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Introduction:
1.

“It would be a serious catastrophe for our country and for the whole region, if much

of the land in Bangladesh disappears under the sea. We become frightened to think that

our grandchildren will have no place to live on this planet earth. We really want to be sure
that they, and their children after them, will be able to enjoy the beauty of our country that
we have enjoyed, and be able to have enough land to live and enough land for food”.

Bangladesh is already beset with many problems like high population density (about 160

million people living in an area of 147,570 sq km), shortage of land to accommodate the

people, food security, human health, illiteracy, and so forth. The natural disasters like

tropical cyclones, storm surges, coastal erosion, floods, and droughts—cause heavy loss
of life and property and jeopardize the development activities. In the foreseeable future,

the country is likely to be affected by the biggest ever, long lasting and global scale human
induced disaster- the climate change and sea level rise (CCSLR). The global warming due

to the increase in greenhouse gas concentrations in the earth’s atmosphere and the
consequent sea level rise (SLR) are going to add fuel to the fire. Almost every sector of
socio-economic life in Bangladesh is likely to be affected by climate change. Some even

argue, climate Change is no longer a threat for Bangladesh, it has already affected the

country. Sea level rise, floods, drought, cyclone, salinity, water logging and unplanned

urbanisation are some of the major environmental challenges that the country faces due to
global climate change.

What is climate and climate change?
2.

In general, climate is defined as the average weather over a long period of time.

The climate in a given region is determined by both natural and anthropogenic (humanmade) factors. The Intergovernmental Panel on Climate Change (IPCC) glossary definition

is: “Climate in a narrow sense is usually defined as the “average weather”, or more
rigorously, as the statistical description in terms of the mean and variability of relevant

quantities over a period of time ranging from months to thousands or millions of years. The
classical period is 30 years, as defined by the World Meteorological Organization (WMO).
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The climate variables that affect our daily life most directly are: average, maximum and

minimum temperature, wind near the surface of the earth, precipitation in its various forms,
humidity, cloud type and amount, and solar radiation.
3.

Geography, global air and sea currents, tree cover, global temperatures and other

factors influence the climate of an area, which causes the local weather. The term "climate

change" is commonly used to refer to changes in the earth's global climate or regional
climates. It describes changes in the variability or average state of the atmosphere or

average weather over any time scale from decades to millions of years. These changes
can be caused by internal processes, external forces or most recently, by human
activities.
4.

The earth’s climate is always varied naturally which were gradual and not

significant. But, human influence is changing the climate much faster than occurring in the
past under natural processes. Scientific evidence that humans were changing the climate

first emerged in the international public arena in 1979 at the First World Climate
Conference. At that time, when the first effects of human induced climate change were
discovered, the changes were so small that it didn’t seem like a big issue. But, by 1988

when the IPCC was formed, the dangerous consequences of climate change became
clear. The global climate system may be seen as a result of interactions among the
atmosphere, hydrosphere, the ice sheets (cryosphere), living organisms (biosphere), soils,
sediments and rocks (geosphere) and human activities (technosphere) (Figure 1).

Figure-1 is a schematic diagram of the climate system.
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What Are the Causes of Climate Change and Global Warming?
5.

Global warming is defined as the increase of the average temperature on Earth.

Almost 100% of the observed temperature increase over the last 50 years has been due
to the increase of greenhouse gas concentration in the atmosphere, like water vapor,
carbon dioxide (CO2), methane and ozone. Greenhouse gases are those gases that

absorb long wave terrestrial radiations which come from earth surface due to heating of
the earth by the sun. The largest contributing source of greenhouse gas is the burning of

fossil fuels leading to the emission of carbon-dioxide. The graph below (Fig-2) shows the

majority of Greenhouse gasses are contributed through energy emissions, while the
remainder is related to land use.

Figure 2. Greenhouse Gasses (GHG) emitted in 2015.

Effect of Global Warming
6.

