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Abstract:

Bangladesh is one of the most vulnerable countaedimate change impacts also struck by the
COVID-19 pandemic. The lockdown measures were @otiffe with no sign of flattening the
curve. Therefore, the high risk of transmissioevglent with an increasing number of affected
people. Under this circumstance, a multiple hazamsario can be developed in this country
due to climatic hazards such as cyclones, floagisgdlides, heat waves, and the outbreak of
infectious diseases such as dengue, cholera, amdhaka. The country experiences
simultaneously the global pandemic, exceptionaiblgnged flood along with the recovery stage
from the damages due to the cyclone (Amphan). Thexethese multiple factors have been

putting pressure on losing millions of homes, likebds, and agricultural crops. This study
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aimed to assess the potential impact of a simuttasstrike of climatic hazards and infectious
disease outbreaks and their possible strategic geament in Bangladesh under different
scenarios. A mixed methodological approach wasof@d in this study including a
guestionnaire survey, in-depth discussion with eéspand extensive literature review to assess
the multi-hazard scenario in a resource-limitedirsgtwith high population density. A set of
statistical techniques were used to analyze theoreses (n=1590) from different social groups
(healthcare professionals, academicians, stude@tsyernment and NGO officials, and
businessman) under three scenarios. The resuktalezl/the high possibility of aggravating the
impact of COVID-19 pandemic if there is a climat@zard such as flood, cyclone have
appeared. The majority of the respondents agreddtiba situation will become more devastating
if there is another outbreak of diseases such agugge cholera, and diarrhea. The poor and
fragile healthcare system of this country cannariseich unprecedented pressure. The lack of
risk assessment and communication, lack of secto@idination might restrict the contingency
plan of the government. Therefore, considering tmprecedented worst cases a stringent
strategic plan for emergency response, short temin@g-term management should have to be
formulated. Resilience building through proactivanming and implementation of integrated,
inclusive and sustainable strategies will be effecto ensure the health and socio-economic

security for multi-hazard threats in the country.

Keywords: vulnerability, dengue, climatic hazards, climate change and health
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1. Introduction

The novel coronavirus disease (COVID-19) has bakimg a devastating toll from all over the
world. An amazingly fast forward of a couple of niwsy the world finds an unbelievable and
unprecedented situation; the COVID-19 pandemiculali® Health Emergency of International
Concern (PHEIC) as well as an economic crisis. {A30aJuly 2020, more than 17 million people
worldwide confirmed COVID-19 affected with abou6®@.million of death. The USA, Brazil,

India, Russia, South Africa, Mexico, and Peru hbeen facing the worst ever situation in the

near past.

Bangladesh witnessed the first confirmed COVID-ife¢ted Italian migrant on 8 March 2020
(IEDCR/DGHS/GOB, 2020). However, the country desetha nationwide lockdown including
all educational institutes, and government andgbeioffices effective from 26 March 2020 to
prevent human transmission. So far 221,178 COVIDai€ctions were detected from the entire
country with reported death toll of 2,874 until 28ly 2020 and the rate of infection against the
total tests is more than 20 @igure-1). In Bangladesh, so far only a single COVID-19 dets
method has been using, the reverse transcriptdgery@@se chain reaction (RT-PCR). This
method can produce maximum sensitivity (67 %) witthe first week of infection and then
decreased to 45 % 2 weeks after the infection (8imoand Yusuf, 2020). This is highly specific
to the viral RNA, therefore this method is not ahble for the asymptomatic virus carriers and
recovered patients. A combined approach of botheoutdr detection techniques along with
immunological methods could produce a real COVIDs&8nario in Bangladesh.

The government of Bangladesh (GoB) took a set afkguesponse to tackle the COVID-19 and

support its citizens, and economies by relief, fitial stimulus packages, emergency health

3



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89
90
91
92

services, increasing healthcare facilities etc. e\mv, the declared contingency plan likely to be
at the risks of cyclones, nor' westers, tornaddlesds, landslides like natural hazards in
Bangladesh in the context of COVID-19 (HCTT, 2020hese natural hazards during the
COVID-19 pandemic might aggravate the people's enalbility and the impact could be
synergistically devastating. Especially, the vusie population groups and areas such as slum
dwellers, refugees and low-income people livinglimate-vulnerable areas are most expose and
extremely sensitive population in the country. Heere considering the population density,
environmental factors, social structure, culturatms, health care capacity and climate change
vulnerability of Bangladesh, it is certainly haadlock down the people for a long period (Tareq
et al., 2020). Besides, Bangladesh has estimategi@ number of a vulnerable population (more
than 13 million) which need exclusive supports doir@er the COVID-19 pandemic but along
with the climatic hazards, the vulnerable populatumber might be almost doubled from the
pandemic alone (22.5 million) which covers 25 dissr out of 64 which might fall under the
severely affected areas in the country (HCTT, 20209reover, the unprecedented climatic
vulnerability may also arise during this situatikam instance a super cyclone (Amphan) struck
the country devastatingly on May 20, 2020. It t@okuge toll on lives and properties from the
affected areas of Bangladesh. Preliminary estimafégtmath of the super cyclone counted
about 11 billion BDT (The Daily Star, 2020). Thecthne forced to move about 2.4 million
people to 14,636 cyclone shelters from 19 coagsdticts of Bangladesh and damaged about

176,007 hectares of crops, coastal embankmensspfdsouses and cattle (BRAC, 2020).

According to the reports of The Intergovernmentah@ on Climate Change (IPCC, 2014) due
to the present trend of climate change there doé @ challenges will be faced including water
security, poverty, conflicts, and infectious dise&pidemics (IPCC, 2014).The climate change

has been a focal issue for centuries, but even monm the last decade, with much focus in
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recent months (Damani, 2020). About more than 3@@r-peviewed studies have been
demonstrated the extreme weathers worldwide andptitential impact from anthropogenic
activities for the induction of such events. Heatasare the major contributing events followed
by drought, rainfalls, and floods (Carbon Brief,2B). World meteorological organization
declared the last decade (2010-2019) as the ‘demfadrceptional global heat' (WMO, 2019)
and it reported that the climate vulnerability andreme events as the key drivers for elevating
of the global hunger (WMO, 2019). A line of evidensuggested the impact of climate change
on public health issues including malnutrition, rci@ea, malaria, dengue fever, injuries and
deaths (IPCC, 2014; Tong et al., 2016; Watts R8I 8; Zhang et al., 2019; Yang et al., 2020).

In 2019, the largest dengue outbreak was obsemeBangladesh with 101,354 confirmed
dengue patients (IEDCR, 2019). However, from 20002018 (19 years) the total dengue
confirmed cases were 50,674 (IEDCR, 2019). Alontihwhe new serotypical factor (DENV-3)
the unusually high rainfall before the normal marsdime in Bangladesh was thought be a
significant factor for the high outbreak of dengne2019 (Ahsan et al., 2020). In addition,
studies reported that the water-prone districts Bangladesh having the high diarrhoea
prevalence rate. For instance, the southern coastal which is vulnerable to salinity and low
water quality and the north-eastern districts, etdible to flash flood and monsoon floods (Das
et al., 2019). Das et al. (2019) identified severstricts with a doubled diarrhoea incidence rate
compared to the national average (6%) such as idahfaur (13.4 %), Stakhira (11.4 %),
Meherpur (11.3 %), Bhola (12.7 %), Cox’s Bazar 21%), and Nawabgonj (12.3 %). The high
diarrhoea incidence rate was reported to be adsdciaith climatic variables such as
temperature variation, rainfall episodes, degresadihity, drought in different local level studies
(CCC, 2009; Rana, 2013). In addition, cholev@(io cholerae) can be manifested with the
climatic variability such as warming of sea surfatay aggravate the risk of cholera outbreak in
the coastal regions as the Bay of Bengal was thenpal sources of several waves of cholera
epidemic (Baker-Austin et al., 2018). Due to laélawailable data cholera infection most of the
experts rely on the past surveillance and demographvey to predict the potential impacts of
climatic events such as droughts, floods, coastaims on cholera infection. It was suggested
that approximately 66 million people in Bangladéstat risk of cholera infection (GHI, 2018).

