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Executive Summary

WHY THIS REPORT?

At the outset, the report makes a clear distinction between the concepts of cli-
mate change and variability. Climate variability refers to short-term changes in
the average meteorological conditions over a month, a season, or a year. Climate
change, however, refers to changes in average meteorological conditions and
seasonal patterns over a much longer time period (Mani and Wang 2014). With
these concepts clarified, the report makes the case that the consequences related
to climate change and/or climate variability are well hypothesized and docu-
mented. The expanse of literature linking climate change or climate variability
and health, however, is less well established. Compared to the availability of
global evidence on this topic, evidence from Bangladesh is even more limited.
Among those studies available for Bangladesh, some require further substantia-
tion, as these are mostly regional one-off studies that do not account for
representativeness of the population, that use disease-specific data from hospi-
tal admission records, missing out on nonhospitalized cases, and that use climatic
conditions from a time that does not always match the time period of the illness
being explored.

In an effort to fill this knowledge gap, the report analyzes and presents evi-
dence in four broad areas:

1. It systematically summarizes relevant literature on the links between
climate change or climate variability and health, as well as the influence of
climate variability on a mosquito’s life cycle, as the insect is one of the
largest sources of vector-borne diseases.

2. It quantifies the relationship between climate variability and infectious dis-
ease issues in Bangladesh using primary household-level data, representative
of urban and rural areas. Urban areas are further distinguished between two
large city corporations and other urban spaces.t
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3. It measures the prevalence and depth of mental health issues (stress and
depression) in the sample using globally recognized standards? and estab-
lishes its relationship to climate variability and seasonal patterns in
Bangladesh.

4. Tt documents the change in weather patterns in Bangladesh over the past
44 years.

The report responds to several key questions, as summarized here in the execu-
tive summary. What it does not do is construct mathematical models for project-
ing incidence and prevalence of infectious diseases and mental health issues
based on predicted climate change patterns; neither does it attempt to establish
a causal relationship between climate change and the selected health
conditions.

The report uses primary data from a nationally representative sample of
around 3,600 households that were surveyed during the monsoon and dry sea-
sons. It links weather variables, incidence of selected diseases, and health condi-
tions in Bangladesh to ensure the findings are based on precise climate and
health data as much as possible. The recommendations, therefore, are context
specific and drawn from primary evidence.

Bangladesh’s extreme vulnerability to the effects of climate change is well
documented. Through a complex pathway, climatic conditions have already
negatively impacted human health. This is likely to escalate, given the pre-
dicted changes in weather patterns. Infectious disease transmission will
change in variation and incidence for certain vector-borne diseases—such as
malaria and dengue—and waterborne diseases such as diarrhea and cholera.
Incidences of respiratory disease will be affected by extreme temperatures
that exacerbate allergens and air pollution (World Bank 2012). If global warm-
ing progresses toward a 4°C increase scenario—the worst-case scenario
presented at the 2015 Paris Climate Change Conference of Practitioners—
stresses on human health can overburden the country’s systems to a point
where adaptation will no longer be possible (World Bank 2012). Hence, it is
urgent that the public sector be better prepared to respond to the crisis.

HOW DOES WEATHER AFFECT INFECTIOUS DISEASES?

Climatic conditions impact the epidemiology of infectious diseases.
Furthermore, these climatic factors interact with additional factors such as
behavioral, demographic, and socioeconomic ones that influence the incidence,
emergence, and distribution of such infectious diseases (Watts et al. 2018).
Climate suitability for climate-sensitive infectious diseases has increased glob-
ally (Watts et al. 2020). Vectorial capacity is increasing for a number of
climate-sensitive diseases,® with exposures along a range of temperature and
rainfall. These are most acutely experienced in low- and middle-income coun-
tries (Watts et al. 2019). The number of cases of dengue fever, which is spread
by mosquitoes, recorded annually has doubled every decade since 1990, and one
of the potential factors that contributed to this increase is climate change (Watts
et al. 2020). For malaria, another mosquito-borne disease, climate suitability
hasremained the same for the Southeast Asiaregion, which includes Bangladesh.



HOW HAS THE WEATHER CHANGED IN BANGLADESH?

Over the past 44 years, Bangladesh has become hotter, with a 0.5°C increase in
mean temperature recorded between 1976 and 2019, using three-year moving
averages. Trend analyses indicate that the maximum temperature generally con-
tinues to rise for all months, and the increment has been the largest from
February to November. Urban centers such as the cities of Dhaka and Chattogram
present unique contexts in Bangladesh. Overall, summers are becoming hotter
and longer, with the monsoon season being extended from February to October,
while winters are also becoming warmer. With these changes, Bangladesh
appears to be losing its distinct seasonal variations.

WHAT DO THE CLIMATE VARIABILITY AND SEASONAL
PATTERNS MEAN FOR PREVALENCE OF DENGUE IN DHAKA?

Existing literature indicates that cases of dengue increase between the maximum
temperature range of 25°C to 35°C, with a peak at 32°C. Fouque and Reeder
(2019) concluded that suitable temperature conditions are factors that deter-
mine disease transmission—even if the competent mosquito species or vectors
are present, the disease will not spread unless the temperature is suitable. In
Dhaka city, the average monthly maximum temperature has risen above 32°C for
the months of March to October, with temperatures between April and
June reaching close to or above 35°C. Average rainfall is within the range of
200 to 800 millimeters that is conducive to mosquito breeding, with increasing
trends noted for the months of April to August. In addition, average humidity in
Dhaka city is within the range of 60 to 80 percent, which is conducive to mos-
quito breeding. Lower levels of humidity at higher temperatures are more con-
ducive to mosquitoes spreading dengue to breed and reproduce. Furthermore,
other compounding factors such as urbanization, travel, and demographic
change that affect the spread of main vectors of dengue (Ebi and Nealon 2016)
are also relevant for Dhaka city. For example, 51 percent of the total dengue cases
reported in 2019 for Bangladesh were in Dhaka city while dengue-related deaths
in Dhaka city accounted for 77 percent of the total deaths recorded in the coun-
try. The 2019 dengue outbreak in Dhaka could be partially explained by weather
patterns—heavy rain in February, which experienced the highest ever recorded
in the previous 45 years, followed by favorable temperature and humidity in the
subsequent months. With falling humidity levels, rising temperatures, and
increasing rainfall in the summer months, the risk of spread of dengue may be
higher in Dhaka city in the future.

DOES A CHANGE IN SEASON MAKE PEOPLE SICK?

On average, the likelihood of contracting an infectious disease is 19.7 percentage
points lower in the dry season than during the monsoon. If disaggregation by
disease type—vector-borne, waterborne, and respiratory diseases—is consid-
ered, the trend holds for vector-borne diseases like dengue, malaria, and associ-
ated symptoms, with 25 percent of the respondents suffering from them in the

Executive Summary
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monsoon season compared to 14 percent in the dry season. For waterborne dis-
eases and respiratory illnesses, the opposite is true, with the incidence being
higher in the dry season compared to monsoon.

HOW DO TEMPERATURE AND HUMIDITY LEVELS
AFFECT THE SPREAD OF DISEASES?

Humidity and mean temperature are negatively correlated to waterborne dis-
eases but positively correlated to respiratory illnesses. A 1 percent increase in
relative humidity reduces the likelihood of contracting a waterborne disease
by 1.6 percentage points, while an increase in 1°C mean temperature reduces
its likelihood by 4.2 percentage points. For respiratory illnesses, there is a pos-
itive association with higher humidity and temperatures—for every 1 percent
increase in humidity, the likelihood of a respiratory illness increases by 1.5
percentage points, and for a 1°C increase in mean temperature it increases by
5.7 percentage points. For vector-borne diseases, an increase in temperature
reduces the likelihood of disease by 1.4 percentage points, although this is not
statistically significant.

DO MEGACITIES EXPERIENCE A LARGER SPREAD
OF INFECTION?

Irrespective of seasonality, monsoon or dry, a higher proportion of respondents
residing in Dhaka and Chattogram cities reported experiencing an infectious
disease compared to the averages for national, rural, and all urban areas, which
include Dhaka and Chattogram cities. When disease disaggregation is consid-
ered, the proportion of incidence was higher in Dhaka and Chattogram cities
(34 percent) compared to the national average (25 percent), rural areas
(22 percent), and all urban areas (25 percent) in the monsoon when vector-borne
diseases are more prevalent. During the dry season, when waterborne diseases
and respiratory illnesses are more prevalent compared to the monsoon, the cities
of Dhaka and Chattogram report more respiratory illnesses compared to other
areas, possibly due to higher exposure of its residents to air pollution. The inci-
dence for waterborne diseases in Dhaka and Chattogram cities is lower than in
other areas in the dry season.

IS AGE JUST A NUMBER OR IS MORBIDITY LINKED TO IT?

Incidence of infectious diseases increases with age, across the seasons, monsoon
and dry. Disaggregation by disease category reveals adifferent pattern. Prevalence
of respiratory illnesses is the highest among the elderly—ages 65 years and
above—and increases in the dry season—72 percent in monsoon and 83 percent
in the dry season. Waterborne diseases are more common among children under
5 years of age. A different pattern presents for vector-borne diseases; of the



various age groups, the prevalence is the highest among adults—ages 20 to
64 years—across the two seasons.

HOW IS MENTAL HEALTH FARING?

The findings in this study demonstrate nationally representative results of
depression and anxiety and their determinants. Overall, 16 percent of the respon-
dents report suffering from depression, while 6 percent report anxiety disorders.
The most vulnerable for depression and anxiety are older, poorer, and disabled
individuals. On another strand, while females are at higher risk than men for
depression, men are more susceptible to anxiety. Residents of urban centers
are generally more anxious than their rural counterparts. Further analysis of the
relationship between weather and depression and anxiety suggests that while
temperature is negatively correlated to depression, anxiety is elevated by
increases in temperature and humidity.

WHAT DOES IT ALL MEAN?

Climate change, as currently understood, is precipitating an increase in global
temperature along with extreme weather events. As corroborated by global lit-
erature and primary analysis undertaken for this report, climate variability and
seasonal changes influence the prevalence of infectious diseases and affect the
mental health of people. The most vulnerable are children and the elderly, as
well as those living in large metropolises. With climate further predicted to
change, the deleterious effects on human physical and mental health are likely to
escalate. The discussions point to the need for the following:

» Improving data collection systems for improved predictability and localiza-
tion of weather data, which will help in tracking the impact of climate vari-
ability on diseases

» Strengthening health systems to preempt and mitigate potential outbreaks of
infectious and other emerging or reemerging climate-sensitive diseases

e Ensuring adequacy of response mechanisms for better adaptation to the
effects of climate change

Both mitigation and adaptive measures need to be prioritized; otherwise the
progress the country has made thus far could be eroded.

WHAT ARE THE MAIN RECOMMENDATIONS?

Based on the findings, recommendations included in this report mostly focus on
measures to increase capacity to record accurate weather data at a more local-
ized and granular level and linking it to health data. These activities will assist in
(D) tracing the evolution of climate-sensitive diseases; (2) strengthening disease
surveillance and establishing a climate-based dengue early warning system,
which will use weather data to predict potential disease outbreaks;

Executive Summary
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(3) enhancing vector-control measures through innovative approaches; (4)
addressing mental health issues through improved assessments and facilitating
means to address the shortcomings; and (5) measuring air quality to tackle air
pollution, which is an important compounding factor for the spread of diseases.

HOW DO THE FINDINGS AND RECOMMENDATIONS
SUPPORT THE POLICY DISCOURSE?

Notwithstanding the limitations of the study, it is important to note that this
report intends to establish a causal link between climate variability as well as
seasonal variation and human health. The findings will assist practitioners
and subject matter experts in policy dialogue that will contribute to taking
forward the World Bank’s corporate commitment on climate change. The pol-
icy dialogue facilitated through this document will focus on supporting gov-
ernments in further developing and implementing mitigation, adaptation, and
resilience measures. Finally, it is hoped that the report will pave the way for
future research that focuses on building a stronger evidence base on the rela-
tionship between climate change and health and fuel the need for strengthen-
ing health systems based on evidence.

NOTES

1. Sampling also allows for disaggregated analysis for major urban centers, that is, Dhaka and
Chattogram cities.

2. Depression is measured using the Patient Health Questionnaire-9 (PHQ-9), a commonly
used depression screening instrument comprising nine items on a four-point Likert
response scale. Anxiety is measured with the Generalized Anxiety Disorder-7 (GAD-7), a
seven-item, four-point, Likert-style anxiety screening scale. Locally contextualized ver-
sions of the tools were used.

3. Vectorial capacity is defined as “a measurement of the efficiency of vector-borne disease
transmission” (Norris 2006).

REFERENCES

Ebi, K. L., and J. Nealon. 2016. “Dengue in a Changing Climate.” Environmental Research
151 (2016): 115-23.

Fouque, F., and J. C. Reeder. 2019. “Impact of Past and On-going Changes on Climate and
Weather on Vector-Borne Diseases Transmission: A Look at the Evidence.” Infectious
Diseases of Poverty 8 (51).

Mani, M., and L. Wang. 2014. Climate Change and Health Impacts: How Vulnerable Is Bangladesh
and What Needs to Be Done. Washington, DC: World Bank. https://openknowledge
worldbank.org/handle/10986,/21820.

Norris, Douglas E. 2006. “Malaria Entomology.” Presentation. Johns Hopkins Bloomberg
School of Public Health. https://www.glowm.com/pdf/M-lecture4.pdf.

Watts, N., M. Amann, N. Arnell, S. Ayeb-Karlsson, L. Beagley, K. Belesova, M. BoykofT, et al.
2020. Responding to Convergence Crises. The 2020 report of the Lancet Countdown on
health and climate change. Lancet 397 (10269):129-70. d0i:10.1016/S0140-6736(20)32290-X.

Watts, N., M. Amann, N. Arnell, S. Ayeb-Karlsson, K. Belesova, H. Berry, T. Bouley, et al. 2018.
Shaping the Health of Nations for Centuries to Come. The 2018 report of the Lancet
Countdown on health and climate change, Lancet 392 (10163): 2479-514. d0i:10.1016/S0140
-6736(18)32594-7.


https://openknowledge.worldbank.org/handle/10986/21820�
https://openknowledge.worldbank.org/handle/10986/21820�
https://www.glowm.com/pdf/M-lecture4.pdf�

Executive Summary | Xix

Watts, N., M. Amann, N. Arnell, S. Ayeb-Karlsson, K. Belesova, M. Boykoff, P. Byass, et al. 2019.
Ensuring That the Health of a Child Born Today Is Not Defined by a Changing Climate.
The 2019 report of the Lancet Countdown on health and climate change, Lancet 394 (10211):
1836-78. d0i:10.1016/S0140-6736(19)32596-6.

World Bank. 2012. Turn Down the Heat: Why a 4°C Warmer World Must Be Avoided. Washington,
DC: World Bank. https://openknowledgeworldbank.org/handle/10986,/11860.


https://openknowledge.worldbank.org/handle/10986/11860�




Abbreviations

BMD
BMRC
CCHPU
DGHS
EA
ENSO
GAD-7
IEDCR
IPCC
MoHFW
NCD
PHQ-9
PSU
PTSD
RCP
WASH
WHO

Bangladesh Meteorological Department

Bangladesh Medical Research Council

Climate Change and Health Promotion Unit
Directorate General of Health Services (Bangladesh)
enumeration area

El Nifio—-Southern Oscillation

Generalized Anxiety Disorder-7

Institute of Epidemiology and Disease Control Research
Intergovernmental Panel on Climate Change
Ministry of Health and Family Welfare
noncommunicable disease

Patient Health Questionnaire-9

primary sampling unit

post-traumatic stress disorder

representative concentration pathway

water, sanitation, and hygiene

World Health Organization

xxi






Introduction and
Overview






Introduction

BACKGROUND

Global climate change and increasing variability pose serious health risks to the
global population. Abundant literature indicates that vulnerable populations,
especially in low- and middle-income countries, are bearing the brunt dispro-
portionately, exacerbating existing disparities in social determinants of health.
The Global Climate Risk Index ranks Bangladesh as the world’s seventh most
affected country over the period 1999-2018.F Since 2000, the frequency of
weather-related disasters has increased by 46 percent, and the total value of eco-
nomic losses resulting from climate-related events increased substantially since
1990, totaling US$129 billion in 2016 (Watts et al., “Shaping the Health of
Nations,” 2018). Sixty percent of worldwide deaths caused by cyclones in the
past 20 years occurred in Bangladesh (Bangladesh, MoEF 2008). The World
Health Organization (WHO) estimates that 12.6 million people die each year
because of climate change and pollution (WHO 2016). Some of the direct impacts
of climate change include outbreaks and spread of infectious diseases, heat-
stress-related mortality from extreme high temperatures, and mortality and
morbidity from extreme weather events such as floods and storms; indirect
effects are through its effect on the replication and spread of microbes and vec-
tors (Mani and Wang 2014). Climate variability has already increased the sur-
vival and reproduction of mosquitoes and, consequently, the incidence of
diseases spread by them. The World Bank’s Turn Down the Heat 2012 report
describes the influence of extreme weather events and changes in temperature,
precipitation, and humidity on health. Infectious disease transmission will
change in range and incidence for certain vector-borne diseases—malaria and
dengue—and waterborne diseases—such as diarrhea and cholera—while the
incidence of respiratory disease will be affected by allergens and air pollution
exacerbated by extreme temperatures (World Bank 2012).

According to WHO (2003), “Globally, temperature increases of 2-3°C would
increase the number of people who, in climatic terms, are at risk of malaria by
around 3-5%” (17). The WHO model predicts 10 percent more diarrheal disease
by 2030 than if climate change did not occur. The incidence of vector-borne dis-
eases is likely to increase, based on an estimation that the capacity of mosquitoes
to transmit dengue fever increased by 9.5 percent globally since 1950, due to
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changing climatic conditions in dengue-endemic countries (Watts et al., “From
25 Years of Inaction,” 2018).

WHO and the United Nations Framework Convention on Climate Change
(2015) project mean annual temperature to rise between 1.4°C and 4.8°C
over the period 1990-2100 in Bangladesh. By 2070, it is estimated that between
117 million and 147 million people will be at risk of malaria, depending on emis-
sion levels. Their report states, “The health sector currently does not have ade-
quate funding, infrastructure, human resource capacity, logistics and services
required to fully address the impact of climate change on human health” (WHO
and UNFCCC 2015, 1). The Government of Bangladesh prepared a Climate
Change Strategy and Action Plan in 2008 (Bangladesh, MoEF 2008), highlight-
ing the need to implement surveillance systems for existing and new disease
risks and to ensure that health systems are prepared to meet future demands.
According to the strategy document, “Climate change is likely to increase the
incidence of water-borne and air-borne diseases. Bacteria, parasites, and disease
vectors breed faster in warmer and wetter conditions and where there is poor
drainage and sanitation”(WHO and UNFCCC 2015, 5).

According to the International Panel on Climate Change Fifth Assessment
Report (IPCC 2014), it is likely that climate change has already negatively
impacted health, even though the present worldwide burden of ill health from
climate change is not well quantified. The link between health and climate
change is weak (Lancet 2019) and hence the need for further research in the area
of climate change and health (Watts et al., “Shaping the Health of Nations,”
2018). In 2017, 43,000 articles were published in the general area of climate
change, of which only 4 percent made any link to health, and less than 1 percent
had a specific focus on health and climate change. Most of the scientific interest
in health and climate change in 2017 was focused on America and Europe. Less
than 10 percent of the papers related to health and climate change in 2017 were
about Africa and Southeast Asia, which includes Bangladesh (Watts et al.,
“Shaping the Health of Nations,” 2018). With climatic conditions projected to
worsen, severely climate-change-affected countries like Bangladesh are likely to
bear a greater brunt of the adverse effects. Hence, there is the need to under-
stand better how the climate has changed over the years and to document its
impact on human health.

Existing literature on the link between climate change and health in
Bangladesh will benefit from further substantiation, as existing studies mostly
use small nonrepresentative data, present findings with a narrow regional focus,
or are observational studies with limited analyses. Mani and Wang (2014)
reported that the health impact of climate variability differed greatly between
premonsoon and monsoon seasons, based on a study on Bangladesh. Using
monthly surveillance data in regions with a high incidence of vector-borne dis-
eases, the report identified strong seasonal patterns between climate variability
and vector-borne diseases but showed no clear trends over the previous decade.
The authors used secondary health survey data retrofitted with historical
weather data to analyze the relationship between climate variability and inci-
dences of morbidity, which may have resulted in imprecisions in estimating this
relationship. The paper reports a marginal but positive relationship between the
two. Notwithstanding the findings, the authors conclude—based on a review of
existing literature on health and climate change, particularly the links between
climate variability and infectious diseases—that this important area of research
is still in nascent stages and merits further investigation.



The combination of climate change and poverty is projected to affect between
35 million and 122 million people by 2030 (Balasubramanian 2018). If average
global temperature increases by 4°C—which is the worst-case scenario for global
warming presented at the Paris Climate Change Conference of Parties in 2015—
stresses on human health can overburden the systems to a point where adapta-
tion will no longer be possible (World Bank 2012). Hence, it is urgent that the
public sector be better prepared to respond to the crisis. Although populations
around the world are developing adaptive mechanisms like public health strate-
gies and improved surveillance to cope with the impacts, the prevailing levels of
adaptation are expected to be insufficient in the future (Watts et al., “Shaping the
Health of Nations,” 2018).

EFFECTS OF CLIMATE CHANGE ON HEALTH: WHY FOCUS
ON SPECIFIC DISEASES?

Effects of climate change on human health can be direct and indirect and
immediate or delayed (McMichael, Montgomery, and Costello 2012). The main
pathways and categories of the health impacts of climate change are shown in
figure 1.1. The direct or immediate effects include risks associated with increased
frequency and intensity of heat waves and extreme weather events such as
floods, cyclones, storm surges, droughts, and altered air quality (McMichael,
Montgomery, and Costello 2012). The indirect effects occur through changes
and disruptions to ecological and biophysical systems, which may result in
altered food production, leading to undernutrition, water insecurity, air pollu-
tion, infectious diseases, mental health issues, and forced migration with accom-
panying societal disruptions and further downstream effects (Patz et al. 2003;
Takaro, Knowlton, and Balmes 2013).

Climatic conditions impact the epidemiology of infectious disease and inter-
act with behavioral, demographic, and socioeconomic factors, among others, to
influence the incidence, emergence, and distribution of infectious diseases
(Watts et al., “Shaping the Health of Nations,” 2018). Despite an overall declining
trend of infectious-disease-related mortality, it still accounts for 20 percent of
the global burden of disease (Watts et al., “Shaping the Health of Nations,” 2018).
For instance, deaths from dengue fever were the highest in the Southeast Asia
region, which includes Bangladesh, in 2016, and the overall trend is increasing
based on data from 1990 to 2016 (figure 1.2).

For several climate-sensitive diseases, vectorial capacity is likely to be
positively associated with increasing exposures to temperature and rainfall
(Watts et al. 2019). These effects are most acutely felt by low- and middle-income
countries across the world. Vectorial capacity is a measure of the average daily
rate of subsequent cases in a susceptible population resulting from one infected
case and is calculated using a formula including the vector-to-human transmis-
sion probability per bite, the human infectious period, the average vector biting
rate, the extrinsic incubation period, and the daily survival period (Watts et al.
2019): in other words, “a measurement of the efficiency of vector-borne disease
transmission” (Norris 2006). Climate suitability for climate-sensitive infectious
diseases has increased globally (Watts et al. 2020). Vectorial capacity for the
transmission of dengue from Aedes aegypti and Aedes albopictus mosquitoes has
increased significantly worldwide by 3 percent and 6 percent respectively, com-
pared with 1990 levels (figure 1.3). The number of cases of dengue fever recorded
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FIGURE 1.1
Pathways by which climate change affects human health
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Source: World Bank Group and WHO 2018.
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annually has doubled every decade since 1990, with 58.4 million apparent cases
in 2013, accounting for more than 10,000 deaths (Watts et al. 2020). One of the
potential factors that contributed to this increase is climate change. Other
emerging and reemerging diseases, including yellow fever, chikungunya, Mayaro,
and Zika viruses carried by A. aegypti and A. albopictus mosquitoes, are likely to
be similarly responsive to the effects of climate change (Watts et al. 2020).
Climate suitability for the Southeast Asia region for malaria has remained the
same (figure 1.4), which implies that climate change is unlikely to alter the inci-
dence and prevalence of the disease.

