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A H M Mustafa Kamal, FCA, MP
Minister
Ministry of Planning
Government of the People’s Republic of Bangladesh

Message
I am happy to know that the General Economics Division (GED) of Bangladesh Planning Commission is publishing the
Baseline Studies in six (6) volumes which were prepared for formulation of the Bangladesh Delta Plan (BDP) 2100.
Over the past 47 years since independence Bangladesh has secured tremendous gains in development. Bangladesh
has achieved food self-sufficiency and the economy is gradually transforming from an agrarian base towards a modern
manufacturing and services economy. Making this growth sustainable is even more challenging in the face of extreme
adverse climate variability, with frequent storm and tidal surges, flooding, and droughts. I am confident that the BDP
2100 will amply guide us in realizing the vision that is aspired in the plan of being a prosperous country beyond 2041
and also contribute directly in making the growth sustainable by ensuring long term water and food security, economic
growth and environmental sustainability while effectively reducing vulnerability to natural disasters and building
resilience to climate change and other delta challenges. I hope BDP 2100 will also contribute to the making of 5 year
plans as well as contribute to achieving SDG’s and other national policy goals.
The Baseline Studies generated both quantitative and qualitative benchmark information for relevant subject areas
of the plan and identified critical areas for future intervention. It also forms the basis for determining strategies and
measures that have been suggested in BDP 2100 for different climatic Hotspots.
I am particularly pleased to note that BDP 2100 being a techno-economic plan, is the first attempt in our national
planning history to formulate a real long term plan prepared by GED. The publication of the Baseline Studies in book
form which served as basis for the preparation of the BDP 2100 has immense importance to keep the institutional
memory preserved. These will be useful references to the policymakers, development partners, academics, researchers,
students and professionals alike to further research endeavor and knowledge sharing.
In this instance, I would congratulate relevant officials of GED of Bangladesh Planning Commission for their hard work
in compiling the Baseline Studies in book form. My sincere appreciation goes to the experts in their respective fields for
completing the Background Studies for formulation of the BDP 2100.

(A H M Mustafa Kamal, FCA, MP)
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M. A. Mannan, MP
State Minister
Ministry of Finance and Ministry of Planning
Government of the People’s Republic of Bangladesh

Message
It gives me immense pleasure to learn that the General Economics Division (GED) of Bangladesh Planning Commission

is going to publish 26 Baseline Studies in six (6) volumes which have been used as the inputs for preparing the country’s
first long term Plan i.e. Bangladesh Delta Plan (BDP) 2100. The Baseline Studies of BDP 2100 are the culmination of both

quantitative and qualitative benchmark information for relevant subject areas of the plan and identified critical areas for
future intervention. I believe, GED of Bangladesh Planning Commission has pursued with various eminent professionals,
scientists, researchers, academia etc. at national and international levels for conducting these Baseline studies.

I know that BDP 2100 is the long term plan for the country to realize sustainable and a commonly agreed upon strategy
with specific short, medium and long term interventions involving all relevant stakeholders for an optimum level of water
safety and food security as well as sustained economic growth of Bangladesh and a framework for its implementation.

I congratulate the GED for taking up this bold initiative. I would like to thank the authors and also the reviewers who
have contributed to prepare these Baseline Studies. Documented Baseline Studies will also be helpful for policy planners,
development practitioners, researchers, academicians, professionals and even students as well. I also expect that the
Baseline Studies will be useful for the officials of GED to prepare necessary policy briefs and write-ups they often
prepare. I believe that not only GED but also other relevant officials will be immensely benefited with these Baseline

Studies for upgrading and updating their knowledge and professional competences. Finally, I thank GED leadership for
undertaking this endeavor for publishing Baseline Studies of the BDP 2100 for much wider use.
I wish all the best and all out success.

M. A. Mannan, MP
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Ph.D. (Newcastle), M.A. Econs. (Thammasat)
M.Sc. Ag. Econ. (BAU)
Member (Senior Secretary)
General Economics Division
Bangladesh Planning Commission

Prefatory Comments

Bangladesh is one of the largest deltas of the world and its rivers and floodplains support life, livelihood and economy.

The country is defined by the delta, with almost a third of the country lying less than 5 (five) metres above sea level, on

the contrary however, coastal zone, the low-lying area, is highly vulnerable, especially to cyclones and storm surges.
In addition, salt-water intrusion, floods, sea level rise intensify the vulnerability of the community of the areas. These
problems are likely to become even worse due to climate change adverse impact.

Many more challenges lie ahead for Bangladesh, the most important being pressure on land use, environmental

protection, governance, globalization and macro-economic development. Given the ambition to be a developed
country by 2041, addressing the expected impacts of climate change, there is a need for an integrated approach to

future land and water management in relation to water safety, agricultural growth and food security. The recent and
future anthropogenic changes in the hydrological cycle due to e.g. climate change, construction of dams and barrages
in the upstream countries in combination with increasing water demand are expected to make future water governance
and management even more challenging.

With a view to meeting the above challenges, the Government of Bangladesh (GoB) requested the Government of the

Netherlands (GoN) to assist for formulation of adaptive, multi-sectoral, comprehensive and holistic Delta Plan taking

lessons from Dutch experiences. The GoN agreed to provide the necessary support through its Embassy in Dhaka. In
accordance with the decision of the Government, the General Economics Division (GED) of the Planning Commission,

Ministry of Planning was assigned to lead the formulation of Bangladesh Delta Plan 2100, as the GED is mandated for
medium and long term planning at the national level.

Bangladesh Delta Plan 2100 has been conceived as a techno-economic, long-term, holistic, water centric, strategic
plan. As such, formulation of strategies in the short (budgeting), medium and long term is the most significant part in

the planning process. The long term strategies will help to fulfil the Delta Vision, whereas the short and medium term

strategies will help achieve benefits within the country’s 5 year planning horizon as well as contribute to achieving

SDG’s and other national policy goals. An interactive planning process has been followed comprising three major steps:

i) Conducting Baseline Studies; ii) Formulation of Adaptive strategies; and iii) Development of the Delta Management
Framework. These steps were supported by country wide consultation processes which eventually led to the outcome
of an Investment and Implementation Plan.

The project has prepared 26 Baseline Studies on known delta problems, reviewing existing policies and governance
challenges in the sector of water resources, land, environment, disaster, agriculture, fisheries, livestock, transportation,
finance, governance, knowledge generation etc. The studies followed the basic steps of reviewing the current policy
situation, assessing the status of individual sectors, identification of drivers or pressures, conducting integrated analysis
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for the right interpretation of problems, challenges and knowledge gaps. For starting an integrated analysis with
stakeholders it was essential to create an overview of already established and agreed-upon policies as well as to rank

priorities for further investigation, research and discussion. The key elements in the approach were (a) knowing the
present state, problems, impacts, challenges and current responses or interventions; (b) consideration of uncertainties

of social and natural systems and knowledge gaps; (c) the evaluation of drivers, trends or events in the interaction
between the delta and society.

These Baseline Reports have been clustered into Six Volumes on the basis of thematic issues and topics.
Volume 1: Water Resources Management consists of seven Baseline Reports: 1. Sixty Years of Water Resources

Development in Bangladesh: Lessons Learnt; 2. River System Management; 3. Water Resources; 4. Groundwater; 5. Coast

and Polder Issues; 6. Water Supply and Sanitation; 7. Part A- Sediment Management and Part B- Meghna Estuary Study;
Volume 2: Disaster and Environmental Management consists of four Baseline Reports: 8. Climate Change; 9. Disaster
Management; 10. Environmental Pollution; 11. Ecological Setting;

Volume 3: Land Use and Infrastructure Development consist of three Baseline Reports: 12. Land Resources Management;
13. Urbanization and Settlement; 14. Sustainable Transportation and Infrastructure;

Volume 4: Agriculture, Food Security and Nutrition consists of four Baseline Reports: 15. Agriculture and Food Security;
16. Fisheries; 17. Livestock; 18. Forests and Biodiversity;

Volume 5: Socio-Economic Aspects of the Bangladesh Delta consist of three Baseline Reports: 19. Population Growth

and Management; 20. Socio-Economic and Demographic Condition; 21. Socio-Economic Characteristics of Chittagong
Hill Tracts;

Volume 6: Governance and Institutional Development consists of five Baseline Reports: 22. Institutional Framework and
Arrangements; 23. Information and Knowledge Management; 24. Regional Cooperation; 25. Financial Mechanisms &
Arrangements in the Water Sector in Bangladesh; and 26. Private Sector Engagement in Deltas.