However, it was also found that about 300,000 chotmses/year occur having an estimated
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4,500 deaths (Qadri et al., 2015). Martinez ef(2017) reported the potential teleconnection
between the El Nifio-Southern Oscillation (ENSO) ahdlera in Bangladesh and demonstrated
the post-monsoon (August-November) risk of the aseoutbreak. The variability of rainfall
and river discharge was also reported as risk fafdo cholera epidemic in Bangladesh.
Hasizume et al. (2008) found that both low and haghfall are significantly correlated with the
increase rate of cholera in Bangladesh. The bacgfow variable growing patterns during the
floods and draughts, and experts warn about thereak of cholera in Bangladesh due to global
warming (Dhaka Tribune, 2018). Despite the obvidekeconnection between the climatic
variability, ambient environment, and the infecBadiseases, there is a clear gap in formulating
climate-based surveillance system in the policyepsor preventing these disease burden
globally including Bangladesh (Ali et al., 2014).

Bangladesh has been considering as one of thevulograble countries and a set of the climate
change impacts have already been identified suckexé®me temperature, erratic rainfall,
salinity intrusion, sea-level rise, and increasetgnsity of floods, flash floods, droughts, and
cyclones (Islam et al., 2019 and Rahman and Is19). And these hazards have significant
negative impacts on livelihoods, food and nutrigibeecurity, water and sanitation and overall
on public health.

Considering the geographic location, weather pattérequency and intensity of natural
disasters, erratic rainfall pattern and heat stresser quality and availability, forest and land
availability, agricultural and infrastructural velrability, livelihood and poverty situation
determinants 41 districts out of 64 districts ofnBmdesh have been identifying as most
vulnerable districts to climate change impg€&igure-2) (MoEFCC 2018). The vulnerable areas
are the coastal regions, hill tracts, Barind traklimor basins and the fast-growing urban areas in
Bangladesh (MoEFCC 2018). For instance, duringgalee monsoon flood, it covers about 20%

of the country while in a severe situation aboutaerthan 60% of the country get inundated with

disrupting life and causing deaths (NPDM, 201 7nskt al., 2020).
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This year amid COVID-19, a super cyclone (Ampharn)ck the country devastatingly on May
20, 2020. It took a huge toll on lives and promstirom the affected areas of Bangladesh.
Preliminary estimated after math of the super ayeloounted about 11 billion BDT (The Daily
Star, 2020). The cyclone forced to move about 2ilfom people to 14,636 cyclone shelters
from 19 coastal districts of Bangladesh and damapmlit 176,007 hectares of crops, coastal
embankments, loss of houses and cattle (BRAC, 20M0)eover, the monsoon flood due to
torrential rainfall and huge water flow from thestqgam already hit Bangladesh severely with
huge tolls on livelihoods and lives. Report saidwtl?6 districts (out of 64) have inundated and
more about 3 million people are directly affectedthe flood (BRAC, 2020, The Business
Standard, 2020). So far total 62 died and aboudG&Bpeople took shelter and about 172000
hectares cropland is damaged (BRAC, 2020). Duhigtime, it would become a havoc as there
are multiple risks to spread water and food bormgeates along with the COVID-19
transmission risks (Figure-3).

Therefore, food security, water availability, puwblihealth, agriculture, and livelihoods
vulnerability leads the people to below the poveite, leading to unprecedented human
displacements and increased intergroup conflictr{@®ank, 2018).

Amidst the traumatic situation of nation’s anxiatyd fear due to COVID-19 pandemic (Shammi
et al.,, 2020), the possibility of climate changeluced disasters including tropical cyclone,
prolonged floods and its preparedness, the risfrdpogue fevers cases and seasonal influenza,
and other forms of infections should not be ovetabin Bangladesh. This year the dengue
outbreak is thought to be more intense than theique as expert’'s prediction and already the
reported cases are 3 to 4 times higher at the sameeof the previous years (Dhaka Tribune,

2020)(Figure-4). The monsoon season is very crucial for Bangla#ésbh is lasting from May
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to August in terms of climatic hazards and infeaesi@utbreak. Furthermore, the consequences of
disposal of used PPE without proper treatmenténandfill or the dumps unconventionally will
just arise more disease transmission and envirotaindisasters leaving the country at stake.
The major gap to visualize the actual risk of clim&azards along with the pandemic is to get
satisfactory information on the COVID-19 and itdldoon life, goods, societies, and finance.
Therefore, this study seeks to fill these gapsiéndxisting literature. In such a circumstances thi
study is, thus, planned to analyze the COVID-19deanic in the light with the unprecedented
climatic hazards, (cyclone, floods and landslidetjer infectious diseases especially dengue
under a set of scenarios through the public peiaejgind literature surveys in Bangladesh. This
assessment might be useful for the government afidymakers of countries with a similar

socioeconomic and cultural structure like Banglades

2. M ethodology

2.1. Study procedure

Bangladesh is a low-lying river deltaic country Siouth Asia with a unique hydrogeographic
setting and high population growth to make thisamtnore vulnerable (Rahman et al., 2019).
The country is geographically located in a vuln&gbosition to easily exposed to a set of
multiple natural hazards around the years. Moreifipally, from April, it usually exposes to
numerous natural thrusts such as the outbreakf@ftious disease (dengue and malaria), floods
and flash floods, nor'westers, tornadoes, cyclodasdslides, and heatwave§igure-5b)
(MoEFCC, 2018). Therefore, the outbreak of COVIDri8kes the situation more sophisticated

for the country in terms of disaster response arahagement with limited resources and



194  preparedness. Thus, this study is designed to extile potential challenges due to multi-hazard
195  exposure risk to tackle numerous socio-economichadth crisis in Bangladesh.

196  Considering the impact of current COVID-19 outbreaknate change vulnerability and dengue
197 epidemic in Bangladesh, this study identified thseenarios based on the country's current
198  situation, expert consultation and literature revi@he scenarios were validated by multi-
199 disciplinary expert group consisting of policymakeresearchers, practitioners and sectoral
200 experts in a group meeting through rigorous disons3 he scenarios are:

201  Scenario-1: Climate change-induced unprecedentsabtdirs (flood or cyclone etc.) during or
202  after COVID19 situation in Bangladesh (OS1)

203  Scenario 2: Dengue and other infectious diseas#seak during or after COVID-19 pandemic
204  in Bangladesh (0S2)

205  Scenario-3: Simultaneous multi-hazards risk of@@VID-19 pandemic, climatic disasters, and
206  other infectious diseases (dengue, cholera, diaahand malaria) in Bangladesh (OS3)

207  Further, scenario-based literature review (Bodrud@ et al., 2020) and expert consultation
208  were considered to set and validate scenario-tekfestatements for getting perceptions from a
209 different group of people including health professils, academicians, government officials,
210 political leaders, NGO officials, researchers, stitd, and business persons. Google Form based
211 online questionnaire was prepared to conduct theregu An online database of target
212 participants was prepared by reviewing the relewaabsites and online social platforms of
213  different expert groups in Bangladesh, considetheyr current activities, responsibilities and
214  engagement related to COVID-19 response, disast@apedness and response, socio-economic
215  sector, climate change adaptation and health semontry-level planning and policymaking.

216  The prepared questionnaire with an introductoryageaph outlining the purpose of the study
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was shared through Email, Facebook, Linkedin, anthtApp with selective and relevant
people considering the purposive sampling methdee guestionnaire survey was conducted
from 09 April to 20 April 2020.

In addition, one to one in-depth discussion wittt@el experts were also done in this study. The
discussion was guided by a set of pre-selectedtiQnesmostly open-ended focusing the major
multi-hazard challenges, policy gaps, obstructiand the interactions among the hazards with
COVID-19 in Bangladesh. However, the schedule s€ulsion was very flexible and free.

2.2. Resear ch sample and population

The target population was general Bangladeshietizage 18 years or older. The inclusion of
the respondents was different social groups likevarsity faculty and scholars, Government
officials, development worker or practitioner, dost, engineers and technologist, youth leaders
and students, businessman and industry officialeking and finance corporates, researchers,
and others. The answers to the survey questiosnane the voluntary basis. Data from 1590
participants were collecteda a cross-sectional sampling survey method. A figeHp(1l to 5)
scenario-based Likert scale was employed to testthein each understands the statement
descriptions that ranged from strongly disagresttongly agreed with the statements. Total 43
statements were used to conduct the scenario-baggatt assessment and management of
COVID-19 outbreak in Bangladesh considering climateange vulnerability and dengue

epidemic.