Based on this evidence, a few infectious diseases have been purposely grouped
and selected for further analysis in this report. These include vector-borne dis-
eases such as dengue, malaria, and chikungunya; waterborne diseases such as
diarrhea and dysentery; and respiratory illnesses such as pneumonia and severe
acute respiratory infection and associated symptoms. These are further detailed
in “Persistent Illnesses” in chapter 4.
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FIGURE 1.2
Global trends: Case mortality and mortality from selected causes as estimated by the global burden
of disease, 1990-2016
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Note: The Southeast Asia region, including Bangladesh, is depicted by light green lines. For infectious diseases (malaria and diarrhea included
in the figure), the mortality rate as measured by deaths per 100,000 people is declining over time in Southeast Asia, while for dengue fever, it
has been increasing in recent years.

FIGURE 1.3
Vectorial capacity for dengue increasing over time across the globe

Change in vectorial capacity (%)

154

10 T T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020

Dengue (global) = Aedes aegypti —— Aedes albopictus

Source: Watts et al. 2020.

Note: Aedes aegypti and Aedes albopictus transmit dengue and other emerging and
reemerging diseases including yellow fever, chikungunya, Mayaro, and Zika viruses.
Vectorial capacity is defined as “a measurement of the efficiency of vector-borne disease
transmission” (Norris 2006).
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FIGURE 1.4
Climate suitability for malaria, by region
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Note: Southeast Asia (including Bangladesh) is depicted by the orange line. Climate
suitability for malaria transmission in Southeast Asia has remained comparable since 1950.

BANGLADESH’S VULNERABILITY TO CLIMATE CHANGE AND
VARIABILITY

Bangladesh is a low-lying river delta with a long coastline of 711 kilometers and
floodplains that occupy 80 percent of the country (Hasib and Chathoth 2016).
The country experiences a multitude of natural disasters every year. Severe
floods, cyclones, storms, tidal surges, and river erosion frequently cause loss of
lives with devastating social and economic impacts. These extreme weather
events are expected to be exacerbated by the effects of climate change (Rahman
et al. 2019). The Government of Bangladesh’s National Climate Vulnerability
Assessment identified a number of climate-related hazards in 2018 that are crit-
ical for Bangladesh including increase in temperature and heat stress; increase
in droughts; increase in rainfall intensity; increase in high river flows and flood
risks; riverbank erosion; sea level rises and salinity intrusion; landslides; and
increased intensity of cyclones, storm surges, and coastal flooding (Bangladesh,
MoEFCC 2018).

In rural areas housing nearly 80 percent of the population, climate change
has an immediate and direct effect on the health and well-being of millions of
people who depend on natural resources for their basic livelihoods. The impacts
of climate change are also increasingly felt in large cities that are exposed to
various climate-induced hazards including variations in temperature, excessive
and erratic rainfall, water logging, flooding, and heat and cold waves (Rabbani,
Rahman, and Islam 2011). These hazards are exacerbated by high population
density, poverty, rural-to-urban migration, illiteracy, and lack of public utilities
and services. Rapid urbanization and a growing urban slum population are
quickly changing the population dynamics in Bangladesh, and this has implica-
tions for climate-induced health risks (Mani and Wang 2014).

The country has the highest mortality rate in the world caused by natural
disasters, with more than half a million people lost to disaster events since 1970.



The majority of these deaths have occurred during floods or cyclones (Nahar
et al. 2014). More recently, Bangladesh was hit by two major cyclones: Sidr in
2007 and Aila in 2009. Cyclone Sidr killed 3,406 people, and more than 55,000
sustained physical injuries. Heavy rain and tidal waves owing to wind effects
caused extensive physical destruction and damages to crops and livestock. After
Cyclone Sidr, an assessment by the Government of Bangladesh found widespread
outbreaks of diarrhea, dysentery, acute respiratory infection, and pneumonia.
Children ages five years or younger were the most vulnerable (Kabir et al. 2016).
Cyclone Aila hit the southern coastline of Bangladesh and partly damaged the
Sundarbans. Along with outbreaks of diarrheal diseases was an acute scarcity of
drinking water and food. With the number and intensity of such storms or
cyclones projected to increase (see more details in the section “Definition of Key
Terms Used in This Report” in chapter 3), climate change can reverse some of
the significant gains Bangladesh has made in improving health-related out-
comes, particularly in reducing child mortality, improving maternal health, and
improving nutritional outcomes.

OBJECTIVES OF THE REPORT

Given the backdrop of evolving climatic conditions and their effect on health and
the lack of representative evidence on this relationship, particularly for
Bangladesh, the report aims to address the following set of questions:

What is the link between climate change and infectious diseases and what is
the influence of climate variability on the mosquito life cycle, as it is one of
the largest sources of vector-borne diseases in Bangladesh? The response to
this question is derived through a systematic global and regional literature
review to summarize existing evidence on the relationship of climate change or
climate variability and infectious diseases and mental health. A summary of the
literature related to environmental health that explores the relationship of
weather patterns to mosquito life cycle is also presented.

How is the weather pattern evolving in Bangladesh? Leveraging historic
weather data over the period 1976 to 2019 collected from the Bangladesh
Meteorological Department, the report analyzes trends in temperature, rainfall,
and humidity and constructs weather variables such as the heat index. Predicted
changes to the weather for Bangladesh are also presented for an overview of the
kinds of future weather events that are likely.

What is the relationship between climate variability, infectious diseases, and
mental health? This question is answered by analyzing nationally representa-
tive household-level panel data from 3,600 households.2 The document first
reports on the prevailing rates of infectious diseases—further disaggregated by
vector-borne, waterborne, and respiratory illnesses—and mental health issues,
disaggregated by depression and anxiety disorders. Next, it establishes the rela-
tionship between weather outcomes and the likelihood of contracting any of the
conditions.

The recommendations derived from this report are therefore context spe-
cific and driven by evidence. Specifically, recommendations for strengthening
the health systems for dealing better with the effects of climate change,
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including the need for regular surveillance of diseases, are made for better
mitigation.

The findings and recommendations are expected to assist practitioners and
subject matter experts in national and global policy dialogue. It will similarly
contribute to advancing the World Bank’s corporate mandate relating to climate
change. Policy dialogue will focus on supporting the government in further
developing and implementing mitigation, adaptation, and resilience measures to
tackle the effects of climate change.

APPROVAL AND CLEARANCE PROCESSES

Approval from the Bangladesh Medical Research and Council (BMRC) was
obtained prior to commencement of the survey. All ethical protocols and stan-
dards of BMRC were adhered to during fieldwork. The following procedures
were followed:

e Written informed consent of the interviewee was obtained.

e Names of respondents were not recorded; instead, a unique identity number
was attached to the household. The privacy of information collected was
ensured by keeping it anonymous (not attaching names of the respondents to
the data).

¢ Data on nationality and religion were not collected.

* Respondents’ personal information was not included in data files.

e Results were presented in aggregate form, without identifying any
individual.

A concept note, outlining the overall objectives and structure of the report,
was reviewed and approved by World Bank senior management. The note was
also shared with the Climate Change and Health Promotion Unit (CCHPU) and
the Institute of Epidemiology and Disease Control Research (IEDCR) of the
Ministry of Health and Family Welfare of the Government of Bangladesh before
finalizing the survey instrument and sample size.

The draft report was also shared with CCHPU and IEDCR before finaliza-
tion. For quality assurance, the report was reviewed at an internal World Bank
meeting, chaired by Mercy Tembon, country director for Bangladesh and
Bhutan. The review was organized to discuss the methodology and findings
and the potential implications of the conclusions and recommendations for
Bangladesh. Based on detailed discussions during the internal review and
extensive comments provided by the reviewers, the report was finalized.
Reviewers included the following World Bank experts: Dhushyanth Raju
(lead economist), Shiyong Wang (senior health specialist), Tamer Samah
Rabie (lead health specialist), Anna Koziel (senior health specialist),
Stephen Geoffrey Dorey (health specialist), and Muthukumara Mani
(lead economist).

STRUCTURE OF THE REPORT

The introduction (chapter 1) provides the context, rationale, and objectives of
the work, its contributions, and the intended audience. The distinction between



the concepts of climate change and climate variability is made, and a theoretical
framework is presented on the pathways of climate change’s effect on health.
Chapter 2 provides an overview of existing literature on the links between cli-
mate change or climate variability, infectious diseases, and mental health from a
global perspective, and more specifically for Bangladesh through secondary
analyses.

The report is arranged into four parts. Part I covers chapters 1 and chapter 2.
Part IT, covering chapters 3 and 4, presents findings from the household surveys
conducted in 2019 and 2020. The former provides details of the survey, including
definitions, sampling strategies, and methodologies used for analyses. The latter,
chapter 4, presents the analyses from the household surveys.

Part III, which includes chapters 5 to 8, documents climate change patterns
observed for Bangladesh, both historical and projected, and the patterns of
selected infectious diseases.

Part IV, chapters 9 and 10, provides recommendations followed by concluding
remarks. Supplementary details are provided in the appendixes.

NOTES

1. World Bank Climate Change Knowledge Portal (database), World Bank, Washington, DC.
https://climateknowledgeportal.worldbank.org.

2. Data are representative of both urban and rural areas. The sampling outlined in chapter 3
distinguishes between two variations of urban area—major metropolises such as Dhaka
and Chattogram cities, given their distinctive nature, and other urban areas. Data from the
same households are collected, first during the monsoon and next during the dry seasons
to account for seasonality.
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Overview of Evidence
Gathered

INTRODUCTION

This chapter thematically summarizes the relevant literature on the effects of
climate change or climate variability on infectious diseases and mental health.
Approximately 180 reports and papers were reviewed during the process. The
overview first presents a global context of the relevant topics followed by a focus
on issues specifically pertinent to Bangladesh. Appendix A includes details.

INFECTIOUS DISEASES

Climate change, which includes alterations in one or more variables such as tem-
perature, rainfall, sea-level elevation, wind, and duration of sunlight, affects
many climate-sensitive infectious diseases through the survival, reproduction,
or distribution of disease pathogens and hosts as well as the availability and
means of their transmission environment (Wu et al. 2016). Human behavior such
as crowding and displacement amplify risks of infection (McMichael,
Montgomery, and Costello 2012). An agent (pathogen), a vector (host), and
favorable transmission environment are three components essential for the
spread of an infectious disease (Wu et al. 2016). A limited range of climatic con-
ditions facilitates the climate envelope within which each infective agent or vec-
tor species can survive and reproduce (Patz et al. 2003).

There is sufficient observational evidence on the effects of meteorological
factors on the incidence of vector-borne, waterborne, airborne, and food-
borne diseases. A more contemporary concern is the extent to which changes
in disease patterns will occur under the conditions of global climate change
(Patz et al. 2003). The correlation between meteorological factors and the
components of transmission cycles such as parasite development rates, vector
biting, and survival rates or the observed geographical distribution of diseases
have been used to generate predictive models (Campbell-Lendrum et al.
2015). These models link projections of future scenarios of climate change
with other determinants, such as gross domestic product—as a measure of

13



14

CLIMATE AFFLICTIONS

socioeconomic and technological development—and urbanization. However,
because of uncertainties in climate projections and future development
trends, as well as the compounding effect of natural climate variability over
short to medium timescales—from years to within two decades—the models
are highly approximate and are able to comment only on broad trends.

In Bangladesh, very few studies have explored the relationship between
environmental variables and infectious diseases. Temperature and precipita-
tion changes have been found to impact the dynamics of vector-borne dis-
eases such as malaria, dengue, visceral leishmaniasis—commonly known as
kala-azar—cholera, and diarrheal diseases (Rahman et al. 2019; Banu et al.
2014; Hossain, Noiri, and Moji 2011; Reid et al. 2012; Hashizume et al. 2007).
Although the country has made progress in controlling communicable dis-
eases in recent years, dengue cases have surged, as have chikungunya and Zika
cases more recently, causing major threats to the health of the population.
Higher temperatures are expected to increase transmission and spread of
vector-borne diseases by increasing mosquito density in some areas and
increasing replication rate and bite frequency of mosquitoes (Costello et al.
2009). This will, in turn, increase the incidence of malaria, dengue, and tick-
borne encephalitis.

MENTAL HEALTH

Global evidence on the effects of climate change or climate variability on mental
health is limited but is steadily increasing. Extreme weather events brought on
by climate change have been attributed as one of the triggers of a host of mental
health issues (Berry, Bowen, and Kjellstrom 2010). These include major depres-
sive disorders and other forms of depression, anxiety, post-traumatic stress dis-
order (PTSD), grief and bereavement, survivor guilt, recovery fatigue, substance
abuse, suicidality, and vicarious trauma in first responders (Berry 2009; Berry,
Bowen, and Kjellstrom 2010; Berry et al. 2008; Bourque and Willox 2014; Clayton
etal. 2017; Coyle and Susteren 2012; Doherty and Clayton 2011; Swim et al. 2009;
Weissbecker 2011; Willox et al., “The Land Enriches,” 2013; Willox et al., “Climate
Change,” 2013; Willox et al. 2015). Most of the evidence on the topic, however,
pertains to high-income countries. Based on the limited insights available from
low- and middle-income countries, mental health issues are likely to be aggra-
vated, given the existing vulnerabilities and limited capacity to address mental
health issues (WHO 2009).

Natural disasters and environmental degradation because of climate change
or climate variability or of both together are known risk factors that can affect
the psychological health of vulnerable populations in Bangladesh, especially
those living in coastal areas—although this has not been documented well in the
local context. The majority of the people living in Bangladesh’s coastal areas are
low-income agricultural workers, many of whom are landless and are relatively
asset poor (Bangladesh, MoEF 2008; Paul 2009). They are frequently affected by
natural disasters but have insufficient resources to protect themselves, to ade-
quately rebuild their lives after the event, or to access the medical services when
needed (Nahar et al. 2014). The initial response is to ensure that survivors receive
the basic necessities to sustain life such as shelter, food, safe water, and sanita-
tion. However, after this acute, emergency phase, many of the affected popula-
tions or climate refugees are left with some level of psychological or mental



health problems. Some of these include PTSD, depressive symptoms or major
depressive disorders, anxiety or generalized anxiety disorders, as well as more
general mental health problems such as sleep disruption, substance abuse, and
aggression (Norris 2005; Paul, Rahman, and Rakshit 2011).

CLIMATE VARIABILITY AND MOSQUITOES

Dengue is one of the most important mosquito-borne diseases affected by
climate variability, and it continues to spread throughout the tropical and sub-
tropical regions globally (Costa et al. 2010). Dengue, chikungunya, and Zika virus
are spread by the same mosquito species, Aedes aegypti (Lowe et al. 2017).
Figure 2.1 presents the pathways by which dengue transmission cycles are
altered by weather variables and other factors.

Ebiand Nealon (2016) summarize the life cycle of a mosquito: female mosqui-
toes lay eggs on the side of water-holding containers while humans provide the
blood meals necessary for egg development. These female mosquitoes usually
rest in cool and dark places and generally bite humans indoors. After flooding or
rain, the eggs hatch into larvae. In a week or so, under favorable environmental
conditions, the larvae transform into pupae and evolve into adult mosquitoes.
With respect to the viruses spread by these mosquitoes, it takes between 5 and
33 days, with a mean of 15 days, at 25°C for the virus to multiply, mature, and
travel to the salivary glands of the mosquito before the insect can start transmit-
ting the virus by biting a person.

The variability in climatic conditions—temperature, precipitation or rainfall,
and humidity—because of climate change will affect the biology of mosquito vec-
tors as well as the risk of disease transmission (Costa et al. 2010). Col6n-Gonzélez,
Lake, and Hunter (2013) conclude that dengue transmission rapidly increases
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FIGURE 2.2

Relationship between incidence of dengue and minimum temperature, maximum
temperature, and rainfall
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Source: Colén-Gonzalez, Lake, and Hunter 2013.

Note: Data are from laboratory-confirmed dengue cases in Mexico from 1985 to 2007. Solid lines indicate the
average expected number of dengue cases per 100,000 people per month; dashed lines indicate the estimated
95% confidence intervals.

when the minimum temperature increases above 18°C, based on data from
Mexico on laboratory-confirmed dengue cases from 1985 to 2007 and weather
data—monthly averages for minimum temperature, maximum temperature, and
rainfall (figure 2.2). They conclude that the minimum temperature has the big-
gest impact on dengue—with zero risk below 5°C and a rapid increased risk when
the average minimum temperature is above 18°C. The maximum temperature
also influences dengue independently from the minimum temperature; the
authors found that dengue cases increase in the range of 25°C to 35°C with a peak
at 32°C. At temperatures above 32°C the risk of dengue decreases, with adult
mosquitoes dying at temperatures above 35°C. With respect to rainfall, dengue
cases increase in the range of 200 to 800 millimeters of rainfall, with a peak at
550-650 millimeters. The authors also found higher incidence of dengue in the
wet season from May to October for Mexico. Zhang et al. (2019) conclude that
periods of increased temperatures can cause occurrence of dengue epidemics.
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Data and Methods

INTRODUCTION

Several sources of data have been used in this report. These include primary
panel data collected in two rounds—August and September 2019 and January
and February 2020—localized weather data from the Bangladesh Meteorological
Department (BMD) covering conditions from the two months preceding each
survey, and secondary analysis of data available from various sources.

HOUSEHOLD PANEL DATA

The first round canvassed 3,610 households comprising 15,383 individuals,
between August and September 2019 immediately past the peak of the monsoon
season. The follow-up round collected the same information from the same
households between January and February 2020 during the dry season. The sec-
ond round canvassed 3,480 households comprising 14,474 individuals, with an
attrition rate of 3 percent. The timings of the two rounds were deliberately cho-
sen to identify seasonality and variations in the outcomes of interest. Households
were tracked for any change of their residence between the survey periods. The
sample is representative of urban and rural areas. The sampling design allows for
assessing heterogeneity across urban areas, such as major city centers and other
urban areas.

Survey design and sampling strategy

The survey was designed using a two-stage stratified random sampling. The
primary sampling units (PSUs) in the first stage were selected using
probability-proportional-to-size methods utilizing the 2011 population and
housing census. Map 3.1 presents the distribution of PSUs across the country.
The 150 PSUs of the first stage were selected based on three strata to account
for levels of congestion. The first stratum represents rural areas comprising 90
PSUs, the second represents Dhaka and Chattogram city corporation areas
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MAP 3.1
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comprising 24 PSUs, and the third stratum consists of 36 PSUs representing all
urban areas (table 3.1).

The second stage of the selection process in each of the enumeration areas
(EAs) began with a listing exercise. For very large EAs, a smaller section
was delineated for the listing. The second level of stratification is defined as



TABLE 3.1 Household sample, 2019-20

HOUSEHOLDS
ROUND 1 ROUND 2
CLUSTERS (AUG-SEP 2019) (JAN-FEB 2020)

Rural areas 90 2,164 2,125
Dhaka and Chattogram cities 24 580 517

All urban areas (including Dhaka 36 866 838

and Chattogram)

National 150 3,610 3,480

Source: Original table for this publication.

(1) households with women and children under five years of age, (2) households
with an elderly population (age 65 years or more), and (3) households with
mixed demographics. Households were randomly selected from each stratum
with the predetermined ratio of 16:2:2. For EAs where the ratio was unable to be
attained because of the absence of households in certain strata, replacements
were obtained from the first category to arrive at a final number of 20 observa-
tions per EA.

Sampling weights are calculated in two stages. For the first stage, the proba-
bility of selection of the sample was calculated separately for each stage and EA
using the following specification in equation 3.1:

pon Mi @)
]

BT

where the probability of the i" EA being selected from the j* stratum is presented
by P;Jl n, represents the number of selected EAs within each stratum. The num-
ber of households in the i EA in the j* stratum is represented by M, while ZMI.],
represents the total number of households in the stratum.

The probability of the second stage of the selection process is estimated using
the following specification in equation 3.2,

oty (2)
Y O H.

tj

where the probability of a household being selected for the sample is repre-
sented by P;. h,; are the number of households of type ¢ in EA i in stratum j
selected to be surveyed from a total number of households (H n.l.) within each EA
and the particular category.

The overall likelihood of a particular household being selected from a partic-
ular stratum is therefore represented as the product of the two aforementioned
probabilities, calculated as shown in equation 3.3:

P.=P! x P? 3.3)

ij i ij*
The weight is subsequently constructed as the inverse of the likelihood of a par-
ticular household being selected (]‘/P{j)'

The first stage involves the calculation of probability of each cluster being
sampled within each stratum. The probability of selection of households within
each stratum is calculated from the total listed households from each of the
stratain each EA. The overall likelihood of a household being selected from each

Data and Methods
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stratum is, therefore, calculated as the product of the two probabilities. The
household weights are subsequently constructed as the inverse of the likelihood
of a household being selected.

Data

A structured questionnaire, directed toward the primary female member of the
household, was used to collect information on an array of issues. The cascading
questions first inquired as to whether any member of the household fell ill fol-
lowed by whether they had visited a doctor for the illnesses and had received a
medical diagnosis. The subsequent set of questions collected detailed symptoms
of illnesses in the event they had not acquired a medical diagnosis. This report
considers three sets of primary outcomes—infectious diseases, persistent or
chronic illnesses, and mental health. During the survey, respondents were asked
about their morbidities. The types of diseases were grouped as infectious dis-
eases and persistent illnesses (as defined in “Persistent Illnesses” in chapter 4).

Details were collected on health-care-seeking behavior, conditional on
reporting either infectious or persistent illnesses. Questions were asked related
to whether health care was sought, the duration between the illness and care,
details on the type and location of the care provider, mode and duration of travel
time, and direct (consultation, medication, diagnostics) and indirect
(transportation) costs of care.

Data on the status of common mental disorders, namely, depression and anx-
iety, were collected. Depression is measured using the Patient Health
Questionnaire-9 (PHQ-9), a commonly used depression screening instrument,
comprising nine items on a four-point Likert response scale. The scale has
demonstrated good sensitivity and specificity in identifying depression in both
clinical and nonclinical settings (Levis, Benedetti, and Thombs 2019; Spitzer,
Kroenke, and Williams 1999). The PHQ-9 has been validated for use in Bengali-
speaking populations (Chowdhury, Ghosh, and Sanyal 2004) and has been
widely used in Bangladesh (Arafat et al. 2018; Islam et al. 2020; Islam, Rawal, and
Niessen 2015; Mamun et al. 2019; Moonajilin, Rahman, and Islam 2020; Roy et al.
2012). For anxiety, the Generalized Anxiety Disorder-7 (GAD-7), a seven-item,
four-point, Likert-style anxiety screening scale was used. The GAD-7 has good
reliability and validity for measuring generalized anxiety disorder (Spitzer et al.
2006) and has also been used previously in clinical and nonclinical research set-
tings in Bangladesh (Hossain et al. 2019; Islam et al. 2020; Moonajilin, Rahman,
and Islam 2020). Informed by best practice standards in existing literature
(Levis, Benedetti, and Thombs 2019; Manea, Gilbody, and McMillan 2015;
Spitzer et al. 2006), a clinical cutoff score of 10 has been used in this report to
establish the presence of depression and anxiety for both PHQ-9 and GAD-7
scores.