Volume 2: Disaster and Environmental Management
Climate Change: Climate Change is one of the most important themes under the Delta Plan as it would affect almost

everything, and as such the topic deserves priority. Moreover, the Delta Plan is a long term plan spanning over hundred
years, and it is almost impossible to ignore the impact of climate change, especially during the latter part of the current
century. The cluster also contains disaster management, environmental pollution and ecological setting, the other three
topics, which are integrally connected with climate change. Disaster is directly related with climate change, the effect of
which is the worst in case of disaster and natural calamities like cyclone, storm-surge, flood, salinity intrusion. Climate

change can potentially have a negative impact on water safety, food security and sustainable economic growth, the

three issues aimed to be improved by the Bangladesh Delta Plan. To reduce climate change vulnerability of the country
it is important that information on climate change are documented and shared, so that the Delta Plan can include a

strategy to adapt to future climate change. The baseline study tried to review the information available on historic and
future climate change in Bangladesh and to outline a method for the development of climate change scenarios for the

Bangladesh Delta Plan. Both global and regional climate change scenarios indicate that the historic trends are likely

to continue into the future. Temperature will continue to rise and total annual rainfall is likely to increase in the future.

The overall impact is an increase in disaster and calamities, disturbing ecological balance and causing environmental
pollution.

Disaster Management: The World Risk Report released in 2012 identified Bangladesh to be the 5th most disaster prone

country among 173 countries in the world. The main hazards in Bangladesh are: flood, cyclone, storm surge, water
x
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logging, salinity intrusion, river bank erosion, etc. The nature and types of the disasters vary geographically within the
country. About 230 natural disasters occurred in the country between 1980 and 2010, causing death to 0.19 million
people, livelihood loss of $ 320 million and economic loss of $550 million. In terms of death, the cyclonic storm is the

most devastating disaster that caused 87% of the total deaths. In terms of livelihood and economy, the flood is the
worst disaster that caused losses to 75% of the total affected people. Climate change and (relative) sea level rise are
likely to exacerbate the impacts of natural hazards on lives, livelihood and properties in future. In the past, the approach

of combating hazards/disasters was mostly limited to providing relief and very inadequate rehabilitation. Since early
last decade, Bangladesh got a paradigm shift from conventional relief distribution to a holistic disaster risk reduction

approach at all levels and times of disaster events (before, during and after). Now disaster issues got priorities in

development planning. It is, therefore, important to make sure that the disaster management is comprehensive and
all-hazards focused comprising disaster risk reduction and emergency response.

Environmental Pollution: Environmental Pollution is closely related with the process of overall economic development. The

restoration of polluted rivers, prevention and mitigation of environmental pollution, and safeguarding the environmental
quality are the challenging issues in integrated development planning. The environmental pollution especially water, air,

and soil pollution are hardly addressed in the country’s development strategies and plans. Environmental degradation
is affecting economic growth. Lack of proper implementation and monitoring of environmental rules hinder the
achievement of environmental goals. There is a good initiative of enforcing installation of an effluent treatment plants

(ETP) in industries but effective operation and monitoring of these ETPs are still far away. Only the mega cities like Dhaka,
Chittagong, Khulna, and Rajshahi have limited waste management and waste water treatment facilities. Pollutions of

river water near the mega cities are in worst situations due to lack of proper implication of policies, monitoring, and

public awareness. Industrial effluent, oil and lube spillage, faecal pollution and agricultural inputs are the major water
related issues. Pollution caused by the ship breaking industries in the coastal areas, especially at Chittagong coast, is

becoming a major threat near the port areas. Ocean going ships are causing pollution in Passur and Karnaphuli Rivers
and their adjacent coast. Ship wrecks, and sunken bulk carriers also threaten the ecosystem, including the Sundarbans.

Ecological Setting: The ecosystem plays an important role in the ecology, economy and livelihood of Bangladesh.
However, ecosystem habitats, wetlands biodiversity in Bangladesh have long been facing serious degradation and loss

due to many natural and anthropogenic factors. Besides natural causes, factors like overexploitation of resources, lack
of awareness, human encroachment, conflicts over natural resource management, pollution, and absence of effective

enforcement of laws, are some of the most important factors for the decline in ecosystem habitat and biodiversity of the

country. The baseline report on ecological setting covers the state of biological environment like ecosystem types with

its resources, bio-ecological zones, current situations of ecosystem management and past initiatives, problems, gaps,
ecosystem services, existing policies and regulations, driving forces, strategy and issues for ecosystem conservation,
problems and issues of ecosystem, and possible solutions and future plan which relate to the Bangladesh Delta. The

report has also presented the strategy development and implementation arrangement regarding the management of
ecosystem conservation in future.

(Shamsul Alam)
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Executive Summary: Study 08
The aim of the Bangladesh Delta Plan is to improve water safety, food security and to increase sustainable economic
growth. Climate change can potentially have a negative impact on all these three issues. To reduce climate change

vulnerability of the country it is important that information on climate change (observed and modelled) are
documented and shared, so that the delta plan can include a strategy to adapt to future climate change. This Climate

Change Baseline Study – one of a total of 19 baseline studies made - aims to review the information available on
historic and future climate change in Bangladesh and to outline a method for the development of climate change
scenarios for the Bangladesh Delta Plan.

The study was conducted in close cooperation with various experts from across the country. They provided valuable

inputs in order to formulate the state-of-the-art technology on climate and climate change. The Sixth Five Year Plan
(6thFYP), including reference to the BCCSAP, provides the basic policy setting on climate change. Adaptation to

climate change is taken up in other baseline studies as integrated part of the analysis (e.g. water resources, food

security). Based on the contributions of both climate change experts and the other baseline studies, the current need
for climate and climate change related information for the development of the Bangladesh delta plan are formulated.

Recent climate change was analysed using the meteorological data of 35 stations as obtained from the Bangladesh
Meteorological Department (BMD) for the period of 1948 to 2011 (63 years). It is observed that averaged across the
country, minimum temperatures have increased by 0.85 °C over the last 60 years. Minimum temperatures have
increased most during the winter and the least during the monsoon. Maximum temperatures have increased by 0.5 °C

over the last 60 years. Rainfall in Bangladesh is highly variable and changes from year to year. This makes it difficult to

detect long term trends. However over the 60 years of data analysed (1948-2011), there is a clear increase of 10% in
total annual rainfall. Most of the increase took place during the first part of the analysed period and after 1985,

rainfall has been more or less stable. Rainfall especially increased (20%) during the pre-monsoon period from March
till May. Rainfall also increased during the monsoon. During the post monsoon and dry season rainfall has hardly

changed. Changes in temperature and rainfall are not only caused by global warming but can also be affected by local
land use change.

Both global and regional climate change scenarios indicate that the historic trends are likely to continue into the

future. Temperature will continue to rise and total annual rainfall is likely to increase in the future. Future climate

change was analysed as presented in IPCC AR5, and further analysis was carried out using an ensemble of five General

Circulation Models (GCM), making spatial information available across the entire country. For the Bangladesh Delta

Plan, information is needed regarding the water situation and related impacts, i.e. when is there too much, too little,
or too dirty water. In discussions with experts, 12 meteorological indicators were identified and analysed. A climate

atlas with interactive maps was created as an output to communicate the results. These analyses can be used as an
input for the scenario development.

The analyses of future climate change scenarios indicate that averaged across the five climate models rainfall can

increase up to 800 mm in the northwest of the country and by 300 mm in southeast. While total rainfall increases, the
number of rain-days is remaining more or less the same. This indicates that the increase in total rainfall will be the

result of more intense rainfall events and intensity of rainfall events will increase throughout the country. The increase
in rainfall is especially projected for the monsoon season. During the dry season the scenarios are highly uncertain.

However the longest period of consecutive dry days is projected to increase which is likely to result in higher drought
risks.