The ratio of male to female participants was 3:hilevthe composition of age groups was 44%
(18-25 years old), 41% (26-35 years old), and 136656 years old), respectively. However,
the average age of the respondents (n=1590) wddg 8ars (SD+6.51). More than half of the

participants were males (71%) and remaining (2%r)dles.
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In-depth interviewees were purposely selected, idensg their knowledge about the topic of
COVID-19, dengue and climate change and a balahogender, age, profession and work
experience. A total of 41 completed the interviews]uding 8 university professors teaching
climate change public health and economic, 9 headgerts, 8 Government officials involved in
policy making, 7 practitioners in the field of diser risk reduction and climate change

adaptation, and 11 researchers conducted researgheant issues.

2.3. Data analysis

The descriptive statistics (e.g., frequencies, gr@ages, mean and standard deviation) were used
to understand the participant’s characteristicsplipg the Statistical Package for the Social
Science (SPSS) v. 25.0, datasets were analyzedsgaof statistical tools such as Classical Test
Theory (CTT), principal component analysis (PCA)erarchical cluster analysis (HCA),
Pearson’s correlation coefficient (PCC) and muttipggression analysis (MRA). PCA is one of
the population data reduction techniques that atdieach potentiality of variables and their
significance level in a huge sample size. Beforadoating the PCA, Kaiser-Maier -Olkin
(KMO) and Bartlett's sphericity tests were appltedconfirm the necessity of this analysis. The
results of the KMO >0.5 (the KMO value was 0.917this research) and the significance of
Bartlett’s sphericity test at p<0.01 verified owatalsets to be fitted for the PCA (Islam et al.,
2020). The number of factors chosen was based eKdser's normalization principle, where
the only factors with eigenvalues>1.0 were regar@iedm the CTT analysis, Cronbach’s alpha
was employed to test the consistency and religbtit the factor loadings in this study.
Cronbach’s alpha validation values ranged from B.860.967 indicatingTable-1) that these
statements are appropriate in social science stDayellis, 1991). The hierarchical cluster

analysis (HCA) is a crucial means of identifyindatmnships among all psychosocial and

11



263 environmental variables. The HCA assists to clgssipopulation into different groups based on
264  the similar characteristics of a set of the datts#t may show causes, effects, and or the source
265 of any undetected psychosocial and environmentaisciurthermore, hierarchical clustering
266  was adopted to determine the possible number efentst

267

268 2.4 Ethics statement

269 Informed consent was obtained formally before detee amassed from the participants. All the
270  participants were informed before data collectidrowt the specific objective of this study.
271 Participants were able to complete the survey amyge and were allowed to terminate the
272 survey at any time they desired.

273 3. Resultsand Discussion

274 3.1 Scenario-1:. Climate change-induced unprecedented disasters (flood or cyclone etc.)

275 duringor after COVID19 situation in Bangladesh (OS1)

276  Under the scenario-1 a set of interconnected s&issm(0OS1S1-6) was developed through
277 analysis of literature, technical papers of the GeRpert opinion, and situation papers by
278  different stakeholders. These statements enconthasssk to food security, loss of lives and
279  properties, potential threats to vulnerable grospsjo-economic crisis, and rising of the poverty
280 level due to climatic change induced extreme ev€idble 2). The results summarized, 61.6%
281  of respondents strongly agreed that the country fade another physiological shock with a
282 mean value of 4.53+0719, 69.8% agreed that poorvamterable communities living in the

283  climate-vulnerable hotspots will be in the mosteaféd groups with a mean value of 4.64
284  +0.621. Almost 77.4% agreed that extra effort toréase agricultural production to combat the

285  future food crisis with a mean value of 4.74 + @58verall, the respondents had a positive

12
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view about OS1 to likely to the outbreak of COVIB-TThese findings agree with the different
other reports that the climatic hazards might qgpkaing with elevated risk on vulnerable areas
of the country. For instance, May, June July, andust possess a high possibility of flash flood
and flood, as well as a cyclone in May, June antbl@r in Bangladesh (MoEFCC, 2018). On
May 20, 2020 the country experienced a super cgcl@mphan) originated in the Bay of
Bengal and made it landfall in Bangladesh with @éaténg toll of lives and properties. Huge
damage has been done by the cyclone in differetdrgesuch agriculture including fisheries and
food crops, infrastructures including houses, @ammnbankments, roads, bridges, and culverts
(BRAC, 2020). About 2.4 million people had to evaimufrom the coastal districts to the shelters
which impose challenges to maintain the social el$ & physical distancing due to COVID-19
pandemic (BRAC, 2020). Already the situation becam®uble whammy for Bangladesh as the
cyclone put its trail on 26 districts which inclied&9 most climate vulnerable. The GoB has
already taken response actions such as distribofioelief, money and other necessary items.
Besides, infectious disease such as dengue, dearrlamd cholera possess the highest risk in the
monsoon months of June, July, August, and Septenfdeng with this heavy rainfall can
trigger landslides risks considerably high in Jand July in the hill tract districts in Bangladesh
(MOEFCC, 2018, HCTT, 2020). Early monsoon flood msdated about 24 % (34,000 Rrof

the total land area in Bangladesh which covers aB6uistricts. Since its onset in June more
than 3 million people have been affected with 9foreed death including 41 children, and
thousands of people have been shifted to 1,08@l fibeelters (Flood List, 2020, The Business
Standard, 2020). The affected areas are suffermg ftlifferent degrees of damages including
loss of homes, safe water sources, croplands amdnoaications. This situation aggravates the

risk of waterborne and foodborne diseases riskheaffected people.
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3.1.1 Potential impacts analysis of scenario-1:

As the potential risk of climatic hazards and othéectious diseases might appear during the
COVID-19 pandemic, it warrants to analyze the pbd®ampacts of such hazardous events.
From the classical test theory (CTT) outcomes, w@ting to the corrected inter-item correlation
analysis, among 11 statements in the scenario 1L)(@&h its management strategies, all
statements have high corrected item-total cormlatialues (>0.55) indicating the acceptable
corrected item-total correlation and were applied further analysis. Each pair of variables
exhibited significant positive associations in Bearson correlatiofT able-S1, S2). The country
will face another physiological shock (OS1S1) hadteng positive correlation with food
insecurity will increase in the whole country (O8218=0.757, p<0.01) and loss and damage of
lives and properties (OS1S3, r=0.757, p<0.01) acdense of poverty level (OS1S6, r=0.507,
p<0.01). Moreover, the loss and damage of livespaogerties (OS1S3) had a moderate positive
correlation with a severe socio-economic crisig ingrease (OS1S5, r=0.681, p<0.01). A severe
socio-economic crisis will increase (OS1S5) hadr@ng positive correlation with poverty level
will increase (OS1S6, r=0.759, p<0.01). From tmalgsis, it is noticeably clear that the climatic
hazards along with COVID-19 pandemic have greatetergial on negative impacts on
livelihoods, properties, goods, and food securitthe country. Due to the effects of COVID-19
the poverty rate may raise to 40.9% in Bangladégha pandemic could reduce the family
income by 25%, which might have a significant negatmpact on the successes in poverty
alleviation activities over the last decades (Glokimes, 2020). It is also forecasted that about
24 million will be losing their jobs due to the mhamic in this country. Therefore, the climatic
hazards and COVID-19 might induce a double whamragnfthe management point of views

that will urge for international cooperation (Thaily Star, 2020; Bodrud-Doza et al., 2020).
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The impacts are ascertaining by the regressionysisa{Table-S3). The multiple linear
regression model was used to estimate scenaridS1)(@erformance for model 1. The results
indicate that the independent variables OS1S3 (laossdamage of lives and properties) and
0S1S2 (Food insecurity will increase in the whalertry) were statistically significant and had
a positive influence on OS1S1 (The country will gaanother physiological shock). The
independent variables in the regression model @effily described in the influence of
dependent variables R 0.643). After the strike of Amphan about 176,0@6tares of croplands
were damaged, 85 points in the different coastabagtkments were broken, which requires
immediate response as well as long term planningdostruct a strong and permanent
embankment to avoid future risk (BRAC, 2020). Masacuation put extra pressure to ensure
social and physical distancing in the cyclone asntes well as the availability of personal
hygiene stuffs was also hard to reach. Unfortugatiliring the recovery stage of the cyclone,
the early monsoon flood appeared in Bangladesh waiibut 1/3 of the country become
inundated, which damages the houses, road comntiamsadrinking water sources, sanitation
facilities, education institutes, and croplandshe affected areas (Flood List, 2020). Different
water and foodborne disease might aggravate duhisgflood event and also the maternal,
newborn, and infant mortality will likely to be ireased due to the unavailability of skilled

midwives and doctors.

