time to respond
to high uncertainties and instabilities has become a mindset requirement for decision-
makers during the disaster response stage (Janssen et al., 2010; Park & Avery, 2019).
Researchers have indicated that when decisions involve negative effects and are made
under time pressure, decision-makers will mitigate loss through risk evasion (Kocher
et al., 2013; Ordofiez et al., 1997). Therefore, erroneous decisions made under disaster
management that lack integration, rapid response, and quick decision-making may
lead to extreme or potentially disastrous results (Lee et al., 2011). Burnett (1998)
explored crisis management and used the four variables of threat level, response
options, time pressure, and degree of control to divide all crises into 16 items.
Subsequently, the 16 crisis items were classified into five types based on a crisis level
ranging from zero to four. In Burnett’s (1998) classification, type four is the most
troubling crisis for decision-makers, because this type of crisis is characterized by a
high threat level, high time pressure, and low degree of control. Although type two
and type three crises are not as urgent as type four crisis, they remain difficult to
handle, whereas type one and type zero crises can be processed after more urgent
problems have been settled.

Using the timeline of typhoons as an example, when there is an absence of
typhoons in Taiwan, disaster reduction efforts are primarily centered on training, drills,
and regulatory amendments, all of which have low time pressure and a high degree of
control. When a sea warning is issued, disaster management is subject to high time
pressure but remains highly controllable. At this point, inspections of various facilities,
equipment, and supplies are carried out, and residents of high-risk zones or the
comparatively underprivileged are preemptively evacuated. Strong winds and
torrential rain occur from when the typhoon makes landfall to when the typhoon’s

radius clears Taiwan, which is also when the public is the most aware of the effect of

the disaster. As a result, hotlines are flooded with calls and are often overwhelmed.
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Common disasters include collapsed roads, flooded underpasses, fallen trees,
damaged houses, and threats to life. While the Central Emergency Operation Center
(CEOC) remains operational, emergency rescue personnel are confounded by the
hostile environment created by strong winds and rain. Thus, personnel, vehicles, and
disaster relief equipment are often grounded. This type of scenario can be described
as having high time pressure, a low degree of control, and a high threat level, making
it the most stressful stage for the commander of the CEOC. Depending on the severity
of the typhoon, the post-disaster clean-up and restoration, after Taiwan is cleared of
the typhoon’s radius, can be carried out either under high or low time pressure, but
with a low degree of control.

As disaster management is divided into long-term, daily operations and the highly
stressful emergency response stage during the strike of a disaster, disasters are
characterized by high uncertainty and high variability. Different disaster scenarios
occur as a disaster progresses, and each scenario is subject to a different level of time
pressure for initiating responses. Decision-makers are faced with changes in stress
levels during different disaster scenarios and for different types of disasters. For
example, typhoons are divided into four phases based on the sequence of typhoon
events. Phase I refers to the stage in between the typhoon’s formation and when its
path remains unknown. This stage is centered on information analysis and
identification. As information remains inconclusive, and the typhoon may not pose a
threat during this phase, response personnel and decision-makers have ample time to
make decisions and may even produce no responses or decisions. Thus, this phase is
subject to low decision-making stress. If the typhoon is confirmed to not affect Taiwan,
response personnel and decision-makers are immediately relieved of stress. Phase 11
refers to the period from when the path of the typhoon has been identified to when the
typhoon makes landfall. As the typhoon's path has been confirmed, this phase enables
more accurate interpretations of disaster information. During this phase,
corresponding response preparations are carried out, and response personnel and
decision-makers experience an increase in stress levels. Phase III is when the typhoon
has made landfall and poses a threat. The responses and decisions made during this
phase directly affect the typhoon’s aftermath and it is consequently the stage in which
all personnel face the highest level of stress. Phase IV refers to the aftermath of the

typhoon.
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Decision-makers take corresponding actions in different stages of the disaster,
and also face pressures of different intensity as the disaster progresses. The correlation
between the effects of different phases of typhoons listed above and the stress
performance of response personnel and decision-makers is presented in Fig. 1. The
figure is divided into two halves, with the top half indicating the typhoon’s path and
scope via a pressure tube with a tapered section, and the bottom half illustrating the
stress performance of response personnel and decision-makers in case of disaster
occurrence, with and without disaster decision support (DDS). A smaller surface area
of the pressure tube’s section indicates a higher flowing pressure. Thus, a typhoon can
be pictured as entering a pressure tube with a tapered section. The typhoon strikes the
moment it reaches the smallest surface area of the pressure tube’s section. Therefore,
compared to the bottom half of Fig. 1, response personnel face the greatest level of
stress at this point, especially in the absence of DDS assistance. If the typhoon makes
landfall but does not cause severe damage, an immediate and rapid decrease in
pressure occurs along with the typhoon’s departure. However, if the typhoon results
in severe damage, stress continues to increase until restoration efforts are complete
(Wang, 2020).

As a disaster prevention and response duty, emergency units are required to act
frequently as decision-makers and responders to make decisions and take correct and
effective actions under time pressure. The purpose of this research is to focus on
decision-making items that decision-makers and responders need to confirm during
the disaster, so that they can fully understand "what decision-making and actions are
needed to be executed sequentially during disaster response stage." This study uses
the Delphi method to establish decision factors and then uses a hierarchical structure
to design a hierarchical analysis questionnaire. After performing pairwise comparison
of decision factors, the rank depending on the weight of each level factor is determined.
The research results can enable decision-makers and responders to make a complete
and orderly response within limited time using complex data, and strive to provide

more safety buffer time to reduce the pressure on decision-makers and responders.
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Fig.1. Decision pressure performance during the different disaster phases
Source: Modified from Wang (2020)

2. Delphi technique and analytic hierarchy process

2.1 Delphi Technique

The Delphi technique was first developed by RAND, a well-known think tank in
the United States, the Delphi technique was first used for national defense purposes.
Since 1960, it has been applied to various issues related to science and technology,
industry trends, government agencies, and academic institutions, as well as for experts’
opinion integration and decision-making. In order to improve the effectiveness of the
traditional Delphi technique which emphasizes the mandatory requirements of
iteration and anonymity of Delphi panels, Murry and Hammons (1995) proposed the
modified Delphi method (MDM). MDM leads to structured questionnaire

development based on literature review and expert interviews instead of an open
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questionnaire. The implementation procedure of MDM is shown in Fig. 2.