Background information was collected also on a host of related issues.
A roster held the amassed information on the households’ demographic compo-
sition, and disability status was compiled using the short Washington Group
Questions.t A composite socioeconomic index, accounting for unique urban and
rural characteristics, was created from physical household attributes—wall and
roof material, area per capita, and availability of a separate kitchen—and a roster
of durable assets was created using methods outlined in a report by the National
Institute of Population Research and Training (Bangladesh NIPORT, Mita and
Associates, and ICF 2016). Quintiles of the continuous index are used in the rest



of the report. A similar index for water, sanitation, and hygiene (WASH) was
constructed using WASH attributes of the household, such as accessibility to
sanitary facilities, type of water used, and hygiene-oriented behavior such as
hand washing, among others. The WASH index is categorized as low, medium,
and high, with low indicating access to fewer WASH facilities, low use, and so
on. A community questionnaire was administered with the goal of assessing
community-level characteristics such as relative poverty scenario, connectivity,
and cleanliness, among others. A connectivity index has been constructed using
community-level outcomes such as its size, construction material of the main
road, average hours of electricity availability, whether a community-level system
is available for collecting refuse, experience of waterlogging the previous year,
and access to community-level services such as transport, post office, schools,
and banks. Community-level information was collected from key respondents
deemed to have a good understanding of the issues surrounding the locality, typ-
ically the community leaders. An array of information was collected related to
socioeconomic status of average households; issues faced such as waterlogging
or road conditions; access to basic services such as schools, police, post offices,
markets, financial services; and so forth.

Respondent profile

Figure 3.1 shows the projected national population distribution from the sample
and table B.1 (appendix B) provides details of demographic profiles of the sam-
ple. The sample is equally distributed between the sexes and remains consistent
across the geographic strata. The average age is approximately 28 years. Almost
half the population on average is married. The approximate educational attain-
ment is 4.9 years of schooling with the population in urban areas better educated
than their rural peers. A high proportion of the household heads are male at
92 percent, and the proportion is 4 percentage points lower in the cities of Dhaka
and Chattogram than in rural areas. Similarly, the average age of the household
heads are nearly twice the national average and they are better educated in urban
than in rural areas.

Table B.2 (appendix B) outlines the socioeconomic conditions of the sampled
households at baseline. The largest proportion of households at 24 percent falls
in the lowest quintile of the socioeconomic index while the smallest at 16 percent
is in the highest quintile. The poorest are most heavily represented from rural
areas at 28 percent than all urban, and the cities of Dhaka and Chattogram are at
10 and 6 percent, respectively. Inversely, the richest reside in Dhaka and
Chattogram and all urban areas—45 and 35 percent, respectively. This is reflected
in other household characteristics. Compared to 22 percent in rural areas, none
of the households in Dhaka and Chattogram and only 4 percent of households in
all urban areas have mud or straw as the primary building material for walls.
Ninety percent of the houses use tin as roof material in rural areas compared to
48 percent in Dhaka and Chattogram cities and 68 percent in all urban areas.
Access to electricity is nearly universal across the urban space compared to
86 percent in rural areas. Similarly, 97 percent of the households in Dhaka and
Chattogram cities use clean stoves in comparison to half of those in all urban
areas and only 10 percent in rural areas. More household members share their
rooms in Dhaka and Chattogram than they do in all urban or rural areas—0.46
rooms per capita in Dhaka and Chattogram cities compared to 0.54 rooms in the
rest of the country.
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FIGURE 3.1
Projected population distribution from sampled households, 2019-20
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Community profile

Table 3.2 presents community profiles included in the household survey. The
primary road to access the area is paved for 97 percent of urban areas compared
to 76 percent in rural areas. While all locations in the survey have access to elec-
tricity, urban spaces enjoy the service two hours longer on average than rural
ones, due to power outages in the latter. Compared to almost 60 percent in Dhaka
and Chattogram cities, only 16 percent of communities in the rural areas have
experienced waterlogging in the year previous to this survey. The presence of
stagnant water bodies is 98 percent in rural areas compared to 72 percent in all
urban areas and 22 percent in Dhaka and Chattogram cities. All communities in
Dhaka and Chattogram cities, half in all urban areas, and only a quarter in rural
areas have a designated space to dispose of household refuse.

Figure 3.2 shows access to services by communities where the surveys were
implemented, disaggregated by urban and rural areas. While access to improved
water sources and primary schools is almost 100 percent, approximately
80 percent of the locals have access to secondary schools or markets. While
access to post offices are widely reported in rural areas, the proportion of that
access in the urban space is nearly half. The proportion of communities
with access to essential services such as the police or fire services varies consid-
erably between urban and rural areas. A fifth of the communities reported hous-
ing a police station in the locality in rural areas compared with 46 percent in
urban areas. Only 3 percent of the rural communities included in the survey have
a fire station in their village compared with 25 percent in the urban spaces.



TABLE 3.2 Community profile, 2019-20

mean

URBAN
VARIABLES NATIONAL ALL DHK AND CTG RURAL
Main access road is paved (%) 81 97 100 76
Hours of electricity available 20.04 22.26 22.89 19.47
Community experienced waterlogging 20 35 59 16
previous year (%)
Community contains a stagnant water 93 72 22 98
body (%)
Garbage generally disposed of in designat- 31 53 100 25
ed place (%)
Number of households in community 538 811 1391 468
N =150

Source: Original table for this publication.
Note: CTG = Chattogram; DHK = Dhaka.

FIGURE 3.2
Access to services, 2019-20
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Lastly, existence of financial services such as banks are 25 percentage points
higher in urban areas than in rural areas.

Calculation of correlation coefficients

Correlation coefficients presented for infectious diseases and mental health in
chapter 5 are estimated using the weighted linear specification as given in equa-
tion 3.4:

itz

(34)

where Y, _represens the physical or mental health outcome for the i" indi-
vidual at time t living in the z" PSU. f3, represents the coefficient of the
interaction term identifying the seasonal differentials. PSU-level fixed
effects are represented by @_while t, reflects time trends. The decision to
use PSU levels as opposed to exploiting the panel nature of the data through
individual- or household-level fixed effects in the models is primarily
because of the absence of positive illness outcomes in the sample.
Approximately 5 percent of the total sample report an illness during the
two surveys. Similarly, the issue precludes further assessment of heteroge-
neity through interaction of demographic or socioeconomic and weather
variables. The use of PSU-level fixed effects captures and controls for loca-
tional trends over the two seasons in the models. The idiosyncratic error
term is represented by &, . Interpretation of binary explanatory outcomes
are in percentage changes (for example, 0.03 = 3 percentage points) and in
percent for linear outcomes (0.03 = 3 percent).

WEATHER DATA

Weather data were collected from the BMD between 1976 and 2019. The
BMD collects data from 43 weather stations across the country. Map 3.2
shows the distribution of these stations, relative to population den-
sity. These 43 stations have been set up over time, which is why data for
some of the earlier years, between 1976 and 1990, are from fewer weather
stations.

DEFINITION OF KEY TERMS USED IN THIS REPORT

Climate is defined as “the description in terms of the mean and variability of
relevant atmospheric variables such as temperature, precipitation and wind.
Climate can thus be viewed as a synthesis or aggregate of weather” (Fouque and
Reeder 2019, 2).

Climate variability refers “to the day-to-day change in meteorological param-
eters including temperature, precipitation, humidity, and winds. Extreme
weather events are significant deviations of meteorological variables, such as
floods caused by excessive rainfall, droughts, storm surges, and heat waves
(extreme temperature). Climate variability refers to short-term changes in the



MAP 3.2
Weather station locations in Bangladesh
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average meteorological conditions over a time scale, such as a month, a season,
or a year” (Mani and Wang 2014, 15).

Climate change refers to “changes in average meteorological conditions and
seasonal patterns over a much longer time horizon, often over 50 or 100 years”
(Mani and Wang 2014, 15).

Infectious diseases are defined as any seasonal disease experienced in the
30 days preceding the survey. Infectious diseases include diseases diagnosed by
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amedical professional as well as symptoms that the respondents experienced for
which they did not seek any medical help. For the purpose of analyzing, these
symptoms were tagged to specific diseases. Table 3.3 provides details of the cat-
egorization used for seasonal illnesses. These diseases are infectious and likely
to be climate sensitive.

Persistent illnesses are those diseases or disabilities that were experienced
for more than 30 days in the preceding year. Persistent illnesses include chronic
fever, disability or injury, heart disease, respiratory disease or asthma or bronchi-
tis, gastric or ulcer, hypertension, diabetes, cancer, paralysis, kidney-related
diseases, liver-related diseases, arthritis or rheumatism, skin problems, and eye
problems to name a few.

Limitations of the study

The survey data were collected on the incidence of selected diseases during
monsoon and dry seasons from a representative sample of households. Although
the survey is representative of both urban and rural areas, the linearized error
terms of some of the illnesses exceed the recommended level of dispersion—
more than 15 percent. It is not representative at the suboutcome level. A larger
sample size could have helped for robustness of the findings as well as to enhance
their reliability.

The study presents some other limitations that should be investigated in
future research to estimate the burden of disease. Not all illnesses were medi-
cally diagnosed, and disease categories were inferred from a wide array of symp-
toms reported by the respondents. Also, the severity of disease or symptoms was
not considered. Prevalence of air pollution, which is directly linked to several
diseases, including respiratory diseases, cardiovascular damage, fatigue, head-
aches, and anxiety, has not been considered. Finally, correlations with different
health outcomes is not evaluated. This is particularly important for malnutri-
tion, which is related to the occurrence of diseases.

TABLE 3.3 Categorization of infectious diseases

CLASSIFICATION DIAGNOSED DISEASES SYMPTOMS CLASSIFIED WITH DISEASES BUT UNDIAGNOSED
Common cold Common cold Fever with runny nose, chills, sore throat

Runny nose, chills, sore throat, cough (without fever)
Vector-borne Dengue (classical) Fever with body aches, pain in small joints, retro-orbital pain, rash
diseases

Dengue (hemorrhagic)

Fever with body aches, chills, pain in small joints, retro-orbital pain, rash,
hemorrhage

Chikungunya

Fever with body aches, joint pain, radiating joint pain

Malaria Fever with chills, body aches
Respiratory Pneumonia
ilinesses L .
Influenza-like illness Fever with cough, sore throat, body aches, headache
Severe acute respiratory infection Fever with cough, sore throat, body aches, headache, breathing
difficulty
Waterborne Diarrhea
diseases
Dysentery

Source: Original table for this publication.

Note: Table shows the classification of infectious diseases (first column). The middle column shows a list of medically diagnosed illnesses reported by the
respondents. The last column on the right shows symptoms that were grouped together—with the Institute of Epidemiology and Disease Control
Research’s guidance—and assigned to the disease category for patients who did not seek medical care.



Climate variables used in this study are based on data collected from only
43 weather stations of the BMD. For enumeration areas where a weather station
is not available, the BMD provided the closest approximation. This may have
resulted in imprecisions in the measurement of local climate conditions and,
consequently, in the estimated impact of climate variability on the incidence of
diseases.

The scope of the questionnaire was broadened to meet the needs of users.
The structured questionnaire contained 15 pages along with some open-ended
questions. As a result, some of the respondents were unwilling to give adequate
time to the interviewers, and this may have affected their responses and conse-
quently some of the findings. For questions regarding expenditures, respondents
were not asked to provide any documentary evidence, and some had difficultly
recalling the amounts of money spent.

NOTE

1. Questions ask whether or the degree to which the respondent or others in the household
face difficulty in performing basic universal activities such as moving, seeing, hearing, cog-
nition, self-care, and communication (Washington Group 2018).
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4 Results and Analyses

PATTERNS OF CLIMATE VARIABILITY PRIOR TO
THE SURVEY

This first section of chapter 4 presents climatic conditions related to the survey
covering the monsoon season from August to September 2019 and the dry season
from January to February 2020. Three key weather variables—maximum tem-
perature, minimum temperature, and rainfall—feature in the data from two
months preceding each round of survey; they are presented in figure 4.1. These
weather variables are reported for Dhaka, Chattogram, and national averages for
the months of May, June, November, and December 2019. Between May and
June, the maximum temperature decreased considerably across the country,
while the minimum temperature increased slightly. Rainfall reported for Dhaka
was substantially higher than in Chattogram, which is unusual because histori-
cal analysis of weather data shows rainfall in Chattogram is usually higher than
in Dhaka. While rainfall increased between May and June for Dhaka and nation-
ally, it decreased for Chattogram. The weather variables for November and
December 2019 show usual patterns of temperature—both maximum and
minimum—falling significantly compared to temperatures in May and June,
while no rainfall was recorded in these two months.

The heat indexes for Dhaka and Chattogram are presented in figure 4.2. Heat
index is a measure of “real feel” that combines relative humidity and actual air
temperature (United States, NWS 2020). Evidence from Bangladesh indicates a
higher risk of cholera two days after heat waves during the rainy season
(Wu et al. 2018) and that heat waves can increase the risk of transmission of
Nipah virus to humans as the bats that carry the Nipah virus are under physio-
logical stress with extreme heat conditions, which could trigger prolonged viral
shedding (Rahman et al. 2019).

Given the potential impact of heat waves on health conditions—not just
infectious diseases—a heat index was constructed for the months of May, June,
July, August, November, and December 2019 and January and February 2020.
May to August 2019 covers the period of data collection during the monsoon as
well as two months prior to it, while November 2019 to February 2020 covers the
dry season data collection as well as two months prior. No variation presents in
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FIGURE 4.1
Average weather variables, two months preceding each of the two rounds of surveys, 2019-20
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FIGURE 4.2
Heat index measured in degrees Celsius, 2019-20
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Note: Heat index is a measure of “real feel” that combines relative humidity and actual air
temperature (United States, NWS 2020).

the heat indexes of May and June 2019 for Dhaka and Chattogram cities.
However, in July and August 2019, it is higher for Dhaka city than Chattogram
city by 5°C to 6°C. The heat index for Dhaka city during the dry season was lower
than Chattogram city, except for January 2020.

INFECTIOUS DISEASES

The subsections below analyze illness patterns and health-seeking behaviors
across the two seasons covered by the survey—the monsoon when data was



collected in July and August 2019 and the dry or post-monsoon of January and
February 2020. The results are presented with varying degrees of disaggregation
across areas of geographic representation, demographic and socioeconomic sta-
tus, and household water, sanitation, and hygiene (WASH) practices. As Lowe
et al. (2017) indicate, both rainfall and drought can increase the availability of
potential habitats for mosquitoes—containers with stagnant clean water—and,
therefore, availability of adequate WASH facilities is an important compounding
factor for dengue, among others.

Prevalence of infectious diseases

This subsection discusses the prevalence of infectious diseases defined for indi-
viduals who have reported experiencing any infectious diseases or illness within
30 days preceding the survey across the monsoon and dry seasons. These
infectious diseases, excluding the common cold, are classified as vector-borne,
waterborne, or respiratory diseases for the purposes of analyses. Disease-specific
figures are presented as a proportion of reporting any infectious disease,
excluding the common cold, within these three categories. The common cold is
separately reported.

Overall, the prevalence of the common cold is more than other infectious
diseases across seasons and location, except for Dhaka and Chattogram cities in
the monsoon. On average, the likelihood of reporting any infectious disease,
excluding common cold, is 1.2 percentage points higher at the national level
during monsoon than in the dry season, 5.7 versus 4.5 percent (figure 4.3). While
overall urban and rural areas are generally comparable and remain so across the
seasons, Dhaka and Chattogram cities report the highest number of infectious
diseases, excluding the common cold, across the seasons.

FIGURE 4.3
Prevalence of any illness, by season, 2019-20
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Respiratory illnesses are the highest reported—62 percent of all morbidity—
across seasons nationally. At the subnational level, while rates are comparable
across all urban and rural areas and over seasons at approximately 61 percent,
rates in Dhaka and Chattogram cities are the lowest during monsoon at 43.8 per-
cent and highest during the dry season, at 66 percent. Figure 4.4 provides the
breakdown of any illness by categories across the seasons.

Vector-borne diseases are more prevalent in Dhaka and Chattogram cities
across the two seasons, monsoon and dry, compared to the national, all urban,
and rural areas (figure 4.4). Subnationally, vector-borne diseases are reported by
22 percent of all urban areas and 25 percent in rural areas during the monsoon.
The rates are the highest in Dhaka and Chattogram cities at 34 percent. During
the dry season, while the rates are consistent across all urban and rural areas—
between 14 and 15 percent—prevalence of vector-borne diseases remain the
highest in Dhaka and Chattogram cities at almost 20 percent. Prevalence of
vector-borne diseases is lower in the dry season compared to the monsoon across
all locations.

Finally, the lowest proportion of those ill report contracting waterborne dis-
eases (figure 4.4). At the national level, while only 14 percent are infected with a
waterborne disease during the monsoon, the proportion increases to 23 percent
during the dry season. Subnationally, while rates across all urban and rural areas
remain comparable to each other, the rates increase by approximately 10 per-
centage points between the two seasons—15 and 14 percent, respectively, during
monsoon versus 23 percent during the dry season. Dhaka and Chattogram cities
deviate from the rest of the country across the seasons with respect to

FIGURE 4.4
Prevalence of vector-borne, waterborne, and respiratory diseases in monsoon and the
dry season, 2019-20
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waterborne diseases. While the prevalence is higher during monsoon in these
cities at 22 percent compared to national, all urban, and rural areas, it reduces
significantly in the dry season to 15 percent and is the lowest among all the geo-
graphical areas.

The data on disease prevalence is alternatively presented as a proportion of
the total population as opposed to a subgroup of those who reported an illness to
demonstrate the scale of morbidity. As shown in table 4.1, vector-borne and
respiratory diseases are significantly higher in the Dhaka and Chattogram cities
than in rural areas in the dry season.

Figure 4.5 shows prevalence of infectious diseases and common cold sepa-
rately across age groups. Nearly one in ten children under 5 years of age and the
elderly age 65 or more years report a seasonal illness, excluding the common

Results and Analyses |

TABLE 4.1 Infectious diseases, excluding the common cold, as a proportion of the total sample, 2019-20
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percent
MONSOON DRY SEASON
DHAKA AND DHAKA AND
CHATTOGRAM ALL CHATTOGRAM
ALL URBAN CITIES RURAL DIFFERENCE URBAN CITIES RURAL DIFFERENCE

?II\?rEEI:‘;S(ERY (1) (2) (3) 3)-() (- (4 (5) (6) (6)-(4) (6)-(5)
Waterborne 0.9 1.4 0.8 n.a. * 1.1 0.8 1.1 n.a. n.a.
Respiratory 3.5 2.7 3.5 n.a. n.a. 2.9 3.8 2.8 n.a. *
Vector-borne 1.3 2.1 1.4 n.a. n.a. 0.7 1.1 0.6 n.a. *

N 15,409 14,758

Source: Original table for this publication.

Note: Table shows geographic prevalence of diseases across seasons. Figures presented are weighted means. Test (columns labeled as “Difference”) show

significance levels from a weighted t-test. n.a. = not applicable.
*p < 0.10.

FIGURE 4.5
Prevalence of infectious diseases across age groups, 2019-20
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cold, during the monsoon. The likelihood of doing so is the lowest among adoles-
cents ages 6 through 19 years, at 4 percent, followed by adults of between 20 and
64 years, at 6 percent in the same season. Though overall rates of morbidity go
down during the dry season, they remain proportional to the rates in the mon-
soon. In the dry season, the elderly of ages 65 or more years report the highest
incidence of infectious diseases, excluding the common cold.

Figure 4.6 presents the prevalence of infectious diseases by category. Respiratory
diseases remain most pervasive across the two seasons, with prevalence signifi-
cantly higher during the dry season, except for children—ages 0 to 5 years—in the
dry season when they experience more waterborne diseases.

Prevalence of respiratory illnesses is the highest among the elderly at 72 percent
in the monsoon and 83 percent in the dry season. Nearly 65 percent of children of
ages 5 years or under report a respiratory disease during the monsoon season while
the number markedly reduces to 37 percent during the dry period. The prevalence
of respiratory illnesses among the younger population of ages 6 to 19 years and
adults of ages 20 to 64 years remains comparable at 59 percent during monsoon,
although it increases considerably for both groups during the dry season.

In the monsoon, reported rates of waterborne diseases are highest among
children of ages 5 years or less and the elderly of ages 65 years or more—22 and
24 percent, respectively—while the lowest for younger populations from ages 6
to 19 years at 6 percent. Overall, rates of waterborne diseases increase for all
during the dry season, with the exception of people ages 65 years and above.
Incidences increase by nearly threefold to 56 percent among children ages

FIGURE 4.6
Prevalence of infectious diseases, excluding the common cold, by category, across
age groups, 2019-20
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5 years or less in the dry season. Prevalence among the younger population from
ages 6 to 19 years, and the adults from ages 20 to 64 years remain comparable,
between 17 and 18 percent in the dry season (figure 4.6).

The prevalence of vector-borne diseases is the highest among the younger pop-
ulation from, ages 6 to 19 years, at 35 percent, followed by adults from ages 20 to
64 years at 28 percent during the monsoon (figure 4.6). The rate is 13 percent
among children of ages 5 years or less and the lowest among the elderly of ages 65
years or more (4 percent) during monsoon. Prevalence is generally lower during
the dry season, with the exception of the elderly (ages 65 years or more). As in the
monsoon, the younger population (from ages 6 to 19 years) and the adults (from
ages 20 to 64 years) reported the highest rates (15 and 17 percent, respectively).

Figure 4.7 presents the likelihood of infectious diseases across socioeconomic
quintiles. Morbidity declines with increasing socioeconomic status and the

FIGURE 4.7
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Distribution of infectious diseases across socioeconomic status, any illness, and by

iliness category, 2019-20
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Note: The figure shows weighted averages across socioeconomic quintiles constructed using an asset and facilities
index. The categories of illnesses (vector-borne, waterborne, and respiratory diseases) exclude common cold and
are a subset of contracting any illness in the last 30 days. Q1 represents the poorest quintile and Q5, the richest.
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trend holds across the monsoon and the dry seasons. Trends in disease types
across socioeconomic status reflect intuitive trends. For instance, respiratory
diseases are the most reported, particularly during the dry season. The highest
rates of respiratory-related morbidity are reported by the highest quintile.
Compared to the monsoon, the difference between the bottom and top quintiles
increase to 10 percentage points in the dry season.

On average, the likelihood of reporting a waterborne disease is lower during
monsoon than in the dry season. The difference in the prevalence rates is limited
between quintiles during monsoon, ranging between 13 and 16 percent. The
overall prevalence rates increase by up to 10 percentage points during the dry
season, except for the richest quintile where it decreases. The rates of water-
borne diseases among the richest are significantly lower in comparison to the
poorest, 9 versus 24 percent.

Vector-borne diseases are more prevalent among lower socioeconomic
groups in monsoon—28 percent among the poorest in contrast to 19 percent
among the richest. While the prevalence rates are marginally lower during the
dry season, the most dramatic drops are experienced by those in the lower
three quintiles—17 percentage points on average. Proportions among the rich-
est remain comparable across the seasons; this could be because data collec-
tion during monsoon overlapped with Eid holidays when a significant
proportion of the rich travel abroad and thus may have been less exposed to
vector-borne diseases.

Figure 4.8 shows the concentration of illnesses across socioeconomic status
during monsoon and the dry season. Concentration curves are used to identify

FIGURE 4.8
Equality of illnesses across socioeconomic status, monsoon, and dry season, 2019-20
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whether socioeconomic inequality in the share of illnesses exists and whether it
is more pronounced at one time than another. The curves represent the cumula-
tive share of illnesses according to the cumulative share of population, ranked
from poorest to the richest. The further a curve is above the reference equality
45-degree line, the more the corresponding health variable, that is share of ill-
nesses, is concentrated among the poorest households. When the concentration
curve lies under the 45-degree line, the corresponding health variable is more
concentrated among the richest households.

While no differences exist across the socioeconomic percentiles during
monsoon, the concentration curve corresponding to the rural areas lies above
the 45-degree line during the dry season, suggesting that the rates of morbidity
are more concentrated among the poor during this time. The concentration
curve for the urban areas during the dry season is very close to the 45-degree
line, which indicates very little association between share of illnesses and socio-
economic status.