Cyclones can have a devastating impact on Bangladesh both in human and economic terms. Changes in cyclone
frequency, paths and intensity can therefore have a large impact on the country. The analyses of historic changes on

cyclones showed that the number of cyclones is decreasing but the intensity is increasing. For the future, this trend is
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likely to continue. Cyclone intensity will probably increase. The impact of climate change on cyclone frequency
remains unclear but most analyses show no change or a slight reduction.

The latest IPCC (2013) report indicates a historic sea level rise of about 2.0 mm/year. The local observations in
Bangladesh tend to be higher and are between 3 and 8 mm/year. Most of the local observations are relative sea level

rise, including subsidence and tectonic effects. Future sea level rise scenarios presented in the IPCC are between 20
and 100 cm for the coming century. Internationally, these numbers are considered by some scientists to be too

conservative and they believe increased instability of the Greenland ice sheet could especially increase the sea level by
more than 1 meter. For the sea level rise scenarios we suggest to use the most recent global scenarios developed by

Hinkel et al. (2014) which include improved uncertainty analyses of melting of global land ice (including Greenland).
According to this study for 2100, sea level rise is projected to be between 37 to 75 cm for the RCP4.5 and 55 to 123

cm for RCP8.5. Analyses of regional sea level rise for Bangladesh show that the sea level rise in Bangladesh is slightly
higher than the global average mean. However the differences between the global and regional scenarios are small
in most cases, and less than 5% with a maximum of 10% higher.

For the use of future climate change impact studies a set of twelve indicators and 8 climatic variables were developed.
For each indicator and variable 10 data sets are available; 5 climate models and two RCPs (4.5 and 8.5). Further work is

required to include the climate change scenarios into the delta scenarios that will be developed for the Bangladesh
Delta Plan. For example the impact of climate change with regard to future changes in upstream water availability,

future agricultural water demand, future flood risk and salt intrusion need to be analysed through an improved
climate change impact assessment. In addition there is a need to make climate change knowledge and information
accessible and useful at the local scale. This is needed for the design of appropriate adaptation measures.

In conclusion the future trends for climate change in Bangladesh are becoming more robust. Both analyses of

historical trends and future scenarios based on regional and global climate models indicate that temperatures will be

higher and the pre-monsoon and monsoon rainfall will increase. Rainfall intensity will also increase in future. Also for
cyclones both historic observations and model analyses indicate that cyclones will become more intense in future. For

the dry season there is no trend in rainfall changes and also the future scenarios are inconsistent. However an analysis
of meteorological drought indicators shows that drought frequency and severity is likely to increase in the future.

While future trends are becoming clear there is need for more quantified spatial specific information, especially on
future changes in extremes. This information is needed for improved flood and drought risk analyses. Therefore we

propose to do a climate change downscaling analysis of the future climate scenarios for Bangladesh. The output of

this downscaling exercise is necessary for future water availability, food security and flood risk analyses.
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1.

Introduction

Bangladesh is rapidly developing towards a middle incomecountry; showing a consistent GDP growth and progress
towards MDG goals (6th Five Year Plan, GoB, 2011). In order to address longer term development, land and water

management related spatial planning is undertaken, which can assist prioritizing investments and make them
benefiting the people of Bangladesh now and in the future.

Bangladesh is widely seen as one of the most vulnerable countries to climate change. A combination of sea level rise,

changes in monsoon rainfall and more extreme events will have large scale impacts on the country. Climate change is
likely to increase flood and drought risks, increase monsoon river flows and salt water intrusion in the southwest. As a

result climate change will have large impacts on water management and water related sectors. Climate change will

not only have an impact on the environment but will also have serious consequences on overall development in
Bangladesh. A recent report by Asian Development Bank (ADB) estimated that without further action climate change

would cause total economic losses of on average 9.4% of total GDP (Ahmed and Suphachalasai, 2014),which in a
worst case scenario, could go up to 23% (ibid). As a resultclimate change is one of the major drivers of change when

considering longer term development in the Bangladesh delta.

Considerable work has been done on studying climate change in Bangladesh over the last decades and currently,

much more information is available on temperature trends, rainfall, sea level rise, cyclone tracks compared to 5 to 10
years ago. Howeverthe knowledge is scattered over a wide range of different publications, from scientific journal

papers, to ADB and WB reports and government publications. There is need for a good review of the available

knowledge. In addition a process is needed to generateconsensus on the most appropriate climate scenarios to be
used for the Bangladesh Delta Plan. This will help o include climate change into development planning and adapting

to future change.

For the Bangladesh Delta Plan a detailed understanding of the impacts of climate change is necessary. For example
how will climate change affect future flood risks, water availability and salt water intrusion? To be able to deal with
uncertainties and to analyse the impacts of climate change consistently throughout the Bangladesh Delta Plan there is
a need to develop climate change scenarios. The scenarios can be used for impact analyses, adaptation planning and
for visualization to improve the understanding of possible future climate change impacts.

1.1.

Scope of the Report

This report focuses on two objectives. The first objective is to provide an overview and review of the available

information on recent and future climate change in Bangladesh. The second objective is to provide the first ideas and

analyses of the climate change scenarios to be used for the development of the Bangladesh Delta Plan. Reference is
made to Annex 1 for the TOR of the climate change baseline study.

The current report addresses these two objectives. It has been prepared within a limited period of time (September –
November 2014), preceded by a Quick Scan assessment (May – July 2014). To collect and discuss the information and
the climate change scenarios, consultations were held with experts in the field of climate change, team members

within the formulation team and of GED, the focal points, and a wider group of people involved in climate change
research in Bangladesh, amongst others the Gobeshona Platform.

After an introduction on the climatology of Bangladesh presenting the current climate (Chapter 2), the report presents

a review and analyses of recent climate change as well as the currently available information on future climate change

(Chapters 3 and 4 respectively). Consultation with various groups on the climate change information and knowledge
needed for the Bangladesh Delta Plan was made and is reported in Chapter 5. Further the report describes the

methods used for developing future climate change scenarios (Chapter 6), and the initial results of the scenarios

(Chapter 7), and the use of such scenarios in climate change impact studies. The report concludes with an overview of

knowledge gaps identified and suggestions for further development of climate change and delta scenarios, taking
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into consideration that the development of the Bangladesh Delta Plan is a process of continuously bringing the latest
scientific insights and data into the planning and implementation process. In Chapter 8 and 9, analyses of future

cyclonic storm events and SLR have been included, and in Chapters 10 and 11, scenarios for the delta have been
elaborated. Chapter 12 includes an analysis of climate change in the 6 th Five Year Plan and the baseline is concluded
in Chapter 13.

2.

General Climatology of Bangladesh

Bangladesh is situated in the heart of the South Asian monsoon region. With the Bay of Bengal and the vast Indian
Ocean to the south and large mountain ranges— Himalayan Mountains and ArakanRanges to the north and east
respectively—the country receives very high annual precipitation, most of which is concentrated during the monsoon

season (June-September). There are four climatic seasons in Bangladesh:
Winter

December-February

Pre-monsoon

March-May

Monsoon

June-September

Post-monsoon

October-November

Climatology of temperature and precipitation of Bangladesh has been developed using the observed data from 35
different meteorological stations with maximum data range of 1948-2011 (Figure 1). The stations Sylhet, Srimangal,
Sitakundu, Chittagong and Rangamati are situated in the hilly areas of eastern Bangladesh. The stations Chuadanga
has started in 1989 and Mongla and Syedpur in 1991. The coverage of stations is much better in the coastal zone
compared to other parts of the country.

Figure 1: 35 BMD meteorological stations of Bangladesh

2.1.

Temperature and precipitation climatology

Long term mean of country-average monthly minimum temperature ranges from 12.5 0C in January, in winter to

above 25 0C in summer(Figure 2). The maximum temperature ranges from 25 0C in winter,with a peak in summer, in
April (33.5 0C). A secondary peak is observed in September (31.6 0C).
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Figure 2: Climatology of Annual Distribution of Average Minimum and Maximum Temperature of 35

different meteorological stations across Bangladesh

Figure 3 (a,b): Geographical distribution of climatology of the minimum and maximum temperature

in(a) January and (b) April

Note: Data used are from 1948-2004 of 34 meteorological stations of Bangladesh
The spatial distribution of temperature shows that the coastal zone is relatively warmer in the winter and the thermal
gradient is positive towards south [Figure 3(a)]. The temperature is very high in the central western part of the

country which extends up to the western coastal zone, whereas the eastern coastal zone has a slightly milder
temperature [Figure 3(b)]. The maximum temperature in April is relatively low in the northeastern and southeastern
part of the country. In the coastal area the temperature increases from east to west in the summer.