3.1.2 Management strategiesfor scenario-1:

For scenarios like development of climate change-induced unprecedented disasters (flood
or cyclone etc.) during or after COVID19 situation, a clear suggestion came for the

Government of Bangladesh to start preparing fordimatic disasters and shelter planning to
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avoid contacts and further transmission. Bangladsesat 113 positions in the global health
security index (GHSI) out of 195 countries depigtihe weakness of the health sector (HCCT,
2020). Lack of PPE will likely increase the transsidon of diseases to the newborn and
mortality. Responders suggested to take immediegessto ensure future food security and
maintain the food chain by taking the safest measResponders also suggested for strong
collaboration among the ministry of health and fgmwvelfare (MHFW), ministry of disaster
management and relief, ministry of Finance, Ministf public administration and headed by
ministry of planning (MP) and office of the primeimster. Coordination of the government,
private sector and law enforcement were suggestechpilement extra resources to tackle any
natural disasters beforehand. The steps takenéypdhcymakers and planners must be swift,
timely and transparent and people who are the masierable must be treated at first. The
associated loss from COVID-19 will hamper our ecaimogrowth for a long time. Even a small-
scale disaster will be very costly for the countfter the strike of the super cyclone most
important matter came to light is the most needmasttuction of permanent embankment to
protect the coastal settlements. Huge damage iw#ter points and toilets need to be fixed
within shortly to prevent further waterborne disesag the vulnerable districts. Therefore, post-
COVID-19 Response plan needs to consider thoseesssissociated with other disasters
especially for natural disasters including thoseactvhare related to climate change such as

cyclones and flooding.

At the time of cyclone or flood event, the vulndeabommunity are encouraged to stay in the
cyclone or flood shelters constructed in differeagions of Bangladesh for savings lives of
millions. Considering the COVID-19 human to humaansmission risk, accommodating

communities in the shelters would create more haadk. Therefore, along with relief support,
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adequate water facilities, hygiene kits, PPE arnrotools should be making available in the
shelters during the disaster period. Community an@ss should be created for ensuring social

distancing measures during the time of cyclonefludis.

In Bangladesh, the very event for food security wase successfully with the harvesting of
major crops avoiding potential flashflood in noghst haor region this year. However, there
might be some riverine flood risks in the floodplareas and coastal flooding after cyclone.
Under these circumstances, special standing oedebe implemented to ensure the availability
of agriculture labor, mechanical harvesters withonaninimum cost. The GoB can buy the rice
directly from the farmers to avoid the involvememtmiddleman to ensure the proper price of
rice in this pandemic situation. Otherwise, thisyread to serious flaws in the response strategy
against the COVID-19. For the long term managenstrdtegy a set of preparatory and
preventive action plans can be formulated such rawitzing the climate-smart agricultural
options equipped with early warning system, commyurbased food bank, awareness
development programs, customization of microfinatomds for developing digitalized climate
smart financial inclusion system to reach the wahke communities, implementation of water
related adaptation technologies, adaptive andalizgtd social safety net system and develop a
strong waste management system in urban areasld3esiome best practices can be followed
such as in dealing with Covid-19, the states lilkgadfa in India, other successful nations such as
Vietnam, New Zealand, South Korea, Germany (ThelyD&tar, 2020). They are heavily
confident in informing their people about theiras&égy and plan of actions rather than suddenly
imposing the decisions. For a vulnerable counkg Bangladesh, this might be very crucial to
let its people know the strategy and plan so thatpeople could prepare for the unprecedented

situation. A set of suggestions are listed heresthasn the results of this study including
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paradigm shifting to proactive emergency responsmagement, prioritizing climate smart

agriculture, building resilience house rather tlsaelters, inclusive and universal public health
support systems, focusing nature-based solutiomd, emsuring poverty reduction and secure
livelihood in the vulnerable areas. However, withan informed and engaged population, this
climate-vulnerable country cannot fight either tB®VID-19 pandemic or the climate change

emergency.

3.2 Scenario 2: Dengue and other infectious disease outbreak during or after COVID-19

pandemic in Bangladesh (OS2)

This scenario focuses on the possible outbreakeaofyge, chikungunya, and other infectious
diseases in Bangladesh. This country is the higleesti of vulnerability to the outbreak of
infectious disease from May to September. Therefet of 9 statements (5 for identifying the

risks and 4 for management implications) were piake for this study to get public perceptions.

Based on the perception of the respondents in, 67a®% of respondents in this study agreed
that the country will face another physiologicabsk due to dengue and other disease outbreak
during or after COVID19 situation with a mean valoie4.59+0.695, 75.5% agreed that the
health sector will face the double burden (Epidemtier Pandemic) which will disrupt its
system to provide health supports with a mean vafue68+0.659. About 78% strongly agreed
that city corporations should take strong prepangtiand actions with a mean value of 4.74+0.53
(Table-2). Overall, the respondents had also a positivevvédout OS2 to an outbreak of
COVID-19 pandemic in Bangladesh. It was alreadyregal in the national daily that the dengue
case is about 3-4 times higher in 2020 than theique year at the same month April (The

Dhaka Tribune, 2020), the most potentially vulnérahonth to the severe outbreak of dengue is
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thought to be in August. A recent study reportesigaificant link between outbreak of dengue

and high rainfall in Dhaka city (Ahsan et al., 2D20

3.2.1 Potential impacts analysisrelated to the scenario-2:

From Pearson correlation analysis, the country faite another physiological shock (0S2S1)
had a moderately correlated with the severe samowmic crisis will increase (0S2S4,
r=0.741, p<0.01)jTable-S1, S2). The health sector will face the double burden ¢Epiic after
Pandemic) which will disrupt its system to providealth supports (0S2S2) had a moderate
positive correlation with many people will die di® several health complications including
COVID19-like pandemic and Dengue-like epidemic (832r=0.668, p<0.01). Furthermore,
0S2S3 had a strong positive correlation with theese socio-economic crisis will increase
(0S254, r=0.779, p<0.01). Also, OS2S4 had a moelgrasitive correlation with poverty level
will increase (OS2S5, r=0.706, p<0.01).These figdisuggest some severe potential impacts of
the outbreak is on the country's health system,etktent of infections and death, loss of

livelihoods, rise the poverty levels due to soeadl financial crisis in Bangladesh.

Moreover, for model 2 in the regression analysis, results indicate that the health system will
be disrupted (0S2S2) due to the outbreak of COMICad dengue. This will lead to the severe
socio-economic crisis (0S2S4) in Bangladé€Bable-S3). This means multiple stressors will be

developed with the outbreak of dengue along with@®OVID-19 in Bangladesh.

3.2.2 Management strategiesfor scenario 2
City and metropolitan areas are more vulnerablae tha rural communities as far as dengue

outbreak is concerned. Along with the metropolitites, the hill tract districts are also at a
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vulnerable condition to the infectious disease mak. Those areas need to be in the priority list
to take precautions before an outbreak happenail&egeaning activities and larvicidal spray
can be an option to prevent such an outbreak ingRdesh. In the perception analysis, the
statement, many people will die due to severaltheadmplications including COVID19-like
pandemic and Dengue-like epidemic (0S2S3, r=0.¢6&.01) and massive awareness and
preventions measures should be taken before demgbeeak (OS2M1, r=0.673, p<0.01). An
integrated task force can be prepared to have @erexgroup from each vulnerable area
(OS3M7, r=0.514, p<0.01). Massive awareness angeptn measures should be taken before
the dengue outbreak (OS2M1) had a moderate positiuelation with stringent collaboration
among all the respective sectors that are in utmgsbrtance (OS3M3, r=0.532, p<0.01). There
was a moderate positive relationship between pnogitechnical and financial supports in the
health sector (OS2M2), city corporations shouldetaktong preparations and actions (OS2M4,
r=0.639, p<0.01) and the need to set the prioréggt@s and ensure timely preparedness
(OS3M5, r=0.571, p<0.01Table-S1, S2). The city corporations must have to come forward
with other related stakeholders to start workinditbthe mosquito larvae. They should aware
people to stay home and act on water clogging dednctheir home and surroundings.
Suggestions also came that weak governance ircaiporations will always fail to manage this
dengue situation. In terms of healthcare suppbuspitals must be prepared for the outbreak
risks. Also, reformation and creation of new haagispecialized in infectious disease treatment
should be considered nationwide. Special training aapacity building of the health care
workers should be considered regarding dengue a@¥I@-19 outbreak treatment and
management. Further, regular monitoring of caseseasing the number of tests, identification

of disease hotspots and implementation of lockdoisolation and waste management is
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necessary. As the health system of Bangladeshadraygile state and overwhelming in COVID-
19 tackle, the dengue, chikungunya, cholera, digah and malaria outbreak must not be
overlooked. Especially, the slum dwellers in thbamr area are the most vulnerable group, so a
suitable strategy should be communicated with thepfes to let them aware of the risk and

response strategy.

