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Abstract

Hospitals are the first point of contact for people in the face of disasters that interfere with
the daily functioning of life and endanger health and social life. All preparations should
be made considering the worst possible conditions and the provided service should con-
tinue without interruption. In this study, a multi-criteria decision-making model was devel-
oped to evaluate disaster preparedness of hospitals. This decision model includes Bayesian
best—worst method (BBWM), the VlseKriterijumska Optimizacija I Kompromisno Resenje
(VIKOR) and technique for order preference by similarity to ideal solution (TOPSIS)
methods. With the proposed decision model, six main criteria and 34 sub-criteria related
to disaster preparedness of hospitals were considered. The criteria and sub-criteria evalu-
ated in pairwise comparison manner by the experts were weighted with BBWM. These
weight values and the data obtained from the six Turkish hospitals were combined to pro-
vide inputs for VIKOR and TOPSIS. In addition, a comparative study and sensitivity anal-
ysis were carried out using weight vectors obtained by different tools. BBWM application
results show that the “Personnel” criterion was determined as the most important criterion
with an importance value of 26%. This criterion is followed by “Equipment” with 25%,
“Transportation” with 14%, “Hospital building” and “Communication” with 12%, and
“Flexibility” with 11%. Hospital-2 was determined as the most prepared hospital for dis-
asters as a result of VIKOR application. The VIKOR Q value of this hospital was obtained
as 0.000. According to the results of the comparative study, Hospital-2 was determined as
the most disaster-ready hospital in all six different scenarios. This hospital is followed by
Hospital-4 (Q=0.5661) and Hospital-5 (Q=0.7464). The remaining rankings were Hos-
pital-6, Hospital-3 and Hospital-1. The solidity of the results was checked with TOPSIS.
Based on TOPSIS application results, Hospital-2 was again found the most-ready hospi-
tal. The usage of BBWM in this study enabled the expert group’s views to be combined
without loss of information and to determine the criteria and sub-criteria weights with less
pairwise comparisons in a probabilistic perspective. Via the “Credal ranking”, which is the
contribution of BBWM to the literature, the interpretation of the hierarchy between each
criterion has been performed more precisely.
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1 Introduction

Hospitals are places that people may need at any time throughout their lives. They serve
people for daily illnesses, accidents or chronic diseases and operate within a certain
system. There is an ongoing cycle in all respects, from the number of employees to the
availability of empty beds, from food and water supply to the parking layout. People
receive health services from hospitals depending on their location and the area of health
they serve. Daily working plans, the quantity of staff per shift and working hours are
adjusted according to these situations. In extreme conditions where this ongoing order
can be disrupted, hospital emergence services may differ depending on the community’s
needs. Disasters are events that can cause loss of life or property for people and affect
society negatively by disrupting social life and human activities (WHO 2018). In dis-
aster conditions, uncertainty can be experienced both in human health and physically.
With the chaotic environment that may occur and panic over people, the possibility of
providing a regular service can gradually decrease. The most devastating disasters are
earthquakes, floods, storms, landslides, volcanic eruptions, tsunamis, terrorist attacks,
chemical explosions, forest fires, building collapse, industrial accidents, major traffic
accidents, wars (Yi et al. 2010). These disasters affect an average of 200 million people
per year and cause approximately 65,000 to die.

Governments want to ensure that health systems are serviceable and capable in such
disruptive situations. Hospitals have a great responsibility in this regard. All precautions
should be taken from its construction to its operation period, and a safe environment should
be prepared. According to the World Health Organization (WHO), hospitals must first pro-
tect three areas: protection of life, investment, and operational protection (WHO 2005).
The opportunities offered by the developing technology, the experiences gained after the
previous disasters, and the people with increased awareness can help hospitals prepare for
the next disaster. With the precautions to be taken, it is possible to prevent the destruction.
Thus, the experience of panic is prevented and people can act more systematically. Turkey
is a country experienced many natural disasters due to its geographical location. When the
data in the Belgium-based Emergency Situations Database (EM-DAT, 2021) were exam-
ined, a total of 183 disaster events occurred between 2000 and 2021 (Fig. 1). In 2004, the
highest number of disasters experienced with 21 was reached, followed by 2003 with 16
events. The number of disasters experienced in 2013 was only three. Major traffic accidents
take the first place among these 183 disasters. Transportation accidents account for nearly
half (45%) of total disasters, with 83. It is followed by earthquakes with 27 events (15%)
and floods with 26 events (14%). As a result of these disasters, 4226 people lost their lives
in 21 years (Fig. 2). With two earthquakes in Van and resulted in 644 casualties, 2011 was
the year with the highest number of deaths, with 700 in total.

The diversity of disasters experienced in the country in the recent 21 years shows
that all kinds of problems can be experienced at any time. It is possible to avoid the
chaos that occurs after a disaster by taking individual and social measures. With the
measures taken by the hospitals, it is possible to save human lives. This study is aimed
at evaluating the preparedness level of Turkish hospitals against disaster conditions.
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Fig. 1 The number of disaster events in the years 2000-2020
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Fig.2 The number of casualties in the years 2000-2020

2 Literature review

Hospital preparations for disaster situations have been covered many times in the liter-
ature, both with MCDM methods and conceptually. Evaluated criteria, classifications,
data collection methods made the studies different from each other.
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2.1 Use of MCDM in hospital disaster preparedness

Ortiz-Barrios et al. (2020) used a hybrid fuzzy decision-making model consisting of FAHP,
FDEMATEL and TOPSIS to determine the disaster preparedness level of four hospitals
selected from Turkey. Via FAHP, the weights of six criteria regarding readiness were cal-
culated, and FDEMATEL was applied to reveal the interdependence between criteria and
sub-criteria. Finally, the ranking of hospitals was obtained via TOPSIS. They stated that the
number of hospitals studied could be further increased, and thus the results could be rein-
forced. They also suggest that those who have a say in the country’s management should
consider these results during the disaster planning phase. Hosseini et al. (2019) evaluated
the preparedness of eight hospitals for disaster situations selected from the Ahvaz region
with four main 29 sub-criteria using the TOPSIS technique. Results show that the selected
hospitals were not prepared for disasters at the desired level. Marzaleh et al. (2019) con-
ducted a study using the Delphi technique to determine the disaster preparedness of emer-
gency services in Iran regarding the risk of nuclear terrorism and radiation. The weights of
31 preparedness factors determined by 32 experts were compared, and it was determined
that the level of preparedness of the personnel was of the highest importance. Ortiz-Barrios
et al. (2017) aimed to help hospitals better prepare for major disasters and emergencies. A
hybrid model is proposed using AHP, DEMATEL and TOPSIS. As a result, their proposed
method effectively improves conciliatory solution methods, facilitates evaluating how well
the health system performs and is considered a guide for evaluating emergency services
preparedness for disaster situations. Table 1 shows the list and details of the studies in the
literature that deal with the disaster preparedness of hospitals.

