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1 Introduction

With over 107 million confirmed COVID-19 cases and 1.45 million deaths caused by it
around the world at the time of writing, the outbreak of this pandemic is still on the rise
(COVID-19 Map - Johns Hopkins Coronavirus Resource Center, 2021). The pandemic alone
has substantially disrupted human lives, economies, relief and healthcare systems (Cao et al.,
2020; Sasangohar et al., 2020). On top of this, numerous climate hazards took place during
this pandemic, which have exacerbated the situation and unprecedentedly tested the existing
infrastructure of concurrent emergency management (CEM) unveiling incompetency of the
policies that needs immediate amendment for minimizing loss of lives. The occurrence of
a two or more emergencies simultaneously creates a multi-hazard event or a concurrent
emergency situation (Peters & Lovell, 2020). This article aims to address critical success
factors for such a concurrent emergency situation.

COVID-19 is referred to as a disaster in several studies (Aburas & Alshammari, 2020;
Gersons et al., 2020; Sakurai & Chughtai, 2020). Also, World Health Organization (2019)
stated that disasters comprise “infectious disease outbreaks, natural hazards, conflicts, unsafe
food and water, chemical and radiation incidents, building collapses, transport incidents,
lack of water and power supply, air pollution, antimicrobial resistance, the effects of climate
change, and other sources of risk”. The U.S. faced a difficult time battling the COVID-19
along with wildfires, tornadoes, and hurricanes; as emergency management (EM) was solely
focused on one event at a time (Borowski et al., 2021). On March 20, 2020, a massive
earthquake shook Croatia and converged with the ongoing covid crisis jeopardizing the lives
of vulnerable people (Rok et al., 2020). On May 20, 2020, India and Bangladesh were
hit by cyclone Amphan, which is the most severe storm since 1999 in this region. The
cyclone severely flooded the coastal areas of Bangladesh causing unimaginable sufferings
and destruction. Occurrence of these difficult situations highlighted limitations of the existing
system and the necessity of preparation for effectively handling such concurrent emergencies
in future (Ebrahim et al., 2020). Climate change presumably will increase the frequency and
severity of dual disasters and surely this pandemic will not be the last (Phillips et al., 2020).
To ensure proper management of such concurrent emergencies, it is essential to determine
and evaluate the success factors and formulate a plan that accommodates those identified
critical factors (Aschemann-Witzel et al., 2 0 2 0
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analyze. Therefore, the proposed framework was applied to the recent case of concurrent
emergency in Bangladesh, floods amid COVID-19 and the interactions among the CSFs are
analyzed for ensuring effective management of concurrent emergencies.

This paper is organized as follows: Sect. 2 reviews few of the prior literature of EM. The
methodology of this study is discussed in Sect. 3. Section 4 presents a discussion on the
obtained results and sensitivity analysis. In Sect. 5, a validation of the proposed method is
shown. The theoretical and practical implications of this research are discussed in Sect. 6.
Finally, Sect. 7 concludes this paper.

2 Literature review

The occurrence of a two or more emergencies simultaneously creates a multi-hazard event or
a concurrent emergency situation (Peters & Lovell, 2020). Regions facing extreme-weather
induced disasters are more likely to face a situation like this. COVID-19 further increases



Annals of Operations Research

Table 1 Existing literature on CSFs for Emergency Management and Humanitarian Supply Chain

Topic Sources

Emergency management Zhou et al. (2011
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and prompt decisions to circumscribe the losses. People of coastal areas needed to be immedi-