1. Factors selection based on literature review

v

2. Organize expert groups

!

3. Issue the first stage questionnaire

v

4. Collect and analyze questionnaires

v

5. Issue the second stage questionnaire

(Including the first stage questionnaire analysis

!

6. Repeat step 5 until the consistency check passes

v

7. Synthesize opinions and confirm decision factiors

Fig.2 Implementation procedure of MDM

2.2 Analytic hierarchy process (AHP)

The analytic hierarchy process (AHP) is a multi-criteria decision-making method
proposed by Thomas L. Saaty in 1971 (Saaty, 1980). AHP was primarily applied to
decision-making problems with uncertainties and multiple assessment criteria.
Subsequently, various correction methods were built based on the AHP and in
combination with other decision-making models (Cegan et al., 2017; Dweiri et al.,
2016; Emrouznejad & Marra, 2017; Huang et al., 2012; Khan et al., 2016;
Moghaddam, 2015; Nefeslioglu et al., 2013).

The AHP is both a qualitative and quantitative research method that employs
expert knowledge for conducting analysis. This method does not require a large-scale
database and is easy to operate and follow (Nefeslioglu et al., 2013). After
systematically breaking down questions and linking and layering relevant factors, a

pairwise comparison is conducted to identify the relative importance ratio between
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different elements, and a rank of options is compiled as reference for selecting the best
solution (Saaty, 1990). The AHP can be used to analyze complex and disputed
questions. By systemizing complex questions and using quantitative judgment to
contextualize and integrate information, the AHP can be widely applied in various
fields (Barker & Zabinsky, 2011; Dweiri et al., 2016; Ghosh & Kar, 2018; Huang et
al., 2012; Huizhea et al., 2011; Khaksari, 2017; Khan et al., 2016; Okokpujie et al.,
2020; Wang, Hao, et al., 2019; Wang, Xie, et al., 2019; Yang et al., 2013; Yayla et al.,
2015). The AHP offers sufficient information to decision-makers, who can then use
the results of the AHP as basis for determining the best solution, thereby decreasing
the risks involved in decision-making.

The AHP transforms complex questions into several concise layers, which clearly
and comprehensively explain the structure and functions of the system. The number
of layers is determined based on the complexity of the problem.

Inter-layer factors undergo pairwise comparisons through the use of a nominal
scale. After data are compiled and a positive reciprocal matrix is established, the
eigenvectors of the inter-layer factors are used to represent the priority ranking of
factors in the same layer, that is, the relative weight of the various factors.

After calculating the eigenvectors of the various factors, the eigenvalue is
maximized to assess the matrix’s level of consistency. Finally, the levels of
consistency of the matrixes of the various layers are used to calculate the consistency
index (C.1.) and consistency ratio (C.R.) of the overall decision layer. If the result
fulfills the standards, the yielded priority ranking can be used as reference for
decision-making. Conversely, portions of the interviewees’ responses that did not
comply with transferability were reassessed.

By implementing the process mentioned above, the relative weight between the
various factors of the various layers is determined. The absolute weights of the factors
in the lowest layer are calculated using the weighted method, that is, by multiplying
the relative weights of the factors of the various levels (Zahedi, 1986).

3. Response decision-making factor

Emergency decision-making (EDM) is the most critical stage of disaster response.
In particular, the actions taken for disasters with a broad impact must fulfill complex
and multidimensional demands (Wang, 2020; Zhao et al., 2018). Many studies have


https://www.sciencedirect.com/science/article/pii/S0957417416303104?via%3Dihub#!
https://www.researchgate.net/profile/Sajjad_Khaksari?_sg%5B0%5D=O_OFFV1wLP8K1kEe6i1feB1GO2tjst6Ohb1fbSu9ukVxYaEX6QU_EX0Gm_D-sXFROlEng6A.m85wsYjovBZ_RTRoVgW8Vn8ksfnEySkC7Mwr40dcfePZRYwpqp1XJ2YCTiKAoTfzB3Fj-TPMEuoHrlQmy4aFbg&_sg%5B1%5D=fHqEtkUl1et1n_yfmtVOJahz9mJjMW5yOLY_ywfiETWW2kDcJtRj2bsRLOBgFJuENyQTVl8.aKimDngnstifscPFE279jphJGvGXAjnqZi8kX0Qug-F-1rHe9fX5qXl2z8tl2d92-k2Q0diU6i8i9k_bPrsf1g
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conducted comprehensive reviews of unexpected accidents, or EDM carried out in
actual disasters (Bernroider & Stix, 2007; Fan, 2007; Federal Emergency
Management Agency, 2003; He & Gong, 2013; Lin, 2018; Lindell et al., 2005; Peng
et al., 2011; Sun et al., 2018); however, few have elaborated on typhoons or other
natural disasters that have a greater effect on public safety.

Disaster management encompasses mitigation, preparedness, response, and
recovery (Zhou et al., 2018), with response being the main stage where disaster
management is executed. Although Taiwan has accumulated abundant experience in
typhoon emergency response over a long period of time, the following four
dimensions of problems continue to exist with regard to which responses and actions
should be prioritized (Tseng & Wang, 2011):

(1) The organization system dimension: Insufficient integrated management
capacity for disaster prevention and relief systems, and chaotic commands induced by
a lack of coordination render decision-makers unable to effectively integrate and
instruct affiliated departments of the specific level of government involved.
Ambiguous authority over the supervision and collaboration of different levels of
government hinder both vertical and lateral collaboration within the organization
system.

(2) The operating procedure dimension: This dimension involves a lack of
understanding of local governments’ administrative operating procedures; an
incomprehensive mechanism for communicating requests for inter-level support; and
an ambiguous definition, division of labor, and integration of workflows. All of these
insufficiencies have resulted in unsolved problems related to the corresponding
command mechanism of the operating procedure, as well as planning, supervision,
accountability, and integration.

(3) The resource supply and demand dimension: Resource integration is a
common problem. Rapid and effective interorganizational resource reallocation is
imperative when a department has insufficient disaster prevention and relief resources.
The current methods and regulations for reallocating such resources, and the lack of
information immediacy and transparency have created obstacles in the sharing of
disaster prevention and relief resources.