3.3 Scenario 3: Simultaneous multi-hazards risk of the COVID-19 pandemic, climatic
disasters, and other infectious diseases (dengue, chikungunya, and malaria) in Bangladesh

(0S3)

Scenario 3 was established considering the worsskiple cases in Bangladesh. Total 23
statements (13 for identifying the risks and 10f@nagement implications) were thought to get
public perceptions. On a whole, 71.1% of the redpats in this work agreed that prolonged and
severe health, psychosocial and socio-economics asigh a mean value of 4.67+0.57, 73.4%
agreed that prolonged food insecurity in the winalentry with a mean value of 4.67+0.601. For
management purposes, 70.4% thought that need stumhgnteer groups with proper
coordination, training, and equipment with a mealug of 4.66+0.594Table-2). In summary,
the participants had a positive viewpoint about @88 to COVID-19 spread out in Bangladesh.
This means the worst scenario can happen in Baggjtad he vulnerable group such as women,
children and aged people will suffer a lot. Theigrats targets for achieving sustainable
development goals will also be severely affectacaverage, more than 50% of the respondents
strongly agreed with 13 statements regarding thaulsaneous strikes from multi-hazards in

Bangladesh.

3.3.1 Potential impact analysis of scenario-3 in Bangladesh
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The country will face massive physiological sho€kSES1) had moderately correlated with
prolonged food insecurity in the whole country (833r=0.663, p<0.01()Table-S1, S2). Also,
0S3S2 had a moderate positive correlation withtoted economy disruption (0S2S4, r=0.714,
p<0.01). The education system will face an irrefdessystem loss (OS3S3) had a moderate
positive correlation with prolonged and severe theglsychosocial and socio-economic crisis
(OS3S5, r=0.618, p<0.01). However, there was a nabelerelationship between the total
economy will be disrupted (OS3S4) and prolonged sankre health, psychosocial and socio-
economic crisis (0OS3S5, r=0.713, p<0.01). The yowgmmeration will become mentally
depressed (OS3S7) had a moderate positive coomrladith small and medium enterprises will
collapse (0S3S9, r=0.518, p<0.01). There was a ratelgositive relationship between the
poverty level and the number of ultra-poor popolatvill increase (0S3S8) and SDGs and other
national targets will not be achieved as it plan@$2S13, r=0.507, p<0.01). Small and
medium enterprises will collapse (OS3S9) had a matdepositive correlation with the maternal
and physical health status of the country will éese (OS3S11, r=0.633, p<0.01). Child
mortality rate will increase drastically (OS3S1@dha moderate correlation with social conflict,

illegal activities, gender-based violence and camwdl increase (0S3S12, r=0.660, p<0.01).

For model 3(Table-S3), prolonged and severe health, psychosocial anid-sgonomic crisis
(OS1S5) will disrupt the total economy (OS3S4) whigill create unemployed populations
(0S3S6). There was significant evidencé=R0.677) that the independent variables in the
proposed model adequately described in the inflieoic dependent variables. Despite the

multiple risk factors, the GoB yet to show the cboated efforts to fight the emergency.

3.3.2 Management strategiesfor scenario 3
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The high population density, climate change vulbditg and weak health sectors along with
ignorant citizens might exert pressure simultangots further worsen the COVID-19 and
climate change emergency. Bangladesh is partlgwdaposed to the potential risk of a tropical
cyclone during the month of April-August, and a gea epidemic is usually common this time
and already reported a high number of dengue caseésfloods from the upstream river basin
are already forecasted. In a whole, some of thporetents had a positive view about other
scenario-3 if COVID-19, climatic disasters, and gié® occur in the same year. A strong policy
can be taken for the citizens to learn the basiogny healthcare and sanitation, destruction of
Aedes mosquito habitats, cleanliness, and propepapedness with sectoral collaborative
approaches. However, such collaborative approagiees absent in this emergency. A national
technical advisory committee has been formed tokléacCOVID-19 in Bangladesh,
unfortunately, that team only contains doctors Whgcnot suitable approach rather that team can
be comprised with doctors, public health experisagter management experts, emergency crisis
management experts, education experts and ecomsorhmig-term environmental and urban
management plans should be considered. Slums sheulglven special emphasis. A special
response, as well as risk-assessment task foreepeadeveloped involving specialists from
every prioritized sector as well as local stakeaddrom the vulnerable communities to identify
the gaps and needs, which should be integrateduatable and transparent. From the peoples’
perception analysis it was found that the categdrimpid risk assessment is required such as
short, medium and long term (OS3M1) had a modemtgionship with the need to set the
priority sectors and ensure preparedness earlD&35, r=0.692, p<0.01). The special action
plan should be drawn to implement mass awarenassraasures for both Dengue epidemic,

disasters and COVID-19 pandemic in a single umbrglS3M2) had a moderate association
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with an integrated task force can be prepared ve ba expert group from each vulnerable area
(OS3M7, r=0.604, p<0.01). Long-term health polioycbmbat the prolonged psychosocial and
socio-economic crisis (OS3M8) had a moderate walatiip with Microfinance program for the
unemployed and small-interest credits for the agucal/IT/industry-based start-ups to create
employment and business (OS3M9, r=0.642, p<0.0hg government must have to achieve
public trust from grassroots to an upper level. @&ditation and reconstruction plan must be
developed which should be transparent and commiivecdowards people. Private sector
medical services must be involved in the emergehiapight be effective if the GoB dedicated
some private hospitals to tackle other medicaldssacluding Dengue patients. For long-term
sustainability, substantial research and developroadgets should be increased. Online agent
banking, microfinancing and credit can be proviftmdnew entrepreneurs to create employment
and incentives for the business organizations disasehe agriculture sector. Farmers should be
encouraged to grow more crops and foods and theyldtbe given agricultural loans easily.
Educational institutes will suffer from session g@and already national and board examinations
must reschedule due to the prolonged closure opémelemics. College and university students
who rely on tuition and part-time jobs to suppdrerhselves, their families and education will
likely suffer more by losing income and it will hadevastating impacts on their minds. Due to
the long-term closure of all educational institutéswill create depression among the children
and younger people and affect their physical andtatevell-being. Mental and physical health
and well-being of people during the emergency pisrimust be communicated and address by
virtual activities. Psychosocial counselling thraougpcial and electronic media can be effective

to reduce family violence and abuse, particulaslwbmen and children.
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3.4 Overall relationship assessment for effective management, policy implications and
gover nance

The appraisal for effective management activite®ugh policy formulation and governance,
PCA, and Cluster analysis was performed. PCA shaveignificant level of controlling factors
in Bangladesh COVID-19 pandemic and how these retatés are linked to the various
scenarios. Eight principal components (PCs) weigirated based on standard eigenvalues
(surpassed 1) that extracted 72.276% of the t@gahnce as outlined ifable-S4. However,
before PCA employing in the tested data, the Kaideyer-Olkin (KMO) and Bartlett’s tests of
Sphericity were conducted to appropriateness fisrstudy. The findings of the KMO value in
our work was 0.917 (>0.50), the confidence leveBaftlett's sphericity (BS) test was zero at

p<0.01, suggesting the tested data was fit for REaAlysis.