Correlates of infectious diseases

Table 4.2 shows correlates of contracting any infectious disease, excluding com-
mon cold. Coefficients presented are derived using a weighted linear specifica-
tion. The likelihood of contracting an infectious disease is 19.7 percentage points
lower in the dry season than during monsoon. Overall, younger people of ages 6
to 19 years and adults of ages 20 to 64 years are 5.0 and 3.9 percentage points less
likely to experience an infectious disease than children of ages 5 years or less or
the elderly 65 years or more. Seasonal differentials suggest younger people from

TABLE 4.2 Correlates of contracting any seasonal illness, excluding the common cold,

Results and Analyses

2019-20
COEFFICIENT STANDARD ERROR
Season (1 = dry, monsoon = 0) -0.197*** 0.034
Age (base: 0 to 5 years)
6 to 19 years -0.050*** 0.007
20 to 64 years -0.039%** 0.006
65+ years -0.0M1 0.010
Age (base: 0 to 5 years)
(in dry season compared with monsoon)
6 to 19 years (dry season) 0.016* 0.009
20 to 64 years (dry season) 0.020** 0.008
65+ years (dry season) 0.010 0.014
Gender (1 = male, 0 = female) 0.005* 0.003
Individual is disabled (1 =y, 0 =n) 0.018*** 0.004
Never married (1 =y, 0 =n) -0.008* 0.004
Education (continued years) -0.001** 0.000
Male head of household (1 =y, 0 =n) -0.017** 0.005
Household size -0.005%** 0.001

continued
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TABLE 4.2, Continued

COEFFICIENT STANDARD ERROR
Socioeconomic quintiles (base: bottom two quintiles [Q])
Q3 -0.015%** 0.004
Q4 -0.008** 0.004
Q5 (richest) -0.010** 0.005
WASH index (base: lowest)
WASH index (mid) -0.072%** 0.003
WASH index (high) -0.009** 0.004
Household experienced a shock (1 =y, 0 =n) 0.010*** 0.003
Community characteristics
Number of households in community_ihs 0.064 0.106
Trash deposited in a single location (1 =y, 0 =n) -0.063* 0.034
Connectivity index (base: least)
Connectivity index (mid) 0.005 0.059
Connectivity index (high) -0.085* 0.046
Average hours of electricity available_ihs -0.438 0.649
Location (base: rural areas)
Cities of Dhaka and Chattogram -0.053 0.067
Cities of Dhaka and Chattogram (in dry season 0.018 0.012
compared with monsoon)
Weather (means from two months preceding survey)
Humidity (two-month mean, presurvey) -0.002* 0.001
Temperature (two-month mean, presurvey) -0.074%** 0.003
R?=0.03
N = 30,091

Source: Original table for this publication.

Note: The table shows coefficients from a weighted linear specification. The dependent variable is whether the individual
experienced any seasonal illness. Variables with suffix “_ihs” refer to inverse hyperbolic sine transformations. The models
account for primary-sampling-unit-level heterogeneity.

*p < 0.10; ¥*p < 0.05; **p < 0.01.

ages 6 to 19 years are 1.6 percentage points more likely to suffer from an infec-
tious disease during the dry season, while the similar is true for adults of ages 20
to 64 years, at 2 percentage points. Overall, women are 0.5 percentage points less
likely to suffer from an infectious disease than men. The likelihood of an infec-
tious disease is 1.8 percentage points higher among disabled individuals than
not. Similarly, individuals who never married are 0.8 percentage points less
likely to suffer infectious diseases.

An additional year of education is negatively correlated with the probability
of having an infectious disease at 0.1 percentage points. Regarding household
characteristics, residing in a household with a male head is negatively cor-
related with illness at 1.1 percentage points. Similarly, a larger household size is
negatively correlated with morbidity at 0.5 percentage points. In terms of
socioeconomic status, a higher wealth status is negatively correlated with mor-
bidity. The same is true for a household’s WASH index—placement in a higher
quintile reduces the likelihood of contracting infectious diseases. Members of



a household that experienced a shock in the 12 months preceding the survey
are more likely to have an infectious disease at 1 percentage point. Households
in neighborhoods that are more organized in the way they deal with their
household refuse are less likely to experience an illness, at 6.3 percentage
points. A household placed in a neighborhood with a higher connectivity index
is negatively correlated with illnesses. Finally, weather is correlated with ill-
nesses. An increase in humidity and mean temperature by one unit in two
months preceding the survey reduces the likelihood of contracting an illness by
0.2 and 1.4 percent, respectively.

The condition-specific correlates presented in table 4.3 are also estimated
using a linear specification. More specifically, table 4.3 explores factors that
affect the likelihood of contracting waterborne diseases (column 1), respiratory
infections (column 3), and vector-borne diseases (column 5) generated using a
linear specification. While adolescents of ages 6 to 19 years and adults of ages 20
to 64 years are 16.9 and 8.3 percentage points, respectively, less likely to
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TABLE 4.3 Correlates of contracting vector-borne, waterborne, or respiratory infections, 2019-20

WATERBORNE RESPIRATORY VECTOR-BORNE
DISEASES INFECTIONS DISEASES
STD. STD. STD.
COEFFICIENT ERROR COEFFICIENT ERROR COEFFICIENT ERROR
(1) (2) (3) (4) (5) (6)

Season (1 = dry season, monsoon = 0) -0.124 0.247 0.337 0.313 -0.214 0.255
Age (base: 0 to 5 years)

6 to 19 years (adolescents) -0.169*** 0.046 0.021 0.058 0.148%** 0.047

20 to 64 years (adults) -0.084** 0.038 -0.009 0.049 0.093** 0.040

65+ years (elderly) 0.035 0.056 0.101 0.071 -0.136** 0.058
Age (base: 0 to 5 years) (in dry season compared with monsoon)

6 to 19 years (dry season) -0.190*** 0.064 0.278*** 0.081 -0.087 0.066

20 to 64 years (dry season) -0.280*** 0.053 0.324*** 0.067 -0.044 0.054

65+ years (dry season) -0.495%** 0.079 0.368*** 0.100 0.127 0.081
Gender (1 = male, 0 = female) -0.005 0.019 0.013 0.025 -0.008 0.020
Individual is disabled (1 =y, 0 =n) 0.038 0.026 -0.088*** 0.033 0.050* 0.027
Never married (1 =y, 0 =n) 0.022 0.037 -0.056 0.046 0.034 0.038
Education (in years) 0.001 0.003 0.002 0.004 -0.003 0.003
Male head of household (1 =y, 0 =n) -0.041 0.037 0.001 0.047 0.040 0.038
Household size 0.003 0.006 -0.002 0.008 -0.001 0.007
Socioeconomic quintiles (base: bottom two quintiles [Q])

Q3 0.028 0.028 -0.048 0.036 0.020 0.029

Q4 0.049 0.031 -0.007 0.040 -0.042 0.032

Q5 (richest) -0.049 0.036 0.083* 0.046 -0.034 0.037
WASH index (base: lowest)

WASH index (mid) 0.006 0.027 -0.034 0.035 0.028 0.028

WASH index (high) -0.035 0.033 0.023 0.042 0.012 0.034
Household experienced a shock (1 =y, 0 =n) -0.005 0.024 -0.057* 0.031 0.062** 0.025

continued
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TABLE 4.3, Continued

WATERBORNE RESPIRATORY VECTOR-BORNE
DISEASES INFECTIONS DISEASES

STD. STD. STD.
COEFFICIENT ERROR COEFFICIENT ERROR COEFFICIENT ERROR

(1) (2) (3) (4) (5) (6)

Community characteristics

Number of households in community_ihs -0.682 0.608 0.625 0.772 0.057 0.628
Trash deposited in a single location (1 =y, 0 =n) -0.279 0.297 -0.048 0.377 0.327 0.307
Connectivity index (base: least)
Connectivity index (mid) -0.240 0.341 0.417 0.434 -0.176 0.353
Connectivity index (high) -0.186 0.348 0.600 0.442 -0.414 0.360
Average hours of electricity available_ihs 4.862 3.719 -6.092 4.726 1.230 3.842
Location (base: rural areas)
Cities of Dhaka and Chattogram 0.306 0.408 -0.369 0.518 0.063 0.421
Cities of Dhaka and Chattogram (in dry season -0.156* 0.086 0.194* 0.109 -0.038 0.089
compared with monsoon)
Weather (means from two months preceding survey)
Humidity (two-month mean, presurvey) -0.016** 0.007 0.015* 0.009 0.000 0.007
Temperature (two-month mean, presurvey) -0.042* 0.022 0.057** 0.028 -0.014 0.023
R? 0.24 0.22 0.24
N 1,604 1,604 1,604

Source: Original table for this publication.

Note: Table shows coefficients from a weighted linear specification. Dependent variable is whether the individual experienced waterborne, respiratory, or
vector-borne illnesses. Variables with suffix “_ihs” refer to inverse hyperbolic sine transformations. The models account for primary-sampling-unit-level
heterogeneity. WASH = water, sanitation, and hygiene.

*p < 0.10; **p < 0.05; **p < 0.01.

experience waterborne illnesses than children below 5 years of age, the opposite
is true for vector-borne diseases, with children and adolescents of ages 6 to
19 years and adults of ages 20 to 64 years experiencing more than children under
5years of age by 14.8 and 9.4 percentage points, respectively. The elderly ages 65
years or more are 13.6 percentage points less likely to contract a vector-borne
disease than children under 5 years. There is some heterogeneity across seasons
and age groups. Adolescents, adults, and the elderly are less likely to experience
waterborne diseases during the dry season by 19, 28, and 49.5 percentage points,
respectively, than during monsoon. In contrast, all three groups are more likely
to experience respiratory illnesses during the dry season than in monsoon, with
27.8, 32.4, and 36.8 percentage point increases for adolescents, adults, and the
elderly, respectively. Disabled individuals are 8.8 percentage points less likely to
experience respiratory infections while 5 percentage points more likely to con-
tract a vector-borne disease during the dry season than in monsoon.

While morbidity rates among households based in the Dhaka and Chattogram
cities do not vary on average compared to other urban or rural locations, the
likelihood of contracting waterborne diseases diminishes during the dry season,
while in line with the literature, the chance of contracting a respiratory illness
increases by 194 percentage points. With regard to weather outcomes, humidity
and mean temperature are negatively correlated to waterborne diseases by 1.6
and 4.2 percent, respectively. The opposite is true for respiratory illnesses; an
increase in humidity and mean temperature increase the likelihood of suffering
from a respiratory illness by 1.5 and 5.7 percent, respectively.
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Health-seeking behavior and associated expenditure

Respondents who reported contracting any season or temporary illness—
infectious or common cold—were asked about their behavior for seeking health
care services across the two seasons. More of the respondents who had had any
seasonal or temporary illness sought services from a health facility than those
who did not. On average, nationally about 40 percent sought services from a
health facility, almost half of the respondents in all urban areas and more than
one-third in rural areas, across the two seasons. Figure 4.9 shows the pattern of
health-care-seeking behavior for seasonal illnesses. Proportions seeking care
from pharmacies or unqualified doctors were comparable across the locations

FIGURE 4.9

Health-care-seeking behavior for seasonal illnesses (infectious disease or common cold) across location and
socioeconomic status, 2019-20
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Note: Figure shows weighted seasonal means and distribution of the type of health care sought for seasonal illnesses. Q1 is the poorest quintile
and Q5, the richest.
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and seasons, except for respondents in rural areas who sought care more from
the pharmacies in the dry season than in the monsoon, 37 percent versus 26 per-
cent, and nationally—35 percent in the dry season compared to 26 percent in
monsoon.

Overall, more people accessed health care in the dry season compared to the
monsoon across wealth quintiles. In the dry season, 27 percent of the poorest
quintile did not access any health care compared to 36 percent in monsoon.
In accessing health care services from a health facility, pharmacy, or unqualified
doctor, no variation is evident between the two seasons for the poorest quintile,
averaging about one in three people. For the richest quintile, accessing health
care from a facility was the most popular option across the seasons, although the
rate declined significantly between seasons—54 percent in monsoon compared
to 39 percent in the dry season—as more people sought services from a pharmacy
or unqualified doctor—20 percent in monsoon compared to 35 percent in the dry
season. In the richest quintile, about a quarter of the respondents did not access
any health care in both seasons—23 percent in monsoon and 25 percent in the
dry season.

Figure 4.10 presents the type of facility accessed, as a proportion of respon-
dents who reported accessing any facility (shown in figure 4.9). Overall, the use
of private facilities or qualified doctors’ private practice was the most common
across locations, wealth status, and seasons. At the subnational level, use of gov-
ernment facilities was more in monsoon than in the dry season across all loca-
tions. Use of nongovernmental facilities was very limited across the locations
and seasons.

Reliance on private facilities or qualified doctors’ private practices tends to be
higher with increasing socioeconomic status, and the trend holds during both
the monsoon and dry seasons, except for the third quintile (Q3) in monsoon and
Q4 in the dry season (figure 4.10). In the monsoon, 64 percent of the individuals
in the richest quintile sought care from private facilities or qualified doctors’
private practices compared to 54 percent by the poorest quintile. Similarly, in the
dry season, 70 percent among the richest accessed private facilities compared to
47 percent among the poorest.

Between the monsoon and dry season, the proportion of the richest quintile
accessing government facilities declined—38 percent in monsoon compared to
29 percent in the dry season. For the poorest quintile, the opposite holds, as more
people from the poorest quintile report accessed a government facility in the dry
season (51 percent) than in monsoon (45 percent). Using services at nongovern-
mental organization facilities tend to be the lowest across all socioeconomic
groups in both the seasons, as shown in figure 4.10.

Figure 4.11 outlines the different dimensions of expenditure related to seek-
ing health care for infectious diseases or the common cold across various loca-
tions. Overall, the majority of expenditures was purchasing medicines across
both seasons and all locations—accounting for more than half of the total health-
care-related expenditure. The total costs tend to be more across all locations in
monsoon than the dry season as more people reported accessing a facility in
monsoon than in the dry season (figure 4.9). Respondents in all urban areas,
which include Dhaka and Chattogram cities, spent more in total than those liv-
ing in rural areas across both seasons. An intriguing finding for Dhaka and
Chattogram cities is that the total cost of health-care-related expenditure in the
monsoon is lower than in the dry season, although the proportion of people
accessing health care is higher in monsoon than in the dry season. A reason for
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FIGURE 4.10

Type of facilities accessed for treament of infectious disease or common cold across
location and socioeconomic status, 2019-20
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Source: Original figure for this publication.
Note: Figure shows distribution of the type of facility from which health care was sought for seasonal illnesses.
Q1 represents the poorest quintile and Q5, the richest. NGO = nongovernmental organization.

this is that the proportion of people who access health care from a pharmacy or
unqualified doctor in the dry season is higher than in monsoon—28 percent in
the dry season compared to 25 percent in monsoon—which is reflected in signifi-
cantly higher costs of consultation and medicines in the dry season.

Other direct costs such as pathological or laboratory tests accounted for the
second-highest expenditure and were much higher than consultation fees across
all locations and seasons. Indirect costs of health care such as transportation
costs were the lowest as a proportion of total expenditure. Transportation costs
were higher in monsoon that in the dry season for all locations, except the cities
of Dhaka and Chattogram.

Health-care-related expenditure increases with socioeconomic status, and
this trend holds in both the monsoon and dry seasons, except for the second
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FIGURE 4.1
Health care expenses for seasonal illnesses, by location, 2019-20
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Source: Original figure for this publication.
Note: The figure shows weighted means of expenditures associated with seasonal illnesses in Bangladeshi
taka, disaggregated by location across the seasons. CTG = Chattogram.

poorest quintile (Q2) in the monsoon (figure 4.12). Overall, total expenditure
related to health care was lower in the dry season than monsoon across all wealth
quintiles. Medicines and pathological or laboratory tests accounted for most of
the health-care-related expenditures across all wealth quintiles in both seasons.
Medicines accounted for more than half of the total cost for all wealth quintiles
across seasons. In monsoon, the proportion of money spent on pathological or
laboratory tests was lower than in the dry season.

PERSISTENT ILLNESSES

The following subsections analyze illness patterns and health-care-seeking
behavior for chronic or persistent illnesses. As mentioned earlier, these are
defined as diseases or disabilities that were experienced for more than 30 days
in the 12 months preceding the survey. Since there is no variation in the preva-
lence of persistent or chronic illnesses by seasons, as expected, the results pre-
sented in this section are combined for the two rounds of survey.

Prevalence of persistent illnesses

On average, 14 percent of the population reports a persistent illness.
The prevalence is highest in Dhaka and Chattogram cities at 18 percent, followed
by all urban and rural areas at 16 and 14 percent, respectively, as shown in
figure 4.13. In relation to demographics, adults of ages 20 to 64 years and the
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FIGURE 4.12
Health care expenses for seasonal illnesses, by socioeconomic status, 2019-20
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Source: Original figure for this publication.
Note: Figure shows weighted means of expenditures associated with seasonal illnesses, in Bangladeshi taka,
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FIGURE 4.13
Prevalence of any persistent illness, by location, age group, and socioeconomic
status, 2019-20
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FIGURE 4.14
Prevalence of persistent illnesses, by location, age group, and socioeconomic status, 2019-20
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elderly ages 65 years or more report the most persistent illnesses—19 percent for
adults and more than double that for the elderly. The prevalence does not vary
significantly by wealth status.

Figure 4.14 presents disaggregated data for each category of illness by location,
age group, and socioeconomic status. Noncommunicable diseases (NCDs) are
reported more in all urban areas (76 percent) than in rural areas (71 percent).
In rural areas, respiratory illnesses were more than in urban areas by 5 percent-
age points. Persistent fever accounted for a small proportion of chronic morbid-
ities across all locations.

Prevalence of NCDs generally increases linearly by age. A higher proportion
of adults from ages 20 to 64 years report having an NCD at 78 percent compared
to the elderly at 72 percent. This finding is consistent with other nationally rep-
resentative surveys that indicate an increasing proportion of the younger popu-
lation of ages 35 years or more suffer from diabetes or hypertension. Children
report the highest rates of persistent fever while the elderly report the lowest.
On average, the prevalence of persistent respiratory illnesses is comparable
across locations. Children ages 5 years or less and the elderly of ages 65 years or
more are the most susceptible to persistent respiratory illnesses.

NCDs generally are most prevalent among individuals in the highest socio-
economic status, possibly driven by sedentary lifestyle. On the other hand, prev-
alence of persistent respiratory illnesses and fevers are negatively associated
with the household’s wealth status.

Health-seeking behavior and associated expenditure

Respondents who reported any persistent disease were asked about their behav-
ior for seeking health care services (figure 4.15). The pattern of health-care-
seeking behavior for persistent illnesses is different from the pattern observed
for infectious diseases or common cold, as more people preferred not to seek
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FIGURE 4.15
Health-care-seeking behavior for persistent illnesses, by location and socioeconomic status, 2019-20
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Note: Figures show weighted means and distribution. Panel a shows whether the individual sought any care and whether it was informal or
facility-based across location and socioeconomic status. Panel b shows disaggregation of facility-based care for the same illnesses by location
and socioeconomic status. Q1 indicates the poorest quintile and Q5, the richest. NGO = nongovernmental organization.

health care across location and socioeconomic status. This is consistent with
existing literature, which shows, for example, people with diabetes being not
aware of their condition and hence not seeking care (Bangladesh NTPORT and
ICF 2020).

The national average expenditure over a 12-month period of the individuals
who reported a persistent illness is Tk 1,470 (Bangladeshi taka) (figure 4.16).
Further disaggregation suggests that the costs are skewed toward urban areas—
the largest figures are reported by those living in Dhaka and Chattogram cities
averaging Tk 1,863, followed by those living in all urban areas at Tk 1,599. This
suggests that the average in urban areas, excluding Dhaka and Chattogram cities,
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FIGURE 4.16
Health-care-related expenditure for persistent illnesses, by location
and socioeconomic status, 2019-20
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Source: Original figure for this publication.

Note: The figure shows weighted means of expenditures associated with persistent
ilinesses, in Bangladeshi taka, disaggregated by location and socioeconomic status. Q1
indicates the poorest quintile and Q5, the richest.

are more closely aligned with rural areas. Total cost of treatment also goes up
with socioeconomic status.

In line with existing literature, a clear and positive relationship is found
between health care expenses for persistent conditions and socioeconomic sta-
tus (Raza et al. 2015). Those in the highest quintile (Q5), on average, spent 184
percent more for treating persistent conditions than those in the lowest quin-
tile—Tk 1,603 versus Tk 997, respectively.

MENTAL HEALTH

Prevalence of depression and anxiety

Based on the same set of panel data used in the previous sections of this chap-
ter, analyses of mental health issues are presented in this subsection. The
analyses for depression are based on the Patient Health Questionnaire-9
(PHQ-9) score, which is a commonly used depression screening tool. Analyses
for anxiety are based on the Generalized Anxiety Disorder-7 (GAD-7). A clin-
ical cutoff score of 10 was used to establish the presence of depression and
anxiety for both the PHQ-9 and the GAD-7, based on best-practice standards
in the literature.

The weighted national prevalence of depression and anxiety was 16 percent
and 6 percent, respectively. Prevalence of depression was the same across rural
and urban locations at nearly 16 percent; the prevalence of anxiety, however, var-
ied, with 7.9 percent in urban areas compared to 5.5 percent in rural areas.
Prevalence estimates specific to age, gender, location, and seasons are presented
in figure 4.17, which shows depression is more prevalent than anxiety across all
these dimensions.
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FIGURE 4.17
Prevalence of depression and anxiety, by location, demographics, and seasonality,

2019-20
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Source: Original figure for this publication.
Note: Depression analysis is based on Patient Health Questionnaire-9 scores and anxiety
analysis on Generalized Anxiety Disorder-7.

Both depression and anxiety increase with age. Almost 40 percent of people
age 65 years or more reported being depressed and 13 percent suffered anxiety.
The prevalence of depression between male and female was the same, at approx-
imately 16 percent, but men reported more anxiety than women. With respect to
seasonality, more people were depressed in the dry season compared to mon-
soon—18 percent compared to 14 percent—while anxiety levels were similar with
a difference of one percentage point.

Across all categories, the older age cohorts presented with more severe
depressive symptoms (figure 4.18). Younger females of ages 26-40 years were
more vulnerable to depression as were males 41 to 65 or more years in urban
areas. In Dhaka and Chattogram cities, females of ages 26 to 40 years experi-
enced more depression than other age groups. Representation for males and
females in rural areas for depressive symptoms in the age group of 26 to 64 years
was similar, while older males of ages 65 and more years experienced more
depression compared to females in the same age cohort. Depressive symptoms
were elevated during the dry season as compared to monsoon, with most pro-
nounced increases among the two oldest cohorts. The pattern is slightly differ-
ent for younger females, with more females of ages 26 to 40 years being depressed
in the monsoon compared to the dry season.

Figure 4.19 shows the results for anxiety levels based on GAD-7 scores across
the same parameters of age, gender, location, and age cohorts. The most pro-
nounced difference was between urban and rural populations, with urban resi-
dents having substantially higher anxiety rates. Males in the age groups of 26 to
64 years appeared more anxious in rural areas, while in urban areas younger
females in the age groups of 15 to 40 years were more anxious. During monsoon,
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FIGURE 4.18
Prevalence of depression, by location, age group, gender, and season, 2019-20
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Source: Original figure for this publication.

Notes: The figure shows distribution of Patient Health Questionnaire-9 (PHQ-9) scores across locations (vertical axis) and seasons (horizontal axis). Results
are further broken down by age groups (box plots). The horizontal lines within each box plot shows the median while the top and the bottom ranges
show the 25th and 75th percentiles, respectively. The scatterplots represent gender (blue for male and pink for female). The line at score 10 represents the
cutoff for the PHQ-9 beyond which the individual is likely to be associated with experiencing clinical depression.

females in Dhaka and Chattogram cities were more anxious than in the dry sea-
son. Anxiety levels for all urban and rural areas were similar in monsoon and the
dry season.