(4) The information system dimension: This dimension is centered on segmented

development models. During the disaster relief process, various parties have urgent
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demands for information on the state of preparedness, coordination mechanisms, the
effect of the disaster, the progress of other departments, and the compliance basis for
decision-making. The immediacy, integration, accuracy, and comprehensiveness of
this information are major focus areas. However, the information systems of the
central government and those of local government departments are often independent
of each other because of a difference in levels of government, demands, and funding
sources. As a result, cross-communication between different disaster prevention
information systems is difficult, leading to a lack of integration of resources and
information between different organizations, operating procedures, and departments,
which then creates errors in the informedness of decision-makers.

In recent years, both the disaster command departments of the public sector and
various studies have proposed important and prioritized decision-making items in
response to the problems mentioned in the previous paragraph. For example, the major
focus of the preparation stage is to collect information on the effect of the disaster;
ensure the usability of communications equipment and apply disaster analysis results;
provide emergency rescue and emergency medical care; prepare emergency supplies;
reallocate and supply emergency shelter, food, potable water, and necessities; ensure
emergency repair of facilities; provide affected persons with information about the
state of the disaster; prevent secondary disasters; accept international aid; and handle
the bodies of victims; as well as remaining updated about various preparation
measures and disaster outcomes and making judgments accordingly, evacuating and
consoling disaster victims, and requesting the armed forces for support (National Fire
Agency, 2019). The organization and planning of the CEOC, the preparation of
disaster prevention and relief equipment, and drills (National Fire Agency, 2019) are
also major focus domains. Immediate actions that should be taken during a typhoon
or at the time of a disaster include ensuring emergency relief at the site of the disaster,
establishing an on-site command center, initiating traffic control, maintaining
community security, requesting the armed forces for support, mass evacuation of
disaster victims, handling mass casualty incidents, confirming the list of injuries and
deaths, offering emergency shelter and relief, combining public and civic resources,
ensuring smooth logistics and food for disaster relief personnel, investigating and
reporting on the state of the disaster, and media work (National Fire Agency, 2019; Su
etal., 2010; Sun et al., 2018).
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The objective of the present study is to elucidate the important decision-making
factors that must be delivered and confirmed by the commanders of different levels of
the CEOC during a typhoon. Thus, disaster prevention and response personnel and
commanders of different levels are able to reference relevant studies in preliminarily
determining major decision-making factors during the disaster mitigation phase,
which precedes the occurrence of the typhoon. The present study referred to practical
work items and relevant literature and employed the Delphi method during the first
open questionnaire survey to identify decision-making factors. Subsequently, a
layered structure was used to design an analytic hierarchy questionnaire. After
performing a pairwise comparison of the importance of different decision-making

factors, the weight and rank of factors in the various layers were determined.

4. Results
4. 1 Results of the Delphi method questionnaire

The present study employed MDM and conducted a literature review to
retrospectively and preliminarily identify 95 important decision-making factors (Chen,
2011; Fire Department of the Ministry of the Interior, 2017; Fire Department of the
Ministry of the Interior Web, 2020; Taitung County Government, 2016). An open
question was added at the end of each paragraph, allowing respondents to add items
not mentioned in the preliminary questionnaire based on their knowledge, research,
and practical experience. After the questionnaires were recovered and analyzed, the
overall and individual results were used as feedback for the second questionnaire, and
the method mentioned above was repeated. After the answers reached a certain level
of consistency, a five-point Likert scale was employed for assessments, where 5 =
“extremely important,” 4 = “important,” 3 = “normal,” 2 = “unimportant,” and 1=
“extremely unimportant.” Decision-making factors with a higher score indicated a
higher level of agreement. The retention and deletion of decision-making factors was
based on the standards proposed by Hobbelen et al. (2008), where the median of 5 is
considered as “highly agree,” 3.5-4.5 is seen as “agree,” and less than 3.5 implies
“disagree.” Decision-making factors with an average score lower than 3.5 were
considered less important and were subsequently deleted. Based on suggestions
proposed by Chang et al. (2002), a coefficient of variation (CV) less than 0.3 indicates
a high level of consistency among expert opinions. A CV ranging between 0.3 and 0.5

indicates that the decision-making factor remains in an acceptable range. To ensure
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discretion, the present study contended that a CV exceeding 0.3 indicates poor
consistency among expert opinions, in which case a new questionnaire was produced
and distributed. This method enabled the present study to yield a high level of
consistency across expert opinions, upon whose affirmation, important decision-
making factors were identified. After identifying the important decision-making
factors, the first MDM questionnaire was distributed. Statistics on the retrieval of this

questionnaire are presented in Table 1.

Table 1. Statistics on the first retrieval of the first MDM questionnaire

Questi?nnaire Attribute Year of vyorking
object experience
A Experts and scholars 6~10
B Experts and scholars 6~10
C Experts and scholars Above 21
D Experts and scholars Above 21
E Government agencies Above 21
F Government agencies 11~15
G Government agencies 11~15

After the first MDM questionnaire was recovered, the average and CV were
determined based on the data provided by experts and scholars and were used for
statistical analysis. Three factors were deleted, including “enhancing patrol to prevent
opportunistic theft and illicit activities,” “having personnel of water management
facilities stand by,” “having various telecommunications providers center all efforts
on repairing damaged telecommunication lines and equipment.” Finally, the 95
decision-making factors were reduced to 86, and a three layer hierarchy defined by
class as indexes (Layer 1, 3 factors), indicators (Layer 2, 20 factors), and items (Layer

3, 86 factors) was then employed as content for the AHP weighted questionnaire.

4.2 Results of the index weight analysis

The objective of the present study was to determine the ranking of “important
decision-making factors during the pre-disaster preparation stage and emergency
response stage of typhoon disasters,” the results of which can be used as reference by

the commander for emergency response decision-making, prioritizing actions, and
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conducting typhoon-related situational deductions. The present study employed the
AHP and used three layers (three indexes, 20 indicators, and 86 items) of the pairwise
comparison matrix to determine the index eigenvector. The C.I. and C.R. of the three
layers were calculated, and all were 0.00 =< 0.1, confirming consistency among expert
opinions in this section of the questionnaire.