The scree plot was used to identify the number@s B be retained to an understanding of the
inherent variable structur@igure 6). The loading scores were classified into threaugsoof
weak (0.50-0.30), moderate (0.75-0.50) and stror@{5) respectively (Liu et al., 2003; Islam
et al., 2017). The PC1 (First) explained 14.992%hefvariance as it encompassed the strongly
significant positive loading of an integrated tdskce can be prepared to have an expert group
from each vulnerable area (OS3M7: 0.771) and lemgrthealth policy to combat the prolonged
psychosocial and socio-economic crisis (OS3M8:0.828is finding indicates the necessity of
forming a national task force to handle the possiorst situation due to COVID-19 in
Bangladesh. Similarly, this PC1 was also moderatgtipely loaded of categorized rapid risk
assessment is required such as short, medium agddéom and need to set the priority sectors
and ensure preparedness early on the scenariosl 8egpective management in Bangladesh

(OS3M1-0S3M6, 0S3S9-0OS3M10: 0.604-0.718).
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The PC2 (Second) elucidated 10.93% of the totalamee, and was loaded with moderate
positive loading of scenarios 2 such as the hesdttor will face the double burden (Dengue,
chikungunya, and other epidemics after the COVIDpaAdemic) which will disrupt its system
to provide health supports and the severe socinesun@ crisis will be increased (0S2S1-
0S2S5: 0.621-0.72). In Bangladesh, the climati@ardszand human health consequences are not
well explored. However, the poor health system rganeent in this country may induce severe
threats from the occurrence of COVID-19 with otlfectious diseases. The lack of proper
policy to tackle such threats may aggravate theraggmlented worst situation. Therefore,
stringent response preparedness, short term aigdtéom recovery and management strategies
must be needed to sustain the development acsifdrethe achievement of SDGs.

The PC3 (Third) explained 10.645% of the varianee was strong positively loaded with the
country will face another physiological shock amdd and damage of lives and properties
(0S1S1-0S1S3: 0.764-0.827) in the scenario 1 ovangBdesh. Besides, the PC3 was
moderately loaded of poor and vulnerable commumnitieng in the climate-vulnerable hotspots
will be in the most affected groups and povertyelewill increase (0S1S4-OS1S6: 0.511-0.668).
There is no alternative to set priority areas gretsl need allocation to counteract the potential
hazards. It is evident that despite the vulnerghii the country (Syvitski et al., 2009) to clireat
change impacts there is huge knowledge gaps asawelational policy concerns towards the
interrelation between climate change and humartth@@hhman et al., 2019).

The PC4 (Four) responsible for 9.114% of the tetaiance and was strongly loaded of the
education system will face an irreversible systessland the total economy will be disrupted

(0S3S3-S4: 0.757-0.779) and was moderately load#d thve country will face the massive
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physiological shock and Prolonged food insecuntyhie whole country (OS3S1-S2 and OS3S5:
0.549-0.645).

The PC5 (Five) elucidated 7.086% of the variance was strong positively loaded of child
mortality rate will increase drastically (0S3S108@L) and social conflict, illegal activities,

gender-based violence and crimes will increase §133.824).

PC6 (Six) and PC7 (Seven) accounted for 6.809% 261833% of the total variances,
respectively and were strong positive loading dfaegffort to increase agricultural production to
combat the future food crisis (OS1M4:0.805) and yhang generation will become mentally
depressed (OS3S7: 0.77). The PC8 (Eight) explai@4l7% of the variance and was moderate
positive loaded of massive awareness and preventi@asures should be taken before dengue
outbreak (OS2M1: 0.616) and city corporations sticalke strong preparations and actions
(OS2M4: 0.587). As there is a lack of health systaaility to meet up the requirements during
any unprecedented outbreaks, therefore it is a tousave a proper contingency plan to protect
the vulnerable population of the country. The onteoof the climate model projections put a
horrifying picture for Bangladesh, as it is partasly vulnerable to the negative impacts of
climate change (Alam et al., 2017). Besides, dumutii-hazards cooccurrence such as extreme
weather events, rising temperatures, public hemslues (mortality, injury), the spread of
infectious diseases, damage to healthcare infidsteiand public health services can be further
deteriorated (Shultz et al., 2005). Our resultsfioonthe presence of COVID-19 pandemic and
common climatic disasters and other infectiousatiss heterogeneity that facilitates this virus
attributable deaths caused by the elevated leviet®mfirmed cases which is similar to other

earlier studies (Shammi et al., 2020a; 2020b; Badioza et al., 2020).
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Cluster analysis further identifigtie total status of scenario variations, and how tlsesmarios
influence the socio-economic, health and livelirmad the country in terms of management
aspectqFigure 7). All the statements were categorized into fouranajasses: cluster-1(C1),
cluster-2 (C2), cluster-3(C3), and cluster-4(C4). édnsisted of three sub-clusters of C1-A, B,
and C; C1-A composed of the country will face aeotphysiological shock, and poverty level
will increase (OS1S1-S6). C1-B comprised of thentpuwill face another physiological shock
and many people will die due to several health daatons including COVID19-like pandemic
and dengue-like epidemic (0S2S1-S4). C1-C compagede health sector will face the double
burden (epidemic after pandemic) which will disrifstsystem to provide health supports, and
city corporations should take strong preparationd actions (0S2S2, and OS2M1-4). C2-A
comprised of poor and vulnerable communities livimghe climate-vulnerable hotspots will be
in the most affected groups and Prepare for theertgma climate change-induced disasters
(OS1S4, and OS1M1). C2-B comprised of making a groesponse plan to face the upcoming
challenge and customization of social safety negm@ams for the most vulnerable (OS1M2-5).
C3 consisted of three sub-clusters of C2-A, B anC&-A consists of an integrated task force
can be prepared to have an expert group from ealcienable area and Long-term health policy
to combat the prolonged psychosocial and socio@oancrisis (OS3M7-8). C3-B consists of
Categorized rapid risk assessment is required ssctshort, medium and long term and
Microfinance program for the unemployed and smakiiest credits for the
agricultural/IT/industry-based start-ups to creamployment and business (OS3M1-5 and
OS3M9). C3-C consists of Need strong volunteer gsowith proper coordination, training and
equipment and Special counselling for the affegeidons, their family and the unemployed to

overcome the crisis (0S3S4, OS3S6 and 0S3S10)oazisted of three sub-clusters of C3-A,
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B, C and C. C4-A contained the number of unemplopegulations will increase due to
COVID-19 pandemic, poverty level and the numbeuldfa-poor population will increase and
small and medium enterprises will collapse OS3S838&8 and OS3S9. C4-B consisted of the
country will face the massive physiological shookl &rolonged and severe health, psychosocial
and socio-economic crisis (OS3S1-S5). C4-C compa$dtie young generation will become
mentally depressed and Child mortality rate wiltremse drastically and SDGs and other
national targets will not be achieved as it plan(@83S7, OS3S10-S13).

These results are consistent with outcomes of ategnt studies and may assist to make a
scenario-based strategic plan against COVID-19 @amd in various regions of the globe
(Tobais, 2020; Igbal et al., 2020; Sun et al., 20d6sler et al., 2020; Bodrud-doza et al., 2020).
For example, Kraemer et al., (2020) reported thrastec control measures including travel
restriction implemented substantially offset theegpd of COVID-10 pandemic in China.
Ahmadi et al. (2020) stated that climate-inducedration and population displacement are also
likely to have an impact on the spread of infectialiseases like dengue, SARS-CoV-2, as
human mobility and density are key drivers of dégedynamics. Further, Kissler et al. (2020)
stated that social distancing, critical care caga@nd effective therapy would improve the

COVID-19 pandemic control.

Wider socio-economic effects will likely continuerfseveral months to years across the world
which will also significantly impact on the econonmof Bangladesh. Both the import of
important goods and exports related to the readyen@garment sector and others extremely
likely be affected for income and employment, tfeme the financial protection during an
outbreak is a matter of great concern. At the ahistage of the COVID-19 epidemic, out-of-

pocket expenditure posed a substantial financiatidru for the poor populations with severe
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symptoms, even for those under coverage by theldoealth insurance scheme (Wang & Tang,
2020). People marginally above the poverty levelipaarly the low-income families, daily and
informal low wedge earners, ethnic community groygeople with disabilities, returnee migrant
workers are already started falling below the ptyvine due to loss of income and employment.
BRAC an international Bangladeshi NGO survey repmmfirmed to increase 60% rise in

poverty amidst the COVID-19 pandemic (BRAC 2020).