2.2 Overview of previous studies

Gul and Guneri (2015) combined the data from some official reports and one-on-one inter-
views with the opinions of experts who had experienced earthquakes in Istanbul before to
assess the earthquake preparedness of the emergency services in Istanbul. The interviews
were analyzed in terms of some critical statements about the earthquake. Important prob-
lems encountered during the earthquake in terms of hospital care were identified. Top et al.
(2010) examine the plans made by 251 public, university and private hospitals in Turkey
with 100 or more beds for possible disaster preparedness. This study revealed that 233
hospitals (92.8%) prepare disaster plans, 63.5% of public hospitals, 80% of private hos-
pitals and 31.8% of university hospitals conduct annual practice. Tabatabaei and Abbasi
(2016) conducted a cross-sectional study in some Iranian hospitals to assess disaster risks
based on the hospital safety index. They determined three main and 145 sub-criteria for
the evaluation of disaster preparedness processes with two different questionnaires. Naser
et al. (2018) evaluated the disaster preparedness status of 5 public and 5 private hospitals
in South Yemen. They determined that the level of preparation of the hospitals was insuf-
ficient. Samsuddin et al. (2018) investigated the resilience of hospitals in Malaysia dur-
ing disasters by applying a cross-sectional questionnaire among staff. They consider 243
readiness qualities and 23 resilience indicators. Human resources, training and immedi-
ate reaction skills were determined as the most critical features. Shabanikiya et al. (2019)
conducted a study using the Delphi method to keep the capacity increase under control
during disasters. They evaluated 13 sub-criteria under 5 main headings to evaluate the
preparedness of hospitals for capacity increase in disasters and to plan hospitals’ response
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to disasters. Rezaei and Mohebbi-Dehnavi (2019) conducted a study by collecting data
with a checklist containing 137 questions. They focus on ten main criteria in ten hospitals
they selected in Iran in 2017. Readiness levels of hospitals were determined to be moder-
ate to good. Saeid et al. (2019) prepare a questionnaire for 15 hospitals in Ardabil, Iran.
The questionnaire consists of two parts. In the first part, demographic information was
obtained, and in the second part, the evaluation of the preparation stages was requested.
Insufficient level of preparation was determined for triage and human resources. Munasin-
ghe and Matsui (2019) gathered information from doctors and nurses with a questionnaire
in Sri Lanka in 2019, frequently faced with disasters. They determined that there was not
enough preparedness for disasters. Adini et al. (2006) determined that the number of exer-
cises should be increased. The capacity should be expanded as a result of the evaluation
made in Israel, where chemical injuries are common. Al Thobaity et al. (2019) evaluated
eight state hospitals from two cities in Saudi Arabia. Five main criteria, which are consid-
ered the most important in the disaster preparedness process, were determined. Mulyasari
et al. (2013) determined six main criteria with 21 sub-criteria via survey in the hospitals
of eight cities in Japan, where large earthquakes are common. After major disasters such
as tsunami and earthquakes, zoning preparations were carried out successfully. Olivieri
et al. (2017) determined seven main and 30 sub-criteria as important against CBRN dis-
asters with the information obtained from 10 different participants and Delphi technique
analysis. Zhong et al. (2014) determined four main criteria that hospitals should pay atten-
tion to within the scope of disaster preparedness. The study was conducted in three hospi-
tals in the Shandong province of China and showed the insufficient capacity of hospitals.
Moheimani et al. (2021a) examined the preparedness of 25 hospitals against the COVID-
19 pandemic in Tehran. The data were collected with 3 doctors who are experts in their
fields and who have knowledge of the hospitals’ conditions. The data were processed by
Rosetta software. It was determined that there was a need for medical equipment and drug
resources. Also, a second study by Moheimani et al. (2021b) focused on assessing the agil-
ity of hospitals in disaster management. They developed an interval type-2 fuzzy Flowsort
inference system-based model and assessed 30 hospitals’ agility in disasters. Gul and Yuc-
esan (2021) assessed hospital preparedness against COVID-19 pandemic. They proposed
an interval-valued fuzzy MCDM method to rank hospitals according to their preparedness
against COVID-19 and evaluated three hospitals according to 10 readiness components
for COVID-19. Results of their study showed that the highest components include surveil-
lance, communication, logistics and supply chain management, and laboratory services.
Nekoie-Moghadam et al. (2016), Alruwaili et al. (2019) and Verheul and Diickers (2020)
have contributed to the literature by preparing state-of-the-art review articles by retrieving
15, 19 and 40 articles, respectively.

2.3 Potential gaps and our contributions

In this study, the disaster preparedness of hospitals was evaluated with a decision model
including BBWM, VIKOR and TOPSIS. The contributions and differences of this model
to the literature can be summarized as follows:

e The BBWM method was used for the first time in this field. Unlike the MCDM meth-
ods used in previous studies within the scope of disaster management, there is no loss
of information in combining expert opinions thanks to BBWM. From a probabilistic
view, criterion and sub-criteria weights are determined with less pairwise comparisons.
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e In interpreting the hierarchical ranking between the criterion weights, a more precise out-
put was obtained via "credal ranking," which BBWM brought to the literature. It is easier
and more understandable to evaluate the difference between the weights of the criteria.

e In addition to the proposed BBWM-VIKOR based method, the consistency of the result
reached with alternative solutions was checked. Pearson correlation analysis was used
to analyze the relationship between the results produced by alternative approaches that
tested the applicability and robustness of the method with a detailed comparison study.

3 Methodology
3.1 BBWM method

Although the original BMW can make different evaluations using two vectors for each
decision-maker, it does not allow the assessment of different decision-makers to be aggre-
gated (Mohammadi and Rezai 2020a). To aggregate decision-makers’ evaluations, Hafez-
alkotob and Hafezalkotob (2017) proposed democratic and autocratic decision-making
styles. Mou et al. (2016) used fuzzy multiplicative weighted geometric aggregation.
BBWM was proposed by Mohammadi and Rezai (2020a) to aggregate decision-makers’
evaluations in the probabilistic environment, and it is an extension of the BWM proposed
by Rezai (2015).

BBWM consists of three steps. In the first step, the criteria were determined. In the
second step, a survey was prepared in accordance with the original BWM evaluation. In
the third step, the problem was made applicable to BBWM with a probabilistic perspective
after evaluating according to the original BWM proposed by Rezaei (2015). The imple-
mentation steps are presented in the following with an acceptable level of detail (Hsu et al.
2021; Mohammadi and Rezaei, 2020b) and presented in Fig. 3.

Step 1: Determining the criteria to be evaluated. The criteria and the scope of these
criteria are determined.

Step 2: Creating a survey in a form suitable for BWM assessment. A form was prepared
for decision-makers to determine the best and worst criteria, and the comparison carried
out best and worst criteria with other criteria.

Step 3: Calculation of criterion weights based on expert evaluations. In Steps 3.1-3.3,
the original BWM procedure recommended by Rezaei (2015) was applied.

Step 3.1: Expert k first selects the best cX, and the worst ¢, criteria from the list. In this
step, decision-makers choose the best and worst criterion from the list of criteria. No pair-
wise comparison is made at this stage.

Step 3.2: Decision-makers are evaluated by paired comparison with the best criteria
cﬁ and other criteria. Each decision-maker compares the previously determined best/most
important criterion with the other criterion in this step. The numbers between 1 and 9 are
used when comparing. Criteria that perform close to the most important criterion have rel-
atively low values, while comparing the best criterion with the worst criterion takes the
greatest value. At this stage, the Best-to-Others vector (A’I‘;) is obtained.

k_ (kK k _
Ay = (ay,.ay,, ... dy ). k=1,2,... K (1)
where a, represents the preference of the best criteria (¢};) over. ¢; € C for expert k.
j B j

Step 3.3: The decision-maker compares the worst criterion with the other criteria previ-
ously determined. The comparison procedure is similar to Step 3.2.
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Fig. 3 Implementation steps in BBWM

k _ (k  k k \T
Ay = (GIW’ Doy -+ ’anW) 2

where a W represents the preference of the best criteria ck over. ¢; € C for expert k.

Step 3 4: Transforming BMW into Bayesian BMW by the probablhstlc perspective.
When viewed from the probability perfective, the criteria are random events, and the
weights of these criteria can be evaluated as probabilities of occurrence. In probability
theory and MCDM problems w; > 0 and ¥ w; = 1. Therefore, it makes sense to use

J=1
probabilistic modeling for decision-making models. In probability models, all inputs
and outputs should be modeled as probability distributions. First of all, the criteria are
evaluated, and A best and A,, worst criteria are determined. The multinomial distribu-
tion is modeled. For this modeling, all elements must be integers (Forbes et al. 2001).
The probability mass function related to the worst criterion A, is

n
(zj=1 ajW)! w
—— | |
H" Ay ! J
j=1 4w =1
where w represents the probability distribution. In the multinomial distribution, A,, con-

tains the number of times each event occurs. The probability of the J event is closely
related to the total number of trials.