(1) Results of weight analysis for Layers 1 and 2 (index, indicator)

The results of the weight analysis for Layer 1 (index) and Layer 2 (indicator) are
presented in Table 2. Among the three indexes in the first layer following the ultimate
objective layer, “Index B Action of emergency response” ranked most important
(0.497), followed by “Index A Ensuring the collection, report, and communication of
disaster information” (0.326) and “Index C Organization operation” (0.177). The
score for “Index B Action of emergency response” was nearly equal to the sum of the
two other indexes. In other words, the experts contend that action of emergency
response should be the top consideration for the commander.

Of the 20 indicators in Layer 2, the five with the highest absolute weights were,
in order from high to low, “A.2 Securing disaster prevention and relief resources and
telecommunications (0.451),” “A.1 The collection and report of disaster information
(0.415),” “C.1 Establishing the CEOC (0.338),” “C.2 Report on major disasters and
response measures (0.286),” and “B.1 Forecasting typhoons and issuing and
disseminating alerts (0.231).” The meaning revealed by the results of the weight

analysis for Layer 2 is further elucidated in the following sections.
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Table 2. Analysis of the weight ranking of Layer 1 (index) and Layer 2 (indicator)

Assessment Index

Assessment Indicator

(Layer 1) Weight | Ranking (Layer 2) Weight | Ranking
A.1 The collection and
A. Ensuring the .relt?ort of.dlsaster 415 2
collection, report information
and ' ' A.2 Securing disaster
L 0.326 2 prevention and relief
communication of 451 1
- resources and
disaster o
information telecommunications
A.3 The execution of the
. 134 8
disaster report system
B.1 Forecasting typhoons
and issuing and 231 5
disseminating alerts
B.2 Community emergency 207 6
Response
B.3 Disaster prevention 163 7
Measures
B.4 Guiding civilians in
disaster prevention and .095 10
seeking shelter
B. Action of B.5 Emergency 048 16
emergency 0.497 1 transportation )
response B.6 Emergency shelter .064 14
B.7 Search and rescue and
emergency medical .081 12
care
B.8 The reallocation and
supply of food and .042 17
necessities
B.9 The emergency repair 039 18
of facilities
B.10 P'reventmg secondary 032 20
disasters
C.1 Establishing the CEOC 338 3
C.2 Report on major
disasters and response 286 4
measures
C.3 Dispatching personnel
L to the command 131 9
C. Organization N
. (coordination) center
operation 0.177 3
C.4 Support from the armed
.083 11
Forces
C.5 Cross-county/city 038 19
Support
C.6 All—qgt d@fense 049 15
mobilization
C.7 Press releases .076 13
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(2) Weight analysis of Layer 3 (item)
After exploring the importance ranking of indexes (Layer 1) and indicators (Layer

2), the layering and weight relations of items (Layer 3), as detailed questions and

decision-making factors, are presented in Table 3. The absolute weight refers to the

outcome of the analysis of 86 items. When ranked based on absolute weight, the top

five items were "A.2.1 Ensuring telecommunications functions (0.12512)," "B.2.2

Practice community disaster prevention and execute response work (0.08323),"
"A.1.1 Diverse collection and compilation of the state of the disaster (0.05790),"
"A.1.3 Using information to analyze disasters (0.04532)," and "A.3.1 Utilizing rosters

to facilitate effective disaster information reporting (0.02590)."

Table 3. Analysis of the weight ranking of Layer 3 (item)