The prevalence estimates of depression and anxiety in Bangladesh indicate
that substantial morbidity of these mental disorders lie underaddressed, and the
disorders are in urgent need of preventive and treatment initiatives. The most
vulnerable for depression and anxiety are older, poorer, and disabled individuals.
Accordingly, these populations should be accorded the highest priority for men-
tal health services.



FIGURE 4.19
Prevalence of anxiety, by location, age group, gender, and season, 2019-20
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Note: The figure shows distribution of Generalized Anxiety Disorder-7 (GAD-7) scores across locations (vertical axis) and seasons (horizontal axis). Results

are further broken down by age groups (box plots). The horizontal lines in each box plot shows the median while the top and the bottom ranges show

the 25th and 75th percentiles, respectively. The scatterplots represent gender (blue for male and pink for female). The line at score 10 represents the

cutoff for the GAD-7 beyond which the individual is likely to be associated with experiencing clinical anxiety.

Correlates of depression and anxiety

Correlates of depression and anxiety are presented in table 4.4. Figures are mar-
ginal effects from an adjusted logit model. The models were informed by social
determinants (Allen et al. 2014) and a biopsychosocial approach (Engel 1977) to
mental illness in determining the inclusion of predictor variables. Accordingly,
the study used the gender, age, and marital status of the respondent, as well as
the gender of the household head, household size, education level, urban or rural
location, and socioeconomic status as measured by asset quintiles. Due to slug-
gish progress and continued vulnerability of the Bangladeshi population to sud-
den economic, health, or environmental shocks, these measures, or shocks, as
predictors of mental health have also been included. Any recent illness is also
considered, as this outcome can impact the family members’ mental health and
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TABLE 4.4 Correlates of depression and anxiety, 2019-20

DEPRESSION ANXIETY
COEFFICIENT STD. ERROR COEFFICIENT STD. ERROR

Season (1 = dry season, 0 = monsoon) -0.177 0.109 0.073 0.066
Age (base: 15 to 25 years)

26 to 40 years 0.052%** 0.017 0.0271** 0.010

41 to 64 years 0.096*** 0.019 0.019* 0.0Mm

65+ years 0.163*** 0.024 0.0471*** 0.013
Gender (1 = male, 0 = female) -0.020* 0.0M1 0.011* 0.006
Education (in years) -0.006*** 0.001 -0.001 0.001
Never married (1 =y, 0 =n) 0.013 0.027 -0.014 0.012
Location (1 = urban, 0 = rural) 0.004 0.012 0.022%** 0.008
Male head of household (1 =y, 0 =n) -0.013 0.020 0.003 0.008
Household size 0.001 0.003 -0.001 0.002
Individual is disabled (1 =y, 0 =n) 0.140%* 0.018 0.034%** 0.010
Any illness (1 =y, 0 =n) 0.057*** 0.021 0.005 0.011
Socioeconomic quintiles (base: poorest quintile)

Q2 (poorer) -0.027* 0.016 -0.020** 0.008

Q3 (middle) -0.039** 0.016 -0.027*** 0.008

Q4 (richer) -0.048*** 0.016 -0.025%** 0.009

Q5 (richest) -0.0671*** 0.020 -0.030%** 0.0Mm
WASH index -0.010%** 0.003 -0.002 0.002
Household experienced a shock (1 =y, 0 =n) 0.046*** 0.012 0.023*** 0.007
Community characteristics

Number of households in community 0.000*** 0.000 0.000*** 0.000

Trash deposited in a single location (1 =y, 0 =n) 0.033*** 0.012 0.035%** 0.007
Connectivity index (base: least)

Connectivity index (mid) 0.019* 0.01 0.004 0.007

Connectivity index (high) -0.020 0.016 -0.032*** 0.007
Average hours of electricity available 0.000 0.001 0.000 0.001
Weather (means from two months preceding survey)

Humidity (two-month mean presurvey) 0.000 0.002 0.003*** 0.001

Temperature (two-month mean presurvey) -0.016* 0.009 0.008* 0.005
Pseudo R? 0.13 0.08
N 7,086 7,086

Source: Original table for this publication.

Note: The table shows marginal effects from weighted logit models. Dependent outcomes are whether an individual suffers from depression or anxiety.
Models account for primary-sampling-unit-level heterogeneity. WASH = water, sanitation, and hygiene.

*p < 0.10; ¥*p < 0.05; **p < 0.01.



well-being. Disability is a strong predictor for developing mental health comor-
bidity, and accordingly was included in the models. In addition, seasonality—
monsoon and dry season—has been incorporated to explore any effects on
mental health and controlled for specific weather factors such as humidity and
temperature. Finally, the models control for individual WASH practices and
community characteristics.

Depression

Increasing age is significantly associated with increased probability of depres-
sion, with older populations substantially at higher risk (table 4.4). Compared to
the youngest age group of 15 to 25 years, individuals between 26 and 40 years are
more likely to be depressed—5.2 percentage points higher. Similarly, the proba-
bility of having depression is higher for the age group 41 to 64 years—9.6 percent-
age points—and for those ages 65 years or more—16.3 percentage points. Men are
less likely to have depression—2 percentage points less—than women. Each
additional year of education lowers the probability of depression by a modest 0.6
percentage points in absolute terms. Those individuals with a disability have an
increased probability of having depression by 14 percentage points. The pres-
ence of an illness increases the probability of having depression by 5.7 percent-
age points. Increasing socioeconomic status, as measured by asset quintiles,
indicate those with more access to wealth and resources have lower probability
of having depression. As compared to the poorest quintile (Q1), individuals of Q2
were less likely to have depression—2.7 percentage points—with lesser likeli-
hood for members of Q3 at 3.9 percentage points, Q4 at 4.8 percentage points,
and Q5 at 6.1 percentage points. A one point increase in the WASH index has a
protective effect of lowered depression probability of 1 percentage point. The
experience of a household shock—environmental, health, or financial—increases
the probability of depression by 4.6 percentage points. Living in a community
that disposes of general waste in a designated place increases the probability of
depression at 3.3 percentage points. An increased likelihood of depression, at
1.9 percentage points, among those in the middle category of the community
connectivity index, compared to the least connected communities, is also
observed. Finally, an increase in temperature lowers the probability of depres-
sion by 1.6 percent.

Anxiety

Age has a similar effect on anxiety as on depression, with older individuals more
vulnerable to having anxiety. Compared to those of ages 15 to 25 years, an increase
of 2.1 percentage points exists in the probability of being anxious for those of
ages 26 to 40 years, an increase of 1.9 percentage points for the age group 41 to
64 years, and an increase of 4.1 percentage points for those ages 65 years or more
(table 4.4). Men are more likely, by 1.1 percentage points, to have anxiety than
women. Urban residents are more likely to be anxious at 2.2 percentage points
compared to their rural counterparts. Having a disability increases the likeli-
hood of having anxiety by 3.4 percentage points. Similar to depression, increas-
ing socioeconomic status has a protective effect against the probability of having
anxiety: Q2, 2 percentage points; Q3, 2.1 percentage points; Q4, 2.5 percentage
points; and Q5, 3 percentage points compared to the base, Q1. Experiencing a
shock makes it more likely for someone to be anxious by 2.3 percentage points.
Living in a community with a designated general waste disposal location
increases the probability of anxiety by 3.5 percentage points, while living in a
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high-connectivity location decreases its likelihood by 3.2 percentage points.
Increases in mean humidity and mean temperature increase the probability of
having anxiety by 0.3 percent and 0.8 percent, respectively.
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Change in Climate Patterns:
1976-2019

INTRODUCTION

In this chapter, climate data for Bangladesh is analyzed for the period 1976 to
2019 based on data available from the Bangladesh Meteorological Department
(BMD). In addition to minimum and maximum temperatures, information on
rainfall and relative humidity were also collected from BMD. This chapter sum-
marizes the patterns of climate change observed for Bangladesh over the past
44 years and links them to the climate suitability for mosquitoes, keeping in view
the correlation between weather variables and incidence of dengue, as described
in chapter 2. The analyses presented in this chapter’s sections reveal that the
weather patterns for Dhaka city are quite different from those for Chattogram
city. With falling humidity levels, rising temperatures, and increasing rainfall in
the summer months, the risk of dengue spread may be higher in Dhaka. These
are generalized trends, and more localized information is needed to understand
these patterns better.

CHANGES IN TEMPERATURE

Minimum and maximum temperature were analyzed for the entire country
using national averages. Since urbanization is one of the key factors that influ-
ences the spread of dengue, weather variables for Dhaka and Chattogram cities
are separately analyzed.

Bangladesh (national averages)

Bangladesh has gotten warmer over the past 44 years (figure 5.1), with an
increase in annual mean temperature by 0.5°C between 1980 and 2019, based on
three-year averages.

Figure 5.2 provides a more detailed representation of the pattern of
maximum temperature recorded on a monthly basis between 1976 and 2019.
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FIGURE 5.1
Annual mean temperature for Bangladesh, 1976-2019
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FIGURE 5.2
National monthly maximum temperature, Bangladesh, 1976-2019
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Note: The figure shows monthly average maximum temperature for every year between 1976 and 2019. The trend lines across the years for each
month (in red) are represented by a fitted Lowess curve, which is based on the scatterplot for each month. Horizontal dotted lines at 25°C, 32°C, and
35°C indicate the range of maximum temperature that is conducive to the spread of dengue cases. Between 25°C and 35°C (orange line) the spread
increases with a peak at 32°C (blue line). At temperatures higher than 35°C, mosquitoes cannot survive.
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The trends suggest that the maximum temperature continued to rise between
February and November. As described in chapter 2, dengue cases increase
between the maximum temperature range of 25°C to 35°C with a peak at 32°C
(dotted horizontal lines in figure 5.2). At high temperatures of 35°C or more,
mosquito egg production, the number of eggs hatched, and the life span of
female mosquitos decrease significantly. Figure 5.3 analyzes the change in
minimum temperature based on monthly averages over the period 1976 to
2019. Evidence indicates minimum temperatures between 18°C and 25°C are
conducive to the spread of dengue fever. These thresholds are marked in
horizontal dotted lines in figure 5.3.

The temperature in Bangladesh falls well within the range for maximum
temperature of 25-35°C conducive to mosquitoes, with summer tempera-
tures of March to July reaching or rising above the 32°C mark. With respect
to minimum temperature, a mixed pattern prevails with minimum tem-
peratures for December and February falling close to the 18°C, which is
conducive for mosquitoes, while for November and January minimum
temperatures show a declining trend. Humidity and precipitation along
with suitable temperatures are important for mosquito breeding, and
temperature changes alone cannot substantially affect the mosquito life
cycle (chapter 2).

Further analysis of maximum temperature by various regions or zones of
Bangladesh is presented in map 5.1 using three-year averages. In 1980, the
western and central areas of Bangladesh experienced maximum temperature
in the range of 30.6°C to 31.0°C, while the southern part ranged from 30.1°C to

FIGURE 5.3
National monthly minimum temperature, Bangladesh, 1976-2019
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Source: Original figure for this publication.

Note: The figure shows the monthly average minimum temperature recorded for each year between 1976 and 2019. Trend lines across the years
for each month (in red) are represented by a fitted Lowess curve, which is based on the scatterplot for each month. Horizontal dotted lines at 18°C
and 25°C indicate the minimum temperature range that is suitable for mosquitoes.
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30.5°C and eastern areas were the lowest at 29.5°C to 30.0°C. This changed
dramatically over a 40-year period. In 2019, the western part of the country
recorded higher temperatures in the range of 31.6°C to 32.0°C; the central,
southern, and southwest recorded 31.1°C to 31.5°C; and the northeastern part
recorded the lowest of all regions, with the range of 30.6°C to 31.0°C. Map 5.2
presents the incremental change in maximum temperature between 1980 and
2019 for these zones or regions using three-year averages as used for map 5.1.
While the western part of the country recorded the highest maximum tem-
perature in 2019, the incremental change in temperature over time was the
highest for the eastern part of the country, at more than 0.9°C. For the western
region, the increase in maximum temperature was in the range of 0.6°C to
0.9°C. It was lowest for the central part, with an increase of less than or equal
to 0.5°C.

Dhaka city

Like the rest of the country, the city of Dhaka is becoming warmer, with sum-
mers becoming elongated. The maximum temperature in Dhaka has increased
by 0.5°C over the past 44 years (map 5.2). Figure 5.4 presents a more detailed
analysis of the monthly averages for maximum temperature recorded for Dhaka
city between 1976 and 2019. In recent years, average monthly maximum tem-
perature for Dhaka city has risen above 32°C during March to October, with tem-
peratures between April and June reaching close to or above 35°C. As noted
earlier, mosquito production declines significantly at high temperatures and can
result in a decline in the incidence of dengue. The minimum temperature for

Average increase in maximum temperature by Bangladesh zone, 1980 and 2019
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Source: Original map for this publication.

Note: Figures are based on three-year moving averages: that is, 1980 represents average maximum temperature for the years 1978, 1979, and 1980 and
2019 represents an average of 2017, 2018, and 2019. This is done to counter one-off anomalies in weather patterns for any single year over the duration.
The zones cover the following administrative divisions of Bangladesh: central, Dhaka and Mymensingh; northeast, Sylhet; southeast, Chattogram; south,
Barisal; southwest, Khulna; and north, Rangpur and Rajshahi.
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Change in Climate Patterns: 1976-2019

Change in maximum temperature for each Bangladesh zone between 1980 and 2019
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Note: Figures are based on three-year moving averages: that is, 1980 represents average maximum temperature for the
years 1978, 1979, and 1980, and 2019 represents an average of 2017, 2018, and 2019. This is done to counter one-off
anomalies in weather patterns for any single year over the duration. The zones cover the following administrative divisions
of Bangladesh: central, Dhaka and Mymensingh; northeast, Sylhet; southeast, Chattogram; south, Barisal; southwest, Khulna;

and north, Rangpur and Rajshahi.

Dhaka city is rising for all months (figure 5.5), which is quite different for the
trends presented for the national minimum temperature. In recent years, mini-
mum temperatures for November, December, and February have risen above or
reached 18°C, conducive to mosquito breeding.

Chattogram city

Maximum temperature changes for Chattogram city are different from the situ-
ation in Dhaka city and the average for all of Bangladesh, with the overall trend
decreasing for Chattogram city (figure 5.6). In recent years, the average monthly
maximum temperature for Chattogram city has risen above 32°C for the months
of March to October but is less than 35°C, unlike Dhaka city.

Patterns of change in minimum temperature for Chattogram city are pre-
sented in figure 5.7, which show a rising trend for all months like Dhaka. For
the winter months of November to February, minimum temperatures are close

]
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FIGURE 5.4
Maximum monthly average temperature, Dhaka city, 1976-2019
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Source: Original figure for this publication.

Note: The figure shows monthly average maximum temperature recorded for Dhaka city for each year between 1976 and 2019. The trend line
across the years for each month (in red) is represented by a fitted Lowess curve, which is based on the scatterplot for each month. Horizontal
dotted lines at 25°C, 32°C and 35°C indicate the range of maximum temperature that is conducive to the spread of dengue cases; between 25°C
and 35°C (orange lines) the spread increases with a peak at 32°C (blue line). At temperatures higher than 35°C, mosquitoes cannot survive.

FIGURE 5.5
Minimum monthly average temperature, Dhaka city, 1976-2019
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Source: Original figure for this publication.

Note: The figure shows monthly average minimum temperature recorded for Dhaka city for each year between 1976 and 2019. The trend line
across the years for each month (in red) is represented by a fitted Lowess curve, which is based on the scatterplot for each month. Horizontal
dotted lines at 18°C and 25°C indicate the minimum temperature range that is suitable for mosquitoes.
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to or above the 18°C mark, which is conducive for mosquitoes. Humidity and
precipitation along with temperatures are important factors for mosquito
breeding.

CHANGES IN PRECIPITATION

In this section, precipitation data recorded by BMD between 1976 and 2019 are ana-
lyzed. Rainfall-related data are very location specific, and using national averages for
analysis is not the best possible option. The 43 weather stations in Bangladesh are
not uniformly distributed across the country. In the absence of more reliable data,
this generalized analysis is being used to estimate overall trends.

Figure 5.8 shows changes in annual mean rainfall for Bangladesh for the years
1976 to 2019, using three-year averages.? The variation in rainfall across the years
is quite substantial, which is why the trend line represented by the horizonal
blue line in figure 5.8 shows no major change. Overall, the rainfall patterns in
Bangladesh have been in the range that is conducive to mosquitoes: 200 to 800
millimeters of rain.

Map 5.3 shows the variation in rainfall patterns in various parts of the
country for the years 1980 and 2019, using three-year averages. Over time,
rainfall recorded for the southern part of Bangladesh appears to have
decreased: in 1980, average rainfall recorded for southwest and south was in
the range of 150-200 millimeters, which declined to 129-150 millimeters.

FIGURE 5.6
Maximum monthly average temperature, Chattogram city, 1976-2019
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Source: Original figure for this publication.
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Note: The figure shows monthly average maximum temperature recorded for Chattogram city for each year between 1976 and 2019. The trend
line across the years for each month (in red) is represented by a fitted Lowess curve, which is based on the scatterplot for each month. Horizontal
dotted lines at 25°C, 32°C, and 35°C indicate the range of maximum temperature that is conducive to the spread of dengue cases; between 25°C
and 35°C (orange lines) the spread increases with a peak at 32°C (blue line). At temperatures higher than 35°C, mosquitoes cannot survive.
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FIGURE 5.7
Minimum monthly average temperature, Chattogram city, 1976-2019
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Source: Original figure for this publication.

Note: The figure shows monthly average minimum temperature recorded for Chattogram city for each year between 1976 and 2019. The trend
line across the years for each month (in red) is represented by a fitted Lowess curve, which is based on the scatterplot for each month. Horizontal
dotted lines at 18°C and 25°C indicate the minimum temperature range that is suitable for mosquitoes.

FIGURE 5.8
Annual mean rainfall for Bangladesh, 1976-2019
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Source: Original figure for this publication.

Note: The horizontal blue line represents the trend while the vertical bars indicate average rainfall in millimeters for the specific years
indicated.



MAP 5.3
Rainfall patterns across Bangladesh, 1980 and 2019

a. 1980
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Source: Original map for this publication.

Note: Figures are based on three-year moving averages: that is, 1980 represents average rainfall for the years 1978, 1979, and 1980, and 2019 represents
an average of 2017, 2018, and 2019. This is done to counter one-off anomalies in weather patterns for any single year over the duration. The zones cover
the following administrative divisions of Bangladesh: central, Dhaka and Mymensingh; northeast, Sylhet; southeast, Chattogram; south, Barisal; southwest,

Khulna; and north, Rangpur and Rajshahi.

With this change, the western and southern part of Bangladesh recorded the
lowest average rainfall in 2019. As mentioned, this is a generalized analysis to
document overall patterns, in the absence of more localized information.
Further analysis of rainfall data for Dhaka and Chattogram cities separately
follow.

Rainfall patterns for the cities of Dhaka and Chattogram are quite different,
with Chattogram experiencing higher rainfall than Dhaka over the past
44 years, on average (figures 5.9 and 5.10). Average rainfall for Dhaka city has
been increasing between the months of April and August, except in May, when
the overall trend indicates a decreasing pattern. More important, average rain-
fall is within the range of 200 to 800 millimeters, which is conducive to mos-
quito breeding, as discussed in chapter 2. Average monthly rainfall in
Chattogram city for the months of June to August was close to the
800-millimeter mark in recent years, and trends for June and July indicate it
may increase further. Based only on rainfall patterns for the two cities, Dhaka
appears to be more conducive to mosquito breeding than Chattogram. Rainfall
along with humidity and temperature determine climate suitability for mos-
quitoes. It should also be noted that rainfall data for Dhaka and Chattogram as
presented are not very accurate, because both of these divisions are geograph-
ically spread out over large areas, and one weather station each for Dhaka and
Chattogram cities is insufficient. More localized information is required for
accurate analysis and predictions.
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FIGURE 5.9
Monthly average rainfall for Dhaka city, 1976-2019
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Source: Original figure for this publication.
Note: The figure shows monthly average rainfall recorded for Dhaka city for each year between 1976 and 2019. Horizontal dotted lines at 200
and 800 millimeters indicate a range that is most conducive to mosquito breeding. The trend line across the years for each month (in red) is
represented by a fitted Lowess curve, which is based on the scatterplot for each month.
FIGURE 5.10

Monthly average rainfall for Chattogram city, 1976-2019
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Note: The figure shows trends in monthly average rainfall recorded for Chattogram city for each year between 1976 and 2019. Horizontal dotted
lines at 200 and 800 millimeters indicate a range that is most conducive to mosquito breeding. The trend line across the years for each month
(in red) is represented by a fitted Lowess curve, which is based on the scatterplot for each month.
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CHANGES IN RELATIVE HUMIDITY

In this section, data on relative humidity recorded by BMD between 1976 and
2019 are analyzed. Like rainfall, humidity-related data are location specific, and
using national averages for analysis is not the best possible option. The 43
weather stations in Bangladesh are not uniformly distributed across the country.
In the absence of more accurate data, this generalized analysis is used to esti-
mate overall trends.

Map 5.4 shows the relative humidity in various parts of the country and how
it has changed between 1980 and 2019, using three-year averages. It appears that
the north, northeast, and south of Bangladesh are becoming more humid over
time, and in 2019 humidity levels were equal to or more than 80 percent, which
is not conducive for mosquitoes2

The pattern of changes in humidity in Dhaka and Chattogram cities is signifi-
cantly different. In Dhaka, average monthly humidity is declining (figure 5.11),
while in Chattogram it is increasing during summer (figure 5.12), especially in
June and July. Moreover, average humidity in Dhaka city is within the range of
60 and 80 percent, which is conducive to mosquitoes (as explained in chapter 2).
Particularly in recent years, humidity in the summer months in Dhaka is falling
and is below 80 percent. In Chattogram city, however, humidity in recent years
was close to or higher than 80 percent. For mosquitoes spreading dengue, lower
levels of humidity (with high temperature) are more conducive to breeding and
reproduction.

MAP 5.4
Variation in relative humidity across Bangladesh, 1980 and 2019
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Source: Original map for this publication.

Note: Figures are based on three-year moving averages: that is, 1980 represents average humidity for the years 1978, 1979, and 1980 and 2019 represents
an average of 2017, 2018, and 2019. The zones cover the following administrative divisions of Bangladesh: central, Dhaka and Mymensingh; northeast,
Sylhet; southeast, Chattogram; south, Barisal; southwest, Khulna; and north, Rangpur and Rajshahi.
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FIGURE 5.11
Humidity for Dhaka city, 1976-2019
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Note: The figure shows monthly average humidity recorded for Dhaka city for each year between 1976 and 2019. Horizontal dotted lines at
60 percent and 80 percent represent the range most conducive to mosquito breeding. The trend line across the years for each month (in red)
is represented by a fitted Lowess curve, which is based on the scatterplot for each month.

FIGURE 5.12
Humidity for Chattogram city, 1976-2019
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Note: The figure shows monthly average humidity recorded for Chattogram city for each year between 1976 and 2019. Horizontal dotted lines at
60 percent and 80 percent represent the range most conducive to mosquito breeding. The trend line across the years for each month (in red) is
represented by a fitted Lowess curve, which is based on the scatterplot for each month.



HEAT INDEX

Heat waves and exposure to high temperatures have negative impacts on human
health, with morbidity and mortality caused by heat-related stress (Watts et al.
2020). Densely populated areas of the world are increasingly exposed to warmer
climatic conditions, experiencing higher change in mean summer temperature
compared to the global average (WMO 2020). Such extreme heat conditions are
taking a toll on human health and overwhelming the health systems, with greater
consequences for places where extreme heat occurs in the context of aging pop-
ulations, urbanization, urban heat island effects, and health inequalities (WMO
2020). The elderly, people with disabilities or preexisting medical conditions or
with both, and those exposed to heat from working outdoors or in noncooled
environments are the worst affected by heat waves (Watts et al. 2020). Heat-
related mortality among the elderly population—people more than 65 years of
age—has increased by 53.7 percent in the past 20 years (Watts et al. 2020). Due to
heat stress, people’s productivity at work is impacted, and in Bangladesh an esti-
mated 148 work hours per person was lost in 2019, which translates to 18.2 billion
work hours lost in total for the country, compared to 13.3 billion work hours lost
in 2013 (Watts et al. 2020).