Figure4shows the annual pattern of long term mean of monthly precipitation. This shows that very high precipitation

occurs in the monsoon season and low precipitation in the winter season. Bangladesh receives on an average 2425
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mm of precipitation/year, with a standard deviation of around 286 mm. The seasonal distribution shows that most of

the precipitation occurs in the monsoon season (June-September) amounting to 1750 mm which is 72% of the total

annual precipitation. The pre-monsoon season receives about 17% of the annual precipitation. The post-monsoon
season occupies 9.1% of the annual precipitation (Figure5). The winter is relatively dry and receives only 1.5% of the
annual precipitation.
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Figure 4: Annual distribution of climatology ofthe country mean precipitation based on 1948-2004 data

Figure 5: Distribution of country average seasonal precipitation of Bangladesh
The geographical variation of annual and monsoon precipitation is large in Bangladesh [Figure 6 (a,b)].The wettest
parts of the country are the north-east and south-east where monsoon precipitation is around 2000-2800 mm and

the total annual precipitation between 3000 and 4000 mm. Relatively low precipitation is obtained in central-western
Bangladesh which is oriented in the north–south direction. The low precipitation area bulges towards central

Bangladesh. The distribution pattern is more or less similar for both annual and monsoon. The geographic

distribution of annual precipitation shows that the coastal zone experiences around 1800-4000 mm of precipitation,
but it is relatively higher over the southeastern coastal zone and gradually decreases towards the west. The deficit and

excess precipitation from normal becomes critical causing droughts and floods. Low pre-monsoon and monsoon
precipitation and high temperature in these seasons have caused the western part of delta to become highly drought
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prone. Excessive precipitation over Bangladesh and in the upper catchment of the Ganges Brahmaputra and Meghna
(GBM) river system causes devastating floods. The floods of 1974, 1988, 1998 and 2007 are worth mentioning. Further
reference is made to the baseline studies on water resources and disaster management.

(a)

(b)

Figure 6: (a, b): Distribution of monsoon precipitation (a), and annual precipitation (b) in cm
Note: Climatology has been derived using the available data of 34 BMD meteorological stations from 1948-2004
The monsoon precipitation mechanism of Bangladesh is associated mainly with the convective activities in the semipermanent monsoon trough that runs from west to east parallel to Himalayan foothills. The monsoon depressions

form in the head of the Bay and move towards the land. Land depressions are also formed in the monsoon trough
when the trough occupies more northerly position compared to normal. These depressions produce heavy
precipitation. About 92% of the catchments of the great rivers of Ganges, Brahmaputra and Meghna (GBM)

originating in the Himalayan mountains lie outside Bangladesh and precipitation produced over these catchments
ultimately drains through Bangladesh, which contains 8% of catchments. The tropical cyclones frequently develop in

the pre- and post-monsoon seasons, which cause heavy precipitation and is associated with strong winds and high
storm surges.

The pre-monsoon precipitation over Bangladesh is mainly caused by the thunderstorm activities associated with the

passage of subtropical westerly troughs in the middle and upper troposphere. In the lower troposphere, the warm
moisture laden air flows northwards to the lands and meets the dry and relatively cool air masses in the northern

Bangladesh and adjacent areas in the Himalayan foothills occasionally causing low level pseudo-frontal system

conducive for convective activities. Besides, warm moist air in the low level and cold air in the high level provides
favourable conditions for convections causing thunderstorms, squall lines and tornadoes. In this season, the tropical

depressions and tropical cyclones are also found to occur in the Bay of Bengal and hit the coasts. These calamities
make their way to inland causing heavy precipitation over Bangladesh and the adjacent territories of India and
Myanmar.

The winter precipitation occurs from the activities of subtropical westerly disturbances. These disturbances usually

have northerly positions well beyond Bangladesh’s latitude, and sometime extend towards south, when the country
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gets some precipitation. Because of lack of moisture in the atmosphere, precipitation is scanty during this season.
However, the tropical cyclones occasionally form over the Bay of Bengal in the month of December and may have
landfall over Bangladesh and cause heavy precipitation and causes huge damage due to wind action and high storm
surges.

The months May-October are responsible for 90% of the annual precipitation. Considering this the country average

mean monthly number of rain days has been estimated for these six months which includes 4 monsoon months and 2

peripheral months using the data of 30 stations from 1948-2011 or as available. Here, the country average and

standard deviation of the mean monthly number of rain days has been calculated and shown in Figure7. It is seen
that the month of July has the highest number of rain days and August occupies the second highest. The vertical lines

indicate the standard deviation. It is seen that on an average the remains under rain condition from 16.5 to 21.9 rain
days during the monsoon months with standard deviation which varies between 2 to 2.2 days. The month of May has
around 12.2 and October 8.3 rain days respectively with standard deviation of 3.0 and 2.6 days.

30.0
25.0
20.0
15.0
10.0
5.0

0.0

May

June

July

Aug

Sep

Oct

Figure7: Country averages and standard deviation of mean monthly number of rain days
Note: Data usedfor 1948-2011, May-October or as available. The vertical lines indicate standard deviation

2.2.

Tropical cyclones and cyclones in Bangladesh

The tropical cyclones are the worst form of meteorological disasters. Tropical cyclones are low pressure systems that

form in the tropical warm ocean with sea surface temperature (SST) higher than 26.5 0C with sufficiently warm layer of

the ocean from the surface. The depth of the warm boundary layer is determined by the depth of 26 0C isotherm from
the sea surface, which should be higher than 50 m. The higher the depth the higher is the tropical cyclone potential.

The Bay of Bengal basin is one of the active zones for tropical cyclone formation where SST is always above 27 0C
during the cyclone seasons. The cyclones being formed over the Bay of Bengal move to inland and cause loss of
human and animal lives, and damages to infrastructure, environment, ecology, resources, and livelihoods due to

rampaging impacts of wind and storm surge actions. In 2007, the tropical cyclone Sidr caused financial loss of US$1.7
billion according to an estimate of GoB (2008).

The use of reliable dataset maintained by Joint Typhoon Warning Centre (JTWC) on tropical cyclone formation, track

and development has been made to accumulate and organize the latest information of tropical cyclones of the Bay of
Bengal for the period of 36 years (1978-2013). The monthly statistics of tropical cyclone frequency has been produced

and presented in Table1 and Figure8. Here, a tropical cyclone classification which maintains most of the features of

TC classification in Northern Indian Ocean as well as the Atlantic Ocean Saffir Simpson classification1 has been used. It
is seen that the months April-June and September-December are the tropical cyclone seasons for the Bay of Bengal.
The months September-December is the primary cyclone season when 86 cyclones (66.7% of total) were formed and
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months April-June are the secondary season when 35 tropical cyclones (28% of total) were formed during the 36
years of observation. The months October-November are the months with highest frequency of occurrence of intense
tropical cyclone.

Table 1: Frequency of different tropical cyclone categories formed in the Bay of Bengal during the

period 1978-2013

Tropical Cyclone category (Maximum
sustainable wind (km/hour)

Jan

Feb

Mar

Apr

Ma
y

Ju
n

J
ul

Au
g

Se
p

O
ct

No
v

De
c

Tot
al

CS (62-88)
SCS (89-118)
SCS–H (119-152)
ISCS-H(153-188)
VSCS-H(189-220)
SuC (221-251)
Cat-5 SuC (vmax>251)
All

5
1
0
0
0
0
0
6

0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
1

0
2
0
0
1
0
1
4

3
9
1
1
4
2
0
20

6
5
0
0
0
0
0
11

1
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0

5
2
0
0
0
0
0
7

15
10
0
0
1
1
2
29

6
12
6
3
3
0
1
31

8
5
4
2
0
0
0
19

50
46
11
6
9
3
4
12
9

Ann
ual
mea
n
1.4
1.3
0.3
0.2
0.3
0.1
0.1
3.6

CS- Cyclonic Storm, SCS-Severe Cyclonic Storm, SCS-H- Severe Cyclonic Storm with Hurricane Intensity, ISCS-H:
Intense Severe Cyclonic Storm with Hurricane speed, VSCS-H:Very Severe Cyclonic Storm and: SuC: Super Cyclone

1/ Atlantic Ocean Saffir Simpson classification: Saffir–Simpson hurricane scale (SSHS), classifies hurricanes –
Western Hemisphere tropical cyclones that exceed the intensities of tropical depressions, and tropical storms – into

five categories distinguished by the intensities of their sustained winds. To be classified as a hurricane, a tropical

cyclone must have maximum sustained winds of at least 74 mph (33 m/s; 64 kn; 119 km/h) (Category 1). The highest
classification in the scale, Category 5, is reserved for storms with winds exceeding 156 mph (70 m/s; 136 kn;
251 km/h).The classifications can provide some indication of the potential damage and flooding a hurricane will cause
upon landfall.