Annals of Operations ResearchAs it is challenging to improve CEM in all aspects, a more efÞcient way should be opted tofocus on the most crucial factors having the most vital inßuence on the system. Thus, this studyprioritizes the CSFs of CEM and analyzes the interrelationships between them, proposing aquantitative approach that supports decision-making. For this a methodology consisting ofthe literature review,Pareto analysis,andrevisedroughDEMATELis utilized toexploretheCSFs of CEM investigating the interrelationships among the CSFs inputting the practitionersÕview and proposing both theory and practical implications relating to effective CEM. Theproposed methodology is further validated through both comparative and sensitivity analysis.For this, a Pareto-based revised rough DEMATEL approachis utilized.Figure1representsthe key steps of the proposed research framework.3.1 IdentificationoftheCSFsofCEMInpreviousworks,CSFsareprimarilyidentiÞedthroughliteraturereview,expertinterview,or case study. This research used a combination of literature review and survey questionnairewhich was administrated online to identify the inßuential factors of CEM. The survey questionnaire was Þrst administered to the individuals involvedinthemanage-ment of the concurrent disaster that occurred in Bangladesh in May 20m
0 The respondentswere selected using purposive snowball sampling which accommodates both deliberatechoice of respondents who are well-informed with the phenomenon of interest and utilizesthe knowledge of insiders to locate relevant people to contribute to the study (Etikan & Bala,2017; Salim et al.,2019). This method can also overcome the challenges of a low responserate. A web-based digitalsurveywasconducted betweenOctober20m
 and January 20m1.The respondents were assuredthattheirdetailedsuggestionswouldbe keptconÞdential.Initially, a questionnaire(seeÒAppendixBÓ)wasdistributed among 45 expertsÕindividualsrelated to the emergencymanagementofthe concurrentdisasterinBangladesh. 32surveyreplies were received (response rate 71.11%), and further, they forwarded the questionnaire to 19 others relevant to the Þeld concerned. Finally, a total of 46 surveys were accepted outof 51 responses (9.80% refused for incomplete information) for the Þnal analysis. The ques-tionnaire included a Yes/No-based list of CSFs along with a 5- point Likert scaletoassessthe signiÞcance of the factors. The proÞle of these experts is detailed in Table2.In this study, Pareto analysis was performed to identify the crucial factors by separating the ÔvitalfewÕfromthe ÔtrivialmanyÕusingthe 80/m
rule (Craft&Leake,2002). Previousresearch works in Þelds such as food safety (Fotopoulos et al.,2011), supply chain manage- ment (SCM) (Talib et al.,

2015), green SCM (Kaur et al.,

2019), and education (Ahmed et al.,2021) have applied Pareto analysis to determine the most crucial factors having the largestimpact.
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Table 4 Identified CSFs for CEM

Code CSFs Descriptions

CSF1 Empowerment of emergency response
management team

A cohesive, well-developed emergency
response team is essential for quick
identification and mobilization of the
affected population and preventing adverse
incidents and lives lost

CSF2 Government leadership and military
cooperation

Effective leadership from the government,
along with armed forces support, before,
during and after concurrent emergencies can
expedite the disaster recovery process

CSF3 Prevent corruption in aid distribution CEM is vulnerable to corruption and fraud as
it is carried out under immense pressure and
difficult circumstances

CSF4 CSR efforts of organizations Non-governmental organizations (NGOs) and
businesses can play a vital role in CEM

CSF5 Resilient supply chain and logistics network For avoiding any discontinuation of aid
supply or evacuation measures, supply chain
and logistics networks need to become more
resilient

CSF6 Prioritization of the preparedness phase
actions

For ensuring quick response capacity and loss
reduction, pre-disaster management is more
impactful than post-disaster analysis

CSF7 Incremental improvement of proactive
measures

Existing robust plans might not be effective
for the changed reality. Effective integration
of two emergency response plans is
necessary

CSF8 Short and long term psychological support Personal or direct assistance as psychological
intervention and structural assistance work
as a prerequisite of psychosocial
rehabilitation

CSF9 Clearly stated instructions, quick feedback
and early warning

Clear and continuous communication is the
key to combating concurrent emergencies

CSF10 Availability of effective need and resource
assessment tools

There needs to be a constant assessment of
medical assistance and relief need and the
available resources to fulfill the need

CSF11 Adequate and available financial resources Response and recovery operations require
enormous financial investments and for that
government must ensure adequate funds in
this sector

CSF12 Individual and community awareness It is essential to build awareness within the
community and enhance the capacities of
local organizations for disaster management
by providing necessary information,
monetary and technical support

123
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Table 5 Rough sum of row and rough sum of column

Factors VL WL VH WH

CSF1 2.0056 2.0042 3.7264 3.7624

CSF2 2.5916 2.0414 4.6626 3.8212

CSF3 1.9946 2.2376 3.7912 4.0660

CSF4 2.1537 2.1176 3.9263 3.8846

CSF5 2.4326 2.3137 4.4004 4.2558

CSF6 1.8140 2.3841 3.4090 4.3616

CSF7 2.7851 2.4303 4.8863 4.3712

CSF8 1.8917 2.1365 3.4159 4.0295

CSF9 2.3637 1.8809 4.3386 3.6232

CSF10 2.0529 2.0433 3.8394 3.8225

CSF11 2.2036 2.1307 4.1051 3.9232

CSF12 1.6949 2.2637 3.3671 3.9472

4.1 Results

Step 1. A primary group DRM is created based on experts’ ratings using Eqs. (1–2), shown
in Table 12 (“Appendix A”).