The change in heat index expressed in degrees Celsius for Dhaka and
Chattogram cities is analyzed for the period 1976 to 2019 (figure 5.13) to provide an
overview of how heat affected these cities. Heat index is a measure of real feel
when relative humidity is factored in with the actual air temperature (United
States, NWS 2020). The heat index was constructed using BMD’s data for maxi-
mum temperature and humidity to represent composite conditions using the
Rothfusz (1990) equation. Overall, the heat indexes indicate a “danger” level
during the months of April to October, with little variation over the years. A danger
level of the heat index indicates that heat cramps and heat exhaustion are likely
while heat stroke is probable with continued outdoor activity. The major differ-
ence between Dhaka and Chattogram cities is noted in January, with Dhaka being
relatively cooler than Chattogram, shown by more light blue cells in figure 5.13
(indicating a temperature range that will not adversely affect humans, with heat in
normal limits of less than 27°C). A deeper look at the two indexes reveals differ-
ences over time: for example, in 1976 there was a range of 40°C and 45°C for Dhaka
and 40°C and 47°C for Chattogram; in 2018-19, the range increased to 45°C and
51°C for both the cities.

NOTES

1. This is done to counter one-off anomalies in weather patterns for any single year over the
duration. The overall average is based on the average of annual maximum temperatures for
the years 1978-80 and for the years 2016-19.

2. This is done to counter one-off anomalies in weather patterns for any single year over the
duration. The overall average is based on the average of annual maximum temperatures for
the years 1978-80 and for the years 2016-19.

3. This is done to counter one-off anomalies in weather patterns for any single year over the
duration. The overall average is based on the average of annual maximum temperatures for
the years 1978-80 and for the years 2016-19.

4. As mentioned in chapter 2, relative humidity levels of 60-80 percent is conducive to mos-
quito breeding.

Change in Climate Patterns: 1976-2019
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FIGURE 5.13

Heat index for cities of Dhaka and Chattogram for each month between 1976 and 2019
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Fatigue is possible with prolonged exposure and activity. Continuing activity could result in heat cramps.

33-40°C Heat cramps and heat exhaustion are possible. Continuing activity could result in heat stroke.

Heat cramps and heat exhaustion are likely; heat stroke is probable with continued activity.
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Source: Original figure for this publication.
Note: Heat index is a measure of “real feel” that combines relative humidity and actual air temperature (United States, NWS 2020). Empty cells indicate no
data were available.
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Climate Change Observed:
1901-2019

The erratic nature of rainfall and temperature has increased in Bangladesh.
Significant increasing trends in cyclone frequency have been observed during
November and May, the main months for cyclone activity in the Bay of Bengal.
This chapter focuses on changes in annual temperature and precipitation for the
past 100 and more years.

Bangladesh has a humid, warm climate influenced primarily by monsoon and
partly by premonsoon and postmonsoon circulations. Average temperatures
approximate 26.1°C but can vary between 15°C and 34°C throughout the year.
The warmest months coincide with the rainy season—March to September—
while winter from December to February receives less rainfall. Bangladesh is
one of the wettest countries of the world, with most areas receiving at least
1,500 millimeters of rainfall per year and can experience as much as
5,800 millimeters. Rainfall is driven by the southwest monsoon, which originates
over the Indian Ocean and carries warm, moist, and unstable air, beginning
approximately during the first week of June and ending in the first week of
October. Major climate drivers in Bangladesh include the easterly trade winds,
the southwest monsoon, and the El Nifio Southern Oscillation.

Figure 6.1 shows the change in mean monthly temperature between 1901 and
2019 using averages for two 30-year periods, 1901-30 and 1991-2019. Overall,
annual mean temperatures have increased. Summers are hotter and longer—
temperatures for March to October rising by 1.1°C to 1.3°C except for July and
September, when it increased by 0.8°C. Winters are also becoming warmer, with
average annual temperature rising by 1.6°C to 1.8°C in November and December;
in January it increased by 0.6°C. The maximum change in annual temperature is
seen in February, when it increased by almost 1.9°C.

Changes in mean monthly precipitation between 1901 and 2019 using averages
for two 30-year periods 1901-30 and 1991-2019 are presented in figure 6.2. For
the peak monsoon season from June to August, average monthly mean rainfall
has declined by about 60 millimeters, except for July when it declined by
1.34 millimeters. Mean monthly rainfall for September and October hasincreased
by about 43 millimeters, which indicates the monsoon period is becoming longer,
extending from February to October.
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FIGURE 6.1
Change in historical mean monthly temperature, 1901-2019
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Source: Calculation based on data from the Bangladesh Meteorological Department and
the Climate Change Knowledge Portal database of the World Bank, https://
climateknowledgeportalworldbank.org.

Note: The difference is based on two 30-year averages: 1901 to 1930 and 1991 to 2019.

FIGURE 6.2
Change in historical mean monthly rainfall, 1901-2019
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Source: Calculation based on data from the Bangladesh Meteorological Department and
the Climate Change Knowledge Portal database of the World Bank, https://
climateknowledgeportalworldbank.org.

Note: The difference is based on two 30-year averages: 1901 to 1930 and 1991 to 2019.

Although Bangladesh is said to have six seasons according to the Bengali
calendar year, marked by distinct weather features, the analyses in this section
indicate these distinctions are getting blurred. Summers are becoming hotter
and longer, now spanning from February to October, while the monsoon is also
spread over a longer period between February and October with the peak
monsoon experiencing less rainfall. Winters are becoming warmer. In essence,
Bangladesh appears to be losing its seasonality.
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7 Climate Projections to 2099

Using data from the World Bank Climate Change Knowledge Portal, this chapter
discusses climate projections up to 2099 According to an assessment conducted
by the Intergovernmental Panel on Climate Change (IPCC), continued emis-
sions of greenhouse gases will cause further warming in Bangladesh (IPCC
2014). Mean temperatures across Bangladesh are projected to increase by 1.4°C
and 2.4°C by 2050 and 2100, respectively. This warming is expected to be more
pronounced in the winter months from December to February. Map 7.1 presents
the projected temperature changes for Bangladesh. Observed data indicate that
the temperature is generally increasing in the monsoon season of June to August.
Average monsoon season maximum and minimum temperatures show an
increasing trend annually at the rate of 0.05°C and 0.03°C, respectively.

Rising temperatures leading to more intense and unpredictable rainfalls
during the monsoon season and a higher probability of catastrophic cyclones are
expected to result in increased tidal inundation. This was evident during the
recent super-cyclone Amphan in 2020, when Bangladesh experienced heavy
monsoon rains that led to flooding in various parts of the country, whereby
greater than one-third of the country was flooded, with more than 4.9 million
people affected and 42 lives lost.

Map 7.2 presents the projected change in maximum rainfall in Bangladesh.
Peak five-day rainfall intensity—a substitute for an extreme storm event—is pro-
jected to increase. Annual precipitation will rise by 74 millimeters by 2040-59.
The frequency of tropical cyclones in the Bay of Bengal may increase, and
according to the IPCC (2001) there is evidence that the peak intensity may
increase by 5 percent to 10 percent and precipitation rates may increase by
20 percent to 30 percent. Cyclone-induced storm surges are likely to be exacer-
bated by a potential rise in sea level of more than 27 centimeters by 2050.
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MAP 7.1
Projected change in monthly temperature compared to 1986-2005

a. 2020-39 b. 2040-59 c. 2060-79 d. 2080-99
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Source: World Bank Climate Change Knowledge Portal database.
Note: Future climate information is derived from 35 available global circulation models used by the IPCC (2014) fifth assessment report. Data are presented
at a 1° x 1° global grid spacing, produced through bilinear interpolation.

MAP 7.2
Projected change in maximum five-day rainfall compared to 1986-2005
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Source: Climate Change Knowledge Portal of the World Bank database.

Note: Change in the largest consecutive five-day cumulative precipitation sum per month or year relative to the reference period (1986-2005). These
values are often larger in the warm season, and they are broadly expected to increase as the atmosphere has a higher capacity to carry moisture along as
temperatures warm.



NOTE

1. Climate projections are available from the World Bank Climate Change Knowledge Portal
database, “Country: Bangladesh,” https://climateknowledgeportal. worldbank.org/country
/bangladesh/climate-data-projections.
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Patterns of Infectious Diseases

in Bangladesh

INTRODUCTION

In this chapter, data for vector- and waterborne diseases are analyzed in line
with the evidence presented in chapter 1. The incidence and mortality related to
dengue for Bangladesh are showing an increasing trend, but these are declining
for diarrhea and malaria. This finding aligns with existing literature, which
shows incidence of dengue is high in many regions where malaria has been
effectively controlled or eradicated (Ooi et al. 2010).

PATTERNS OF DENGUE, 2000-20

The first outbreak of dengue in Bangladesh was recorded in 1964 and was termed
“Dacca fever” at that time. Sporadic outbreaks of dengue followed between 1964
and 1999 but were not officially recorded (Hsan et al. 2019). The first official
outbreak of dengue was reported in 2000 with 5,551 cases and 93 deaths, and
2019 recorded the highest incidence of 101,354 cases and 164 deaths (figure 8.1).
These figures are likely to be underreported, as national surveillance is passive
(Mamun et al. 2019) and only cases reported in hospitals are included.

Table 8.1 summarizes the incidence and deaths caused by dengue by location.
Half of the total dengue cases reported in 2019 for Bangladesh was in Dhaka city
alone, with 51 percent of the cases, while the entire Dhaka division, including
Dhaka city, reported 63 percent of the total cases. Most of the dengue-related
deaths were also in Dhaka division, at 82 percent, with Dhaka city accounting for
77 percent of the total deaths reported in the country. After Dhaka, Khulna divi-
sion recorded the second highest incidence at 12 percent and a dengue-related
mortality of 9 percent of the total recorded for the country.

Dengue is usually prevalent between July and September in Bangladesh.
Based on data between 2000 and 2017, almost 50 percent of the dengue cases
occurred during the monsoon season and 49 percent during the postmonsoon
season (Mutsuddy et al. 2018). Since 2014, however, these trends have been
changing, and between 2015 and 2017, dengue cases were reported to be more
than seven times higher in the premonsoon season, compared to the previous
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FIGURE 8.1

Dengue incidence and deaths in Bangladesh, 2000-20
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Sources: Mamun et al. 2019; the Bangladesh Directorate General of Health Services (DGHS) Health Emergency Operations Center for 2019
and 2020.

TABLE 8.1 Dengue fever cases and deaths in Bangladesh, 2019

Deaths (®)

CASES DEATHS
LOCATION NUMBER % OF TOTAL NUMBER % OF TOTAL
Dhaka city 51,810 51 127 77
Dhaka division (excluding Dhaka city) 11,743 12 8 5
Dhaka division (total) 63,553 63 135 82
Chattogram division 8,359 8 2 1
Khulna division 1,975 12 15 9
Rangpur division 2,175 2 2 1
Rajshahi division 4,814 5 2 1
Barisal division 7,086 7 5 3
Sylhet division 1,01 1 1 1
Mymensingh division 2,381 2 2 1
Bangladesh
(Total rounded to nearest whole number) 101,354 100 164 100

Source: The Bangladesh Directorate General of Health Services (DGHS) Health Emergency Operations Center.

14 years. Figure 8.2 shows the monthly pattern of dengue for the period 2008 to
2019. In 2019, incidence of dengue was reported for an extended period, with an

early onset in June and ending in November.

Climate change or variability, unplanned rapid urbanization, high population
densities, and insufficient preparedness, including inadequate public health
infrastructure and suboptimal vector-control programs, contribute to the mag-
nitude and severity of dengue outbreaks in Bangladesh (Hsan et al. 2019). The
following subsection analyzes the weather variables for Dhaka and Khulna for
2019—the two divisions that recorded the highest disease incidence and
dengue-related mortality—to assess if climate variability contributed to the 2019

outbreak in Dhaka.
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FIGURE 8.2
Distribution of dengue fever cases by month in Bangladesh, 2008-19
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DID WEATHER CONDITIONS CONTRIBUTE TO THE 2019
DENGUE OUTBREAK IN DHAKA?

Yes, perhaps, due to heavy rain in February followed by favorable temperatures
and humidity in the subsequent months. As mentioned in chapter 2, conducive
weather conditions determine disease transmission; for even if competent spe-
cies or vectors are present, the pathogen will not spread if temperatures are not
suitable.

Dhaka was ranked the sixth most populous city in the world in 2020, with
29,069 people per square kilometer (Wright 2020), and is the most densely pop-
ulated city in Bangladesh, followed by Chattogram in the second spot and
Khulna, the third (WPR 2021). In this section, weather variables for Dhaka in
2019 are analyzed in detail to understand if they contributed to the higher den-
gue cases and deaths in Dhaka. As mentioned in chapter 2, the risk of dengue
fever increases at the onset of rainfall and can last for at least three months. A
quick comparison of the data presented in figure 8.3 and figure 8.4 indicates that
the climate was more conducive for mosquito breeding in Dhaka than in other
areas. Maximum temperature was in the range of 25°C and 35°C for Dhaka and
Chattogram, but for Khulna it was close to or exceeded 35°C in the months of
April to June. Rainfall was higher in Dhaka and Khulna than in Chattogram for
the months of February to June, with the exception of May. With respect to rel-
ative humidity, Dhaka was in the range of 60 to 80 percent, which is conducive
to breeding mosquitoes, while Khulna and Chattogram were close to or exceeded

2013
2019

Nov

Dec
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FIGURE 8.3
Minimum and maximum temperature and relative humidity for Chattogram, Dhaka, and Khulna,
February-July 2019
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Source: Original figure for this publication.

Note: DHK = Dhaka, KHU = Khulna, and CTG = Chattogram. As noted in earlier sections, climatic conditions suitable for mosquitoes spreading
dengue are maximum temperature in the range of 25°C to 35°C, with a peak at 32°C; minimum temperature in the range of 18°C to 25°C; and
relative humidity in the range of 60 to 80 percent.

the 80 percent mark between May and July. In July 2019, although the maximum
temperature for Chattogram was the lowest among the three areas, rainfall for
Chattogram was the highest at 1,135 millimeters—much higher than the condu-
cive range of 200 to 800 millimeters—which probably helped wash away the
mosquitoes and their larvae.

Rainfall recorded for the month of February over 44 years is analyzed
(figure 8.4). Of the three divisions, Khulna recorded the highest rainfall overall
between 1976 and 2020, with 166 millimeters of rain in 2019. The same year,
Dhaka recorded the highest rainfall in its history with 115 millimeters. Such high
levels of rainfall were previously recorded in Khulna and Chattogram in the
1990s, before 2000 when the dengue outbreak was first officially recorded in
Bangladesh. Other factors remaining constant, these weather conditions—
temperature, humidity, and rainfall—optimally aided the spread of the pathogen
and may help explain the dengue outbreak in Dhaka in 2019.

MALARIA, 2000-20

Malaria is endemic in 91 countries at present representing 3.2 billion people at
risk, which is almost half of the world’s total population (WHO 2016). The dis-
ease is a major public health problem in Bangladesh. It is highly endemic in 13
out of 64 districts, and approximately 11 million people are at risk of the disease
(WHO n.d.). In 2008, all these 13 districts were highly endemic areas, but since
2013, only three districts are classified as such (map 8.1). The forested and hilly
terrain of Bandarban, Khagrachari, Rangamati, and Cox’s Bazar districts have
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FIGURE 8.4
February rainfall for Chattogram, Dhaka, and Khulna, 1976-2020
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Source: Original figure for this publication.

the geophysical potential for intense malaria transmission throughout the year,
and increased mobility of the nonimmune population in the Chattogram Hill
Tract districts further adds to the risk of transmission (WHO n.d.). As shown in
figure 8.5, the total reported cases of malaria and incidence per 1,000 population
at risk declined significantly for Bangladesh between 2000 and 2018. The inci-
dence rate has declined from 7.2 cases per 1,000 population at risk in 2000 to
0.7 in 2018, while the total reported cases was 10,426 in 2018 compared to 55,599
in 2000.

The decline in malaria prevalence is due to a successful intervention by the
Ministry of Health and Family Welfare through its National Malaria Control
Program. A study based on malaria data between 2008 and 2012 concluded
“prevalence of all malaria, severe malaria, and malaria-associated mortality
decreased in Bangladesh after 5 years of interventions” (Haque et al. 2014, 102),
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MAP 8.1
Malaria endemic districts in Bangladesh
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Source: Saha et al. 2019, based on data from Bangladesh, National Malaria Elimination Program, https://nmcp.gov.bd/.

Note: There are 13 malaria endemic districts in Bangladesh: 3 high (red), 1 moderate (pink), and 9 low (blue or yellow).

FIGURE 8.5
Incidence of malaria
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and the decline in malaria cases across all age groups was associated with
increased coverage of insecticide-treated nets. Other factors that may have con-
tributed to this decline include effects of climate variability as average maximum
temperatures in Bangladesh have risen well above the range 24°C and 28°C
required for malarial parasite and vector (Haque et al. 2014). In addition, there is
global evidence of malaria appearing at higher altitudes over time. This may
mean that malaria prevalence will decline further, as it has reached the highest
altitude in Bangladesh in the Chittagong Hill Tracts region. However, the exist-
ing risk factors for malaria include resistance to a number of drugs previously
recommended for treatment for malaria as well as low socioeconomic status of
large sections of the population and their close proximity to water bodies and
forest areas (Islam, Bonovas, and Nikolopoulos 2013).

DIARRHEA AND CHOLERA, 1993-2018

Prevalence of diarrhea declined from 12.6 percent in 1993-94 to 4.7 percent in
2017-18 (figure 8.6), measured as the percentage of children under five years of
age who had had diarrhea in the two weeks preceding the Bangladesh
Demographic and Health Survey (Bangladesh NIPORT and ICF 2020).

Bangladesh has successfully managed diarrhea among children. As shown in
figure 8.7, the trends in diarrhea-specific mortality and under-five child
mortality caused by diarrhea are declining. In 2017-18, diarrhea accounted for
only 3.25 percent of deaths among children under five years of age (Bangladesh
NIPORT and ICF 2020). This is due to the significant increase in the treatment
of diarrheawith oral rehydration therapy. Between 1994 and 2018, the percentage
of children receiving oral rehydration therapy or increased fluids increased
from 58.3 percent to 87.0 percent (Mitra et al. 1994; Bangladesh NIPORT and
ICF 2020).

Cholera, a disease that has disappeared from most developed countries, con-
tinues to be endemic in 23 countries of the world, especially in tropical countries
like Bangladesh with an incidence rate of 1.64 cholera cases per 1,000 population

FIGURE 8.6
Prevalence of diarrhea among children under five years of age

14 -
12.6

12 4

10 4

Prevalence of diarrhea (%)

0,9& o A %00
) o
O O o S
K

Source: Original figure for this publication.

89



90

CLIMATE AFFLICTIONS

FIGURE 8.7
Diarrhea-specific mortality and under-five mortality caused by diarrhea, 1980-2015
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at risk (Ali et al. 2015). Within Bangladesh, cholera is endemic in certain parts of
the country and its transmission increases during extreme weather events like
floods and droughts. Some association of cholera transmission occurs with water
temperature in ponds and rivers as well as rainfall. Although cholera affects all
ages, most deaths occur in children under five years of age (Islam, Clemens, and
Qadri 2018). Approximately 3,272 annual deaths are estimated to be associated

with cholera in Bangladesh (Ali et al. 2015).
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Way Forward and
Conclusions






Recommendations for Public

Policy

INTRODUCTION

Based on the discussions presented in parts IT and I1T of this report, the follow-
ing public policy recommendations can be implemented with the help of the
existing institutions and platforms with decision makers, implementers, aca-
demia, and technical experts working in complementarity. Policy options are
classified under two broad approaches: the first documents the known in order
to be better informed with evidence and analyses on the effects of climate change
and climate variability that are known to have occurred. This category includes
both short- and medium-term actions and will help predict and mitigate risks.
The second addresses knowing the unknown or not-so-well-known, an effort to
explore impacts or effects that have not been adequately researched and, hence,
help formulate adaptation measures over the longer term.

DOCUMENTING THE KNOWN

Record more accurate weather data with localized information

The Bangladesh Meteorological Department (BMD) needs to expand the num-
ber of weather stations geographically to be able to collect more localized and
granular information on the various weather variables. Factors such as popula-
tion density, migration patterns, and urbanization should play a strong role when
choosing where to install additional weather stations to ensure accurate and
strategic representation of these weather sites. While satellite-based informa-
tion is useful to generate an overall perspective, localized climatic conditions,
particularly rainfall and humidity, are important to trace climate-sensitive dis-
eases. The effects of changing weather and consequently of climate change work
in different ways: for example, the rise in temperature can cause direct and
sometimes opposing effects on the ecosystems of vector-borne diseases (Fouque
and Reeder 2019). Therefore, further analyses based on local climatic conditions
are necessary. In addition, climate forecasts are more accurate during El Nifio and
La Nifa episodes! for such areas affected by El Nifio-Southern Oscillation as
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Bangladesh (Lowe et al. 2017). It is, therefore, important for BMD to actively use
such opportunities to record accurate data.

Strengthen surveillance of diseases and set up a “dengue early
warning system”

Surveillance involves two strands of information—entomological data collec-
tion, or the study of vector or mosquito life cycles—and the information system
that links epidemiological data on disease incidence with climatic data associ-
ated with transmission ecology. The Ministry of Health and Family Welfare
(MoHFW) needs to strengthen its routine surveillance mechanisms to track
incidence and prevalence of diseases. Second, existing literature highlights the
importance of using localized climatic conditions to predict the evolution of
infectious diseases, after considering other important compounding factors
such as a population’s immunity status, internal migration or mobility patterns,
and implementation of vector control measures. In Ecuador, for example, the
peak dengue season has shifted from the first trimester to the second trimester,
although dengue transmission remains high in the hot and rainy season
(Loweetal. 2017). Hence, there is aneed for the MoHFW to set up a climate-based
dengue early warning system that will use climate data to track potential disease
outbreaks. The effectiveness of such systems is dependent on the capacity to
collect accurate climate information and use it to forecast patterns (Lowe et al.
2017). This points to the imperative for enhanced coordination between MoHFW
and BMD to develop such a climate-based dengue early warning system.

Enhance vector control measures through innovative
approaches

Aedes mosquito and dengue control in Bangladesh require a multisectoral, tar-
geted, data-driven response. Overreliance on reactive fogging, space spraying
that targets adult mosquitoes, and untargeted larval control are not an efficient
use of resources. First, the government has to strengthen intra- and intersectoral
collaboration. It is not just the health sector, but water, sanitation, and hygiene;
education; and transportation, among others, need to be better engaged and
coordinated. Effective community engagement can also help generate and dis-
seminate correct information regarding Aedes control and pave the way for
community-level innovations and solutions. Second, evidence suggests that
mosquito control is most effective during the high temperature seasons, as the
mosquito life cycle is influenced by climatic conditions (Lai 2018). Therefore,
efforts for controlling mosquitoes should be strategically timed to maximize the
effects of the interventions: spraying insecticides, clearing drainage, and other
community-based interventions.