Tropical Cyclones in the Bay of Bengal (1978-2013)
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Figure 8: Distribution of monthly average tropical cyclone frequency over Bay of Bengal
During the period of 1978-2013 a total of 129 tropical cyclones were formed showing annual mean occurrence of 3.6
tropical cyclones. Bangladesh was hit by 32 tropical cyclones constituting about 25% of the total number of cyclones
in the Bay of Bengal formed during that period.
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Bangladesh Cyclones
There is a reliable dataset for tropical cyclones which hit Bangladesh since 1961. A total of 61 tropical cyclones hit
Bangladesh and its close neighbouring territories during the period 1961-2013. This result is an update of the

analyses by Quadir and Iqbal (2008). The update has been accomplished by using JTWC Best Track tropical cyclone

data. According to the current statistics, an average of 1.15 tropical cyclones hit Bangladesh per year. The distribution

of land-falling cyclones over different regions of Bangladesh coast is shown in Table2. It is seen that Noakhali and

Chittagong including eastern part of Meghna estuary was hit by about 26% of the cyclones of Bangladesh and the

south-eastern coast of Cox’s Bazar, Teknaf and adjacent areas by 29.5%. The south-central and south-western coastal
zones were hit by 16 and 28% respectively. The tracks of the cyclones hitting Bangladesh for the period 1991-2013

are shown in Figure-9. It is evident from these 23 year’s tracks that the tropical cyclones hit the Meghna estuary and

south-eastern coast mostly in the month of May (pre-monsoon) and the central and western coast in the months

from October-November(post-monsoon).

Table 2: Distribution of Land-falling Cyclones to Different Coastal Regions during 1961-2013
Sl.

Coastal Region

Number

1

Sundarban coast (Satkhira, Khulna and Bagerhat)

17

No.

2

Central coast (Borguna, Potuakhali, Pirozpur,
Barisal, Bhola

of

tropical

cyclones hit the coast

% of the total number of
tropical cyclones
27.9

Central coast (Borguna, Potuakhali, Pirozpur,

10

16.4

3

Meghna estuary, east central coast ( Eastern

16

26.2

4

Southeastern coast (Southern Chittagong, Cox’s

18

29.5

61

100

Total

Barisal, Bhola

Bhola, Noakhali and Chittagong)
Bazar and Teknaf

Out of 61 tropical cyclones, 30 (39.1%) belong to range of speed of 62-118 km/hr, 13 (21.3%) to 119-152 and 7

(11.5%) to153-188 km/hr, 6 (9.8%) to speed 189-220 km/hr, 3 (5%) for 221-251 km/hr and 2 (3.3%) to above 251 km

(Table3). A few tracks of tropical cyclones hitting the coast of Bangladesh in the period 1991-2013 have been
prepared and plotted by the Consultancy Team in Figure 9. On average Bangladesh gets 1.16 cyclones a year for the
period 1961-2013. The tropical cyclones with wind speed of 62-118 have the return period of 1.8 years and those with

119-152 km/year have the return period of around 4 years and with speed of 153-188 km/hour have return period of

around 8 years. The cyclones with speed of 189-220 have the return period of 8.8 years, and with speed of 221-251

km/hr have 17.7 and those greater than 251 km/year have the return period of around 26.5 years.
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Figure 9: A few tracks of tropical cyclones hitting Bangladesh coast for the period 1991-2013
Note: Cyclone tracks prepared by Consultancy Team

Table 3: Frequency and probability of Landfall of Cyclones with Return Period
(Data used 1961-2013, Source: Consultancy Team)
Range of wind speed (km/hour)

Frequency

Annual Mean

Percentage

Return period (year)

62-88

19

0.36

31.1

2.8

89-118

11

0.21

18.0

4.8

119-152

13

0.25

21.3

4.1

153-188

7

0.13

11.5

7.6

189-220

6

0.11

9.8

8.8

221-251

3

0.06

5.0

17.7

>251

2

0.04

3.3

26.5

Total

61

1.16

100

N/A

2.3.

Storm Surges

The strong winds of tropical cyclones at the surface level frictionally interact with the ocean water and generate high

water waves called storm surges. The strong pressure drop inside the tropical cyclones enhances the height of these

surges. Most of the damages due to tropical cyclones are caused by storm surge flooding over the coastal zone. The
storm surge height is influenced by the coastline configuration, bathymetry of the coastal sea and direction of the
cyclone track relative to the coastline. The funnel shape of the Meghna estuary is responsible for high storm surges

over and around that area. The tidal height above and below the mean sea level further modifies the absolute surge
height as S h = S  ht , where

Sh

is total surge and S is the surge due to tropical cyclone and

ht is the tidal height

above or below the tidal level. Thus if the cyclone passes through the coast at high tide the surge will be higher. The

extreme shallowness of the topography makes the western and central coasts highly vulnerable to storm surge
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inundations. Table 4 shows the distribution of storm surge heights as a function of wind speed for the Bangladesh
coast (World Bank 2011).

Available literature indicates a range of 1.5 to 10.0 m high storm surges for severe cyclones during 1960-2012.

Heights in excess of 10m may also occur. Surges can be even more devastating if the cyclones make landfall during
high tide. In general, it has been observed that the frequency of a wave (surge plus tide) along the Bangladesh coast

with a height of about 10m is approximately once in 20 years, and the frequency of a wave with a height of about 7m
is approximately once in 5 years (MCSP, 1993).

Table 4: Tropical Storm Surges and Limit to Coastal Inundation with Maximum Wind Speed with some
adjustment
Maximum Wind Speed (Km/hour)
85
115
135
165
195
235
260

Storm Surge Height (m)
1.5
2.5
3.0
3.5
4.8
6.5
7.8

Limit to Coastal Inundation (km)
1.0
1.2
1.5
2.0
4.0
5.0
5.5

Source: World Bank, 2011

3.

Recent Climate Change

Bangladesh has experienced climate change and severe impacts on several environmental, ecological, economic,

social and other development processes of the Bangladesh delta, which needs to be thoroughly investigated. It is
believed that the climate change is mainly related to global warming due to excess anthropogenic greenhouse gas

emission caused by burning of the fossil fuel, landuse change such as forestry, agriculture, organic wastes (solid and
liquid) and enteric fermentation. In the present study, the recent climate change information has been discussed
based on information available in published sources and some updated knowledge has been generated based on the
analysis of long-term historical data of some important climatic parameters.

Observational records show an increase of annual mean surface temperatures of about 0.6—0.8°C during the past 100
years over the north-eastern region of India, which borders Bangladesh (Hingane (1985). Observations of 32 years of

monthly maximum and minimum temperatures over Bangladesh by Choudhury et al. (1997) shows increase of
temperature in most of the selected stations by around 0.11-0.33°C during the observational period varying over the

seasons. The study has shown slight increases in precipitation. Karmaker et al. (2000) using data of 1961-1990 has
shown that the annual minimum, maximum and mean temperature increased with trends of 0.0066, 0.007 and

0.0034°C/year. The annual precipitation has been found to increase at a range 4-5 mm/year. The study by Quadir et
al. (2004) has shown that Bangladesh and the adjacent areas experienced warming with maximum at Dhaka (0.037
°C/year) during the period of 1961-1990.