Assessment Indicator Assessment Item A\;)’Z(i);llntte l‘::z(;(lute
A.1.1 Diverse collection qnd compilation 05790 3
of the state of the disaster
A.1 The collection and A.1.2 Collecting images using aircraft .02083 7
report of disaster A.1.3 Using information to analyze
. . ) .04532 4
information disasters
A.1.4 Report.cprrent losses to the 01123 14
supervising agency
IA.2.1 Ensuring telecommunications 12512 1
A.2 Ensuring disaster functions )
prevention and relief |A.2.2 Control communications and
telecommunications distribute communications 02191 6
resources
A.3.1 Utilizing rosters to facilitate
A.3 The execution of the effective disaster information .02590 5
disaster report reporting
system A.3.2 Inform residents to evacuate and
S . 01778 9
provide information
B.1 Forecasting typhoons
and issuing and No assessment item -—- -
disseminating alerts
B.2.1 Provide support after receivin
B2 C " communit}I?I;equests i 01965 8
’ erﬁgrgnelilrcl:lyyresponse B.2.2 Practicg community disaster
prevention and execute response .08323 2
work
B.3 Disaster prevention B.3.1 Enhance preparatlons for .01361 12
measures variousagencies .
B.3.2 Enhance transportation and supplies .00608 26
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. Absolute | Absolute
Assessment Indicator Assessment Item Weight | Rank
to prevent isolation
B.3.3 Ban hiking .00437 38
B.3.4 Ensure proper drainage and sewage 00478 33
systems in cities
B.3.5 Evacuate persons in alert zones .00640 23
B.3.6 Promotlr}g disaster prevention via 00729 20
the media
B.3.7 Eyacuate persons in potential 00705 1
disaster zones
B.3.8 Ensuing architecture safety .00340 45
B.3.9 Promote the reallocation of ships to 00340 45
safe areas
B.3.10 Dlstr'lbute machlnf:ry and 00243 53
equipment to various areas
B.3.11 Establish temporary shelters .00462 35
B.3.12 Prepare supplies for shelters .00381 41
B.3.13 Prepare medical material .00373 43
B.3.14 Strengthen the elimination of
obstructions in ditches and .00421 39
sluices
B.3.15 Identify specific regions to
implement disaster prevention .00583 28
measures
B.4.1 Issue.varlous disaster alerts and 01728 10
warnings
B.4 Guidi vilians i B.4.2 Provide evacuation information .01275 13
4 DUIGING CIVIIANS I 5 ) 37p o vide interregional shelters .00335 47
disaster prevention B44Th ] tion of th
and seeking shelter o ¢ carly evacuation ot the .00812 17
underprivileged
B.4.5 Ass1sfc those with special needs in 00567 30
seeking shelter
B.5.1 Prioritize the; transportation of 00377 49
households in danger zones
B.5.2 Implement .locahzed or regional 00219 61
transportation control measures
B.5.3 The emergency repair of damaged 00229 60
BSE traffic facilities
’ trgzlzrgoerr;;gon B.5.4 Remain up to date about
p transportation tools and emergency .00167 72
transportation routes
B.5.5 Utilize CCTV to collect 1qf9rmat10n 00134 74
on damage to traffic conditions
B.5.6 Traffic control .00169 70
B.5.7 Guiding tow trucks and police .00067 81
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. Absolute | Absolute
Assessment Indicator Assessment Item Weight | Rank
Cars
B.5.8 Removing road obstacles .00138 73
B.5.9 Emergency road repair and the 00174 69
planning of alternative routes
B.5.10 Reporting road status .00169 70
B.5.11 Port repair .00045 85
B.5.12 Establ1§h signs to mark waterway 00050 34
anomalies
B.5.13 Plan helicopter airfields .00095 79
B.5.14 Remain up to date about railway 00107 77
damage
B.5.15 Request coast guard support .00055 83
B.5.16 Request support from the armed 00081 R0
Forces
B.5.17 Request CEOC support .00060 82
B.5.18 Coordinate fuel supplies .00043 86
B.6.1 Provide shelter information .00620 25
B.6.2 Establish temporary shelters .00490 31
B.6.3 Planning and maintaining shelters .00455 36
B.6.4 Seek help from volunteers .00258 55
B.6.5 Remain up to date about the
physiological and psychological .00254 56
status of those seeking shelter
B.6.6 Maintain a quality living
environment and order within .00299 50
B.6 Emergency shelter shelters
B.6.7 Prevent- secondary disasters from 00254 56
Occurring
B.6.8 Request resources from the
CEOC .00130 75
B.6.9 Offer cross-ccl)u.n‘Fy/cny sheltering 00105 73
for affected civilians
B.6.10 Provide interregional shelters .00121 76
B.6.1 1A551§t those with special needs in 00197 64
seeking shelter
B.7.1 Disaster rescue .00797 18
B.7.2 Initiate emergency medicine .00608 26
B.7.3 Initiate the mass casualty
B.7 Search and rescue Mechanism 00656 22
and emergency B.7.4 Remain up to date about the disaster
) . . .00346 44
medical care damage at the responsible hospitals
B.7.5 Remain up to date gbout the status 00314 49
of emergency medical personnel
B.7.6 Integrate and coordinate medical .00386 40
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. Absolute | Absolute
Assessment Indicator Assessment Item Weight | Rank
operations in affected areas
B.7.7 Ensure the establishment of
emergency aid stations and
sufficient supplies at the medical 00290 >2
station
B.7.8 Have responsible hospitals in
nearby counties/cities provide .00193 66
support
B.7.9 Request support from the armed 00209 63
Forces
B.7.10 The requisition of civilian 00217 62
Resources
B.8.11 Reallocate and supply food,
. potable water, medication and 01371 11
B.8 The reallocation and medical material, and necessities
supply of food and B.8.12 Provide relief supplies to
necessities o o PP .00451 37
Civilians
B.8.13 The requisition of civil supplies .00265 54
B.9.1 The emergency repair work of 00273 53
sewage facilities
B.9.2 lr;lil;e;rlrllgggency repair of subsistence 00583 73
B.9 Fl;}}ef;ﬁie;i:ncy P IB'9 3 The emergency repair of 00787 19
Embankments )
B.9.4 Recruit relevant professionals and
technicians to assist with .00297 51
emergency repair work
B.10.1 Facﬂlty. repairs and building 00194 65
Inspections
B.10.2 Immediately implement drainage
B.10 Preventing measures during torrential rain .00835 16
secondary disasters and floods
B.10.3 Demolish dangerous structures .00237 59
B.10.4 Remove dangerous fallen 00324 48

Objects

C.1 Establishing the
CEOC

INo assessment indicator

C.2 Report on major
disasters and
response measures

INo assessment indicator

C.3 Dispatching
personnel to the
command
(coordination) center

INo assessment indicator
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. Absolute | Absolute
Assessment Indicator Assessment Item Weight | Rank
C.4.1 Regional commanders actively
communicate with response centers
of different levels and receive 00473 34
dispatches
C.4 Support from the C.4.2 Pre-allocate troops .00624 24
armed forces C.4.3 Request support from the armed
2 e pp 00187 67
Forces
C.4.4 Establish dgtabases for the various 00185 63
support units
C.5 Cross-county/city No assessment indicator - -
support
C.6 All-out defense ..
e INo assessment indicator --- ---
mobilization
C.7.1 Hold press conferences .00858 15
C.7 Press releases C.7.2 Make colrrectlons to media 00487 3
Information

5. Discussion and conclusions

Disasters occur frequently around the world as the climate changes. Among these
disasters, typhoons and typhoon-associated disasters are particularly devastating.
Taiwan is located in the Pacific Northwest, which is a region frequented by typhoons.
The exacerbation of climate change has increased the frequency of typhoon rainfall,
which is the main cause of disasters. An increasing number of disasters have made
news headlines in recent times, increasing public skepticism toward the competency
of experts and decision-makers. After a disaster, public concern raises the pressure of
disaster decision-making.

It is the government's duty to avoid disaster losses of people. Typhoon forecasting
and early warning technology has become more advanced in recent times with
contribution by the Central Meteorological Bureau, and academic and research
institutions. However, there is still a slight discrepancy between the forecast and the
real event. Such slight differences result in decision-making difficulties. Especially
during a disaster, clear, fast, and effective decision-making and response actions must
be made, which is also the main source of pressure for decision-makers. Therefore,
employing the MDM to identify the tasks for the various layers and then applying the
AHP to divide all factors into three levels serves to solve this problem.

The objective of the present study was to summarize disaster response factors and
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determine the ranking of “important decision-making factors during the pre-disaster
preparation stage and emergency response stage of typhoon disasters,” the results of
which can be used as a reference by the commander in determining the priority of
decisions. A total of 95 decision-making factors were collected. Finally, 86 factors
were confirmed using MDM and a three layer hierarchy defined by Layers 1, 2, and
3, namely index, indicator, and item, respectively was introduced. In the proposed
structure, Layers 1 and 2 encompass the categorization of large-scale indicators,
whereas Layer 3 includes items that the commander must highlight. The commander
can reference the concept of leveled management and assign a deputy commander
based on indicator weight.

