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Abstract

The impact of climate change and global warming are worldwide and global
concern. Climate change related events like temperature, rainfall, humidity,
cyclone etc. have direct and indirect adverse impacts on the outbreak of
infectious disease among children. WHO demonstrates in a report estimates that
more than 33% of diseases in children under the age of 5 are caused by
environmental exposures. Infectious diseases continue to be the major cause of
morbidity and mortality worldwide. Bangladesh is unfortunately home to many
infectious diseases. In the recent national demographic and health survey (year
2011) 62% of deaths among children under the age of 5 years in Bangladesh
were ascribed to infectious diseases. A number of water, air and vector borne
infectious diseases including diarrhoea, typhoid, measles, rubella, kala-azar,
malaria and dengue etc. are common in Bangladesh. Emerging Nipah virus and

chikungunya are also prevailing in many areas of the country.

This study was conducted to determine the “Impact of climate change on the
outbreak of infectious diseases among children in Bangladesh: its prevention
and control” in two climate sensitive district of the country. The study area
Rajshahi and Naogaon are the western districts known as barindh area in

Bangladesh and poses drought prone plane land, riverine and low lands.

The long-term changes of annual mean, maximum and minimum temperature
of study area over the study period (1964-2011) found to have in general
increasing trends in annual mean and annual mean minimum temperature but
the mean maximum temperature slightly rising in recent past decades.
Seasonal mean temperatures are also found to have increased trend. The

observed highest average maximum temperature was 30.55°C in the month
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of April in pro monsoon scason and the lowest average temperature was
15.45°C in the month of January in winter season. The long-term changes in
annual rainfall showed declining trend. The average annual rainfall was 1489
mm/year. Seasonal rainfalls also showed markedly reduced in winter and
post autumn season. Most of the rainfalls occurred in monsoon season that 1s

also declined in the study area.

The study indicates that the climatic variables including temperature and
rainfall (seasonal and annual) are factors for infectious disease outbreak like
diarrhea, kala-azar, measles etc. in the study area. Incidence of diarrhoea
showed positive correlation with both annual and seasonal rainfall and
temperature implies that diarrhoea is endemic in the study area. Kala-azar
was also found to be positively correlated with rainfall and annual maximum

temperature but found negative with annual minimum temperature.

The primary data reveals that temperature is the main and rainfalls comes
next as causes for diarrhea, kala-azar, measles like disease and newer Nipah
virus infection and their outbreak among children. Data showed that the
children in the study area were highly vaccinated. Among the vaccine
preventable diseases only measles like cases and outbreak found. In addition
to laboratory confirmed measles outbreak a large number of measles like
outbreak identified as laboratory confirm rubella outbreak which is newer in
the study area. The incidence of measles like disease was found positive
correlation with maximum temperature and negatively correlated with

average minimum temperature and total annual rainfalls.

To address the existing and future impact of climate change on the outbreak
of infectious diseases among children, climate sensitive infectious disease
surveillance, strengthening of routine immunization and introduction of new

vaccination program need to be considered immediately.
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Chapter One
Introduction

Climate is a determinant of health. The long term good health of population
depends on the continued stability and functioning of the biosphere’s ecological
and physical system. Climate and weather are important components of complex
ecosystems, and with these changes, the dynamic balance between the living
components of ecosystems are often disturbed. Ecosystem instability can result in
changes in pathogen prevalence, altered pathogen transmission profiles, and
increased host susceptibility. These instabilities can have dramatic affects on the
health. Climate constrains the range of infectious diseases, whereas weather affects
the timing and intensity of outbreaks. A long-term warming trend is encouraging
the geographic expansion of several important infections, whereas extreme
weather events are spawning “<clusters’” of disease outbreaks and a series of
Surprises. Ecological changes and economic inequities strongly influence disease
patterns. However, a warming and unstable climate is playing an ever increasing
role in driving the global emergence, resurgence, and redistribution of infectious
diseases (Paul, 2004). All infections involve an agent (or pathogen), host(s), and
the environment. Some pathogens are carried by vectors or require intermediate
hosts to complete their life cycle. Climate can influence pathogens, Vectors, host

defenses, and habitat.