Study by Singhvi et al. (2010) using the data from 1961-2004 indicated that the country average minimum and

maximum temperature shows increasing trends at the rate of 0.0094 and 0.007 oC/year respectively. However, the
investigations for individual seasons show that the changes vary over the seasons with seasonal trends varying

between 0.007 to 0.013oC for minimum temperature and 0.018 and 0.023 oC for maximum temperature of monsoon

and post-monsoon. The winter shows very insignificant negative trend and pre-monsoon shows decreasing trend of

maximum temperature (-0.01oC/year). The precipitation trends exhibits an increase for all seasons. The increase of

precipitation is high over the western, central and northern Bangladesh (Shahid, 2010). Brammer (2014) showed

strong inter-annual variability of annual precipitation and indicated that the variability is linked with El Nino and La

Nina to some extent. The time series plot of Calcutta close to southwestern border of Bangladesh shows high inter-
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annual variability. The plot shows high frequency occurrence of negative anomalies from the 1940s up to the middle

of 1960s and then increasingly higher frequency of positive anomalies are observed showing increase of extreme
rainfall events.

Recent climate change has been performed using the up-to-date meteorological data of 34 stations of Bangladesh

with maximum time coverage of 1948-2011 (64 years). The data of minimum and maximum temperature and

precipitation used in the study have been collected from the Bangladesh Meteorological Department (BMD). Some
preliminary data quality check has been made for this time bound study, but more rigorous data checking and
repairing is needed for future work.

The area weighted seasonal and annual country average of the considered parameters is derived by averaging the
gridded data within the territory of Bangladesh for the period 1948-2011 for subsequent trend analysis.

3.1.

Recent temperature changes

The country average of minimum, maximum and mean temperature for the period 1948-2011 has been subjected to
least square time regression analysis to estimate the trends for country average temperature. Student’s T-test based
on R2 values has been used to determine the confidence levels at 90%, 95% and 99% levels (p<0.1, p<0.05 and
P<0.01 respectively are considered as thresholds).

The analysis shows that the annual mean minimum temperature increased at a rate of 0.014 oC/year and maximum
temperature at a rate of 0.008oC/year during the period of 64 years from 1948-2011 (Figure 10 (a,b) and Table 5).

The mean temperature has increased at a rate of 0.001 oC/year (Figure 11 and Table 5). The mean temperature thus
increased by 0.64oC during the period of 1948-2011.

During the winter and pre-monsoon seasons the minimum temperature has increased more than the maximum
temperature. The changes in winter temperature are significant while the trend for maximum temperature is not

significant. However, for the monsoon and post-monsoon season the maximum temperature has increased more than
for the minimum temperature. Trends in both minimum and maximum temperature are highly significant(Figure 12).

a)

b)

Figure 10: (a,b): Time series plots of annual mean minimum (a) and maximum (b) temperature
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Annual Trend of Mean Temperature
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Figure 11: Time series plot of annual mean temperature (1948-2011).
Note: The thin straight line is the least square best fit line showing the trend of mean temperature

Table 5: Seasonal and annual trends and corresponding p-values of minimum and maximum
temperature during the period 1948-2011
Seasons

Trends (oC/year)and p-values

Annual

0.014

Winter

Pre-monsoon
Monsoon

Post-monsoon

Tmin

P

Tmax

P<

Tmean

P

0.021

<0.001

0.000

n.s.

0.013

<0.002

0.014
0.008
0.016

<0.001
<0.002
<0.001
0.001

0.008

-0.004
0.015
0.024

0.001
n.s.

0.001
0.001

0.010

-0.001
0.011
0.016

<0.001
n.s.

<0.001
0.001

Note: ‘p-values’ indicate the probability of rejection of Null Hypothesis.

16

GED, Bangladesh Planning Commission

0.03
0.025

Tmin

0.02

Tmax

0.01

0

C/year

0.015

0.005

0
-0.005
-0.01

Annual

Winter

Pre-mon
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Figure 12: Bar chart showing seasonal and annual trends of minimum and maximum temperature.
The mean temperature trends have been estimated by Shahid (2010) for 17 individual stations uniformly distributed

over the country and having more than 50 years of records. The geographic distribution of the trends of mean

temperature is shown in Figure 13. The trends of 0.012-0.0300C/decade are observed in the central, north-central,

south-central and south eastern part of the country. The central Bangladesh (Dhaka and Faridpur) shows very high
warming rate at around 0.030C/decade. Northern, north-eastern and south-western part of the country show

insignificant increasing trends. The analysis of the observed daily minimum temperature at the 10th percentile show

that the number of cold nights has decreased and the 90 th percentile shows that the number of warm nights has
increased (Tank, et al., 2006; UK Met Office, 2011).

The above analysis gives indication of clear signal of warming trends during the last 5-6 decades. However, the

warming is not uniformly distributed over the country and at some areas the weak decreasing trends are also

observed. According to Brammer (2014), daily temperature higher than 40oC has decreased over the western part of

the country. A daily temperature higher than 40oC is characteristic for the months of April and early May for those

areas. This statement is true for these months. The results of trend analysis of the current study show an increase of
minimum temperature and a decrease of maximum temperature in the pre-monsoon season, when the winter rice

extends over large part of the country. This supports Brammer’s interpretation. The results of monsoon and postmonsoon seasons show significant trends in minimum and maximum temperature. The latter (maximum temperature)
trends are stronger than the former (minimum temperature) trends.

Though Bangladesh contribution (roughly 0.19%) of anthropogenic GHGs is very negligible compared to global

contribution, the significant warming over Bangladesh is mainly related with global warming and to some extent on

local factors like land-use change, such as, expansion of the irrigated rice cultivation during February-April and rapid

urbanization. The local factors may enhance or reduce the warming due to environmental changes caused by land-

use change. The seasonal variation of trends may have some links with seasonal pattern of land-use. High trends of
temperature in big cities may have some links with urbanization factor in addition to global warming.
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Figure 13: Trends of mean temperature (0C/decade) of Bangladesh with maximum time span from 19582007 [Shahid, 2010]

3.2.

Recent changes in precipitation

The trend analysis of the country average precipitation using the annual and seasonal data of 1948-2011 has been
performed. The time series for the annual precipitation has been plotted in Figure 14 (thin blue line), while the thick
red lines show the plots of time series obtained using 11 year moving average. The straight line (black) is the best-fit

regression line. The time series of the seasonal precipitation are plotted in Figure 15 (a-d). The high frequency inter-

annual variation is prominent in the precipitation process, which suppresses the low frequency variation including the
secular trends. Smoothing the time series using 11 year moving average has substantially eliminated the high

frequency modes. This has enabled to visualise the existence of the longer period variation and the long term trends
of precipitation. The quantitative trend analysis has been performed using the time regression analysis of the
smoothed data. The straight line indicates the best-fit regression line indicating the trends of seasonal precipitation.

The slopes of the trends for individual season’s and annual are shown in Table 6. The results show that winter, pre-

monsoon, monsoon and post-monsoon precipitation has statistically significant increasing trends with trend values of

0.2, 1.31, 2.05, and0.47 mm/year. The annual precipitation trend is about 4.0mm/year. The precipitation trends
obtained in this study are comparable with those provided by Shahid (2010)(Figure 16). The change during the past
50 years has been estimated. This indicates that the country average precipitation has increased by 29.2%, 12.2%,

6.3% and 11.4% for winter, pre-monsoon, monsoon and post-monsoon seasons. The increase in annual precipitation
was 8.6% during this period. The substantial increase of pre-monsoon precipitation may be inferred as early onset of
monsoon activity. An up to date study on monsoon onset is needed for confirming such interpretation. Such an
increase of pre-monsoon precipitation has made the country more vulnerable to early flooding in the month of May.
The increase of monsoon precipitation during the past 50 years and the increase of the same in the adjacent region of
sub-Himalayan west Bengal, Sikkim and gangetic west Bengal as reported by Jain et al. (2012) have increased the

vulnerability of the country to severe floods. The unprecedented floods of 1974, 1987, 1988 and 1998 and severe
floods of 2004 and 2007 may be cited as examples of over past 3 decades which is related with increased
precipitation over Bangladesh and in the upper catchments.
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Figure 14: Time series plots of country average annual precipitation (mm) and linear trend. The thick red
line indicates 11 year moving average
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Figure 15: Time series plots of country average seasonal precipitation in mm (thin blue lines) and 11 year
moving average (thick red lines)
Note: The straight line indicates the best-fit regression line indicating the trends of seasonal precipitation

Table 6: Seasonal and Annual trends of country average precipitation in Bangladesh for the period 19502011
Season

Trend value (mm/year)

% increase of precipitation in 50 years

Probability p

Winter

0.20

29.21

n.s.