(1) The results of AHP analysis show that among the three indexes in Layer 1 (Index)
following the ultimate objective layer, “B Action of emergency response” ranked
the most important, followed by “A Ensuring the collection, report, and
communication of disaster information” and “C Organization operation.” The
score for “B Action of emergency response” was nearly equal to the sum of the
two other indexes. In other words, the experts contend that action of emergency
response should be the top consideration for the commander.

(2) The analysis results revealed that "B.1 Forecasting typhoons and issuing and
disseminating alerts" had the highest weight. This result reflected the importance
of decision-makers' grip on correct information and the dissemination of
information before the strike of a typhoon. The weights of "B.2 Community
emergency response” and "B.1 Forecasting typhoons and issuing and
disseminating alerts" were nearly identical, highlighting that both are important
indicators. "B.3 Disaster prevention measures” and "B.4 Guiding civilians in
disaster prevention and seeking shelter" are both indicators that require civilian
collaboration during disaster emergencies and involve the repeated inspection of
prevention measures before the strike of a disaster. The execution involved in
"B.7 Search and rescue and emergency medical care,"” "B.6 Emergency shelter,"
"B.5 Emergency transportation,” "B.8 The reallocation and supply of food and
necessities,” "B.9 The emergency repair of facilities,” and "B.10 Preventing
secondary disasters” can mostly be completed during the disaster preparation
stage. Among these indicators, only a few relate to preparedness and emergency
response during the strike of a disaster, or are less important when compared to
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saving lives and protecting property. Thus, these indicators can be listed as major

points of focus for the deputy commander or should be further explored by

various departments during scenario deductions or when sufficient time is on
hand. Although these indicators have a lower weight, they were nonetheless
screened using the MDM, which highlights their significance.

(3) Atotal of 39 of the 86 items in Layer 3 had an absolute weight greater than 0.004.
Should the commander be unable to supervise or execute detailed items during
decision-making due to the number of items requiring supervision, the four
indicators mentioned in the previous paragraph can be handed over to the deputy
commander for progress supervision. Doing so will enable the complete
execution of key decision-making factors. These indicators can also be included
in drills during scenario deductions.

The results also show that the quality of decision-making depends on practical
experience. In Taiwan, decision-maker and responders’ disaster response capability is
mainly established through disaster scenario deduction and drills, in addition to
regular education and training. This research uses Taitung County's contingency
practice, but the government commanders at all levels can follow the results of this
research to repeatedly practice, familiarize themselves with the process, and add to

their experience to achieve and strengthen their capability to respond to disasters.
References

Barker, T. J. & Zabinsky, Z. B., “A multi-criteria decision making model for reverse
logistics using analytical hierarchy process,” Omega, Vol.39, No.5, pp.558-573,
2011.

Bernroider, E. and Stix, V., “A method using weight restrictions in data envelopment
analysis for ranking and validity issues in decision making,” Computers &
Operations Research, Vol.34, No. 9, pp.37-2647, 2007.
https://doi.org/10.1016/j.cor.2005.10.005

Burnett, Managing Business Crisis, West Port: Greenwood Publishing Group,1998.

Chang, P. C., Tsou, N.T., Yuan, B. J. C. and Huang, C. C. “Development Trends in
Taiwan's Opto-electronics Industry,” Technovation, Vol.22, pp.161-173, 2002.

Cegan, J. C., Filion, A. M., Keisler, J. M. and Linkov, 1., “Trends and applications

of multi-criteria decision analysis in environmental sciences: literature review,”




SRR

Environment Systems and Decisions, Vol. 37, No. 2, pp.123-133, 2017.

Chen, L.-C., Highlights of Hydro-meteorogical Disaster Preparedness and Response,
City Development,11,8-38,2011.

Dalkey, N. and Helmer, O. “An experimental application of the Delphi method to the

use of experts,” Management Science, Vol.9, pp.458- 467,1963.

Dweiri, F., Kumar, S., Khan, S.A. and Jain, V., “Designing an integrated AHP based
decision support system for supplier selection in automotive industry,” Expert
Systems with Applications, Vol. 62, pp.273—-283, 2016.
https://doi.org/10.1016/j.eswa.2016.06.030

Emrouznejad, A. and Marra, M., “The state of the art development of AHP (1979—
2017): a literature review with a social network analysis,” International Journal of
Production Research, Vol. 55, No. 22, pp.6653—6675, 2017.

doi: 10.1080/00207543.2017.1334976

Fan, W. C., “Advisement and suggestion to scientific problems of emergency
management for public incidents,” China Sci. Found. Vol.21, No. 2 , pp.71-76,
2007.

Federal Emergency Management Agency (2003). Emergency Management Institute:
Exercise Design. Frederick, MD: FEMA.

Fire Department of the Ministry of the Interior, “Disaster Response Report-Typhoon
Morakot”. Fire Department of the Ministry of the Interior Web
http://www.nfa.gov.tw/Main/List.aspx?ID=&MenulD=556&ListID=631

Fire Department of the Ministry of the Interior, “Wind disaster prevention and
rescue business plan”, 2014: June 29, 2017
http://www.cdpre.ey.gov.tw/cp.aspx’n=CB2CC71D8D1BDF11

Ghosh, A. and Kar, S. K., “Application of analytical hierarchy process (AHP) for
flood risk assessment: A case study in Malda district of West Bengal, India,”
Natural Hazards, Vol. 94, No.1, pp.349-368, 2018.
https://doi.org/10.1007/s11069-018-3392-y

He, Y. Y. and Gong, Z. W., “Review and prospect of emergency decision making,”
North.Econ. Trade, Vol.10, pp.28-30, 2013.