The major effects of global warming is increase of temperature on the earth by

about 3° to 5° C by the year 2100 and the consequent Sea Level Rise (SLR) because of

thermal expansion and ice melt (Fig-3). It was observed that global sea level rose at an

average of 1.8 mm per year from1961 to 2003 (estimated from tide gauge
measurements), and the rate was 3.1 mm per year during 1993 to 2003, which was faster
compared to 1961-2003 (measured by high precision altimeter satellites). According to
IPCC (2007), the global sea level may rise from 18 to 59 cm by 2100. A recent trajectory

by Jevrejeva et al. 2012 shows that global SLR will be in the range of 0.57 to 1.10 m by
2100 (Fig-4). It means that sea levels will rise higher and faster than the IPCC (2007)
prediction made just five years ago. The rise of sea levels in the case of Bangladesh is
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estimated to be higher than the global sea-level rise as observed at three coastal stations

(Hiron point, Char Changa and Cox’s Bazaar) for the last 22 years, which were 4, 6 and
7.8 mm/year respectively. Figure-5 shows the SLR projections beyond 2100 as follows: 1
to 2 m by 2200 and 1.84 to 5.48 m by 2500.

Figure-3

Figure 4: Sea level projections by 2100 with
Representative Concentration Pathways (RCP)
scenarios; red = very low greenhouse gas
concentrations; blue= medium low greenhouse
gas concentrations, black= high greenhouse gas
concentrations. Shadows with similar colour
around sea level projections are upper (95%)
and low (5%) confidence levels [from 8; page
17].

Figure 5: The graph shows how sea levels will
change for four different pathways for human
development and greenhouse gas pollution. The
green, yellow and orange lines correspond to
scenarios where it takes 10, 30, or 70 years
before emissions are stabilized. The red line
can be considered to represent business as
usual where greenhouse gas emissions are
increasing over time [from 12].

Geographical Vulnerability of Bangladesh
7.

Bangladesh is located between 20o34' to 26°38' North latitude and 88°01' to 92°42'

East longitude. 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. Geologically it is a part of the Bengal
Basin which has been filled by sediments washed down from the highlands on three sides

of it, especially from the Himalayas. A network of rivers originated in the Himalayas flow
over the country, that carries sediments, the building blocks of the landmass of the delta.

The major river systems of the eastern Himalaya, the Ganges, the Brahmaputra, and the
Meghna (GBM), their tributaries and distributaries crisscross the floodplains.
8.

Bangladesh tops the 2009 Global Climate Risk Index, a ranking of 170 countries

most vulnerable to climate change compiled by ‘Germanwatch’ an international NGO that

works on environment and development issues. The geographical location and
geomorphological conditions of Bangladesh have made the country the most vulnerable,

particularly to SLR. Bangladesh is situated at the interface of 2 different environments,
with the Bay of Bengal to the south and the Himalayas to the north. This peculiar
geography of Bangladesh causes not only life-giving monsoons but also catastrophic
ravages of natural disasters, to which now are added climate change and SLR.
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9.

The country consists of low and flat land formed mainly by the sediments carried by

the Ganges and the Brahmaputra River systems except for the hilly regions in the northeastern and south-eastern parts. From physiographic point of view, about 80 per cent of

the land is floodplains with very low mean elevation above the sea level with the rest

made up of hills and elevated lands. Topography of the country is characterised by very
low differences in the elevation between adjoining ridge tops and depression centres,

which range from less than 1 meter on tidal floodplains, 1 to 3 meters on the main river

Fig.-6: Topographic map of Bangladesh.
and estuarine floodplains, and up to 5 to 6 meters in the Sylhet Basin in the north-east.

Only in the extreme north-west land elevations exceed 30 meters above the mean sea
level. There are two uplifted land blocks, known as the Madhupur and the Barind tracts,

which generally have higher elevation: within 1 and 5 meters above the adjoining

floodplains. In some places, however, they reach up to 25 meters higher than the
adjoining floodplains. Hills are located along the northern and eastern borders of the

country. These tertiary hills have higher elevation, some reaching over 1000 meters above
MSL. The Topography of the country is exhibited in Figure-6.
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Consequences of Sea Level Rise
10.

The SLR is the combined effect of thermal expansion and the melting of glaciers,

ice caps etc. Global warming or increases in temperatures cause the oceans to warm and
expand in volume inducing a rise in the sea levels. Furthermore, warmer climate facilitates

melting of glaciers, ice caps and ice sheets causing further addition of water to the
oceans.
11.