Bangladesh is highly vulnerable to natural disasters due to the frequency of extreme
climate events and its high population density. Higher temperatures including more
extreme weather events and sea level rise are already evident in Bangladesh.
Temperature trends for the daily maximum series and the daily minimum series of
the annual and seasonal basis have shown that the overall temperature regime in
Bangladesh is showing a rising trend (IPCC 2007). One estimate is that the average
increase in temperature in Bangladesh would be 1.3°C and 2.6°C by the year 2030
and 2075 respectively with respect to the base year 1990 (IPCC, 2007). Global

/



warming will increase the intensity of southwest monsoon. which will, in turn,
increase the water and food borne diseases (Earn et. al., 2000). Incidence of vector-
borne diseases like malaria, leishmania and dengue are likely to increase as a result
of climate change in this region. Increase in temperature may provide better
environment for breeding of mosquito and sand fly in places where the temperature

were previously below optimum (Lindsay ef al., 1996).

World Health Organization (WHO) ina report demonstrates that more than 33% of
diseases in children under the age of 5 are caused by environmental exposures.
Preventing environmental risk could save as many as four million lives a year in

children alone, mostly in developing countries.

Infectious diseases continue to be the major cause of morbidity and mortality
worldwide. Bangladesh is unfortunately home to many infectious diseases. Over
the last several decades Bangladesh has made remarkable progress in reducing the
human health burden of infectious disease, especially in children, largely due to
reduction in mortality from infectious diseases. Despite substantial progress,
vaccine preventable diseases remain as important Causes of ill health and
premature death in Bangladesh. In the most recent national demographic and
health survey (year 2011) 62% of deaths among children under the age of 5 years
in Bangladesh were ascribed to infectious diseases. This accounts for 55 deaths per
1000 live births. To achieve MDGs then childhood infectious disease mortality
needs to be reduced by 34 deaths per 1000 live births, or a 38% reduction between
2000 and 2015. Childhood and adult mortality due to vaccine preventable
infectious diseases can be reduced dramatically through improved management of
infectious diseases and prevention via introduction of vaccines and behavior
modification. The use of vaccines results in a profound alteration of the
environment in which parasites live. Indeed, the goal of vaccination is to protect
individual hosts and consequently decrease parasite prevalence. Ultimately, this
may even lead to the eradication of the disease (Fine ef al., 1982). These

epidemiological consequences of vaccination have received a considerable amount

/



of attention, both from an empirical and a theoretical standpoint (Anderson & May
1991: McLean & Blower 1995; Earn et al., 2000; Rohani et al., 2000: Tildesley ef
al., 2006). [mmunization describes the whole process of delivery of a vaccine and
the immunity it generates in an individual and population. Government of
Bangladesh has adopted a number of national policies with a view to provide basic
health services to all with special emphasis on children and woman to ensure that
they would enjoy their rights. The future of the nation lies on the head of the
children of today. The future will be bright and prosperous if we provide the

opportunities and allow the children to develop their potentials.

The World Health Organization reports that since 1976, more than 30 diseases
have appeared that are new to medicine, of equal concern is the resurgence and
redistribution of old diseases. There were some researches and studies on climate
change and its impacts in Bangladesh at different times by both government and
non-government organization and institutions. But research on human health
impacts due to climate change in Bangladesh has not gained much focus before
2006. There is very little information about climate change and infectious disease
burden in Bangladesh. On 3rd of December 2009 Ministry of Health and Family
Welfare of Bangladesh announced to open a new climate change cell to look into

the climate-induced disease burden in the country.