P(A,lw) = 3)
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a
w; —z?j‘;iw,Vj =1,...,n. 4)
Similarly,
4w 1
e 2?:1 Aiw - ZZ’:I Aiw ®)

Using Egs. (2) and (3), one obtains ;i xayVj=1,...,n

The A can be calculated using the multinomial distribution. But Az and A,, are different
from each other. While the A, compares the most important criterion with other criteria, A,
includes evaluating the worst criterion with other criteria. Thus A gives the reverse of weight.

Ay ~ multinominal ( 1/w) (6)

w represents the probability distribution. / is the division operator. Similar to the Worst
criterion

Wp .
— cxaBjVj= 1,...,n.
Wi

It has been shown that conventional BWM inputs can be modeled as a multinomial distri-
bution. Thus, weighting for MCDM problems has turned into a problem of determining the
probability distribution. For this reason, statistical inference techniques can be used to find

the weights. Obtaining the aggregated weights w* = (w’l", | w:) and the weight for each

decision-maker w¥, k = 1, ..., K based on the following probabilistic model:

(A’;lwk) ~ multinominal(l/w>, Vk=1,...,K

(Aﬁvlwk) ~ multinominal(wk), Vk=1,....K
(W w*) ~ Dir(yxw®), Vk=1,....K
y ~ gamma(0.1,0.1),

w* ~ Dir(1) @)

where multinomial is the multinomial distribution, Dir is the Dirichlet distribution, and
gamma (0.1, 0.1) is the gamma distribution with shape parameters of 0.1. JAGS, one of the
Monte Carlo methods, is used to solve this model. The probability distributions of W are
criteria weights based on decision-makers’ evaluations. Additionally, the credal ordering is
calculated by the same procedure as Mohammadi and Rezaei (2020a).

3.2 VIKOR method

The VIKOR method has been developed for multi-criteria optimization of complex systems
by Opricovic and Tzeng (2004). It is a very effective method to solve multiple attribute
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decision-making (MADM) problems. Its use has become widespread in recent years, espe-
cially in the economy, business, and management (Gao et al. 2020; Gul et al. 2016). It sup-
ports decision-making mechanisms by identifying cost and benefit criteria and a ranking
procedure under these conditions (Rafieyan et al. 2020; Dong et al. 2017). It allows sorting
and selecting among conflicting criteria by using pre-determined criteria weights. It fur-
ther provides a ranking index using a measure of closeness to the ideal solution (Opricovic
1998; Opricovic and Tzeng, 2004; Jahan et al. 2011). Solution steps of the VIKOR method
are as follows (Opricovic 1998; Opricovic and Tzeng, 2004):

Step 1. Determine the best fl* and the worst fl.‘ values of all criterion functions,
i =1,2,...,m. If the ith function represents a benefit or cost, then:

- - . . .

fl. = mjax fij, fl = ;mn i if the ith function represents a benefit,
. - . . .

fi = mjm fij, f, = ijmx o if the ith function represents a cost

Step 2: Compute the values S; and R;, by the relations

S =Y wilf: =f) /(7 = 1)
i=1

S; = max [w,(f* = f;)/(fF = f7)]

Step 3: Calculate Q; values j = 1,2,..., n, according to the §; and R; using Eq. (8).

(5 -5) (R, -R)
Qj—Vm+(1 —V)m )

where §* = min Sj, S™ = max Sj,R* = min Rj,R‘ = maij, v € [0, 1] is the weight of the
J j J j
decision-making strategy of the “majority of attributes” (or “maximum group utility”).
Step 4: Rank the alternatives, sorting by the values S, R and Q in decreasing order.
Step 5: Propose a compromise solution to the alternative A, which is ranked as the best
by the measure Q (minimum).

3.3 Incorporation of BBWM and VIKOR methods in assessing hospital disaster
preparedness: the proposed framework

This study consists of four stages, as seen in Fig. 4. These stages are: preparation, BBWM
application, VIKOR application and comparison & sensitivity analysis. During the prepa-
ration phase, the purpose of the study, the criteria set to be used, the performance criteria
to be measured, and data collected for the criteria set are determined. Data on these per-
formance measures are obtained from six different hospitals. The second stage is regard-
ing the BBWM application. The expert team makes the evaluations at this stage, and then
the aggregated evaluations are processed in the MATLAB. Finally, the criteria weights
and sub-criteria weights are determined. In addition, the credal ranking graphs analyzed
extra information about the interrelationship between the criteria. The third phase is on
the VIKOR implementation. At this stage, the decision matrix is created with the data col-
lected from the hospitals and the weight vector obtained by BBWM. Then, S, R and Q
values for each hospital are calculated with the aid of a decision support system developed
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STAGE 1: PREPARATION |

Determine the goal of the study:
Assessment of the disaster preparedness of hospitals g e RaEn o A ctam
with the Bayesian BWM-VIKOR approach»

Establishment of criteria set for disaster preparedness of |, (" Literature

ospitals Expert team Obtaining criterion and sub-criteria weights with BBWM Matlab

Determination of performance measures related to the | w

criteria set b A Performing consistency analysis

Obtaining data on performance measures from hospitals Sl 2.6

STAGE 4: COMPARISON AND SENSITIVITY ANALYSIS [ ] )

Obtaining alternative weight matrices Lingo 18 Creating the decision matrix
Excel Solver

| Obtaining altarnativa rankings with TOPSIS and VIKOR E Obtaining S, R and Q values of all hospitals with VIKOR Ms Excel

Sensitivity analysis with change in maximum group utility MS Excel
value «» Determination of hospital rankings

I

Fig.4 Flowchart of the proposed approach

with MS Excel. Finally, the hospital rankings are determined. The fourth and final stage
is the stage where comparison and sensitivity analyzes are performed. Firstly, criteria and
sub-criteria weights are determined using two different commercial software tools (LINGO
and Excel Solver). These alternative weight vectors are used in both VIKOR and TOPSIS,
resulting in hospital rankings for a total of six different approaches. As a different sensitiv-
ity study, the change in the final Q values is determined by changing the maximum group
benefit parameter in VIKOR. Finally, a Pearson correlation analysis study is conducted
between the final score values obtained from six different approaches, and the relationship
between the results produced by the approaches is analyzed.

4 Case study

BBWM, VIKOR and TOPSIS methods are presented to test the proposed model’s appli-
cability. In this context, firstly, detailed information is given about six main and 34 sub-
criteria related to disaster preparedness of hospitals (Table 2). Afterward, performance cri-
teria related to these criteria and sub-criteria were determined, and data related to these
performance criteria were collected from six different hospitals. The characteristic features
of the hospitals are also presented. Five experienced experts evaluated criteria and sub-
criteria. Initially, Ten experts were contacted, half of whom provided feedback. Since the
pairwise comparison of criteria in the BBWM method requires expertise and experience, a
limited number of decision-makers have been worked with. The expert group, whose eval-
uations are consulted, consists of academics who study the subject and decision-makers
with field experience. Information such as experience, age and work area of these experts
were shared. In the second stage, the disaster preparedness of the hospitals was evaluated
with VIKOR and TOPSIS methods.