Step 2. Following Eqs. (3–10), group rough DRM is obtained, shown in Table 13 (“Ap-
pendix A
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Table 6 Rough-relation and rough-prominence matrix

Factors Rough-relation Rough-prominence Group

yL =VL − WH yH =VL − WH x L= VL +WH x H = VL +WH

CSF1 − 0.0014 − 0.0360 4.0098 7.4888 Effect factor

CSF2 0.5502 0.8414 4.6330 8.4837 Cause factor

CSF3 − 0.2430 − 0.2748 4.2322 7.8573 Effect factor

CSF4 0.0361 0.0417 4.2712 7.8109 Cause factor

CSF5 0.1189 0.1447 4.7463 8.6562 Cause factor

CSF6 0.5701 0.9525 4.1980 7.7706 Cause factor

CSF7 0.3548 0.5151 5.2155 9.2575 Cause factor

CSF8 − 0.2448 −
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Fig. 5 Causal relationship diagram (higher estimation)

‘Government leadership and military cooperation (CSF2)’ ranks third in cause group
based on AVL and weight value with a score of (0.5502, 0.8414). Several researches have
highlighted the importance of power lead government can take to coordinate all the parts
of EM and enhance the execution efficiency of emergency response plans (Rivera et al.,
2020). Government leadership in developing an emergency response management frame-
work together with the cooperation of armed forces can reduce the vulnerability of CEM.
‘Adequate and available financial resources (CSF11)’ takes the fourth position in cause group.
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for smooth operation of CEM funds must be readily available in sufficient amount. Govern-
ment is responsible for ensuring the availability of financial resources. The raking within the
cause group is as follows: CSF7 > CSF5 > CSF2 > CSF11 > CSF9 > CSF4 > CSF6 > CSF10.

According to the value of rough relation, CSF1, CSF3, CSF8 and CSF12 are grouped into
the effect category as they demonstrate negative values. All the factors of effect group are
considered to be less important compared to the factors of cause groups. ‘Prevent corruption
in aid distribution (CSF3)’ occupies the first position in the effect group with a score of (−
0.2430, − 0.2748). Cause factors such as ‘Government leadership and military cooperation
(CSF2)’ and ‘Availability of effective need and resource assessment tools (CSF10)’ influence
the prevention of aid distribution corruption. Without ensuring the integrity of aid distribution
all the other efforts to improve CEM, such as resilient supply chains, adequate financial
resources can go in vain. The ranking within the effect group is as follows: CSF3 > CSF8 >
CSF1 > CSF12.

The overall ranking obtained on the basis of the AVL value is as follows: CSF7 > CSF5 >
CSF2 > CSF11 > CSF9 > CSF3 > CSF4 > CSF6 > CSF10 > CSF8 > CSF1 > CSF12. Here,
the top five CSFs are: Incremental improvement of proactive measures, Resilient supply
chain and logistics network, Government leadership and military cooperation, Adequate
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Table 9 Ranking of CSFs from sensitivity analysis

Factors Scenario 1 Scenario 2 Scenario 3

AVL Rank AVL Rank AVL Rank

CSF1 4.6664 10 4.5566 10 3.9296 11
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CSF5 > CSF2 > CSF11 > CSF9 > CSF4 > CSF3 > CSF6 > CSF10 > CSF8 > CSF1 > CSF12.
The computed comparative results are shown in Fig. 8. All these three methods identify CSF7
(incremental improvement of proactive measures) as the most critical success factor. The top
four critical factors are similar according to these three methods. From Figs. 9 and 10, it
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in Bangladesh. The integrated model is different from similar previous studies. For exam-
ple, Siriporananon and Visuthismajarn, (2018) identified the key success factors of disaster
management in Hat Yai city, Thailand; however, their work concentrated solely on individual
disasters. Thirdly, the research introduced a new approach, revised rough DEMATEL, to pri-
oritize the critical factors of CEM, to identify the indispensable links among the CSFs, and
to comprehend the relationships among CSFs to make a more informed decision. Ahmed
et al. (2021) as well as Liu and Ming (2019
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Table 11 Pareto analysis of CSFs for CEM

CSFs Score Cumulative percentage (%)

Availability of need and resource assessment tools 218 11

Individual and community awareness 213 23

Empowerment of emergency response management
team

202 33

Government leadership and military cooperation 189 43

Prevent corruption in aid distribution 183 53

Improvement of proactive measures to handle
concurrent emergencies

176 62

Psychological support 168 71

Clearly stated instructions and early caution about
potential dangers

164 80
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Appendix B

Questionnaire

1. Kindly answer the questions mentioned below:

(a) Name:
(b) Role/Job Position:
(c) Years of experience:

2. Identification of critical success factors (CSFs) of concurrent emergency management
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No. Factors Yes/no 5: very strongly
significant and

1: very weakly
significant

Suggest modification

1 2 3 4 5

11 Clearly stated
instructions and
early caution about
potential dangers

12 Appropriate
emergency response
strategy and
regulations

13 Availability of need
and resource
assessment tools

14 Individual and
community
awareness

15 Awareness of
responsibilities and
rational
organizational
structure

Please suggest other relevant
and necessary factors
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