1.1 The Climate System

Our planet’s climate is always changing. In the past it has altered following natural
causes but at the present the changes have accelerated as a result of human
behavior. During the Earths history, the climate has changed many times and has
included ice ages and period of warmth. Before the Industrial Revolution, natural
factors such as volcanic eruptions, changes in the Earth’s orbit, and the amount of
energy released from the sun were the primary factors affecting the Earth’s climate.
On a global scale, climate is largely regulated by how much energy the Earth
receives from the sun and how much energy it releases back to space. Earth’s

climate is determined by complex interactions between the Sun, oceans,




atmosphere, cryosphere, land surface and biosphere. The Qun is the principal
driving force for weather and climate. Five concentric layers of atmosphere
surround this planet. The lowest layer (troposphere) extends from ground level to
around 10-12 km altitude on average. The weather that affects Farth’s surface
develops within the troposphere. The next major layer (stratosphere) extends to
about 50 km above the surface. The ozone within the stratosphere absorbs most of
the sun’s higher encrgy ultraviolet rays. Above the stratosphere there arc three
more layers: mesosphere, thermosphere and exosphere. Overall, these five layers
of the atmosphere approximately halve the amount of incoming solar radiation that
reaches Earth’s surface. In particular, certain "greenhouse” gases. present at trace
concentrations in the troposphere absorb about 17% of the solar energy passing
through it. Of the solar energy that reaches Earth’s surface, much is absorbed and
reradiated as long-wave (infrared) radiation. Some of this outgoing infrared
radiation is absorbed by greenhouse 2ases in the lower atmosphere, which causes
further warming of Earth’s surface. The greenhouse gases radiate this energy in all
directions, including back 1o the Earth again. This energy is used in a number of
processes, including heating the ground surface, melting ice and snow., evaporating
water, and plant photosynthesis. Most importantly this energy remains trapped
within the climate system, warming the Earth’s surface to an average of 14°C. This
phenomenon, called the “natural greenhouse effect.” keeps the Earth in a
temperature range that allows life to thrive. Without it, the sun’s heat would escape
and the average temperature of the Earth would drop to —~19°C (US Environmental

Protection Agency. Greenhouse effects schematic 2001).

1.2 Climate Change and Global Warming

The terms “global warming” and “climate change” are often used to describe the
same phenomenon. In actuality they are distinguishable as cause and effect, or
problem and consequence. Global warming refers only to the increase in the
temperature of the Earth’s lower atmosphere as a result of the enhanced

greenhouse effect. The resulting impacts of this temperature increase, changes In

/



many aspects of weather, are referring to as climate change. Thus, W€ are
experiencing climate change as a result of global warming. Climate change occurs
over decades or longer time-scales. Until now, changes in the global climate have

occurred naturally, across centuries Or millennia, because of continental drift,

various astronomical cycles, variations in solar energy output and volcanic activity.

Over the past few decades it has become increasingly apparent that human actions
are changing atmospheric composition, thereby causing global climate change

(Albritton and Meiro-Filho, 2001).

Climate change encompasses temperature changes on global, regional, and local
scales, and also changes in the mean and variability of rainfall, winds, and possibly
ocean currents. According to United Nation Framework convention on Climate
Change (UNFCO), climate change is a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over
comparable time periods (UNFCC, Geneva). During the twentieth century, world
average surface temperature increased by approximately 0.6 °C and approximately
two-thirds of that warming has occurred since 1975. Climatologists forecast
further warming, along with changes in precipitation and climatic variability,

during the coming century and beyond (Albritton ef, al., 2001).

Third Assessment Report (2001), the United Nation’s Intergovernmental Panel on
Climate Change (IPCC) stated: "There is new and stronger evidence that most of
the warming observed over the last 50 years is attributable to human activities and
estimated that the global average temperature  will rise by several degrees
centigrade during this century.” Report also projects an increase in average world
surface temperature ranging from 1.4 to 58" C over the course of twenty first

century (Paul, 2004).
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Figure 1.1 Global temperature record, since instrumental recording began in 1860
and proejction for coming century, according to intergovernmental Panel
of Climate Change.