@ Springer



1615

Natural Hazards (2022) 111:1603-1635

pringer

J19)SESIp JO ased ul [e)1dsoy 0} $S2008 YIIM SPEOI JO JaqUInN
rendsoy ay) Aq pakordwa spreng £)Lnodas Jo requunN
ON/SoX ¢ pedray e oaey Tejdsoy o) seo

Tendsoy oy Aq paumo seour[nqUIE JO JQUINU [BI0],

(UStH
KIQA-G “YSTH-{ ‘WNIPIIN-€ ‘MOT-7 ‘MO KIdA-T) Kifenb uonewiojur jo uorssaxdxa onsmsgur ay,

ON//SOA (sTomred
JI0mIau A1ed AOUSIoWD YIIM smoy uonedrunwwod sjroddns yeyy waoperd e oaey [eadsoy oyl seog
ON/SIA {I0MIQU 21ed Aoud3Iow ue 0} Juojaq [eydsoy Ay seoq
ONI/SOX ¢(SSe1 a8ern asn [endsoy oy se0q
Teadsoy 2y Jo spaq Jo Joquinu 810} Y],
ON//S9A ¢ Tedsoy oy ur uononnsap [edrsAyd a[qrssod Jo Jnsa1 e se pasn 9q 0} SJU) JO YI0IS B I} S|
ON/S9A (Juaunedap ,S991AIOS POOH,, © dARY [eIrdsoy oyl saoq
ONI/SOA (A1ddns 1omod e aaey [ejdsoy oy seoq
SOOTAQP [EOIPAW J[QR[IEAR JO 95eIUAIIJ
ONI/SOX {SpIepuels (SOSIA) $199yS ele(] A1ofes [etrey payuswordwr [eyrdsoy oy) se
ON/SAA ¢ A1reridoidde sreriojew snopaezey a3euew 0} sjooojoxd pajudwordwi [endsoy ay) sey
$3[00)s Snp Jo a3ejueorad Aouednooo oereay
SUONIPUOD UONB[NUA 9[qeIINS M SWO0OI JO 3FeIuddIdg
SUI00J paje[nsul AJ}091109 JO 93.IUIIo]
ON[/SOX (,SUOTIEN)IS IQ)SBSIP J0J BaIe A[qUIASSE PAJeusIsap € aAry [e3rdsoy ay) saoq
[ouuosiad yi[eay SunjIom JuaLINd JO IqUINN
Tendsoy oy} sI00f JO IoqunN
s1oowo[ry ur uone[ndod [enuad 9y} 03 9oULISIP ATeIAY

QINJONISEIJUT POOS [IIM SWOOI JO 93LIUdID]

Aiiqrsseooy—4
Kres—ed

Qoeds pedifoH—zA
SI[IIYAA JO JoqUINN—T

Kypenb uoneuLIOU—¢D)

90TA3P/S[00) UOTJRITUNWTIOD)—T7D)
yIomiau AouaSrowg—ID

Sey ofe ] —eg

ped—38d

WL —Ld

poOJ pue I19jem SUULI—9g
101eI0US3 JOMOJ—G ]

Sd 103 Juowdinba [eo1poN—+ g
juowodeuew AJ9Jes [eLIRIN—E ]
Qour)sqns snoprezey [enuAod—zcdg
QUIDIPIN—Id

UODB[NUIA—LY

uonensu[—9y

eare JuLIoyes 19)sesiq—GV
Koede)—py

SI00[ JO IqUINN—EVY

Uuoned0 T—Vy

QINMONNSBIJUI [BIISAYJ—V

As

uoneyodsuer](q)

uoneorunwwo)) (D)

juowdinbyg (g)

ssurp[ing [endsoH (V)

uondrosap pafrereq

BLIQIO QNG

BLIIO UTEJA]

soInseawr dduewIoyIod oY) pue BILINLIO Juswssasse ssouparedord 1oisesiq g a|qel



Natural Hazards (2022) 111:1603-1635

1616

ON//SOX (,SUOTIEN)IS J)SLSTP
10§ 309fo1d Teroads e 10 JuowuIoA0S oY) woig 11oddns [eroueuy Jo J93pnq e aaey [e3rdsoy Ay} S0

wo1J DIAIAS SAATII [eyidsoy oy Jey) sxarddns jo roquunN
ON/SeA (Teidsoy oy ur yueq poojq & 1Y) S|

IQ)SBSIp JO 9SBD Ul JIun
SIY) 0} pauSIsse aq ued Jnq [edsoy ) Ul S{Tom Jou op oYM sIsT[eroads pue srouonnoed ‘sesinu jo [elo],

I9)SesTp JO 9Sed ur 2180 AousdIowe 10y paydepe 2q ued jey)) Seare JANRNSIUTWPE JO JOqUINN

s19)sesIp ul [eyidsoy 2y jo [ouuosiad pauren 2 Jo sIOY SUIIOM
ssouparedaid 19)sesip ur pauren [ouuosiad Jo roquunN

(USTH £19A-G ‘YSTH-{ ‘WNIPIN-€ “MOT-T
‘MO AIOA-T) “JO1ARYSq pue ssouparedord I9)SeSIp JO SULId) Ul [uu0sIad JO UOTIBUIPIOOD JO [QA] Y],

(USTH A19A-G ‘USTH- ‘WNIPIN-€ ‘MO-T
‘M0 A19A-1) ‘Sururen jo uoneyuaw(dwr pue Ajiqereae ‘weq], asuodsay AouaSiowy jo AN[Iqe[reAy

juowageuew [e3idsoy Aq pawojrad S[[LIP IISBSIP JO JoquInN

rendsoy ayy Aq paziuesio ssouparedard 19ysesip uo sweidoid Fururen Jo roquinN

QouRUL]—G]
sariddns pue saurorpaw jo ureyo A[ddng—y g
jueq poojd—¢ed

Je1s AoudSunuo)—rz g
SonI[10E] JO dsn oY) ut AN[IQIXAI—1d
simoy SurjIopm—odg

[ouuosiad jo roqunN—GH

uoneUIPIOO)—H

wed) asuodsar Aouddrowg—¢Hq
[[LIp Io1sesid—CcH

uoneonpg—I4

Amqrxsrd (1)

[ouuosIdg (H)

uondrosap parereq

BLIOILID QNG

BLIIO UTEJA]

(ponunuoo) zs|qe

pringer

&l



Natural Hazards (2022) 111:1603-1635 1617

4.1 Description of hospital disaster readiness criteria hierarchy

Disaster impact on health facilities, emergency polyclinics (Mulyasari et al. 2013). If
the hospitals cannot withstand the disaster, it has negative social consequences on the
people’s morale. Post-disaster impacts differ depending on various factors, such as the
type of disaster, unpreparedness, the capacity of the health system, and risk-related
conditions. Huge investments are required in the development of healthcare facilities,
such as reconstruction and rehabilitation. Disasters impose direct costs regarding dam-
age to hospital buildings, equipment, replacement facilities and materials, and indirect
costs that are often not fully accounted for and can be higher than direct costs. (United
Nations 2009). Publishing a series of safe hospital reports and toolkits to help hospi-
tals be better prepared for disasters, WHO defines safe hospitals as “health facilities
whose services operate at maximum capacity and within the same infrastructure and are
accessible during and immediately after disasters, emergencies or crises (WHO/PWHO,
1996; WHO/PWHO, 2003).” Safe hospitals have three goals:

e Protecting the lives of patients, visitors and hospital staff.
e Protecting the equipment used in the hospital and the investment made in them.
e Maintaining the hospital’s performance by continuing its regular operation.

It has been determined that making the facilities safer with the measures taken in this
way is much more economical than the reconstruction expenditures after the disasters
to be experienced. (WHO 2008). Adini et al. (2006) defined the main components of a
high level of preparedness for disasters as planning, infrastructure, knowledge skills and
training (Fig. 5).

It is essential for healthcare institutions to design emergency preparedness plans that
will keep the number of injured people to a minimum, with the awareness that unfore-
seen disasters can occur at any time unless they are caused by negligence (Kaji et al.
2007).