Hobbelen, J. S. M., Koopman, R. T. C. M., Verhey, F. R. J., Habraken, K. M. and de
Bie, R. A., “Diagnosing paratonia in the demented elderly: reliability and validity

of the Paratonia Assessment Instrument (PAI),” International Psychogeriatrics,


https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=8sW1n1/search?q=aue=%22Chen%2C%20Liang-Chiuan%22.&searchmode=basic
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Johannes%20S.%20M.%20Hobbelen&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Raymond%20T.%20C.%20M.%20Koopmans&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Frans%20R.%20J.%20Verhey&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Kitty%20M.%20Habraken&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Rob%20A.%20de%20Bie&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Rob%20A.%20de%20Bie&eventCode=SE-AU

Applying AHP to Evaluate Typhoon Disaster Preparedness

Vol. 20, No. 4, pp.840-852, 2008. DOI: 10.1017/S1041610207006424

Huang, S., Li, X. and Wang, Y., “A new model of geo-environmental impact
assessment of mining: a multiple-criteria assessment method integrating Fuzzy-
AHP with fuzzy synthetic ranking,” Environmental Earth Sciences, Vol. 66, No.
1, pp.275-284, 2012. https://doi.org/10.1007/s12665-011-1237-z

Huizhea, Y., Lihuaa, M. and Mingmingaa, C., “Research on Assessing about the
Index of County Agriculture Science and Technology Innovation Ability Based
on the Uncertainty Measurement Theory,” Procedia Engineering, Vol. 15,
pp.4763 — 4767, 2011. https://doi.org/10.1016/j.proeng.2011.08.891

Janssen, M., Lee, J. K., Bharosa, N. and Cresswell, A., “Advances in multi-agency
disaster management: Key elements in disaster research,” Information Systems
Frontiers, Vol.12, No.1, pp.1-7, 2010. https://doi.org/10.1007/s10796-009-9176-x

Kauthold, M. A., Gizikis, A., Reuter, C., Habdank, M., and Habdank M., “Avoiding
chaotic use of social media before, during, and after emergencies: Design and
evaluation of citizens’ guidelines,” Journal of Contingencies and Crisis
Management, Vol.27,No.3,1pp.98-213,2019.

Khan, S. A., Dweiri, F. and Jain, V., “Integrating Analytical Hierarchy Process and
Quality Function Deployment in Automotive Supplier Selection. International
Journal of Business Excellence, Vol. 9, No. 2, pp.156—-177, 2016.
doi: 10.1504/1JBEX.2016.074851

Kocher, M., Pahlke, J., and Trautmann, S. T., “Tempus Fugit: Time Pressure in
Risky Decisions,” Management Science, Vol.59, pp.2380-2391, 2013.
https://doi.org/10.1287/mnsc.2013.1711

Lee, J. K., Bharosa, N., Yang, J., Janssen, M. and Rao, H. R., “Group Value and
Intention to Use — A Study of Multi-Agency Disaster Management Information
Systems for Public Safety,” Decision Support Systems, Vol.50, No.2, pp.404—
414, 2011. http://dx.doi.org/10.1016/j.dss.2010.10.002.

Lin, L., “ Integrating a national risk assessment into a disaster risk management
system: Process and practice,” International Journal of Disaster Risk Reduction,
Vol. 27, pp. 625-631, 2018. https://doi.org/10.1016/j.1jdrr.2017.08.004

Lindell, M. K., Lu, J.C., and Prater, C.S., “Household decision making and
evacuation in response to hurricane Lili,” Natural Hazards Review, Vol.6, No.4,
pp-171-179, 2005.



https://www.cambridge.org/core/journals/international-psychogeriatrics/volume/C7BE9A2447F4DD4A5455F15DEF1AA12D
https://doi.org/10.1016/j.proeng.2011.08.891
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kaufhold%2C+Marc-Andr%C3%A9
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gizikis%2C+Alexis
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Reuter%2C+Christian
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Habdank%2C+Matthias
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Habdank%2C+Matthias
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1504%2FIJBEX.2016.074851?_sg%5B0%5D=dUoYMmC4ll9W3VG4SKV00Tt7uel_HgJKVOIcem6_RkkKlmad-wJgw9Y-494SJNnGbpN8rSkaQCZg3GlZaykuHgJDtQ.t-0sCACjNTqrPwLkUi2UWw7oz0iomCkpjrkQx9fzNRD0lEp8atZJe6bBK7YCEHJvwxcUGOMKn8XDNamNrlsBtg
https://doi.org/10.1287/mnsc.2013.1711
https://www.sciencedirect.com/science/article/pii/S221242091730170X
https://www.sciencedirect.com/science/article/pii/S221242091730170X

B
=

SRR

Moghaddam, K. S., “Fuzzy multi-objective model for supplier selection and order
allocation in reverse logistics systems under supply and demand uncertainty,”
Expert Systems with Applications,Vol. 42, No.15-16, pp.6237-6254, 2015.
https://doi.org/10.1016/j.eswa.2015.02.010

Murry, J. W., and Hammons, J. O., “Delphi: A versatile methodology for conducting
qualitative research,” The Review of Higher Education, Vol.18, No. 4, pp.423—
436, 1995.

National Fire Agency, Ministry of the Interior. Business plan of Wind disaster.
Retrived from https://www.nfa.gov.tw/pro/index.php?code=list&ids=795, 2019

Nefeslioglu, H.A., Sezer, E.A., Gokceoglu, C. and Ayas, Z., “A modified analytical
hierarchy process (M-AHP) approach for decision support systems in natural
hazard assessments,” Computers & Geosciences, Vol. 59, pp.1-8, 2013.
https://doi.org/10.1016/j.cageo.2013.05.010

Okokpujie, 1. P., Okonkwo, U. C., Bolu, C. A., Ohunakin, O. S., Agboola, M. G. and
Atayero, A. A., “Implementation of multi-criteria decision method for selection of
suitable material for development of horizontal wind turbine blade for sustainable
energy generation,” Heliyon, Vol. 6, No.1, on line 2 January 2020.
https://doi.org/10.1016/j.heliyon.2019.e03142

Ordoniez, L., and Benson III, L., “Decisions under Time Pressure: How Time
Constraint Affects Risky Decision Making,” Organizational Behavior and Human
Decision Processes, Vol. 71, No.2, pp.121-140, 1997.
https://doi.org/10.1006/0bhd.1997.2717

Park, S., and Avery, E. J., “Development and validation of a crisis self-efficacy
index,” Journal of Contingencies and Crisis Management, Vol. 27, No. 3, pp.247—
256, 2019. https://doi.org/10.1111/1468-5973.12257

Peng, Y., Zhang, Y., Tang, Y., and Li, S., “An incident information management
framework based on data integration, data mining, and multi-criteria decision
making,” Decision Support Systems, Vol.51,No.2, pp.316-327, 2011.
https://doi.org/10.1016/j.dss.2010.11.025

Saaty, T. L., “How to Make a Decision: The Analytic Hierarchy Process,” European
Journal of Operational Research, Vol.48, pp.9-26, 1990.