1.3 Recent Scientific Assessments on Climate Change

The latest report from the Intergovernmental Panel on Climate Change (IPCC)
makes several compellingly clear points (US Environmental Protection Agency,
2001). First, human-induced warming has apparently begun: the particular pattern
of temperature increase over the past quarter-century has fingerprints that indicate
a substantial contribution from the build-up of greenhouse gases due to human
activities. Second, a coherent pattern of changes in simple physical and biological
systems has become apparent across all continents—the retreat of glaciers, melting
of sea ice, thawing of permafrost, earlier egg-laying by birds, pole wards extension
of insect and plant species, eatlier flowering of plants and so on. Third, the
anticipated average surface temperature rise this century, within the range of 1.4 to
5.8° C, would be a faster increase than predicted in the IPCC’s previous major
report, in 1996 (Albritton and Meiro-Filho, 2001). The estimated rise in average

world temperature over the coming century conceals various important details.

M



Anticipated surface temperature increases would be greater at higher latitudes,
greater on land than at sea, and would affect the daily minimum night-time
temperatures more than daily maximum temperatures. Global climate change also
would cause rainfall patterns to change with increases OVer the oceans but 2

reduction over much of the land surface.

The long history of climatic fluctuations since the end of the last global glaciation
around 15 000 years ago, along with the evidence of recent temperature rises and

the IPCC’s projected rapid warming in the current century, are summarized in

Figure 1.2.
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Figure 1.2 Variation in Earth’s average surface temperature, over the past 20000
years

1.4 Climate Change in Bangladesh
Bangladesh is located between 20° to 26° North altitude and 88° to 92° East
latitude. It is bordered on the west, north and east by India, on the south-east by

Myanmar, and on the south by the Bay of Bengal (Map 1). Most of the country is
low-lying land comprising mainly the delta of the Ganges and Brahmaputra rivers.




Floodplains occupy 0% of the country. Mean clevations range from less than 1
meter on tidal floodplains, 1 t0 3 meters on the main river and estuarine
floodplains, and up to 6 meters in the Sylhet basin in the north-east (Rashid, 1991,
Ahmed and Mirza, 2000). Only in the extreme northwest are elevations greater
than 30 meters above the mean sea level. The northeast and southeast portions of

the country are hilly, with some tertiary hills over 1000 meters above mean sea

level (Huq and Asaduzzaman, 1999).

Map 1. Map of Bangladesh
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Bangladesh ranks low on just about all measures of economic development. This

low level of development, combined with other factors such as its geography and




climate, makes the country quite vulnerable to climate change. With a population
of over 14,97,72,364 people in a gmall area and a population density of more than
1209 persons per km, and 71.90% of the population lives in rural areas,
Bangladesh is a very densely populated country (World Bank 2010). Higher
population density increases vulnerability to climate change because more people

are exposed to risk and opportunities for migration within a country are limited.

1.4.1 Review of Climate Change in Bangladesh
The Bangladesh Country Study for the U.S. Country Studies Program used an

older version of the Geophysical Fluid Dynamics Laboratory (GFDL) transient
model (Manabe ef al., 1991) and projected that temperaturc would rise 1.3°C by
2030 (over mid-20th century levels) and 2.6°C by 2070. The report estimated that
winter warming would be greater than summer warming. The study also estimated
little change in winter precipitation and an increase in precipitation during the
monsoon (Ahmed and Alam, 1998 & Ahmed, 2004). Changes in area averaged
temperature and precipitation over Bangladesh were assessed based upon over a
dozen recent General Circulation Models (GCM) using a new version of
MAGICC/SCENGEN model.  MAGICC (Model for the Assessment  of
Greenhouse-gas Induced Climate Change) is a simple climate model that computes
the mean global surface air temperature and uscd by IPCC to produce projections
of future global-mean temperature and sea level rise. SCENGEN is a database that
contains the results of a large number of GCM experiments. SCENGEN construct
a range of geographically- explicit climate change scenarios for the world by
exploiting the results from MAGICC and a set of GCM experiments, and

combining these with observed global and regional climate data set.