Knowledge and Skills of
Staff

Infrastructure and Equipment

Fig.5 Components of preparedness for disaster situations (Adini et al. 2006)
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4.2 Design of questionnaire and decision-making team

In our study, four academicians who have academic studies in the hospital and a
researcher who completed their higher education in this field took part as decision-
makers. These experts, four of whom are in the age range of 35-40 and one between
the ages of 40 and 45, continue to contribute to the literature in health and engineer-
ing. Expert-1 is an associate professor with 12 years of academic experience, has many
studies in hospitals’ disaster preparedness, and has a doctorate in this field. As an asso-
ciate professor with 7 years of academic experience and a doctorate in econometrics,
Expert -2 continues to work in the engineering and health sectors. Having worked on
demand forecasting in healthcare systems, operations research methods and optimiza-
tion in manufacturing and healthcare sectors, Expert -3 continues his 10-year academic
career as an associate professor. Expert -4 completed his higher education in the field of
disaster preparations and works in the IT sector. Having 8 years of private sector experi-
ence in quality, process improvement and Six Sigma, Expert -5 has been working as an
academic for 12 years.

4.3 Description of studied hospitals

Hospital-1 is an integrated hospital serving in a district far from the city center where it
is located and where transportation is difficult. Due to the natural disasters experienced in
the region, the demand intensity increases frequently. For this reason, the bed capacity has
increased compared to the previous years. Hospital-2 is one of the largest city hospitals in
the country. It was built in a very large area with state-of-the-art equipment to meet the
city’s needs and neighboring provinces. Seven different hospitals serve from one center.
Apart from these, the 100-bed HSFP (High-Security Forensic Psychiatry) hospital is also
in campus. The hospital is relatively far from the densely populated area. We can explain
this because the wide area established cannot be found in a central area. Hospital-3 is a
hospital specializing in the education and research of cardiovascular diseases in the coun-
try’s northeast. This hospital has the status of Training and Research Hospital. It serves
with 12 departments. It is about 5 km from the city center. It has the status of Hospital-4
Health research and application Center. The hospital provides service with 40 units. In
this respect, it is one of the largest hospitals in the region. Substance Addiction Treatment
Center, Genetic Diseases Diagnosis Center, Child Monitoring Center, Infant Intensive Care
Unit and Oncology Centers make this hospital different. It is approximately 15 km from the
city center. Hospital-5 is one of the oldest hospitals in the region. The hospital is located in
the city center and operates with 21 departments. Hospital-6 specializes in bone diseases.
It serves with 7 departments. It differs from other hospitals in the region with and robotic
walking unit. It is about three km from the city center.

4.4 Implementation of the proposed framework

In this section, the weights of disaster preparedness criteria of hospitals were deter-
mined with BBWM. In this context, the problem has been solved by following the
BBWM steps presented in Sect. 3.2. The procedure followed is detailed as follows:

Step 1: Out of 34 sub-criteria, A2 (Location) criterion was determined as cost cri-
terion, while all other sub-criteria were determined as benefit criterion. Because the
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location criterion is a criterion that expresses the average distance of the hospital from
the target community, it is desirable to have a low value. A (Hospital Building) criterion
consists of seven sub-criteria. In addition, B (Equipment) criterion consists of nine sub-
criteria, C (Communication) criterion has three, D (Transportation) criterion has four, E
(Personnel) criterion has six, and F (Flexibility) criterion has five sub-criteria.

Step 2: In this step, the best and worst criteria are determined by five experts, and based
on this, “best-to-others” and “others-to-worst” evaluation matrices are created. While doing
this, a user-friendly decision support system has been developed to collect the decision-
makers’ evaluations easily. All evaluations are combined through this decision support sys-
tem. In the evaluations, a scale of 1-9 expressed in Rezaei (2015) was used. During the
evaluation of both criteria and sub-criteria, comparing the criteria/sub-criteria with them-
selves will be considered equally important. There are a total of five evaluations included
in this study. For each evaluation, two tables were filled (Best-to-Others and Others-to-
Worst). The selection of the best and worst criteria was carried out as in Fig. 6. Pairwise
comparisons were made as in Fig. 7. The evaluations obtained from the decision support
system are shown in detail in Table 3.

Step 3: The first three sub-steps of this step were carried out with the help of the devel-
oped decision support system as mentioned above. In the 4th sub-step, the procedure speci-
fied in Mohammadi and Rezai (2020a) was followed. MATLAB codes related to this pro-
cedure have been shared by the authors at (URL-1, 2021). The codes have been customized
and run for the evaluations presented above. As a result of this run, the local weight val-
ues of the criteria and sub-criteria were obtained. In addition, credal rankings were deter-
mined, and special graphics related to them were also presented. The main criteria weights
obtained with BBWM are presented in Table 4. In Fig. 8, the credal ranking graph of the
main criteria is given.

The “E (Personnel)” criterion was determined as the most important criterion with a
value of 0.2562. The conclusion we can draw from this is that no matter how comprehen-
sive and correct the emergency plans in hospitals are, it is possible to implement this plan
without any problems if there are sufficient trained personnel. As a result of the evaluation

A

Hospital buildings

The most
important criterion 3(Middle)
s E' =
A
B Least important criterion
c s
o !
E A [Hospital buildings 4 (Modi Select an item
F B Equipment 5 (Se B
C | Communication 1
D| Transportation 2 (Eq
E Personnel 6 (Severe/V E
F|  Flexibility 3(f

Fig.6 Selection of best and worst criterion
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A B C D E F
Hospital X L X e
o Equipment [Communication|Transportation| Personnel Flexibility
buildings
“‘f’ts' important Choose an [] Choose an Choose an Choose an Choose an | Choose an
criterion
item. item. T item. item. item. item.
>
1 (Equal)
2 (Equal/Middle)
3 (Middle)
4 (Moderate/Severe)
5 (Severe)

6 (Severe/Very Severe)

7 (Very Severe)

8 (Very Severe/Highest severe)
9 (Highest severe)

Fig.7 Pairwise comparisons

of our decision-makers, the second most important criterion with a minimal margin was
“B (Equipment)” with a value of 0.25427. Ready-to-use equipment will be the greatest
need of adequate and trained personnel to put what they know into practice. After these
two criteria, D (Transportation) came in third place, considering the necessity of hospitals
to be applied after the injury and shock experienced during the disaster, to be close to the
location. A (Hospital Building) came in fourth place, with its resilience to disasters and the
capacity to continue its service in the face of intense patient increase. C (Communication)
criterion is the fifth in importance as it is not considered difficult thanks to the develop-
ing technology, and F (Flexibility) has been determined as the least important criterion
by our decision-makers. While determining criterion weights with MCDM, criteria with
high values are considered more important. However, when ranking, there may be a slight
difference between two criteria close to each other in value. This emerges as an important
consideration for group decision-makers when calculating weights. The importance of the
credal ranking (Mohammadi and Rezai (2020a)), which shows how superior a criterion is
to another criterion, emerges at this point. It is necessary to evaluate the values in Fig. 8
in this way. The values written above the arrows in Fig. 8 show that criterion A is more
important than criterion B in (A = B) D reliability. The value of D here is a probability
value and ranges from O to 1. For example, the E —' F in Fig. 8 shows that the E criterion
is definitely more important than the F criterion. Because the reliability value here is 1. In
the same graph, it is seen that this criterion is not superior to other criteria since there is no
arrow going from the F criterion to the others. The E —%°! B expression can be interpreted
as follows: Although the weight value of criterion E is greater than the weight value of
criterion B, a reliability value of 0.51 indicates that the absolute superiority of both criteria
to each other is a weak possibility. Weight rankings and credal rank representations of sub-
criteria obtained by BBWM are as in Table 5 and Fig. 9.