Human adaptation to climate change may influence likelihood of infectious other
coronaviruses, like influenzas viruses, SARS trassion (Baker-Austin et al., 2018; Rahman et
al., 2019). Bodrud-Doza et al. (2020) showed thatd is a likelihood of a climate change-
induced disaster and infectious diseases like dedgung/after the COVID-19 situation, which
will create severe food insecurity and a furthealtiheare crisis in Bangladesh. It suggests that
climate change strategy and action plan (BCCSABJIshbe implemented by the concerned
authorities based on the existing and emergingiities diseases scenario assessment. If earlier
spreads of SARS are a basis, we are only in thiftsoof a new SARS-CoV-2 disease that
could continue to spread for forthcoming months. t8e government must put in place control
measures of the COVID-19 pandemic by practicin@lsgjiene and social distancing. A rapid
acceleration in the number of COVID-19 cases capdkly overwhelm already vulnerable
healthcare systems in Bangladesh. This work sugdbkat swift action to containment further
spreads of the coronavirus, and to improve the gemely response capabilities of the most

affected regions in Bangladesh is thus urgent.

After the lockdown measures the resumption of epoooactivities are taking place in
Bangladesh, therefore, the public health and safety become an individual and to some extent

social concern. The RMG industries are in theiuklagproduction, which created scopes to mass
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gathering that may trigger the risk of COVID-19nsaission. Despite, many RMG workers
already lost their jobs and did not receive thalasy of the previous months. At this condition,
middle-income families are relying on their savinie negative coping mechanism includes
skipping meals and nutrition and distressing thele/iamily. Due to the movement restriction,
the agricultural products in the urban areas allsnget a high price while the farmers are not
getting the fair price of the product in agricuétidistricts. Moreover, the agricultural crops in
the vulnerable areas are lost due to flooding amtboe. All these will likely to impose further
impacts on food production and crop supply chairs.protect the country from famine, the
Bangladesh government should consider a set afvenéons such as the stimulus package for
the farmers with 2% agricultural loan to continuepping and agricultural production, making
of a national digital farmer database, digital ege@cy support platform for root-level farmers,
modern agricultural technology introduction, in@eacrop storage facilities, enlarge the seed
bank capacity, the introduction of crop insuranceclimate-vulnerable areas, encourage the

development of urban cultivation of food crops.

This study highlighted the importance of multi-halzascenarios when examining the recent
climatic disasters like floods, cyclone, landslidesl the elevated risk of infectious diseases such
as dengue fever, diarrhoea and cholera. Findings fthis study should have significant
implications for future epidemiological studies weather factors and dengue fever, cholera,
malaria as well as other infectious diseases. Wamatyzing the scenarios without considering

the multi-hazards approaches, the results maydppnopriate or underestimated.

Aside from this, the country has serious threatsnfrthe outbreak of Dengue fever. The
symptoms of COVID-19 and dengue fever has somelaities. Therefore, detection and

isolation might become a real challenge. Although oB stakeholder claimed well preparation
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for the dengue, the available health service tagsliare not in agreement with such claims. Thus,
a clear and stringent management plan must be anadufor its people to ensure basic and
advance health support under such multi-hazardasicem Bangladesh. This study proposes
some interventions for strengthening the healtllifi@s including proposing community-based

health facility, increasing online-based health parp system, universal health insurance for
every citizen, and increasing the health suppaaffsst continuous awareness development
program on hygiene practice, ensure proper samitdéicilities, household and/ or community-

based water management and forecasting system.

4. Concluding remarks

The socio-economic and psychosocial impacts, aadabd insecurity, as well as rising poverty
due to COVID-19 at the community level, needs tacberdinated well along with the coming
disasters of cyclones, floods and landslides of snon seasons and the rising risk of dengue
fever, diarrhoea, cholera in Bangladesh. All thesght further aggravate the humanitarian
needs of the most vulnerable groups in the countthe coming months to be followed. The
Government of Bangladesh has already mobilizedtewathy stimulus package to support the
affected industries and community people which neelde coordinated over a longer period of
12-18 months and maybe for another 5-year planse®Me@r, humanitarian support should reach
to the most vulnerable communities which need tdaogeted, outlined, and delivered. Some

very specific points should be taken care of arfolmws:

» Economic implications should be subjected to thatiap and geographical locations

based on the vulnerabilities.
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* Proper risk assessment and risk communicationhferdeadly multiple climate change
induced hazards should be performed.

* Vulnerable hotspots should be identified with propeventive and response measures.

* A comprehensive climate-based disease surveillagstem can be initiated to ensure
minimum damage with quick recovery policy.

» Climate-based disaster and health insurance systarbe initiated.

» Disease related data should be archived propetltywaximize its accessibility.

» Climate financing should reach to the most vulnkramd special research fund should
be allocated to study the impacts of climatic vésizs on public health.

* There is a huge gap in the environmental diseadaged study in Bangladesh, thus a
special focus should be created to strengthen atadeling of this crucial issue.

» Natural disaster, public health, and diseasesea@latirveillance system and data should
be made available as real-time to facilitate desassk reduction steps.

» Proactive, inclusive and integrated humanitariaspoase to the climatic extreme events
amid COVID-19 and implementation of context spegifeffective, and sustainable
interventions for building resilience.

* The long-term strategic plan can be integrated Baogladesh delta plans (BDP 2100)

and National Adaptation Plan (NAP) for better sgat management.

Finally, there is no alternative to strengthen tiealth care facilities and preparedness for the
potential humanitarian crisis. Whatever will be geenario, emergency preparedness for initial
response and proper implementation of initiativesrésilience building must be ensured. Strong
strategic inclusive planning, proper financing anallti-sectoral collaboration including

integrated supports from the private sectors atetnational bodies are necessary.
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Table-1: Cronbach's alpha value.

Scenario Number of items Reliability Validity
0Os1 11 0.905 0.906
0Ss2 9 0.927 0.929
0s3 23 0.937 0.942
Total 43 0.965 0.967
Table-2: Descriptive statistics and item-total correlation
Neither
Strongly . o Corrected
Scenarios Statements Denotes disagree Disagree a.gree nor Agree % Strongly Mean Std'. . Variance Skewness Kurtosis Item-Total
% (n) disagree % (n) agree % (n) Deviation .
% (n) n) Correlation
The country will face another
S 05151 1.3 (21) 0.6 (10) | 3.8(60) 32.7(520) | 61.6(979) 453 0.719 0.517 -2.12 6.61 0.58
physiological shock
Scenario-1: Climate fﬁ:gv:’;?sg':‘r’] t"r"\'/" Mereasein | os1s2 | 0.6(10) | 1.3(21) | 3.1(49) 30.8 (490) | 64.2(1020) | 4.57 0.68 0.462 -2.016 5772 | 0.58
change-induced :
unprecedented ;‘:;szz‘?egamage of lives and 0513 0.6(10) | 0.6(10) | 3.8(60) 30.8 (490) | 64.2(1020) | 4.57 0.66 0.436 -1.939 5.649 0.67
disasters (flood or Poor and vulnerable
cyclone etc.) during or communities living i
g in the )
a‘fter (.:OV.IDlg climate-vulnerable hotspots will 0S1s4 0(0) 1.3(21) 3.8 (60) 25.2 (400) | 69.8 (1109) 4.64 0.621 0.385 1.816 3.496 0.59
sBltua:u;n ': (0s1) be in the most affected groups
anglades — =
A severe socio-economic crisis | ¢, o 0(0) 06(9) | 57(91) 27(429) | 66.7(1061) | 4.6 0.628 0.394 -1.464 1.704 0.73
will increase
Poverty level will increase 0S1S6 0(0) 0(0) 4.4 (70) 26.4 (420) | 69.2(1100) 4.65 0.564 0.318 -1.354 0.883 0.68
Prepare for the uncertain
climate change-induced 0SsiM1 0.6 (10) 1.9 (30) 5.7 (90) 34 (540) 57.9 (920) 4.47 0.744 0.554 -1.651 3.505 0.58
disasters
Make a proper response planto. | 1) | g (g) 0.6(10) | 3.1(49) 29.6(471) | 66.7 (1060) | 4.62 0.581 0.338 1471 2.198 0.64
face the upcoming challenge
Coordination between
government agencies, non-
Management government organizationsand | )\ | (g 13(21) | 5.7(90) 23.3(370) | 69.8(1109) | 4.62 0.654 0.428 -1.746 2.793 0.65
strategies for private sectors to take the
Scenario-1 preparation and response
initiatives
Extra effort to increase
agricultural production to 0S1M4 0(0) 0.6 (10) 2.5 (40) 19.5(310) | 77.4(1230) 4.74 0.533 0.284 -2.178 5.246 0.46
combat the future food crisis
Continuation and customization
of social safety net programmes 0S1M5 0(0) 1.3(21) 5(79) 27 (429) 66.7 (1061) 4.59 0.648 0.42 -1.615 2.508 0.55
for the most vulnerable
Scenario 2: Dengue The country will face another
. " . . 0S2S51 0.6 (10) 1.3(21) 4.4 (70) 25.8 (410) | 67.9(1079) 4.59 0.695 0.484 -2.103 5.635 0.70
and other infectious physiological shock




disease outbreak
during or after COVID-
19 pandemic in
Bangladesh (0S2)