The results of the MAGICC/SCENGEN analysis for Bangladesh are shown in
Table 1.
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Table 1 GCM Estimates of Temperature and Precipitation Changes

Temperature change °C) Precipitation change (%)
mean (standard deviation) mean (standard deviation)
Year  Annual DJF’ JJAT  Annual DJF JJA
Baseline
average 2278 mm 33.7 mm 1343.7 mmn
2030 10 L1(018) 08 38 12 #4.703.17
(0.11) (0.16) (2.30) (12.56)
2050 1.4 1.6 (0.26) 1.1 +5.6 -1.7 +6.8 (4.38)
(0.16) (0.23) (3.33) (18.15)
2100 2.4 2.7 (0.46) 1.9 +9.7 -3.0 +118
(0.28) (0.40) (5.80) (31.60) (7.97)

Note: 4 December, January and February- the winter months of Bangladesh
5 June, July and August- the summer months of Bangladesh

The climate models all estimate a steady increase in temperatures for Bangladesh,
with little inter-model variance somewhat more warming is estimated for winter
than for summer (Ahmed and Alam, 1998, & Ahmed, 1986). With regard 0
precipitation - whether there is an increase or decrease under climate change is a
critical factor in estimating how climate change will affect Bangladesh, given the
country’s extreme vulnerability to water related disasters. The key is what happens
during the monsoon. More than 80% of the 2,300 mm of annual precipitation that
falls on Bangladesh comes during the monsoon period (Smith et al., 1998). Most
of the climate models estimate that precipitation will increase during the summer
monsoon because they estimate that air over land will warm more than air over
oceans in the summer. This will deepen the low pressure system over land that
happens anyway in the summer and will enhance the monsoon (Ahmed, 2000). It
is notable that the estimated increase in summer precipitation appears 10 be
significant; it is larger than the standard deviation across models. This does not
mean that increased monsoon is certain, but increases confidence that it is likely to
happen. The climate models also tend to show small decreases in the winter
months of December through February. The increase is not statistically significant,
and winter precipitation is just over 1% of annual precipitation. However, with
higher temperatures increasing evapotranspiration combined with a small decrease

in precipitation, dry winter conditions, even drought, are likely to be made worse.
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First major work on local level change of temperature and rainfall elements of
climate has been undertaken by Climate Change Cell (CCC 2009). They used a
model called PRECIS (Providing Regional Climates for Impact Studies).
developed by Hadley Center, UK. The model used data from 31 weather stations
of Bangladesh and the major findings of PRECIS model are,

e Rainfall during monsoon and post-monsoon periods will increase where it

will remain close to historical amount during dry season.
e Rainfall during pre-monsoon will fluctuate in different years.

e Over the country, rainfall will increase 4%, 2.3%, 6.7%. in 2030, 2050,

2070 respectively in reference to the observed baseline period.

e Monthly average maximum temperature will change from 1.2 to 4.7 degrees

centigrade in 2030; from 1.2 to 2.5% C in 2050 and from 1.2 to 3 C in 2070,

e Maximum temperature will increase during monsoon period and it will

decrease in other periods.

e Monthly average minimum temperature will increase in all periods and vary
from 0.3 to 2.4° C in 2030, from 0.2 to 539 C in 2050 and from 0.6 to 3.3"
C in 2070.

e Variation of rainfall and temperature (both maximum and minimum) in any
location over Bangladesh and in a particular month is quite large than the

seasonal and annual average.

e Maximum temperature will increase about 5.97° C in Bogra in 2030.

Second major work was also conducted by CCC (2008), where they attempted to
characterize changes of Bangladesh climate. They also considered March, April
and May as summer and November, December, January and February as winter
season. The research showed that the annual and seasonal mean temperatures arc
found to have in general increasing trends in Bangladesh. The overall trend in
mean annual temperature was found to be +0.10 and +0.21° C per decade for years
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1948 to 2007 and 1980 to 2007 respectively. It concludes that warming has been
more rapid in recent decades. In addition Rahman e? al., 1997 found evidence of

changes in monsoon rainfall pattern.