In order to determine the disaster preparedness level of the hospitals with the VIKOR
MCDM method, a VIKOR score was obtained by using the criteria weights determined
by BBWM and the data obtained from six different hospitals (performance criteria for
each criterion). The S, R and Q values specific to the VIKOR method were calculated, and
the v value, which expresses the maximum group utility coefficient, was taken as 0.5. For
the best and worst performance values calculated in the second stage of VIKOR, the A2

@ Springer



Natural Hazards (2022) 111:1603-1635

1621

Table 3 Expert judgments
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Table 4 Main criterion weights
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criterion was considered the cost criterion. S, R and Q values calculated for each hospital
are given in Table 6.

According to the results of VIKOR Q index values, Hospital-2 was the hospital most
prepared for disasters under the evaluated criteria (Q=0.000). This hospital is followed
by Hospital-4(Q=0.566) and Hospital-5(Q=0.746). Other hospitals were Hospital-6
(Q=0.752), Hospital-3 (Q=0.779) and Hospital-1 (Q=1.000), respectively.

4.5 Validation and comparative studies

A comparative analysis was performed to test the robustness of the proposed method. The
proposed BBWM and VIKOR integrated approach results are compared with the results of
five different approaches detailed in Table 7.

As presented in Table 7, each approach consists of two stages and each stage is solved
with a different tool. For example, approach 3 is a model created by integrating classical
BWM and TOPSIS methods. While disaster preparedness criteria weights were determined
by BWM, hospital disaster preparedness rankings were determined by the TOPSIS method.
While classical BWM calculations were obtained with Lingo software, TOPSIS calcula-
tions were performed with the help of MS Excel. The results were obtained by solving each
of the approaches separately. Two different solvent tools were used to determine the relative
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Table 5 Weights of sub-criteria obtained by BBWM

Sub-criteria of hospital building Weight Rank

Al 0.240 1

A2 0.139 3

A3 0.068 7

A4 0.240 2

AS 0.122 4

A6 0.099 5

A7 0.092 6

Sub-criteria of equipment Weight Rank

Bl 0.186 2

B2 0.080 7

B3 0.097 5

B4 0.206 1

B5 0.086 6

B6 0.107 3

B7 0.069 8

B8 0.106 4

B9 0.063 9

Sub-criteria of communication Weight Rank

Cl 0.590 1

C2 0.217 2

C3 0.193 3

Sub-criteria of transportation Weight Rank

D1 0.269 2

D2 0.107 4

D3 0.203 3
0.421 1

Sub-criteria of personnel Weight Rank

El 0.288 1

E2 0.142 5

E3 0.173 2

E4 0.164 3

ES 0.145 4

E6 0.088 6

Sub-criteria of flexibility Weight Rank

Fl1 0.129 5

F2 0.191 3

F3 0.216 2

F4 0.318 1

F5 0.146 4
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Table 6 Calcu}ated S,Rand Q S Values R Values Q Values
values of hospitals
Hospital-1 0.773 0.074 1.000
Hospital-2 0.168 0.059 0.000
Hospital-3 0.573 0.072 0.779
Hospital-4 0.381 0.071 0.566
Hospital-5 0.530 0.072 0.744
Hospital-6 0.540 0.072 0.753

Table 7 Alternative approaches and solution tools

# Approach tested

Hospital disaster prepared- Solution tool ~ Hospital ranking ~ Solution tool
ness criteria weighting

Proposed approach BBWM MATLAB VIKOR MS Excel
Alternative approach-1 BBWM MATLAB TOPSIS MS Excel
Alternative approach-2 BWM Lingo VIKOR MS Excel
Alternative approach-3 BWM Lingo TOPSIS MS Excel
Alternative approach-4 BWM Excel Solver VIKOR MS Excel
Alternative approach-5 BWM Excel Solver TOPSIS MS Excel

importance levels (weights) of the disaster preparedness criteria of the hospitals. One of
them is Excel Solver-based solver by Rezaei (2015), and the other is Lingo commercial
software that can solve Quadratic programming models. The decision-maker evaluation
results given in Table 3 were entered into Lingo and Excel Solver. The results of the evalu-
ations made by the experts for each criterion using the formulas integrated into the solvers
were compared with each other. For example, in the evaluations made by Expert-1 through
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pairwise comparisons, the comparisons made for the main criteria are: (3-2-5-5-1-4) and
(2-3-1-1-5-2), respectively. Solvers process these values to produce the (0.145-0.141),
(0.234-0.211), (0.068-0.070), (0.081-0.085), (0.369-0.387), (0.104-0.106) results. As can
be seen, the slight differences in the formulas used by the solvers are also reflected in the
results obtained, but they do not cause a big change in the rankings. Here, the resulting
values of each expert for that criterion group must be 1 in total. Table 8 shows the weight
results of both solvers depending on the experts. In Table 9, the final results consisting of
local and global weight values are provided. Local weight values are obtained by averaging
the five different values measured by the solvers in the expert weight results of each crite-
rion. For example, the arithmetic average of the main criterion A in Lingo solver is (0.145
+0.046+0.234+0.1714+0.092)/5=0.137, in Excel Solver (0.141+0.045+0.211+0.148
+0.081)/5=0.125. Likewise, differences in values do not affect the ranking.

The resulting weight vectors were added to the TOPSIS or VIKOR model according
to the approach to be followed, and the disaster preparedness of the hospitals was ana-
lyzed. Tables 10 and 11 show the final scores (Q-value for VIKOR, closeness coefficient-
CC value for TOPSIS) and rankings obtained with each method. These values, which vary
between O and 1, represent the level of preparation of each hospital according to the rel-
evant method. The important point here is that the value being close to 1 in the methods
in which TOPSIS is used indicates that the hospital’s disaster preparedness is reasonable,
while this is the opposite in the methods using VIKOR. The closer the VIKOR Q value is
to 0, the higher the hospital’s disaster preparedness level.

According to these results, it is seen that Hospital-2 is the most disaster-ready hospital
in all models. It has the highest CC score (0.739, 0.781 and 0.776) in the models which
used TOPSIS along with BWM among the remaining five hospitals. On the other side,
it has the lowest Q value (0.000 for each one) in the models which used VIKOR com-
pared to the other five hospitals. These preparedness scores imply that Hospital-2 is very
well-prepared. Hospital-2 is followed by Hospital-4 according to all models. It also has a
relatively good preparedness with TOPSIS CC score higher than 0.3. In a study by Choud-
hury et al. (20,201), which evaluates the preparedness of Indian states against COVID-
19 pandemic risk, this value is considered to be below the high readiness value, but not
below the value of <0.2, which is considered inadequate preparation. Hospital-1, Hospi-
tal-3, Hospital-5 and Hospital-6 have relatively poor preparedness. In the models where
TOPSIS was applied, the CC values are below 0.2. And with the same trend, their VIKOR
Q values are high. In Choudhury et al. (20,201)’s study, five clusters are created to dis-
tinguish the preparedness levels: very good (score>0.5), good (0.4 <score<0.5), aver-
age (0.3 <score <0.4); poor (0.2 <score <0.3) and very poor (score <0.2). When we think
according to this clustering style, it is clear that the preparation level in most hospitals
in our case study is weak. Although the rankings of hospitals other than Hospital-2 and
Hospital-4 are reasonably different, the results are mostly close to each other. According to
these results, hospitals that are weak in terms of preparation can continue their struggle by
aiming to have a good performance value under the criteria evaluated and weighted with
the BBWM model. The agility of hospitals in terms of personnel and equipment, which are
determined as the most important criteria according to the BBWM results, can help them
to be more prepared for disasters. The operation and procedures of hospitals with high pre-
paredness scores can be copied by the hospitals that have less preparedness to increase
agility in disasters. It is an important issue for hospitals to provide the mentioned criteria
by considering all stages of disaster management. The risk that arises in a single stage may
harm all disaster management efforts and cause serious losses. Therefore, it is necessary to
pay attention to all the mentioned criteria for disaster preparedness and good agility.
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Table 8 Weight results of expert assessments