Measure air quality to tackle an important confounding factor

As discussed in this report, air pollution is an important determinant of respira-
tory illnesses and other diseases. BMD is well positioned to track air pollution
levels using instruments in the field as well as satellites. Geostationary opera-
tional environmental satellites (the GOES-R series) and the joint polar satellite
system monitor the particle pollution in the atmosphere. These track smoke par-
ticles from wildfires, airborne dust during dust and sandstorms, urban and



industrial pollution, and ash from erupting volcanoes (SciJinks n.d.). The exist-
ing sources of information coupled with localized ground-level information can
assist the government in tracking air pollution levels in Bangladesh. This infor-
mation should be used to analyze how patterns of diseases are correlated and,
accordingly, implement measures to reduce air pollution.

Mental health issues merit urgent attention

Due to cultural norms, mental health issues such as depression and anxiety are
largely ignored in Bangladesh and merit better understanding. Once the under-
lying situation is better understood, effective mitigation measures should be
implemented accordingly. While women are at higher risk than men for depres-
sion, men are more susceptible to anxiety. Traditional gender norms and societal
underpinning, therefore, indicate the necessity of gender-sensitive program-
matic efforts. In addition to a more mainstreamed response through provision of
mental health services, community-based solutions for prevention and treat-
ment are well warranted. Creation of peer support groups, for instance, can help
diffuse feelings of loneliness, depression, and anxiety among the elderly.
Additionally, training nonspecialists to detect and treat common mental
disorders has been shown to be effective in many low- and middle-income
settings. Such types of supported task-sharing approaches for mental health are
worth consideration.

KNOWING THE NOT-SO-WELL-KNOWN

Further research is needed to document accurately the effects
of climate change on health as well as other sectors

Establishing the causal effects of climate change on health outcomes will entail
the collection and analyses of long-term, household-level data and localized cli-
matic conditions. The Ministry of Environment, Forest, and Climate Change
may be better placed to undertake such multisectoral research using household
panel surveys over longer periods of time for all relevant sectors. Given their
experience in dealing with large household-level surveys, the Bangladesh Bureau
of Statistics may be able to assist. Such surveys would help quantify and eventu-
ally project the effects of climate change accurately, mitigate imminent risks, and
identify and adapt to emerging issues. For example, it is not known if the out-
break of novel coronavirus disease in 2020 is a direct or indirect effect of climate
change. Similarly, the effects of heat on human health in Bangladesh need to be
understood. Also to be prioritized are more detailed research on air pollution
and zoonotic diseases.

Track the carbon footprint for Bangladesh and limit greenhouse
gas emissions

While the country’s vulnerability to the effects of climate change is well known—
Bangladesh bears a disproportionate brunt of the world’s increased greenhouse
gas emissions—what is not known is Bangladesh’s contribution to the problem of
climate change. In 2012, Bangladesh emitted 190 million metric tons of green-
house gas, which represents almost a 60 percent increase between 1990 and

Recommendations for Public Policy

97



2012, and the agriculture industry and energy sector contributed to over
70 percent of the total emissions in 2012 (ClimateLinks 2016). The Government
of Bangladesh’s Climate Change Action Plan identifies measures to reduce car-
bon emissions. It is now critical to ensure that such measures are implemented
to help limit the country’s total carbon emissions.

NOTE

1. “El Nifo is the warm phase of the El Nifio—Southern Oscillation (ENSO) and is associ-
ated with a band of warm ocean water that develops in the central and east-central equa-
torial Pacific. The ENSO is the cycle of warm and cold sea surface temperature of the
tropical central and eastern Pacific Ocean. El Nifo is accompanied by high air pressure
in the western Pacific and low air pressure in the eastern Pacific. El Nifio phases
are known to last close to four years, but can continue for any duration between two and
seven years. The cool phase of ENSO is La Nifa, with sea surface temperature in the
eastern Pacific below average, and air pressure high in the eastern Pacific and low in the
western Pacific. The ENSO cycle, including both El Nifio and La Nifa, causes
global changes in temperature and rainfall.” As defined in Wikipedia, “El Nifio,”
https://en.wikipedia.org/wiki/El_Ni%C3%B]1o.
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1 o Conclusions

CLIMATE VARIABILITY AND DISEASES IN BANGLADESH

Bangladesh’s vulnerability to the deteriorating effects of climate change is well
documented. Because of its geographical attributes and location, Bangladesh is
listed among the 10 countries in the world most vulnerable to climate change.
Evolving climatic conditions have already negatively affected human health, and
the effects are expected to intensify with the predicted changes in weather
patterns. For instance, in tropical countries such as Bangladesh, infectious dis-
ease transmission is likely to precipitate certain vector-borne diseases such as
malaria or dengue fever and waterborne diseases such as diarrhea and cholera.
Incidences of respiratory diseases can increase due to extreme temperatures that
aggravate airborne allergens and pollution (World Bank 2012). A global rise in
temperature by 4°C—a scenario referred to as the worst case of global warming!—
would create unprecedented levels of stress on health that would likely overbur-
den the global health systems to a point where adaptation would no longer be
feasible (World Bank 2012). Hence, the prevailing situation underscores the
urgency for the public sector to be better prepared to respond to the crisis.

TRACKING AND UNDERSTANDING CORRELATIONS OF
WEATHER PATTERNS TO HUMAN HEALTH IN BANGLADESH

There is a need to better understand how the climate has changed over the years
and to document the connections between climate variability and human health.
Climate variability refers to short-term changes in weather variables on average;
these may occur over a month, a season, or a year. Climate change, however,
refers to changes in average meteorological conditions and seasonal patterns
over a longer time, often covering several years (Mani and Wang 2014). Globally,
literature on quantifying the effects of climate variability on health is limited.
Evidence from Bangladesh is constrained by analyses that focus on specific
regions in the country; are conducted with small nonrepresentative datasets,
health conditions, or both; and are generally not related to exposure to real-time
climatic data.
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This report, therefore, has sought to fill the knowledge gap across four broad
areas: (1) use documented evidence to establish connections between climate
change or climate variability and health, as well as the influence of weather vari-
ables, particularly on mosquitoes, one of the largest sources of vector-borne dis-
eases; (2) study changes in weather patterns in Bangladesh historically since
1901 with a focus on the past 44 years; (3) gather primary data representative of
urban and rural areas to quantify the relationship between climate variability
and infectious diseases and mental health in Bangladesh;2and (4) apply globally
recognized standards to measure the prevalence of depression and anxiety at the
urban and rural levels and establish its causal relationship to climate variability
and seasonal patterns in Bangladesh.2

CLIMATE VARIABILITY’S IMPACTS ON THE INCIDENCE OF
INFECTIOUS DISEASES AND MENTAL HEALTH

The report provides two pieces of evidence. First, it finds that humidity and
mean temperature are negatively correlated to waterborne diseases but posi-
tively correlated to respiratory illnesses from analyses of primary data collected
from a representative sample of 3,600 households. Likewise, mean humidity is
positively correlated to mental health issues of anxiety and depression, while
mean temperature is negatively associated with depression.

Second, data related to the 2019 dengue outbreak in Dhaka indicate that
climate variability played a key role. The outbreak of dengue cases can be par-
tially explained by weather patterns—uncharacteristically heavy rain in February
2019, followed by temperature and humidity levels conducive to mosquito
breeding in the subsequent months from March to July 2019.

A TIPPING POINT IN BANGLADESH

Considerable changes to the climate have already occurred in Bangladesh. Over
the past 44 years, Bangladesh has become hotter, with a 0.5°C increase in mean
temperature recorded between 1976 and 2019. Trend analyses indicate that the
maximum temperature continues to rise for all months except December and
has already substantially increased from February to November. Overall, sum-
mers are becoming hotter and longer with the monsoon period being extended
from February and October, while winters are becoming warmer. Bangladesh
appears to be losing its distinct seasonality.

IMPLICATIONS AND NEXT STEPS FOR BANGLADESH

The projected changes in climate will have considerable ramifications on the
health of the population. With further climatic changes predicted across
Bangladesh, including increases of temperature by approximately 1.4°C circa
2050 and annual rainfall expected to rise by 74 millimeters by 2040-59, the del-
eterious effects on human physical and mental health are likely to escalate.
These projections and the overall findings of the report underscore the need for
(D) improving data collection systems for better predictability of weather and
associated impacts on health outcomes, (2) strengthening health systems to



preempt and mitigate potential outbreaks of infectious and other emerging or
reemerging climate-sensitive diseases, and (3) ensuring adequacy of response
mechanisms for better adaptation to the effects of climate change.

NOTES

1. Presented at the Paris Climate Change Conference of Parties in 2015 where the Paris
Agreement was signed.

2. Sampling also allows for disaggregated analysis for major urban centers such as Dhaka and
Chattogram cities.

3. Using the locally contextualized versions of the tools, depression is measured using the
Patient Health Questionnaire-9 (PHQ-9) and anxiety using Generalized Anxiety Disorder-7
(GAD-7).
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APPENDIX A

Detailed Review of Existing Literature
Linking Climate Change to Diseases,
Infections, and llinesses Globally and
in Bangladesh

INFECTIOUS DISEASES: GLOBAL PERSPECTIVE

Climate change will affect many climate-sensitive infectious diseases through
the survival, reproduction, or distribution of disease pathogens and hosts as well
as the availability and means of their transmission environment. Human behav-
iorsuch as crowding and displacement will amplify risks of infection (McMichael
2012). An agent (pathogen), a vector (host), and favorable transmission environ-
ment are three components that are essential for infectious diseases to spread
(Wu et al. 2016). There is a limited range of climatic conditions—the climate
envelope—within which each infective agent or vector species can survive and
reproduce (Patz et al. 2003). Therefore, changes in the climate, which include
alterations in one or more variables like temperature, rainfall, sea-level eleva-
tion, wind, and duration of sunlight, directly impact the survival, reproduction,
or distribution of disease pathogens and hosts, as well as the availability and
means of their transmission environment (Wu et al. 2016).

Sufficient observational evidence is available on the effects of meteorological
factors on the incidence of vector-borne, waterborne, airborne, and foodborne
diseases. A large number of studies have been conducted globally to identify the
seasonal patterns and climatic sensitivities of many of these infectious diseases.
A more contemporary concern is the extent to which changes in disease patterns
will occur under the conditions of global climate change (Patz et al. 2003). As
such, the correlation between meteorological factors and the components of
transmission cycles—for example, parasite development rates, vector biting and
survival rates—or the observed geographical distribution of disease have been
used to generate predictive models (Campbell-Lendrum et al. 2015). These mod-
els link projections of future scenarios of climate change with other determi-
nants like gross domestic product—as a measure of socioeconomic and
technological development—and urbanization. However, because of uncertain-
ties in climate projections and future development trends as well as the com-
pounding effects of natural climate variability over short to medium
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timescales—from years to one or two decades—the models are highly approxi-
mate and are only able to comment on broad trends, for example, the effects of
climate changes in populations at risk at the global scale for the 2030s or the
2050s, rather than at local levels for specific years (Campbell-Lendrum et al.
2015).

Malaria

Globally, malaria, dengue, yellow fever, chikungunya, and Zika are the major
vector-borne diseases that are a concern of public health, as these diseases are
associated with a high burden of morbidity and mortality. These are now mostly
transmitted human to human via Anopheles and Aedes mosquitoes in tropical
and subtropical regions (Ogden 2017). Aedes can spread viruses that cause den-
gue fever, yellow fever, and Zika, while Anopheles can spread parasites leading to
malaria. Tropical and subtropical climatic regions of the world including Africa,
Asia, Central and South America, and certain Caribbean islands are highly con-
ducive to malaria transmission given the temperature and humidity needs of the
Anopheles mosquitoes and Plasmodium parasites (Sadoine et al. 2018; Nabi and
Qader 2009).

The relationship between malaria transmission, climatic factors, and socio-
economic conditions is complex. The number of cases of malaria has dramati-
cally decreased over the past decades due to large investments in curbing malaria.
However, given current trends, climatic conditions in the future may become
more suitable for malaria transmission in the tropical highland regions (Flahault,
de Castaneda; and Bolon 2016; Caminade et al. 2014). Studies combining data
from different climatic zones with simulations suggest that climate change will
increase malaria burden (Campbell-Lendrum et al. 2015; Hay et al. 2006;
Caminade et al. 2014). Caminade et al. (2014) evaluated three malaria outcome
metrics at global and regional levels: climate suitability, additional population at
risk, and additional person-months at risk. The malaria projections were based
on five different global climate models, each run under four emission scenarios—
representative concentration pathways (RCPs)—and a single population projec-
tion. The findings show an overall global net increase in climate suitability and a
net increase in the population at risk, when comparing from RCP 2.6 to RCP 8.5
from the 2050s to the 2080s, but with large uncertainties (Caminade et al. 2014).
However, if poverty outcomes continue to improve, investments in the health
sector are maintained, disease-specific interventions are maintained, and risks
associated with insecticide and drug resistance are well managed, it should be
possible to drive down global malaria rates in the future (Campbell-Lendrum
et al. 2015). For example, in Africa, an estimated 663 million clinical cases of
malaria were averted between 2000 and 2015 through advancement in malaria
control and prevention through insecticide-treated bed nets, artemisinin-based
combination therapy, and insecticide residual spraying (Sadoine et al. 2018).
Nevertheless, climate change may continue havingeffectsin specific geographical
areas where the protective factors above are not maintained (Campbell-Lendrum
etal. 2015). Increased insecticide resistance, land use changes, population mobil-
ity, and population growth with inadequate housing are associated with rising
incidence and are likely to modify the relationship between climate variability
and malaria (Sadoine et al. 2018).



Dengue

The global incidence of dengue has grown dramatically over the past several
decades. With an estimated 390 million infections each year, nearly half of the
world’s population is at risk (WHO 2019). Dengue is typically found in tropical
and subtropical climates, mostly in urban and periurban areas. The endemic
regions include Southeast Asia, Latin America, Asia, and the Caribbean (Raheel
et al. 2010). Climatic factors such as rainfall, temperature, and humidity play a
pivotal role in the epidemiological pattern of dengue in the number of cases,
severity of illness, shifts in affected age groups, and the expansion of spread from
urban to rural areas (Raheel et al. 2010; Sirisena and Noordeen, 2013).

Studies modeling the relationship between climate change and dengue show
that trends in climate change have continued and will continue to provide favor-
able conditions for the disease’s transmission (Campbell-Lendrum et al. 2015).
Evidence highlighting the preventive effects of either socioeconomic develop-
ment or specific disease control measures is much weaker for dengue than for
malaria. As such, incidence of dengue is high in many regions where malaria has
been effectively controlled or eradicated (Ooi et al. 2010). The incidence is also
higher in urban areas, especially in slums typically characterized by poor and
dense housing and limited sanitation and waste management facilities. In addi-
tion, nonclimatic factors like rapid urbanization and increases in international
trade and travel will likely intensify the effects of climate change (Campbell-
Lendrum et al. 2015).

Respiratory illnesses

Climate alterations may directly or indirectly affect the incidence and severity of
respiratory infections by affecting the disease vectors and the host immune
responses (Mirsaeidi et al. 2015). The effects range from direct heat and air pol-
lution to changes in the biological burden of allergens and shifting infectious
disease patterns (Takaro, Knowlton, and Balmes 2013). Many epidemiological
studies have established relationships between rising atmospheric temperatures
associated with climate change and evolving distributions of respiratory infec-
tions and mortality (Takaro, Knowlton, and Balmes 2013; Budiyono, Jati, and
Ginandjar 2017; Mirsaeidi et al. 2015). Increasing atmospheric temperatures
may exacerbate ground-level pollution, notably ozone, which affects lung func-
tion and increases acute premature mortality, asthma-related hospitalizations,
and emergency department visits (Takaro, Knowlton, and Balmes 2013). Chronic
ozone exposures also increase mortality risks in people with existing chronic
obstructive pulmonary disease, cardiovascular diseases, and diabetes (Takaro,
Knowlton, and Balmes 2013; Mirsaeidi et al. 2015). Simulations show that by the
year 2050, as many as 2,500 summertime deaths may be attributable to prema-
ture ozone-related mortality associated with climate change under a
high-emissions scenario, absent other limits on ozone precursors (Takaro,
Knowlton, and Balmes 2013).

The variations in the incidence of respiratory infections are seasonal. Lower
respiratory tract infections have a higher incidence during the winter in temper-
ate areas. For example, both influenza and streptococcal pneumonia have higher
incidence during winter months in the United States and are among the top 10
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causes of death (Mirsaeidi et al. 2015). In the tropical and subtropical areas of
Asia and Africa, incidences of pneumonia are usually higher during the mon-
soon, demonstrating the association of temperature, humidity, and rainfall with
pneumonia patterns (Takaro, Knowlton, and Balmes 2013; Mirsaeidi et al. 2015).
While the exact cause of pneumonia seasonality is unclear, indoor crowding,
lower relative humidity, seasonal variation in the human immune system, asso-
ciation with other common seasonal respiratory pathogens, indoor air pollution,
and low ultraviolet radiation might all contribute to pneumococcal disease risk
(Mirsaeidi et al. 2015).

INFECTIOUS DISEASES: THE BANGLADESH CONTEXT

In Bangladesh, temperature and precipitation changes have been found to
impact the dynamics of vector-borne diseases such as malaria, dengue, visceral
leishmaniasis—commonly known as kala-azar—cholera, and diarrheal diseases
(Rahman et al. 2019; Banu et al. 2014; Hossain, Noiri, and Moji 2011; Reid et al.
2012; Hashizume et al. 2007). Although the country has made progress in con-
trolling communicable diseases in recent years, an upsurge in dengue cases and
more recently an increase in chikungunya and Zika cases, are causing major
threats to the health of the population. Higher temperatures are expected to
increase the transmission and spread of vector-borne diseases by increasing
mosquito density in some areas and increasing replication rate and bite fre-
quency of mosquitoes (Costello et al. 2009). This will, in turn, increase the inci-
dence of malaria, dengue, and tick-borne encephalitis. In Bangladesh, very few
studies have explored the relationship between environmental variables and
infectious diseases. Chowdhury et al. (2018) investigated six climate-sensitive
infectious diseases—malaria, diarrheal disease, enteric fever, encephalitis, pneu-
monia, and bacterial meningitis—using hospital-based data over five years to
analyze the possible relationships with common climatic variables. All six dis-
eases, particularly pneumonia, showed highly significant rises in incidence
between 2008 (540 cases) and 2012 (1,330 cases) compared to overall all-cause
hospital admissions over the same period. The highest number of malaria, diar-
rhea, and pneumonia cases occurred during the rainy season. High cases of
enteric fever, encephalitis, and meningitis cases occurred during autumn, which
follows the rainy season. Increased temperature was positively associated with
the incidence of malaria, enteric fever, and diarrhea. Malaria and diarrhea were
also positively associated with higher humidity.

Dengue and chikungunya

Driven by its high burden of morbidity and mortality, dengue is emerging as a
serious public health problem in Bangladesh (Mone 2019). The infection is now
reaching all parts of the country, particularly affecting children, pregnant
women, and older people (Mone 2019). Poor sanitation and hygiene systems,
along with high population density and lack of proper mosquito-control strate-
gies, contribute to the high disease burden. Table A.1 summarizes some of the
key studies assessing the relationship between climatic variables and dengue in
Bangladesh.
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TABLE A.1 Key studies that assess the relationship between climatic variables and dengue in Bangladesh

SOURCE

POPULATION AND DATA

MAIN FINDINGS

Sharmin et al. 2015. “Interaction
of Mean Temperature and Daily
Fluctuation Influences Dengue
Incidence in Dhaka, Bangladesh”

Monthly dengue cases in Dhaka
district, between January 2000 and
December 2009, were obtained
from the Directorate General of
Health Services (DGHS). Population
estimates were extracted from the
1991, 2001, and 2011 census data
of the Bangladesh Bureau of
Statistics.

Significant associations were found between mean tempera-
ture and temperature fluctuation and dengue incidence,
adjusted for rainfall and population density over a period of
10 years in Dhaka. High mean temperature with low
fluctuations increased dengue incidence one month later.
Besides temperature, sea surface temperature anomalies
and population density exerted a significant positive
influence on dengue incidence, indicating increasing risk of
dengue in the overpopulated city.

Mutsuddy et al. 2018. “Dengue
Situation in Bangladesh: An
Epidemiological Shift in Terms
of Morbidity and Mortality”

40,476 dengue cases in
Bangladesh, between 2000 and
2017, were obtained from the
DGHS.

Average rainfall, humidity, temperature, and rapid un-
planned urbanization were strong predictors of an increase
in dengue cases in 2016 and the emergence of the
chikungunya virus for the first time in Bangladesh in 2017.
Despite efforts to control dengue based primarily on vector
control and case management, the burden and costs of the
disease and similar vector-borne diseases are likely to
continue to grow in the future.

Banu et al. 2014. “Projecting the
Impact of Climate Change on
Dengue Transmission in Dhaka,
Bangladesh.”

25,059 dengue cases in Dhaka city,
between January 2000 and
December 2010, were obtained
from the DGHS

The study showed that weather variables—particularly
temperature and humidity—were positively associated with
dengue transmission. The effects of weather variables were
observed at a lag of four months. Assuming a temperature
increase of 3.3°C without any adaptation measures and
changes in socioeconomic condition, there will be a
projected increase of 16,030 dengue cases in Dhaka alone
by the end of this century.

Hashizume et al. 2012.
“Hydroclimatological Variability
and Dengue Transmission in
Dhaka, Bangladesh:

A Time-Series Study”

3,130 dengue cases in Dhaka city,
between January 2005 and
December 2009, were obtained
from 11 major hospitals.

The effects of river levels and rainfall on hospital admissions
for dengue fever were analyzed at 11 major hospitals in
Dhaka. There was strong evidence for an increase in dengue
fever at high river levels. Hospitalizations increased by 6.9%
(95% CI: 3.2, 10.7) for each 0.1-meter increase above a
threshold (3.9 meters) for the average river level over lags of
0-5 weeks. Conversely, the number of hospitalizations
increased by 29.6% (95% Cl: 19.8, 40.2) for a 0.1-meter
decrease below the same threshold of the average river level
over lags of 0-19 weeks. The findings provide evidence that
factors associated with both high and low river levels
increase the hospitalizations of dengue fever cases in Dhaka.

Ahmed et al. 2007. “Seasonal
Prevalence of Dengue Vector
Mosquitoes in Dhaka City,
Bangladesh”

Aedes larvae were collected from
all the 90 wards of Dhaka city,
between December 2001 and
August 2002.

The seasonal prevalence of Aedes aegypti and A. albopictus
was analyzed in Dhaka city, from December 2001 to August
2002. A. aegypti and A. albopictus were active in both dry
and wet seasons with a peak in July, when the rainfall was
the highest. From September to April, the larval population
level remained low. Reduction of larval population during
winter months was related to low rainfall.

Islam et al. 2018. “Correlates of
Climate Variability and Dengue
Fever in Two Metropolitan Cities
in Bangladesh”

22,970 dengue cases (21,748 in
Dhaka city and 1,222 in
Chattogram city) between

January 1, 2000, and December 31,
2009, were obtained from the
DGHS.

The correlation between temperature, humidity, and
rainfall with dengue fever were analyzed in two dengue
endemic cities—Dhaka and Chattogram—through time
series analysis from January 2000 to December 2009.
Mean dengue incidence was 31.62 (standard deviation
28.7) per 100,000 population in Dhaka whereas it was 5.76
(standard deviation 11.7) per 100,000 in Chattogram. The
incidence of dengue cases was found significantly
associated with monthly mean temperature, total rainfall,
and mean humidity in Dhaka, although in Chattogram, the
significantly associated factors were monthly total rainfall
and mean humidity.

Source: Original table for this publication.
Note: Full source citations are found in the chapter reference list. Cl = confidence interval.
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Four studies have reported a positive association between mean temperature
and dengue (Banu et al. 2014; Sharmin et al. 2015; Islam et al. 2018; Mutsuddy
et al. 2018). Islam et al. (2018) report using a time-series analysis that showed
that the incidence of dengue cases was significantly associated with monthly
mean temperature, total rainfall, and mean humidity in Dhaka. In Chattogram,
however, monthly total rainfall and mean humidity played a bigger role. Ahmed
et al. (2007) found that although A. aegypti and A. albopictus were active in both
dry and wet seasons, they peaked in July, during the time with the highest rain-
fall. From September to April, the larval population level remained low, and the
reduction of larval population during winter months was related to low rainfall
(Ahmed et al. 2007). Another study reported on the association between river
levels and rainfall on incidence of dengue (Hashizume et al. 2012). The authors
suggest that rates of hospitalizations increased by 6.9 percent for each 0.1-meter
increase in river levels due to rainfall above a critical threshold (3.9 meters) for
the average river level over lags of 0-5 weeks.