The health sector will face the
double burden (Epidemic after
Pandemic) which will disrupt its
system to provide health
supports

05252

0.6 (10)

1.3(21)

3.1 (49)

19.5 (310)

75.5 (1200)

4.68

0.659

0.434

-2.635

8.574

0.69

Many people will die due to
several health complications
including COVID19-like
pandemic and Dengue-like
epidemic

0S2S3

0(0)

0.6 (10)

5.7 (90)

25.2 (400)

68.6 (1090)

4.62

0.624

0.39

-1.557

1.978

0.73

The severe socio-economic crisis
will increase

0S254

0(0)

0.6 (10)

3.8 (60)

23.9 (380)

71.7 (1140)

4.67

0.581

0.338

-1.758

3.045

0.75

Poverty level will increase

0S2S5

0(0)

0.6 (10)

5.7 (90)

27 (430)

66.7 (1060)

4.6

0.628

0.394

-1.464

1.704

0.70

Management strategy
for Scenario-2

Massive awareness and
preventions measures should be
taken before dengue outbreak

0os2m1

0(0)

0(0)

3.8 (60)

18.9 (300)

77.4 (1230)

4.74

0.521

0.272

-1.86

2.636

0.68

Provide technical and financial
supports in the health sector

0s2m2

0.6 (9)

0.6 (10)

1.3(21)

18.2 (290)

79.2 (1260)

4.75

0.573

0.329

-3.206

14.147

0.68

Provide intensive/ insurance
support to the health workers

0Ss2m3

0(0)

2.5 (40)

4.4 (70)

25.8 (410)

67.3 (1070)

4.58

0.697

0.486

-1.818

3.3

0.70

City corporations should take
strong preparations and actions

0Ss2m4

0(0)

0.6 (10)

2.5 (40)

18.9 (300)

78 (1240)

4.74

0.53

0.281

-2.231

5.509

0.70

Scenario-3:
Simultaneous multi-
hazards risk of the
COVID-19 pandemic,
climatic disasters, and
other infectious
diseases in
Bangladesh (0S3)

The country will face the
massive physiological shock

0S3s1

0(0)

0(0)

5(79)

15.1 (241)

79.9 (1270)

0.539

0.291

-2.077

3.382

0.65

Prolonged food insecurity in the
whole country

0S3s2

0(0)

0.6 (10)

5(79)

20.8 (330)

73.6 (1171)

4.67

0.601

0.361

-1.85

3.097

0.70

The education system will face
an irreversible system loss

0S3S3

1.3 (21)

1.9 (30)

8.8 (139)

23.9 (380)

64.2 (1020)

4.48

0.833

0.694

-1.825

3.52

0.57

The total economy will be
disrupted

0S3s54

0(0)

3.1(49)

2.5 (40)

22.6 (360)

71.7 (1141)

4.63

0.689

0.475

-2.176

4.937

0.64

Prolonged and severe health,
psychosocial and socio-
economic crisis

0S3S5

0(0)

0.6 (10)

3.1(49)

25.2 (401)

71.1(1130)

4.67

0.57

0.325

-1.723

3.073

0.69

The number of unemployed
populations will increase

0S3s6

0(0)

0.6 (10)

4.4 (70)

30.2 (480)

64.8 (1030)

4.59

0.608

0.37

-1.382

1.687

0.72

The young generation will
become mentally depressed

0S3s7

1.9 (30)

1.3(21)

5.7 (91)

26.4 (418)

64.8 (1030)

4.51

0.818

0.669

-2.173

5.601

0.41

Poverty level and the number of
ultra-poor population will
increase

0S3s8

0(0)

0(0)

2.5 (40)

26.4 (420)

71.1(1130)

4.69

0.517

0.268

-1.351

0.86

0.64

Small and medium enterprises
will collapse

0S3s9

0(0)

0.6 (10)

8.8 (140)

30.8 (490)

59.7 (950)

4.5

0.683

0.467

-1.134

0.51

0.70

Child mortality rate will increase
drastically

0S3s10

0.6 (10)

4.4 (70)

18.2 (289)

32.7 (520)

44 (701)

4.15

0.915

0.838

-0.857

0.086

0.50

Maternal and physical health
status of the country will
decrease

0S3s11

0.6 (10)

0.6 (10)

8.2 (130)

32.1(510)

58.5(930)

4.47

0.728

0.529

-1.499

2.888

0.60

Social conflict, illegal activities,
gender-based violence and
crimes will increase

0S3s12

0.6 (10)

1.9 (30)

6.9 (110)

37.1(590)

53.5 (850)

4.41

0.757

0.572

-1.462

2.79

0.56

SDGs and other national targets
will not be achieved as it

0S3s13

0.6 (10)

1.3(21)

5.7 (91)

30.8 (489)

61.6 (979)

4.52

0.719

0.517

-1.762

4.052

0.57




planned

Management
strategies for
Scenario-3

Categorized rapid risk
assessment is required such as
short, medium and long term

0s3m1

0(0)

0(0)

3.8 (60)

32.1(510)

64.2 (1020)

4.6

0.563

0.317

-1.066

0.153

0.65

The special action plan should
be drawn to implement mass
awareness and measures for
both Dengue epidemic, disasters
and COVID-19 pandemicin a
single umbrella

0s3m2

0(0)

0.6 (10)

5.7 (91)

25.8 (410)

67.9 (1079)

4.61

0.626

0.391

-1.525

1.883

0.59

Stringent collaboration among
all the respective sectors are in
utmost important

0S3m3

0(0)

0(0)

2.5 (40)

32.1(510)

65.4 (1040)

4.63

0.534

0.285

-1.036

0.016

0.72

Need strong volunteer groups
with proper coordination,
training and equipment

0S3m4

0.6 (10)

0(0)

2.5(39)

26.4 (421)

70.4 (1120)

4.66

0.594

0.352

-2.301

8.564

0.52

Need to set the priority sectors
and ensure preparedness early
on

0S3M5

0(0)

0(0)

3.1 (49)

28.3 (450)

68.6 (1090)

4.65

0.539

0.291

-1.254

0.609

0.67

National coordination
committee can be formed
headed by Prime Minister of
Bangladesh

0S3M6

0.6 (10)

0(0)

6.3 (100)

24.5 (390)

68.6 (1090)

4.6

0.666

0.443

-1.952

5.062

0.44

An integrated task force can be
prepared to have an expert
group from each vulnerable area

0s3m7

0(0)

0(0)

3.1 (49)

32.7 (520)

64.2 (1021)

4.61

0.55

0.303

-1.025

0.039

0.68

Long-term health policy to
combat the prolonged
psychosocial and socio-
economic crisis

0s3mMs8

0(0)

0(0)

4.4 (70)

32.1(510)

63.5(1010)

4.59

0.576

0.332

-1.068

0.162

0.59

Microfinance program for the
unemployed and small-interest
credits for the
agricultural/IT/industry-based
start-ups to create employment
and business

0S3M9

0.6 (10)

0(0)

6.3 (100)

32.1(510)

61 (970)

4.53

0.673

0.453

-1.616

3.926

0.57

Special counselling for the
affected persons, their family
and the unemployed to
overcome the crisis

0S3M10

0(0)

0(0)

5(80)

32.1(510)

62.9 (1000)

4.58

0.589

0.347

-1.064

0.146

0.51




Figure-1: COVID-19 in Bangladesh (a) Cases (b) Deaths and (c) Percentagea$es per total test
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Figure-2: Most climate vulnerable disricts and sub-districts (Mbdified after MOEFCC, 2018)
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Figure-3: COVID-19, Cyclone Amphan and Flood affected areas
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Figure 5: Monthly distribution of climatic extreme and slow-on set evets
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Figure-6: Scree plots of the eigenvalues of PCA
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Figure-7: Dendrogram showing the clustering of people’s percepti@aon different scenarios
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