Lingo solver BWM-Solver

Criteria/ E-1 E-2 E-3 E-4 E-5 E-1 E-2 E-3 E-4 E-5
Sub-criteria

A 0.145 0.046 0.234 0.171 0.092 0.141 0.045 0.211 0.148 0.081
B 0234 0405 0290 0225 0.130 0211 0393 0338 0221 0.141
C 0.068 0.131 0.159 0.054 0.130 0.070 0.135 0.141 0.053 0.113
D 0.081 0.131 0.103 0.063 0206 0.085 0.135 0.106 0.089 0.188
E 0369 0.189 0.159 0370 0404 0387 0.191 0.141 0379 0.439
F 0.104 0.098 0.056 0.117 0.038 0.106 0.101 0.063 0.111 0.039

Al 0.196 0472 0431 0205 0.178 0211 0428 0344 0.209 0.237
A2 0.086 0.101 0.084 0.163 0.156 0.092 0.115 0.164 0.139 0.147
A3 0.049 0.049 0.151 0.042 0.023 0.048 0.044 0.098 0.041 0.026
A4 0461 0.176  0.151 0344 0.161 0441 0207 0.123 0353  0.147
AS 0.082 0.083 0.060 0.120 0.161 0.077 0.092 0.098 0.105 0.147
A6 0.063 0.064 0.070 0.048 0.161 0.066 0.057 0.123 0.070  0.147
A7 0.063 0.054 0.053 0078 0.161 0.066 0.057 0.049 0.084 0.147
Bl 0210 0.139 0225 0238 0.169 0.194 0.139 0244 0315 0.156
B2 0.039 0.096 0.153 0.022 0.119 0.040 0.098 0.152 0.027 0.117
B3 0.048 0.096 0.132 0.076  0.119 0.048 0.098 0.102 0.077 0.117
B4 0367 0298 0.132 0216 0.145 0372 0287 0.102 0.192  0.233
BS5 0.053 0.096 0.083 0.046 0.093 0.055 0.098 0.102 0.055 0.117
B6 0.065 0.096 0.118 0.112 0.145 0.065 0.098 0.076  0.096 0.078
B7 0.092 0.034 0.061 0.058 0.066 0.094 0.033 0.102 0.064 0.047
B8 0.074 0.072 0.061 0.194 0.119 0.077 0074 0.076 0.128  0.117
B9 0.053 0.072 0.036 0.039 0.026 0.055 0074 0.046 0.048 0.019
Cl 0.715 0.692 0592 0535 0461 0708 0.692 0.600 0.542  0.500
C2 0.100  0.231 0242 0.167 0373 0.083 0231 0.233 0.167 0.333
C3 0.185 0.077 0.167 0299 0.167 0.208 0.077 0.167 0.292 0.167
D1 0.104 0.187 0.533 0451 0271 0.092 0.188 0.518 0466 0.287
D2 0.090 0.063 0.095 0.104 0.061 0.092 0.063 0.089 0.103 0.067
D3 0.194  0.187 0.147 0.171 0271 0215 0.188 0.196 0.172 0.191
D4 0.613 0563 0225 0274 0397 0.600 0563 0.196 0259 0.455
El 0518 0.183  0.514 0225 0348 0507 0.185 0468 0221  0.325
E2 0.112  0.127 0.088 0.063 0.139 0.107 0.130 0.122  0.089  0.200
E3 0.112 0392 0.155 0.054 0.187 0.107 0380 0.122 0.053  0.200
E4 0.118 0.127 0.088 0.171 0.187 0.134 0.130 0.122 0.148 0.133
E5 0.070 0.127 0.088 0370 0.090 0.068 0.130 0.101 0379 0.100
E6 0.070 0.044 0.067 0.117 0.049 0.077 0.043 0.066 0.111 0.042
F1 0.093 0.059 0382 0.113 0.059 0085 0.059 0375 0.118 0.118
F2 0.154  0.117 0.101 0278 0294 0.136  0.124  0.167 0.237 0.353
F3 0.407 0.170 0.074 0.161 0294 0373 0.166 0.083 0.158 0.235
F4 0.173 0484 0308 0381 0294 0203 0485 0250 0416 0.235
F5 0.173  0.170  0.135 0.068 0.059 0203 0.166 0.125 0.072  0.059
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Table 9 Final results (local and global weight values)

Lingo solver BWM-solver

Criteria/sub-  Local weight Global weight Criteria/sub- ~ Local weight Global weight
criteria criteria

A 0.137 A 0.125

Al 0.297 0.041 Al 0.286 0.039
A2 0.118 0.016 A2 0.131 0.018
A3 0.063 0.009 A3 0.051 0.007
A4 0.259 0.036 A4 0.254 0.035
AS 0.101 0.014 A5 0.104 0.014
A6 0.081 0.011 A6 0.093 0.013
A7 0.082 0.011 A7 0.081 0.011
B 0.257 B 0.261

B1 0.196 0.050 Bl 0.209 0.054
B2 0.086 0.022 B2 0.087 0.022
B3 0.094 0.024 B3 0.088 0.023
B4 0.232 0.059 B4 0.237 0.061
B5 0.074 0.019 B5 0.085 0.022
B6 0.107 0.028 B6 0.083 0.021
B7 0.062 0.016 B7 0.068 0.017
B8 0.104 0.027 B8 0.094 0.024
B9 0.045 0.012 B9 0.048 0.012
C 0.108 C 0.102

Cl1 0.599 0.065 Cl1 0.608 0.066
Cc2 0.222 0.024 Cc2 0.209 0.023
C3 0.179 0.019 C3 0.182 0.020
D 0.117 D 0.120

D1 0.310 0.036 D1 0.310 0.036
D2 0.082 0.010 D2 0.083 0.010
D3 0.194 0.023 D3 0.193 0.022
D4 0.414 0.048 D4 0.415 0.048
E 0.298 E 0.307

El 0.357 0.107 El 0.341 0.102
E2 0.106 0.032 E2 0.130 0.039
E3 0.180 0.054 E3 0.172 0.051
E4 0.138 0.041 E4 0.133 0.040
E5 0.149 0.044 E5 0.156 0.046
E6 0.069 0.021 E6 0.068 0.020
F 0.083 F 0.084

F1 0.141 0.012 F1 0.151 0.012
F2 0.189 0.016 F2 0.203 0.017
F3 0.221 0.018 F3 0.203 0.017
F4 0.328 0.027 F4 0.318 0.026
F5 0.121 0.010 F5 0.125 0.010
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Table 10 Hospitals’ final scores

Method Q value/CC value

Hospital -1 ~ Hospital -2 Hospital -3~ Hospital -4 ~ Hospital -5  Hospital -6

BBWM-VIKOR 1.000 0.000 0.779 0.566 0.744 0.753
BWM-VIKOR* 1.000 0.000 0.835 0.663 0.803 0.813
BWM-VIKOR**  1.000 0.000 0.830 0.659 0.803 0.814
BBWM-TOPSIS 0.228 0.739 0.206 0.350 0.238 0.201
BWM-TOPSIS* 0.219 0.781 0.183 0.307 0.208 0.174
BWM-TOPSIS**  0.226 0.776 0.184 0.311 0.213 0.177

*Classical BWM weight vector calculated with Lingo
**The classical BWM weight vector was calculated with Excel Solver

Table 11 Ranking of hospitals

Method Ranking

Hospital -1 ~ Hospital -2~ Hospital -3  Hospital -4  Hospital -5  Hospital -6

BBWM-VIKOR
BWM-VIKOR*
BWM-VIKOR**
BBWM-TOPSIS
BWM-TOPSIS*
BWM-TOPSIS**

W WA OO O
—_ =, m =
L L D
SR SR R R R )
AR W W W W
[ N i N N NN

*Classical BWM weight vector calculated with Lingo
**The classical BWM weight vector was calculated with Excel Solver

When the correlation analysis was performed between the final scores of each model, a
correlation coefficient of over 90% was obtained in all combinations, as seen in Table 12.
This result reinforces that our proposed model produces results close to other studied mod-
els and is applicable in hospital disaster preparedness assessment.