Pre- monsoon

1.31

12.16

<0.01

Monsoon

2.05

6.32

<0.01

Post-monsoon

0.47

11.43

<0.05

Annual

3.96

8.64

<0.001
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Figure 16: Trends of Precipitation (mm/year) for (a) monsoon and (b) pre-monsoon (b) [Shahid, 2010]
In the monsoon season, Bangladesh precipitation shows increasing trends over most part of the country(Figure 17).
The only exceptions are the central, east-central and south-central part round lower Meghna basin of the country,

where negative trends of around -1 to -4 mm/year were observed. The reason of these decreasing trends may be
linked with some changes of the frequency and tracks of monsoon depression. This hypothesis needs verification
through independent study.

In the south-eastern zone, the trends range from 0.7-5.7 mm/year, in the south-western coastal zone the trends have

values 0.9-4.7 mm/year and in the north-central and north-eastern part the trends vary from 2.5-2.8 except for

Mymensingh where the trend is negligible. Largest values of trends of monsoon precipitation at around 11 mm/year
are observed in north-western Bangladesh.

In the pre-monsoon season, precipitation has increased all over Bangladesh with dominant trends lying in the range

2.0-7.4 mm/year. The highest increase (4-7.4 mm/year) is observed in the north-western and south-eastern

Bangladesh. The moderate increasing trends are observed in the north-western part of the country which exhibits
higher risks of flash flood in the month of May.

The annual precipitation shows increasing trends all over Bangladesh with exceptions of Srimangal where small and

insignificant negative trend has been found. South-eastern hill station Rangamati shows trends of around 11 mm/year

and the south-western coastal zone exhibits moderate increasing trends of around 7 mm/year. The central and

northern to north-eastern Bangladesh shows dominant trends of 4-8 mm/year. The highest trends of 6.5-16.5

mm/year are observed in north-western Bangladesh.
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Figure 17: Geographical distribution of Trends of monsoon precipitation (mm/year) of Bangladesh with
maximum time span from 1958-2007 [redrawn after Shahid, 2010]
The observed precipitation analysis indicates that the frequency of extreme precipitation days with daily precipitation

more than 10 mm, 20 mm and 50 mm are all increasing. It also shows that precipitation above 95 th and 99th percentile
exhibits increasing trends (SMRC, 2008).

It is of interest to the agricultural scientists and planners to have analysis of the monthly total number of rain days. On

this consideration, the number of rain days for the individual months from May-October for the maximum period of
1948-2011 or as available has been estimated using daily rainfall data for 30 meteorological stations of Bangladesh.

The time series plot of country average mean total rainfall days for the six months May-October has been shown in

Figure 18where the trend has been shown. The plot indicates high inter-annual fluctuation with period 3-5 years. The

figure shows an increasing trend of 0.172 days/year. The smoothed line obtained through 11 year moving window
(thick line in the figure) clearly demonstrates the increasing trend. In addition to the existence of the trends, a long
term variation of scale 40-45 years is also visible. According to the trend analysis, the number of rain days has
increased by 11 days during the past 64 years for the rainy months May-October.
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Figure 18: Temporal distribution of total number of country average rain days for the months MayOctober
Note: The thick line denotes smoothed line obtained by 11 year moving average.
The station-wise trends have been estimated for the individual months of May-October. The geographical distribution

of the trends of rain days has been shown in Figure 19. The figure indicates dominant increase of rain days for the

months May, June, July and September. The month of August and October also demonstrate increasing trend over
70-75% of the areas of Bangladesh.

3.3.

Inter-annual variability of Bangladesh precipitation

The precipitation of Bangladesh is highly variable from year to year. It is well known that Indian Monsoon has strong
link with ENSO activity, but the correlation with 21 year sliding window shows that the correlation have reduced

drastically since the middle of 1980s exhibiting a weakening of the link (Kumar, Balaji and Cane, 1999). For Bangladesh
Country average precipitation, the correlation is moderate for winter and post-monsoon rainfall with SOI and MEI. The

correlation with 11 year moving window indicates large temporal variation of correlation with approximate period of
around 20 years; the correlation has drastically reduced (Saha et al., 2015). However, it is found that most of the
extreme droughts of pre-monsoon, monsoon and post-monsoon seasons occur in the El Nino situation.

Climate Change, BDP 2100
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Figure 19: Geographical distribution of the trends of rain days for the months May-October
For Bangladesh, an investigation has been made recently using the seasonal data of Bangladesh rainfall against the

corresponding SOI for the period 1951-2010 (60 years). It has been found that there is no one to one correlation. For

Bangladesh Country average precipitation, the correlation is moderate for winter and post-monsoon rainfall with SOI
and MEI. The correlation with 11 year moving window indicates large temporal variation of correlation with

approximate period of around 20 years; however, the correlation has drastically reduced since the middle of 1980s
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(Saha et al., 2015). However, it is found that most of the extreme droughts of pre-monsoon, monsoon and post-

monsoon seasons occur in the El Nino situation.

3.4.

Recent change in sea level

Sea level rise (SLR) is a secondary effect of global warming caused by the volumetric expansion of sea water and the

addition of liquid water to the sea due to the melting of the polar and mountain glaciers. For low-lying countries like
Bangladesh the coastal zones are highly vulnerable to sea level rise. Studies by Khan et al. (1999) and SMRC (2003)

have reported increasing trends in Relative Sea Level Rise (RSLR) using tidal observation data of 1978-1998 (Table 7).

The RSLR is integrated results of sea level rise due to global warming and geological subsidence in the coastal zone.

The RSLR was found to be 4 mm/year at Hiron point (western coast), 6 mm/year at Char Changa (Meghna Estuary)
and 7.8 at Cox’s Bazar (East Coast) during the period of 1977-1998. The study of CEGIS (2011) has shown that the sea

level rise is 5.5 mm/year at Hiron Point, 7.5 mm/year at Maheshkhali, 5.1 mm/year at Cox’s Bazar and 7 mm/ year at

Sandwip. The differential nature of the observed sea level rise is related with subsidence of the delta.

Table 7: Observed Relative Sea Level Rise (RSLR) during the Period 1978-1998
Stations
Western Sundarban Coast (Hazra, 2002) (1985-1998)
Hiron Point( 1978-1998)
Char Changa (1978-1998)
Cox’s Bazar (1978-1998)
CEGIS (2011)
1991-2010
Hiron Point (1977-2002)
Sandwip (1977-2002)
Maheshkhali (1968-2002)
Cox’s Bazar 1977-2002)

Latitude
21°48’ N
22°08’ N
21°26’ N

Longitude
89°28’E
91°06’E
91°59’E

RSLR (mm/year)
3.24
4
6
7.8

SLR (IPCC AR5)
2.0 mm/year*
3.0 mm/year**

5.5
7.0
7.5
5.1

* Valid for the period 1980-2000 and ** valid for the period 1991-2010

3.5.

Recent tropical cyclones

All tropical cyclones can be subdivided into Cyclonic Storms (CS) with maximum sustained wind speed (MSWS) = 6287 km/hour and Severe Cyclonic Storms (SCS) with MSWS >87 km/hour. Singh et al. (2001) have shown that the

tropical cyclones of November indicate increasing trends. The trends and variability of tropical cyclone in the Bay of

Bengal have been studied by Singhvi et al. (2010) using the data of 1877-2004. The tropical cyclone frequency data

from IMD archives were used. It has been found that the tropical cyclones of all categories have shown large scale
variations with slight decreasing trends (-0.017 cyclones/year). The tropical cyclone frequency was very low in the
1990s and in the earlier half of 2000s. The cyclonic storms (CS) having maximum sustainable wind speed (MSWS) of

62-87 km/hour show decreasing trend (-0.024 cyclones/year) with almost simultaneous increase of the frequency of

severe cyclonic storms (SCS) (MSWS higher than 87 km/hour). The trend of the frequency of SCS is0.007cyclone/year
(Figure20 [a-c])

Variability of tropical cyclones of Bay of Bengal in recent decades has been studied using the Best Track Data of

tropical cyclones obtained from Joint Typhoon Warning Centre (JTWC) archives. The data shows the wind speed,
pressure drop and position at 6 hours interval. For the Bay of Bengal the complete dataset is found to begin from

1978 and ends in 2013. Time series for the tropical cyclones in the Bay of Bengal have been generated for different

levels of winds. Figure21shows the 5-year moving average of the time series of annual frequency of tropical cyclones
with MSWS between 62-118 km/hour, which shows that the tropical cyclones in recent decades are increasing at a
rate of 0.013 cyclones/year. The temporal distribution of 5-year moving average of the annual frequency of tropical
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cyclones with speed higher than 152 km/hour shows that intensive cyclones are increasing during the period 19482013 with a significant trend of 0.016 cyclone/year(Figure22).