Rising sea levels is one of the most catastrophic consequences of global

warming/climate change. Predicted sea-level rises of up to a meter over the next century

would inundate the homes of millions of people. At the present rate of 8mm a year it may
only take about 25 years to raise levels 20cm, enough to permanently waterlog and

destroy the land and drinking water of as many as 10 million people in the south of the
Bangladesh. Moreover, a sea-level rise of just 400 mm (40 cm) in the Bay of Bengal

would put 11 percent of the Bangladesh's coastal land underwater, creating 7 to 10 million

climate refugees. A sea-level rise of 1 m and 1.5 m will put 17,000 square kilometers and
22,000 square kilometers respectively permanently under flooded water in Bangladesh
(Fig-7).

Fig-7: Potential impact of sea-level rise (1 meter and 1.5 meter) on Bangladesh
12.

If all the glacial ice in the world melted, and sea levels rose to the maximum height

they’ve ever been, our close-up look of the region would look like this (Fig-8). We would
have to call Bangladesh something else.
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Fig-8

Impact on other Natural Calamities of Bangladesh
13.

Bangladesh experiences different types of Natural Disasters almost every year

which are highly influenced by Global Warming as well as Climate Change in the recent
years. The influences on some of the N
Natural Calamities are listed below:

a.

Rainfall.

Over South Asia, the summer is dominated by the southwest

monsoon, which occurs from June to September and influences the seasonal cycles.

However, according to the IPCC
IPCC‟s Fourth Assessment Report, climate change is likely to

weaken the monsoonal flows and the large scale tropical circulation; this could affect
rainfall patterns, such as the time it occurs each year. According to the IPCC Distribution
Centre rainfall in South Asia is predicted to increase by
b 5-7% in the 2020s, 10-13%
10
in the
2050s and 15-26% in the 2080s. A variety of different studies all point to average rainfall

increasing in Bangladesh during the summer monsoon by around 1-4%
1 4% by the 2020s, and
2-7% by the 2050s. The studies also agree in predicting slightly less rainfall in winter

months. In the GBM basin as a whole the increase in rainfall in the monsoon is predicted
to be larger from around 4-8%
8% by the 2020s and 9
9-10%
10% by the 2050s, while winter rainfall

is expected to reduce by 4-5%
5% by 2050.
2050. Therefore higher rainfall outside of Bangladesh in

the monsoon is likely to lead to more frequent and severe floods from swollen rivers, while

less rain in the winter will mean less water in rivers in the dry season affecting river fed

irrigation, industry,
ustry, fisheries, travel by launch/ferries and increase salinity around the

coast. The recent records of less no of Western Disturbance in winter and excessive
rainfall in monsoon (rainfall
rainfall in a day over Dhaka, 340mm on 13 Sep 04, 332mm on 27 Jul

09 and over
er Jessore, 238mm on 15 Sep 04, 127mm on 05 Sep 09, 265 mm on 10 Aug
16) somehow proves the validity of these studies.
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b.

Floods:

Bangladesh is one of the largest deltas in the world, formed by a

dense network of the distributaries of the rivers Ganges-Brahmaputra-Meghna (GBM) and

more than 230 major rivers and their tributaries and distributaries. Eighty percent of the

country land is floodplain, making the majority of Bangladesh prone to flooding at least
part of the year. Between 30-70 percent of the country is normally flooded each year. The
extent of flooding is exacerbated by the sedimentation at the riverbeds due to

negligible

flow gradient. Sea level rise will directly result in increased coastal flooding, which will
increase in the event of storm surges. Sea level rise is also associated with increased

riverine flooding, because of more backing up of the GBM rivers along the delta. This will
result in increased drainage congestion due to higher water levels, which will be

exacerbated by other factors associated with climate change such as siltation of estuary

branches in line with increased surface runoff, and higher riverbed levels. The graph
shows the Climate Change Impacts on the Trend of Historical Floods:

Inundation to the extent of 24% area of the country is beneficial for crops and ecological

balance. But the flood more than 24% cause direct and indirect damages. The top 5 floods

in terms of inundated area occurred within last 20 years in the 60 years of history. The
1998 Flood was the most devastating flood within 60 years, inundated 67% area of
Bangladesh. Although the depth of inundation among two mega floods (in 1988 and 1998) does

not differ too much, the duration of flood in 1998 was much higher (about double) than 1988 flood.