Table 2 All Bang ladesh Trends in Seasonal and Annual Mean Temp eratures

m Trend in all Bangladesh mean temperatures e

for data period of
Winter (Nov-Feb) -_‘E_
Summer (Mar-May) m_ﬂ
Monsoon (Jan-Oct) —!_ﬂ_
Annual (Jan-Dec) s

Source: Climate Change Cell (CCC) 2008

1.42 Current Climate in Bangladesh

Bangladesh has a humid, warm, tropical climate. Its climate is influenced primarily
by monsoon and partly by pre-monsoon and post-monsoon circulations. The south-
west monsoon originates Over the Indian Ocean and carries warm, moist, and
unstable air. The monsoon has its onset during the first week of June and ends in
the first week of October, with some inter-annual variability in dates. Besides
monsoon, the easterly trade winds are also active, providing warm and relatively

drier circulation.

In Bangladesh there are four prominent scasons, namely, winter (December to
February), Pre-monsoon (March to May), Monsoon (June to carly-October), Post-
monsoon (late-October to November). The general characteristics of the seasons

are as follows:

e Winter (December to February) is relatively cooler and drier, with the average
temperature ranging from a minimum of 7.2 to 12.8°C to a maximum of 23.9
to 31.1°C. The minimum occasionally falls below 59C in the north though
frost is extremely rare. There is a south to north thermal gradient in winter
mean temperature: generally the southern districts are 59C warmer than the

northern districts.
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e Pre-monsoon (March to May) is hot with an average maximum of 36.7°C,
predominantly in the west for up to 10 days, very high rate of evaporation, and
erratic but occasional heavy rainfall from March to June. In some places the
temperature occasionally rises up to 40.6°C or more. The peak of the maximum
temperatures are observed in April, the beginning of pre-monsoon season. In
pre monsoon season the mean temperature gradient is oriented in southwest 10
northeast direction with the warmer Zone in the southwest and the cooler zone

in the northeast.

e Monsoon (June to early-October) is both hot and humid, brings heavy torrential
rainfall throughout the season. About four-fifths of the mean annual rainfall
occurring during monsoon. The mean monsoon temperatures are higher in the
western districts compared to that for the eastern districts. Warm conditions
generally prevail throughout the season, although cooler days are also observed

during and following heavy downpours.

e Post-monsoon (late-October to November) 1s a short-living season
characterized by withdrawal of rainfall and gradual lowering of night-time

minimum temperature.

The mean annual rainfall is about 2300mm, but there exists a wide spatial and
temporal distribution. Annual rainfall ranges from 1200mm in the extreme west to

over 5000mm in the east and north-east (MPO, 1991).

1.5 Climate and Human Health
Knowledge of the interactions between climate and health date back to the time of
Aristrotole, but our understanding of this subject has recently progressed rapidly as

technology has become more advanced.

The Greek physician Hippocrates (about 400 BC) related epidemics to seasonal
weather changes, writing that physicians should have “due regard to the seasons of

the year, and the diseases which they produce, and to the states of the wind
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peculiar to cach country and the qualities of its waters” (Lloyd G.E.R, 1978). He
exhorts them to take note of “the waters which people use, whether they be marshy
and soft, or hard and running from elevated and rocky situations, and then if saltish
and unfit for cooking.” and to observe “the localities of towns, and of the
surrounding country, whether they are low or high, hot or cold, wet or dry ... and

of the diet and regimen of the inhabitants”

Before humans understood that microorganisms caused epidemic diseases, people
knew that these diseases Were intimately related to climate. For example, ancient

Romans retreated to cooler hillside resorts in the summer to avoid malaria.

Global average temperatures are projected to increases, and it is known that
climate change in the next hundred years will be significant and by the year 2100
best estimates predict between a 1.8° C and 4° C rise in average global temperature,
although it could possibly be as high as 6.4° C (James, 2008). Evidence is
mounting that changes in the broad-scale climate system may already be affecting
human health, including mortality and morbidity from extreme heat, cold, drought
o or storms; changes in air and water quality; and changes in the ecology of
infectious diseases (Patz, J A. et al,1996). All over the world, climate change
related impacts including prolong flood, heat wave, drought, sea level rise, salinity,
: temperature and rainfall variations have become very evident (UNDP human
development report 2007). People are directly exposed to changing weather

patterns (temperature, precipitation, sea-level rise and more frequent extreme
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