Saaty, T. L., “The Analytical Hierarchy Process,” New York: McGraw Hill, 1980.

Sun, L., Deng, Y. and Qi, W., “ Two impact pathways from religious belief to public


https://www.sciencedirect.com/science/article/pii/S0957417415001098#!
https://www.sciencedirect.com/science/journal/09574174
https://www.sciencedirect.com/science/article/pii/S240584401936801X#!
https://www.sciencedirect.com/science/article/pii/S240584401936801X#!
https://www.sciencedirect.com/science/article/pii/S240584401936801X#!
https://www.sciencedirect.com/science/article/pii/S240584401936801X#!
https://www.sciencedirect.com/science/article/pii/S240584401936801X#!
https://www.sciencedirect.com/science/article/pii/S240584401936801X#!
https://www.sciencedirect.com/science/journal/24058440/6/1
https://www.sciencedirect.com/science/article/pii/S0749597897927175#!
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Park%2C+Sejin
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Avery%2C+Elizabeth+Johnson
https://www.sciencedirect.com/science/journal/01679236
https://www.sciencedirect.com/science/article/pii/S2212420917302959

Applying AHP to Evaluate Typhoon Disaster Preparedness

disaster response: Findings from a literature review,” International Journal of
Disaster Risk Reduction, Vol.27, pp.588-595, 2018.
https://doi.org/10.1016/j.ijdrr.2017.10.004

Su, WR., Hsu, PH., Wu, S.Y., Huang, C.H., Yeh, J.C., Chou, H.Y. and Chou, H.C.,
“Using spatial information technology on disaster reduction—A case study of
typhoon emergency response,” Journal of Advanced Technology and
Management, Special issue, pp.29 — 46, 2010.

Taitung County Government, “Taitung County Nibert Wind Disaster Prevention
Log”, 2016.

Tseng,C. C., and Wang, W.C., “A Study on the architecture of Disaster prevention
information system based on business intelligence,” TBI2011 Taiwan Business
Management and Information Symposium, 2011/4/28-29, Taipei,2011

Wang, B., Xie, H. L., Ren, H.-Y, Li, X., Chen, L. and Wu, B.-C., “Application of
AHP, TOPSIS, and TFNs to plant selection for phytoremediation of petroleum-
contaminated soils in shale gas and oil fields,” Journal of Cleaner Production,
Vol. 233,No.1, pp.13-22, 2019.

Wang, Z., Hao, H., Gao, F., Zhang, Q., Zhang, J. and Zhou, Y., “Multi-attribute
decision making on reverse logistics based on DEA-TOPSIS: A study of the
Shanghai End-of-life vehicles industry,” Journal of Cleaner Production, Vol.214,
No.20, pp.730-737, 2019. https://doi.org/10.1016/j.jclepro.2018.12.329

Wang, W. C., “A Multi-function Disaster Decision Support System Based on Multi-
source Dynamic Data,” Environment and Natural Resources Research, Vol. 10,
No.1, pp.1-13, 2020. doi:10.5539/enrr.vIi0Onlp1

Yayla, A. Y., Oztekin, A., Gumus, A. T. and Gunasekaran, A., “A hybrid data
analytic methodology for 3PL transportation provider evaluation using fuzzy
multi-criteria decision making,” International Journal of Production
Research, Vol.53, No.20, pp.1-17, 2015.
https://doi.org/10.1080/00207543.2015.1022266

Yang, X. L., Ding, J. H. and Hou, H., “Application of a triangular fuzzy AHP
approach for flood risk evaluation and response measures analysis,” Natural
Hazards,Vol.68, No.2, pp.657-674, 2013. https://doi.org/10.1007/s11069-013—
0642—x

Zahedi, F., “The Analytic Hierarchy Process: A Survey of the Method and Its



https://www.sciencedirect.com/science/article/pii/S2212420917302959
javascript:;
https://www.sciencedirect.com/science/article/pii/S0959652619318372#!
https://www.sciencedirect.com/science/article/pii/S0959652619318372#!
https://www.sciencedirect.com/science/article/pii/S0959652619318372#!
https://www.sciencedirect.com/science/article/pii/S0959652619318372#!
https://www.sciencedirect.com/science/article/pii/S0959652619318372#!
https://www.sciencedirect.com/science/article/pii/S0959652619318372#!
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526/233/supp/C
https://www.sciencedirect.com/science/article/pii/S0959652618340605#!
https://www.sciencedirect.com/science/article/pii/S0959652618340605#!
https://www.sciencedirect.com/science/article/pii/S0959652618340605#!
https://www.sciencedirect.com/science/article/pii/S0959652618340605#!
https://www.sciencedirect.com/science/article/pii/S0959652618340605#!
https://www.sciencedirect.com/science/article/pii/S0959652618340605#!
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526/214/supp/C
https://www.tandfonline.com/author/Yayla%2C+Adile+Yesim
https://www.tandfonline.com/author/Oztekin%2C+Asil
https://www.tandfonline.com/author/Gumus%2C+Alev+Taskin
https://www.tandfonline.com/author/Gunasekaran%2C+Angappa

SRR

Applications,” Interfaces, Vol.16, No.4, pp.96—108,1986.

Zhao, H., Niu, C., Zhang, T., and Zhao, S. C., “Review and Prospect of Emergency
Logistics under Uncertainty Conditions,” Journal of Risk Analysis and Crisis
Response, Vol.8, No.2, pp.101-109, 2018.
https://doi.org/10.2991/jrarc.2018.8.2.6

Zhou, L., Wu, X., Xu, Z., and Fujita, H., “Emergency decision making for natural
disasters: An overview,” International Journal of Disaster Risk Reduction, Vol.
27, pp.567-576, 2018. https://doi.org/10.1016/1.1jdrr.2017.09.037

52