The upstream Rainfall and SLR was the cause for the prolonged flood in 1998. On an
average, 0.19 m SLR was observed at that time (for a period of about 2.5 months), which blocked

the outflow of the swollen rivers into the Bay of Bengal. The temporary Sea Level Rise due to
elevated tides in the Bay of Bengal was the main cause for the prolonged flood in 1998.

c.

Cyclones. One necessary but not sufficient condition for tropical cyclone

formation is that the sea surface should have temperature more than 26°C. This leads to
the speculation that any rise in sea surface temperature (SST) due to climate change is
likely to be accompanied by an increase in cyclone frequency. It is almost certain that an
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increase in SST will be accompanied by a corresponding increase in cyclone intensity
(wind speed). It indicates that a good number of depressions will become cyclonic storms,
cyclonic storms will become severe cyclonic storms, and that severe cyclonic storms will

become even more severe. As a consequence, the disastrous consequence of cyclones

will increase manifold. Though, after the severe cyclonic storms "Sidr" on 11 Nov 07 and
"Aila" on 25 May 09, no severe cyclone crossed over Bangladesh, but a good no cyclonic
storm (about 20 cyclone) developed over Bay of Bengal and crossed India/Myanmar cost.

d.

Storm Surges.

Storm surges are generated by the winds and the atmospheric

pressure changes associated with cyclones. Wind is the main contributing factor (~90%).
It exerts stress on the water underneath, and surge is generated. In Bangladesh, storm

surge heights in excess of 10 m are not uncommon. There are a number of reasons for
the storm surge amplifications on the Bangladesh coast. Shallow water in the north Bay,

the northward-converging nature of the Bay (at the head of which Bangladesh is situated),

and high astronomical tides are the main causes of storm surge amplifications on the
Bangladesh coast. Any increase in SST is likely to cause greater convective instability,
leading to an increase in the wind speed. The stress exerted by wind on water underneath

is proportional to the square of the wind velocity. Thus an increase in SST due to climate
change will lead to higher storm surges and a higher risk of coastal disasters in low-lying

coastal areas of Bangladesh. For example, during the cyclonic storm "Aila", the eye of the
cyclone was not visible, but just before the land fall the eye became prominent and visible
due to increased wind velocity near the cost.

e.

Salinity Intrusion. Salinity intrusion is an increasing problem in the coastal

areas around the world. Climate Change and its associated hazards like sea level rise,

cyclone and storm surge have been increasing the salinity problem in many folds. The
coastal zone of Bangladesh is already under the constant threat of salinity. Any increase
in sea level may intrude much longer distance in inland as the topography of the coastal

zone in Bangladesh is relatively low-lying. Drinking water from natural sources in coastal
Bangladesh has become contaminated by varying degrees of salinity due to saltwater
intrusion from rising sea levels, cyclone and storm surges, and upstream withdrawal of

freshwater. The present interface between freshwater and saline water lies around 120 to
160km inland in the southwest, and this could well be pushed northward as far as central

Jessore region in the event of a sea level rise. An immediate threat comes from soil
salinity that jeopardizes crop production in Bangladesh. A 2007 report by the IPCC
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estimates that the production of staple foods could drop steeply by 2050 because of soil
salinity. This would be devastating in a country where agriculture is the key economic
driver, like Bangladesh.

f.

Extreme Temperature.

Fig-9

Bangladesh is known to have six seasons

however because of Climate Change, it has become difficult to identify all of them. With
the hot summer and monsoon season dominating most of the year, the winter season has

also decreased in terms of intensity and number of months. Climate change is associated

with hotter summers and colder winters. On 09 May 2009, Jessore recorded 43.3°C and

4.2°C on 09 Jan 13; which was highest and lowest ever recorded temperature over the
area.

g.