Sharmin et al. (2015) conducted a study over a 10-year period in Dhaka and
found that high population density positively influenced dengue incidence, indi-
cating increasing risk of dengue in the overpopulated city. Lack of regular water
supply, precarious reservoirs for potable water, and public garbage collection
practices create potential breeding sites for mosquitos, which may help explain
the high incidence of dengue affecting thousands each year (Tauil 2001). Severe
dengue, if not appropriately managed, may lead to rapid death, particularly in
children (Phakhounthong et al. 2018). Maternal dengue infection has been
linked to several adverse health effects and pregnancy outcomes including ver-
tical transmission to the fetus, preterm birth, low birth weight, preeclampsia and
eclampsia, Caesarean delivery, and fetal or perinatal death and maternal death
(Rylander, Odland, and Sandanger 2013).

Mutsuddy et al. (2018) discuss the economic burden of dengue. The disease’s
sizable prevalence and low public spending on health in general coupled with a
rising burden of out-of-pocket spending—up to 67 percent, which is the highest
in Southeast Asia—are creating an increasingly insurmountable burden on the
populace. Based primarily on vector control and case management, efforts are
being put into controlling dengue, but the burden and costs of the disease and
similar vector-borne diseases are expected to continue to grow in the future
(Mutsuddy et al. 2018).

Recent emergence of chikungunya viruses, spread by the Aedes mosquitoes,
has been an added source of concern for the country. Average rainfall, humidity,
temperature, and rapid unplanned urbanization were found to be strong predic-
tors of dengue cases in 2016 and the emergence of the chikungunya virus for the
first time in Bangladesh in 2017. The sudden outbreak of chikungunya was
mainly attributable to unusually excessive rainfalls from January to March 2017,
creating suitable climatic conditions for the Aedes vector (Kabir et al. 2016).
From the onset of the outbreak between April and September 2017, the Ministry
of Health and Family Welfare reported more than 13,176 clinically confirmed
cases in 17 of 64 districts, with Dhaka particularly affected. Another study com-
bined mobility data with epidemiological data from a household survey to
understand the impact of large-scale population movements on the spatial
spread of the chikungunya virus within and outside the city (Mahmud et al.
2019). They found that the peak of the 2017 chikungunya outbreak in Dhaka
coincided with the annual Eid holidays, during which large numbers of people
traveled from Dhaka to their native region in other parts of the country.



Malaria

A number of studies have shown that meteorological factors affect adult mos-
quito abundance by altering the quality and quantity of breeding habitats (Bashar
and Tuno 2014). Three weather parameters—temperature, humidity, and rain-
fall—are critical for mosquito activity and malaria epidemiology (Amin, Tareq,
and Rahman 2011). A study analyzing data from 1972 to 2002 in Rangamati,
Sylhet, and Faridpur found that a rise of annual average maximum temperature,
yearly total rainfall, and annual average humidity are positively associated with
malaria prevalence (Amin, Tareq, and Rahman 2011). Bashar and Tuno (2014)
found that a lag in rainfall and relative humidity were the most significant vari-
ables influencing four species of anopheles, which are positively related to
malaria cases. The same study also reported that the effects of temperature did
not significantly affect the abundance of Anopheles mosquitoes in Bangladesh.
Another study done in Chattogram Hill Tracts found that women are more vul-
nerable to malaria, and pregnancy is a risk factor for asymptomatic Plasmodium
falciparum infection development (Khan et al. 2014). Chowdhury et al. (2018)
conducted a tertiary-facility-based observational study to link the effect of cli-
mate change on infectious diseases in admitted-patient data in northeast
Bangladesh between 2008 and 2012. They found a positive correlation between
increased temperature and the incidence of malaria; higher humidity correlated
with a higher number of cases of malaria; and increase in malaria incidences
with increased rainfall.

WATERBORNE DISEASES

Bangladesh suffered extensive flooding during the monsoons of 1988, 1998,
and 2004. During these periods, 25-50 percent of Bangladesh was sub-
merged, resulting in the destruction of infrastructure, water contamination,
and an epidemic of diarrheal illnesses leading to a substantial number of
deaths (Schwartz et al. 2006). After floods, outbreaks of waterborne diseases
such as diarrhea were thought to result primarily from contamination of
water caused by disruption of water purification and sewage disposal sys-
tems. Secondary effects of flooding including crowding and subsequent
fecal-oral spread of gastrointestinal pathogens contribute to the spread of
diarrheal diseases. During the 1988 flood in Bangladesh, diarrheal disease
was responsible for 35 percent of all flood-related illnesses and about 27 per-
cent of all flood-related deaths in rural Bangladesh (Siddique et al. 1989).
During the 1998 flood, 25 percent of all people surveyed in two rural areas of
Bangladesh reported diarrheal illnesses associated with floods (Kunii et al.
2002).

Cholera

Cholera transmission increases during both floods and droughts, and water tem-
perature in ponds and rivers, in addition to rainfall, have a remote association
with cholera transmission (Islam et al. 2018). Climate change is seen to have the
potential to increase the prevalence and magnitude of cholera outbreaks. One
study examined the relationship between cholera and heat waves in Matlab
between January 1983 and April 2009 (Wu et al. 2018). It found a higher risk of
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cholera two days after heat waves during wet days. For households with less
medium-dense tree cover, the heat wave after a two-day lag was positively asso-
ciated with the risk of cholera during wet days. These findings suggest that heat
waves might promote the occurrence of cholera, while this relationship was
modified by rainfall and tree cover.

ZOONOTIC DISEASES

Increased urbanization and changing climate have led to the rise in epidemics of
new zoonotic diseases affecting human health every year (Rana and Singh 2015).
For example, outbreaks of leptospirosis, a zoonotic disease spread via skin con-
tact with contaminated water and soil, usually through the urine of domestic or
wild animals, can occur during floods, especially in overcrowded areas. In
Bangladesh, the risk of leptospirosis increases during the rainy season (Patwary,
Bari, and Islam 2016). Extreme weather events such as cyclones and floods are
expected to occur with increasing frequency and greater intensity and may
potentially result in an upsurge in the disease incidence as well as the magnitude
of leptospirosis outbreaks in the future (Lau et al. 2010).

Bangladesh experienced the first outbreak of Nipah virus encephalitis, a
zoonotic disease that causes potentially lethal inflammation of the brain, in 2001.
Since then there have been approximately 33 recorded outbreaks over the
subsequent 13 years. Nipah virus is typically transmitted by bats, but it is also sus-
ceptible to peer-to-peer transmission. In Bangladesh, Nipah virus is usually
acquired through consumption of date palm sap contaminated with bat saliva or
urine. Many ecological factors contribute to the emergence of Nipah virus.
However, the most prominent is human intervention into the bat infested areas
due to rapid urbanization (Rana and Singh 2015). It has been predicted that
climate change may shift the current distribution of flying foxes (a breed of bats),
introducing the virus to previously unexposed areas (Rahman et al. 2019).
Extreme weather events, such as heat waves, could increase the risk of
transmission to humans by placing bat populations under physiological stress
that could trigger prolonged viral shedding (Rahman et al. 2019).

MENTAL HEALTH: GLOBAL PERSPECTIVE

The American Psychological Association Task Force concluded that
climate-change-related psychological health impacts will likely be widespread,
cumulative, and profound (Swim et al. 2009). The impacts will be experienced
most acutely by those with preexisting mental illnesses, marginalized popula-
tions, communities who rely on the local ecosystems, and those living in areas
most susceptible to climate change (Berry 2009). McMichael, Woodruff, and
Hales (2006) refer to the mental health impacts as a deferred risk of climate
change and include the psychological impacts associated with rural to urban dis-
placement and the mental health consequences of droughts in failing rural
communities.

According to Berry, Bowen, and Kjellstrom (2010), climate change may affect
mental health directly by exposing people to psychological trauma associated
with higher frequency, intensity, and duration of climate-related disasters,
including extreme heat exposure. The destruction of property and landscape



diminishes people’s sense of belonging and their connectedness to the land. The
indirect effects are via physical health—for example, extreme heat exposure,
injuries, and diseases—and community well-being (Berry, Bowen, and Kjellstrom
2010). Vulnerable people and places, especially in low-income countries, are
particularly affected. Adverse mental health outcomes in the aftermath of natu-
ral disasters include, among others, posttraumatic stress disorder, major depres-
sion, and somatoform disorders (Page and Howard 2010). While enhancing
disaster preparedness has become an international priority in recent years, the
psychological implications of disasters are often underrecognized and there is
limited research on this issue (Costello et al. 2009).

Obradovich et al. (2018) found that short-term exposure to extreme weather,
multiyear warming, and tropical cyclone exposure are each associated with wors-
ened mental health. The study coupled meteorological and climatic data with
reported mental health challenges drawn from nearly 2 million randomly sampled
US residents between 2002 and 2012, and found that shifting from monthly tem-
peratures between 25°C and 30°C to more than 30°C increases the probability
of mental health challenges by 0.5 percentage points, that 1°C of five-year warming
is associated with a 2 percentage point increase in the prevalence of mental
health issues, and that exposure to Hurricane Katrina is associated with a
4 percentage point increase in this metric (Obradovich et al. 2018).

MENTAL HEALTH: THE BANGLADESH CONTEXT

Natural disasters and environmental degradation caused by climate change or
climate variability are known risk factors that can affect the psychological health
of vulnerable populations in Bangladesh, especially those living in coastal areas—
although this has not been documented well in the local context. The majority of
the people living in Bangladesh’s coastal areas are low-income agricultural
workers, many of whom are landless and relatively asset poor (GOB 2008; Paul
2009). They are frequently affected by natural disasters but have insufficient
resources to protect themselves and adequately rebuild their lives after the event
or to access the medical services when needed (Nahar et al. 2014). The initial
response is to ensure that survivors receive the basic necessities to sustain life,
such as shelter, food, safe water, and sanitation. However, after this acute, emer-
gency phase, many of the affected populations or climate refugees are left with
some level of psychological or mental health problems (Nahar et al. 2014). Some
of these include posttraumatic stress disorder (PTSD), depressive symptoms or
major depressive disorders, anxiety or generalized anxiety disorders, as well as
more general mental health problems such as sleep disruption, substance abuse,
and aggression (Norris 2006; Paul 2009).

A survey conducted after Cyclone Sidr in 2007, in which 10 million people were
affected and 1.5 million houses were damaged, found that 25 percent of the survi-
vors suffered from PTSD, 18 percent had major depressive disorders, 16 percent
suffered from somatoform disorders, and 15 percent had mixed anxiety and
depressive disorders (WEDO 2008; Paul 2009). A study conducted in the Tangail
district of Bangladesh found that four months after a tornado had killed 600 peo-
ple, 66 percent of the disaster-affected people were traumatized and in need of
psychological support (Choudhury, Quraishi, and Haque 2006). A study exploring
the damaging effects of climate change on psychological health of people living in
the Hill-Tracts region of Bangladesh found that impacts of climate change can be
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felt both at the individual and community levels, with psychological health out-
comes ranging from psychological distress, depression, and anxiety, to increased
addictions and suicide rates (Kabir 2018). In Bangladesh, women are more vulner-
able than men at every stage of a disaster (WHO 2002). This can be largely
attributed to limited access to critical services and facilities during and after the
disaster, household responsibilities, sexual harassment, the consequences of wid-
owhood, and socioeconomic status (Nahar et al. 2014; WEDO 2008).

VARIABILITY AND MOSQUITO LIFE CYCLE

The patterns of climate change observed for Bangladesh over the last 44 years can
be linked to the climate suitability for mosquitoes, keeping in view the correlation
between weather variables and incidence of dengue, as described in chapter 2.

Costa et al. (2010) find important links between temperature and humidity and
the mosquito life cycle: the mosquito population increases in warm, rainy seasons
while decreasing in drier periods. Egg production of mosquitoes is high at tem-
peratures of 25°C and humidity at 80 percent, compared to 35°C and 60 percent
humidity when the number of eggs produced falls significantly; this suggests that
the population of mosquitoes is reduced with high temperatures and low humid-
ity. Second, they conclude that at mild temperatures of 25°C, there is a 43 percent
increase in the number of eggs as the period of oviposition gets extended, com-
pared to high temperatures of 35°C; this indicates that the mosquito population
can double at mild temperatures in hot climatic conditions. Third, they found that
the life span of female mosquitoes was extended up to 11 days at 25°C and 80 per-
cent relative humidity but was reduced to half at 35°C regardless of humidity; this
implies that at higher temperatures the female mosquitoes survive less at higher
temperatures and lower humidity because of dehydration. Fourth, they found that
the hatching rate of mosquito larvae from eggs increases with increases in tem-
perature from 25°C to 30°C at 80 percent relative humidity, and a lower number
hatched with rising temperatures at 60 percent humidity; this indicates high tem-
peratures couple with low humidity cause a decrease in hatching rate.

Fouque and Reeder (2019) conclude that suitable temperature conditions are
primary factors that determine disease transmission—even if competent species
and vectors are present, the pathogen will not spread if temperatures are not
suitable. They illustrate that although numerous cases of dengue, chikungunya,
and Zika virus are imported in European countries from travelers, these do not
result in frequent local transmission even though the vector or mosquitoes are
present, because the temperatures are not in the favorable range of 20°C to 35°C.
Temperature affects the extrinsic incubation period—which is the period of the
pathogen amplifying or circulating within the insect’s body—as well as the biting
behavior of mosquitoes. With rising temperatures, the extrinsic incubation
period shortens (Colon-Gonzalez, Lake, and Hunter 2013). An adult mosquito
gets infected by a pathogen through a blood meal from an infected person; the
pathogen then amplifies within the insect’s body before the mosquito becomes
infected; and thereafter it can bite other humans to spread the disease (Fouque
and Reeder 2019). Although dengue cases increase with human population
growth, Fouque and Reeder (2019) conclude that incidence of dengue can
increase with an increase in temperature even without population growth.

Lowe et al. (2017) found that transmission of dengue and other types of arbo-
viruses spread by Aedes mosquitoes occur between 18°C and 34°C, with maximal



transmission in the range of 26°C to 29°C. They also found that rainfall and
drought can increase the availability of mosquito larvae habitats, which is con-
tainers with standing water, depending on the type of water storage practices
and infrastructure for piped water. More recent research by Karkarla et al. (2019)
based on data from India indicate that dengue is most significantly impacted by
minimum temperature of 26°C, maximum temperature of 32°C, with 0-5 weeks’
lag, and rainfall of 60 millimeters with a lag of 8-12 weeks. Their research shows
with an increase of cumulative weekly rainfall from 40 to 60 millimeters, the
relative risk of dengue gradually increases but decreases when cumulative
weekly rainfall exceeds 80 millimeters. Chien and Yu (2014) indicate a nonlinear
association between rainfall and dengue fever. Generally, increased rainfall pro-
vides a conducive environment for mosquitoes, but extremely heavy rainfall can
adversely affect them by washing away their habitats. With weekly maximum
24-hour rainfall of 50 millimeters or more, the risk of dengue fever increases. At
the onset of rainfall, there is an increased risk of dengue fever, which can con-
tinue for at least three months. With extreme rainfall of 300 millimeters or more,
dengue fever may be mitigated for one month.

Fouque and Reeder (2019) conclude that, with climate variability, the vecto-
rial capacity will change, not the vectorial competence. Johns Hopkins
Bloomberg School of Public Health defines vectorial capacity as “a measurement
of the efficiency of vector-borne disease transmission,” while “vector compe-
tence is an evaluation of the vector’s capability (mechanical or biological) to
transmit a pathogen and is, therefore, an additional component of vectorial
capacity” (Norris 2006, 30). Fouque and Reeder (2019) conclude that (1) vecto-
rial capacity is determined by vector density, which is dependent on rainfall pat-
terns; (2) vector survival is related to temperature and humidity; (3) extrinsic
incubation period of mosquitoes is related to temperature; and (4) biting behav-
ior is determined genetically and also dependent on temperature. Their findings
are corroborated by Shapiro et al. (2017) (figure A.1), who observe the rate of
infectious bites increases with temperature as well as the vectorial capacity.

FIGURE A.1

Relationship between temperatures and infectious bites and vectorial capacity
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Ebi and Nealon (2016) identify globalization, trade, urbanization, travel,
demographic change, inadequate domestic water supplies, and increasing tem-
peratures as factors that affect the spread of main vectors of dengue. Based on
data from Taiwan, China, Chien and Yu (2014) indicate that higher urbanized
areas increase the risk of dengue transmission, which means locations with
higher population density and socioeconomic status can be associated with
increased incidence of dengue fever. According to Misslin et al. (2017), although
urban areas are generally warmer than rural or subrural areas, there can be large
differences in temperature within an urban area because of the creation of urban
heat islands, which are areas that are significantly warmer than other areas
because of human activities. Large urban areas can have a “mosaic of warm and
cold areas,” which can affect incidence of dengue fever cases—areas that are
close to parks, for example, are cooler than built areas and the temperature dif-
ferences can be as large as 7°C (Misslin et al. 2017). Ebi and Nealon (2016) indi-
cate that further increases in temperature may reduce transmission of dengue
virus in currently warm locations. They cite as an example data from Thailand
over the period 1983 to 2010, where 80 percent of severe dengue cases occurred
when the temperature was 27.0°C to 29.5°C and mean humidity was greater than
75 percent. They conclude that two most important factors for the incidence and
distribution of dengue are daily mean temperature and the variation in
temperature.

Fan and Liu (2019) project that an outbreak of dengue fever can shift from
low-latitude areas to high latitude and from south to north in China. Their model-
ing is consistent with data from the Republic of Korea, Tanzania, and the United
States. Fouque and Reeder (2019) mention that dengue disease is mostly urban and
urban temperatures are drastically changing due to the warming climate, which is
enhancing dengue transmission. They further conclude that lower mean tempera-
tures at higher altitudes can increase dengue transmission, and they cite the exam-
ple of increased dengue incidence in Nepal. They also indicate extreme weather
events such as tropical cyclones are associated with increased dengue transmis-
sion, based on data from China. Chien and Yu (2014), however, indicate that
extreme weather events that cause flooding can result in the elimination of mos-
quito breeding places and reduce the mosquito population. They also mention that
other nonclimatic factors like immunity in humans and serotypes of dengue virus
can be important compounders in the spread and dynamics of dengue fever.
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TABLE B.1 Demographic characteristics of the sample at baseline

URBAN
NATIONAL ALL DHAKA AND CHATTOGRAM RURAL TEST
MEAN SD MEAN SD MEAN SD MEAN SD URBAN-RURAL CITIES-RURAL

VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Male/female (1/0) 0.50 0.50 0.50 0.50 0.52 0.50 0.50 0.50 n.a. n.a.
Age 28.00 19.50 28.30 18.90 27.80 17.50 27.90 19.60 n.a. n.a.
Marital status

Married (1/0) 0.51 0.50 0.51 0.50 0.49 0.50 0.51 0.50 n.a. n.a.

Never married (1/0) 0.23 0.42 0.24 0.43 0.26 0.44 0.23 0.42 n.a. *

Other (1/0) 0.26 0.44 0.25 0.43 0.24 0.43 0.26 0.44 n.a. n.a
Years of education 4.92 4.46 5.98 4.91 6.06 5.08 4.64 4.30 ok ok
Sex of hh head male/female (1/0) 0.92 0.28 0.91 0.28 0.88 0.33 0.92 0.28 n.a Rk
Age of hh head 46.00 13.30 46.30 13.10 44.30 12.80 46.20 13.40 n.a ok
Years of education of hh head 4.51 4.69 5.80 5.32 6.07 5.66 418 4.45 ok ok
Individual member with a disability (1/0) 0.13 0.34 0.14 0.35 0.15 0.36 0.13 0.34 n.a n.a
N = 15,383

Source: Original table for this publication.

Note: Table shows weighted means. Tests (columns 9 and 10) show significance levels from a weighted t-test: *p < 0.10; **p < 0.05; ***p < 0.01. hh = household; n.a. = not applicable; SD = standard deviation.
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TABLE B.2 Socioeconomic characteristics of the sample at baseline

URBAN
DHAKA AND CHATTOGRAM
NATIONAL ALL CITIES RURAL TEST
MEAN SD MEAN SD MEAN SD MEAN SD URBAN-RURAL CITIES-RURAL

VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
Wall material

Straw/mud 0.19 0.34 0.04 0.14 0.00 0.00 0.22 0.37 Hokk Hok

Tin 0.47 0.50 0.32 0.46 0.13 0.33 0.51 0.50 ok ook

Brick/cement 0.34 0.48 0.64 0.48 0.87 0.33 0.27 0.44 Hok wokk
Roof material

Tin 0.85 0.35 0.68 0.47 0.48 0.50 0.90 0.30 Hokk wokk

Brick/cement 0.13 0.34 0.31 0.46 0.52 0.50 0.08 0.28 ok ok
Has access to electricity (1/0) 0.88 0.32 0.98 0.3 1.00 0.06 0.86 0.35 ok ork
Stove type: clean (1) / unclean (0) 0.20 0.40 0.56 0.50 0.97 0.17 0.10 0.30 ok ok
Rooms per capita 0.54 0.28 0.54 0.31 0.46 0.31 0.54 0.27 n.a Hokx
Has separate dining room (1/0) 0.29 0.45 0.27 0.44 0.21 0.41 0.30 0.46 x ok
Asset quintiles (Q)

Q1: Poorest 0.24 0.43 0.10 0.30 0.06 0.24 0.28 0.45 ok ok

Q2 0.23 0.42 0.14 0.35 0.08 0.27 0.25 0.43 o ok

Q3 0.20 0.40 0.17 0.38 0.15 0.35 0.21 0.41 ok ok

Q4 07 0.38 0.23 0.42 0.26 0.44 0.15 0.36 ok ok

Q5: Richest 0.16 0.37 0.35 0.48 0.45 0.50 0.11 0.32 ok ok
N=15,383

Source: Original table for this publication.
Note: Table shows weighted means. Tests (columns 9 and 10) show significance levels from a weighted t-test: *p < 0.10; **p < 0.05; ***p < 0.01. n.a. = not applicable; SD = standard deviation.
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TABLE B.3 Infectious diseases across locations

URBAN
NATIONAL ALL DHAKA AND CHATTOGRAM CITIES RURAL TEST
MEAN SD MEAN SD MEAN SD MEAN SD URBAN-RURAL CITIES-RURAL
VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
Any infectious disease (1/0) 0.06 0.24 0.06 0.24 0.08 0.27 0.06 0.23 n.a. *ok
Waterborne disease (1/0) 0.14 0.35 0.13 0.34 0.19 0.40 0.14 0.35 n.a. n.a.
Respiratory disease (1/0) 0.64 0.48 0.65 0.48 0.50 0.50 0.63 0.48 n.a. *
Vector-borne disease (1/0) 0.22 0.42 0.22 0.42 0.30 0.46 0.22 0.42 n.a. n.a.
Individual had a common cold (1/0) 0.09 0.29 0.09 0.29 0.06 0.25 0.10 0.29 n.a. Hkx

N = 15,383

Source: Original table for this publication.

Note: Table shows weighted means. Waterborne, respiratory, and vector-borne diseases are conditional on whether an individual reported an infectious disease (excluding common cold) in the four weeks
preceding the survey. Whether an individual had a common cold represents the sample population. Tests (columns 9 and 10) show significance levels from a weighted t-test: *p < 0.10; **p < 0.05;

***p < 0.01. n.a. = not applicable; SD = standard deviation.
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