In addition to the comparison analysis mentioned above, a sensitivity analysis specific
to the VIKOR method was also performed. The aim here is to observe how the final score
and rankings change in the "v" value variability, which expresses the maximum group util-
ity in VIKOR. Table 13 and Fig. 10 show the change in the Q values obtained when v
changes from O to 1 with 0.1 intervals. The results showed that the trend of VIKOR Q val-
ues did not change at all v values. The v value change has not affected hospital rankings. In
other words, if the v=1.0 or v=0.0 is determined, ranking is significant.

5 Conclusion
People can overcome their painful experiences or severe health problems, hoping that hos-

pitals can meet their expectations when they are in extreme physical conditions, techni-
cal facilities and all their employees. In order to meet this intense expectation, a hospital
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Table 13 VIKOR Q values for different v values

Hospital ~ VIKOR Q value

v=0.0 v=0.1 v=02 v=03 v=04 v=0.5 v=0.6 v=0.7 v=08 v=09 v=1.0

Hospital-2  0.000 0.000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
Hospital-4 0.779 0.736 0.694 0.651 0.609 0.566 0.5236 0.481 0.439 0.396 0.353
Hospital-5 0.889 0.860 0.831 0.802 0.773 0.744 0.7144 0.685 0.656 0.627 0.598
Hospital-6  0.889 0.862 0.835 0.807 0.780 0.753 0.7253 0.698 0.671 0.643 0.616
Hospital-3 0.889 0.867 0.845 0.823 0.801 0.779 0.7570 0.735 0.713 0.691 0.669
Hospital-1 1.000 1.000 1.000 1.000 1.000 1.000 1.0000 1.000 1.000 1.000 1.000

HOSPITAL-1
1.0000
HOSPITAL-3

0.8000
Y _
T HOSPITAL-6 k|
g 06000 3
= HOSPITAL-5 £
2 0.4000
= HOSPITAL-4

0.2000

V AV 4V 4 45 45 45 45 4 4 4 AN
0.0000

v=0.0 v=0.1 v=0.2 v=0.3 v=0.4 v=0.5 v=0.6 v=0.7 v=0.8 v=0.9 v=1.0
v (maximum group utility)

B HOSPITAL-2 W HOSPITAL-4  mHOSPITAL-5 ® HOSPITAL-6  ® HOSPITAL-3 = HOSPITAL-1

Fig. 10 Variation of VIKOR Q values for each hospital at change in v value

disaster readiness planning prepared considering all possible problems can return as profit
in every sense. Based on the results of this study, we aim to prevent losses.

6 Summary of the results

In this study, a decision model has been developed for the evaluation of disaster prepar-
edness of hospitals. This decision model includes BBWM, VIKOR and TOPSIS MCDM
methods. With the proposed approach, six main criteria and 34 sub-criteria related to dis-
aster preparedness of hospitals were evaluated. The criteria and sub-criteria evaluated by
the experts in pairwise comparison manner were weighted with BBWM. The weight val-
ues obtained and the data obtained from the hospitals were combined to provide input for

@ Springer



1632 Natural Hazards (2022) 111:1603-1635

VIKOR and TOPSIS. In addition, comparison and sensitivity analysis studies were carried
out using weight vectors obtained with different tools. According to the results by BBWM,
the “Personnel” criterion was determined as the most important criterion with an impor-
tance value of 26%. This criterion is followed by “Equipment” with 25%, “Transporta-
tion” with 14%, “Hospital Building” and “Communication” with 12%, and “Flexibility”
with 11%. As a result of the VIKOR application, Hospital-2 is the most prepared hospital
for disasters. The VIKOR Q value of this hospital was obtained as 0.000. This hospital
is followed by Hospital-4 (Q=0.5661) and Hospital-5 (Q=0.7464). The fourth, fifth and
last hospitals were Hospital-6, Hospital-3 and Hospital-1, respectively. According to the
comparison analysis results, Hospital-2 is placed as the most disaster-ready hospital in all
six different approaches. Hospital-2 is followed by Hospital-4 according to all approaches.
Although the hospital rankings obtained according to some approaches have minimal dif-
ferences, it has been confirmed by the correlation analysis that the majority of the results
are close to each other. The correlation between the final scores of the models is over 90%
in all combinations. In sensitivity analysis, the change in Q value was analyzed by chang-
ing the maximum group benefit parameter in the VIKOR method. It was observed that the
trend of the Q value did not change according to all the variations tried.

6.1 Methodological and practical contributions

Due to the limited MCDM-based approaches to the disaster preparedness assessment of
hospitals, the methodology proposed in this study contributes to the literature in terms of
both theory and practice. We can summarize these contributions as follows:

e BBWM is integrated with both TOPSIS and VIKOR methods and applied to a problem
within the scope of disaster management for the first time. With the use of BBWM, the
opinions of the expert group were combined without loss of information and the crite-
rion and sub-criteria weights were determined with a lesser pairwise comparison from
a probabilistic view. With the “Credal Ranking,” which is the contribution of BBWM
to the literature, the interpretation of the hierarchy between each criterion has been per-
formed more precisely.

e In the process of evaluating the disaster preparedness criteria and sub-criteria, a well-
equipped expert group directly related to the subject has been worked with.

e Pearson correlation analysis was used to analyze the relationship between the results
produced by alternative approaches that tested the applicability and robustness of the
method with a detailed comparison study.

e This study has theoretical contributions as well as practical contributions. Although the
model predicts a ranking among a limited number of hospitals, it contributes to the
literature because it is an adaptable model on a regional and national scale. The model
proposed here can be applied by central policymakers for all hospitals across the coun-
try and can be evaluated as a guiding tool in preparing for disasters.

6.2 Limitations

Despite the contributions highlighted above, the study has some limitations. The first of
these is the evaluation of a limited number of hospitals within the scope of the study and
the general difficulties in data collection. The second is that a coefficient of expertise is not
used for each expert group member evaluated during the BBWM implementation phase.
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The third limitation is that various fuzzy logic extensions are not included in the study to
reflect better the uncertainty and subjectivity inherent in expert assessments of real-world
problems. In this context, a new MCDM model enriched with these extensions can be
developed for future studies.

6.3 Future research agenda

In the model, different weight matrices were obtained with the help of two different tools in
determining the criteria and sub-criteria weights. The expert evaluations used in obtaining
them are the same. What is different is the tool with which the solution is made. There-
fore, different MCDM methods such as classical BWM, revised AHP, DEMATEL, ANP
can be used to determine criterion weights in future studies. In addition, D-ANP, a com-
bined method of DEMATEL-ANP, in which the interaction between the criteria is taken
into account, can also be used. The criteria set used in the study can be revised considering
various dynamic situations. The sensitivity of hospital staff to disasters and disaster culture
can be included in the criteria set in this context. In addition, preparedness criteria specific
to epidemic disasters, which the world has been struggling with recently, can be developed
and added to the criteria pool. Considering the disaster classification of EM-DAT, different
models can be suggested to prepare hospitals for each type of disaster.
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