Drought. Every year Bangladesh experiences a dry period for seven months,

from November to May, when rainfall is normally low. During this period about 2.7 million

hectares of land in Bangladesh are vulnerable to annual drought. Devastating and regular
droughts caused by a lack or a late/early arrival of rainfall happens very often in many

parts of Bangladesh, badly affecting agriculture. Drought impact, associated with late or
early monsoon rains or even complete failure of monsoon due to climate change, spreads

over a much larger geographical area than areas affected by other natural hazards.
Groundwater based irrigation is already experiencing difficulties in different parts of the
country in sustaining supply due to over-extraction of water and insufficient refill in the

monsoon. Groundwater at Dhaka city is decreasing aggressively for insufficient refill due

to insufficient rainfall and decrease of water catchment area. Within last 15 years, only 04
years, yearly total rainfall was equal or more than yearly average rainfall; rest of the years
it was much below the yearly average.
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h.

Coastal Erosion.

Erosion in the coastal area is another big point of

concern for Bangladesh. Heavy discharge currents through the GBM river system, wave
action due to strong southwest monsoon winds, high astronomical tides, and storm surges

in the Bay of Bengal are the main causes of erosion (and accretion) in the coastal area of

Bangladesh. The Bangladesh Water Development Board estimated that 1,200 km of
riverbank has been actively eroded and more than 500 km has been facing severe

problems related to erosion, and every year despite some deposition of silt, a net area of
8,700 hectares of land was being lost (Ahmed, 2006). The Christian Commission for
Development in Bangladesh estimate that a million people are pushed off their land by river

erosion and many of these end up permanently displaced (Christian Aid, 2006). Sea Level

Rise due to climate change is therefore expected to displace more and more people from
their homes and farms.

j.

Back Water Effect.

Back water effect (BWE) generally refers to the

retardation of a river outflow by a rise in the level of water at the mouth of the river. The

effect may be from a main river to a tributary or from sea to a river. BWE is very
pronounced in Bangladesh, particularly in the Meghna River estuary, through which about

90% of the river water in the country discharges into the Bay of Bengal. It is particularly
important during flood seasons. As a consequence, floodwater inside the country continues
to accumulate, bringing more areas under inundation and increasing the length and depth
of inundation in areas already inundated.

Impact on Coastal Areas
14.

According to the coastal zone policy (CZPo, 2005) of the Government of

Bangladesh, 19 districts out of 64 are in the coastal zone covering a total of 147 upazillas

(Fig-10) of the country. Out of these 19 districts, only 12 districts meet the sea or lower
estuary directly. The zone is divided into exposed and interior coast according to the

Fig-10 shows the costal zone
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position of land. The coastal zone covers 47,201 square kilometer land area, which is 32%

of total landmass of the country. Total population living in the coastal zone is 35.1 million
that represent 28% of total population of the country. Population density in exposed coast
is 482 persons per square kilometer whereas the value is 1,012 for the interior coast.
15.

Coastal areas of Bangladesh are on the ‘front line’ of climate change; directly

affected by storm surges, drainage congestion, and SLR. The Bay of Bengal is located at

the tip of the north Indian Ocean, where severe Cyclonic storms as well as long tidal

waves are frequently generated and hit the coast line with severe impacts because of the

Shallow as well as Conical shape of the Bay near Bangladesh. Almost one fourth of the
total population of the country live in the coastal areas of Bangladesh, where majority of

the population are somehow affected (directly or indirectly) by Tropical Cyclones, Tidal
Surges/Coastal Floods, River-bank Erosion, Salinity etc. With the rise of Sea-level up to

one meter only, Bangladesh could lose up to 15% of its land area under the Sea water
and millions of people living in the coastal areas would become Refugees. Agriculture,

Industry, Infrastructure (School, Hospitals, Roads, Bridges and Culverts etc.), Livelihoods,

Marine Resources, Forestry, Biodiversity, Human Health and other Utility services will
suffer severely because of the same. Salinity Intrusion from the Bay of Bengal already
penetrates 100 kilometers inside the country during the dry season and the Climate
Change in its gradual process is likely to deteriorate the existing scenario to a great

extent. The whole coastal area is Highly Vulnerable to High Tides and Storm Surges. The
Sundarbans mangroves are projected to be most vulnerable to SLR. A 10, 25, 45, 60 cm
SLR will inundate 15%, 40%, 75%, 100% of the Sundarbans resulting loss of heritage,
biodiversity, and fisheries.

Impact on Urban areas
16.

Cities and Towns situated along the Coastal belt in Bangladesh are at the Front line

of Climate Change related Disaster impacts and could experience a severe damage
directly because of the SLR and Storm Surges at any time. The most vulnerable cities

include Dhaka, Chittagong and Khulna have witnessed extreme environmental stresses in

recent years. Direct impacts may occur through the increased Floods, Drainage
congestion and Water logging as well as Infrastructure Damage during extreme events.

The important Urban sectors that suffered severely by the previous floods (1988, 1998
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and 2004) in Bangladesh include Urban Infrastructure, Industry, Trade, Commerce and
Utility services etc. As consequence, it hampered usual productivity during and after major

floods and hence increased the vulnerability of the urban poor by many folds. Further, as

the adverse impacts of climate change on rural areas cause increased migration to urban

areas for searching of non-agricultural employment, putting greater pressure on scarce

housing, water, sanitation, and energy services and increasing the number of vulnerable

urban poor who are particularly at risk from climate related disasters. It should be
mentioned here that, around 40% of the urban population in Bangladesh lives in the Slum

and Squatter settlements of the major cities which are highly prone to Disaster risk during
Flooding further.

Mitigation And Adaptation
17.

Mitigation strategies need to be developed to reduce the impact of climate change

through new policies, in-innovative technologies and a new life style. Introduction and use

of renewable energy for industry and household use should be considered. Solar energy
is a viable option for Bangladesh as the country is blessed with plenty of sunlight.

Conservation of water sources and rainwater harvesting will benefit many sectors. Riverencroachment and river-grabbing should be stopped by enforcing strict policies. Urban

zoning laws can help reduce over-crowded pockets in larger cities, especially in Dhaka.

Immediately stop the filling of water catchment area and dig new water catchments in
Dhaka city to save the groundwater level by formulating policy. De-centralisation of
administration and other facilities from Dhaka city may have great impact on migration of

people towards the capital. Building and developing better facilities in rural areas will help
prevent human migration to cities. Community-based solutions should be developed and
implemented to make sure that people have a say in decisions affecting their well-being.

Such approaches should also include various stakeholders and development partners
from different sectors such as health, agriculture, environment, water resources and urban

planning. It should also encourage public-private partnerships to monitor change, assess

impact, facilitate adaptation and develop programs in order to face the challenge of

climate change and develop holistic solutions. Mitigation may also refer to efforts to
capture greenhouse gases through certain kinds of land use, such as tree plantation. This

will reduce global warming, as the greenhouse layer in the atmosphere will not be so thick
and its warming, blanket-like effect will be lessened. Mitigation is the main response that
must be made to prevent future impacts of climate change.
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18.

Bangladesh government has formulated climate change adaptation strategies,

prepared an action plan to reduce climate hazards and mobilized funds for implementing

adaptation programmes. Knowledge and research institutions are working on modules to
assess the impact of sea level rise, temperature and precipitation change, water
availability, human health, infrastructure, agriculture and the environment. But we cannot
do it alone.

Conclusion:
19.

Bangladesh tops the 2009 Global Climate Risk Index, a ranking of 170 countries

most vulnerable to climate change. Rising sea levels is one of the most catastrophic
consequences of global warming/climate change. Predicted sea-level rises of up to a
meter over the next century would inundate the homes of millions of people. In addition to

SLR, other potential effects of climate change like severe cyclone formation, prolong flood,
salinity intrusion, tidal/storm surge, coastal erosion, draught etc will have devastating

consequences on agriculture and livelihoods in Bangladesh. People will lose their homes,
agriculture fields, sweet water, fishery, poultry, livestock and everything. The homeless
poor will take shelter in the roadside unhygienic Squatters and Slums. It will cause
increased migration to urban areas for searching of non-agricultural employment, putting
greater pressure on scarce housing, water, sanitation, and energy services which likely to

jeopardize the development of the nation. Bangladesh alone is not able to face such a

large-scale problem. A global initiative to reduce the greenhouse gases emission by the

developed countries is a basic requirement. Unless steps are taken and put in place
immediately to mitigate and adapt to climate change, Bangladesh will have to pay a heavy
toll in terms of productivity and human lives.
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