The Maximum Sustained Wind Speed (MSWS) has been plotted against time to see how the wind speed is behaving
with time. This depicts that the speed of the strong winds has increased in the recent years (Figure 23). Then from
these data the decadal frequency of tropical cyclones with wind speed of 218 and above have been calculated and
plotted in Figure 24, which clearly depicts that the frequency of very intensive tropical cyclones have increased.

a)

b)

c)

Figure 20: Annual frequency of all tropical cyclones, reproducedafter Singhvi et al,2010
Note: Trend analysis done by Consulting Team
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Figure 21: Five year moving average of weak tropical cyclones with MSWS of 62-118 km/hour
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Figure 22: Five year moving average of tropical cyclones with MSWS higher than 152 km/hour
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Figure 23: Variation of tropical cyclones’ MSWS during the period 1978-2013
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Figure 24: Frequency of high intensity cyclones (MSWS> 218 km/hr) in the Bay of Bengal over the last
three decades

4.

Currently Available Information on Future Climate Change

4.1.

Bangladesh and IPCC AR5

Similar to the analyses mentioned in Section 3.1, the last IPCC report (2013) concluded that it is very likely that mean
annual temperature has increased over the past century over most of the Asia region, but there are areas of the

interior and at high latitudes where the monitoring coverage is insufficient for the assessment of trends (ref.IPCC

2013, Chapter 2, Figure 24-2). New analyses continue to support the AR4 and SRES conclusions that it is likely that the
numbers of cold days and nights have decreased and the numbers of warm days and nights have increased across

most of Asia since about 1950, and heat wave frequency has increased since the middle of the 20th century in large

parts of Asia (ref.IPCC 2013,Section 2.6.1).

Rainfall variability in Bangladesh is extremely high. There is a large difference in rainfall between the different regions

of the country and large difference between seasons. Also the inter-annual differences are large. This large variability
makes it difficult to find significant trends in historical rainfall records. Studies focussing on recent changes in rainfall

over Bangladesh and the Indian subcontinent show small reductions in total rainfall (IPCC 2013). This is probably
partly caused by air pollution (aerosol and black carbon) (IPCC 2013). Several studies have shown increases in the
frequency of extreme events (Kumar et al. 2013; IPCC 2013, WG1, Ch 14).

The IPCC has developed an Atlas (Collins et al. 2013) which summarizes the changes in climate projected by the

different global climate model runs which have been done for the last IPCC report.
The figures presented and discussed below originate from that report.

The models used for the IPCC report estimate of a future temperature change of between 2 and 4 degrees depending
on the time period and the emission scenarios (Figure 25).The figure shows the time series of temperature change

relative to 1986-2005 averaged over land grid points of South Asia in December-February (left) and June-August

(right). The thin lines indicate one ensemble member per model and the thick lines the CMIP5 multi-model mean. One

28

GED, Bangladesh Planning Commission

the right of each graph a box-plot of the distribution for the 20 year mean changes for 2081-2100 for the four RCP
scenarios4. (IPCC 2013 - Annex 1 of IPCC Working Group 1 report).

The difference between the climate models used however is significant and warming could only be 1 degree for low
emission scenarios and up to 7-8 degrees for the highest emission scenario. Warming in Bangladesh is slightly less

than the global average due to its location near the ocean and also the tropics generally warm up less compared to
land in the higher latitudes (Figures 26 and 27).

Figure 25: Time series of temperature change relative to 1986-2005 averaged over land grid points in
South Asia in December-February (left) and in June-August (right)
The maps are showing the changes in temperature during the winter months (Dec-Feb) for 2016-2035, 2046-2065
and 2081-2100 relative to 1986-2005. Maps show the 25th, 50th and 75th percentile of the distribution of the CMIP5
ensemble. The maps only show the RCP4.5 scenario (IPCC 2013; Annex 1 of IPCC Working Group 1 report).

It should be noted that according to the models, temperatures will increase more in the winter compared to the
summer period.

4
RCPs: Representative Concentration Pathways (RCPs) are four greenhouse gas concentration (not emissions) trajectories
adopted by the IPCC for its fifth Assessment Report (AR5) in 2014. It supersedes Special Report on Emissions Scenarios (SRES)
projections published in 2000. The pathways are used for climate modelling and research. They describe four possible climate
futures, all of which are considered possible depending on how much greenhouse gases are emitted in the years to come. The four
RCPs, RCP2.6, RCP4.5, RCP6, and RCP8.5, are named after a possible range of radiative forcing values in the year 2100 relative to preindustrial values (+2.6, +4.5, +6.0, and +8.5 Watts/m2, respectively).
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Figure 26: Maps showing changes in temperature in the winter months (Dec-Feb) for 2016-2035, 20462065 and 2081-2100 relative to 1986-2005

Figure 27: Maps showing changes in temperature the summer months (June-August) for 2016-2035,
2046-2065 and 2081-2100 relative to 1986-2005
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The rainfall in Bangladesh is strongly influenced by the Indian Monsoon. The climate models show a very consistent

and clear signal in terms of changes in Monsoon rainfall. All the climate models show an increase in both average and

extreme precipitations for the Indian summer monsoon (IPCC 2013, Chapter 14.3). There is also a tendency of a longer

duration of the monsoon with especially an earlier onset. This is also consistent with the observation of increased
rainfall during the pre-monsoon period. While the monsoon rainfall is increasing, the strength of the monsoon
circulation is decreasing (Figure 28). The figure shows the impact of human activities on the monsoon rainfall. Due to

warming of the atmosphere the ocean water vapour transport from the sea to the land is increasing. This increases
the potential for extreme rainfall events. Global warming related changes in the circulation will result in a weaker

monsoon circulation. Also aerosols (air pollution) and land use change can affect the land-sea temperature difference
which affects the monsoon patterns (IPCC, 2013).

Figure 28: Impact of human activities on the monsoon rainfall
Due to increased monsoon rainfall, the annual average rainfall in Bangladesh is more likely to increase than decrease
(Figure 29).For the RCP4.5 scenarios the average increase in rainfall is 10% to 20% by the end of the century. For RCP

8.5 scenarios this is slightly higher. Global climate models also show an increase in the frequency of extreme

precipitation for RCP 6.0 and 8.5. Changes in dry season rainfall are much more uncertain. Some climate models
indicate reduced rainfall during the dry season while others show an increase.
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Figure 29: Maps showing changes in median rainfall for 2016-2035, 2046-2065 and 2081-2100 relative to
1986-2005
Note:The left panels show changes for October – March and the right panels for April – September

4.2.

Review of papers and reports on Future Climate Change and Bangladesh

An elaborate review and compilation on the history of climate change scenarios developed for Bangladesh up to 2004
was constructed by Ahmed (2006). The early works on future climate change scenario for Bangladesh were performed
in the late 1980s using speculation based on expert judgment and came up with scenarios of surface warming of 0.3
to 0.50C by 2050 (Mahtab, 1989). It was also speculated that the rainfall would increase by 5-20%. For sea level rise,
100 cm was speculated for 2050 which includes the subsidence of 10 cm. Similarly, the 2°C and 4°C change in average
temperature were speculated for defining ‘moderate’ and ‘severe’ climate change scenarios, respectively with increase
of peak monsoon rainfall by 18% and 33% respectively (BCAS-RA-Approach, 1994).
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Several attempts have been made to develop scenarios for Bangladesh climate change due to anthropogenic GHG
emissions for the future since early 1990s, using the results of Global Climate Models (GCMs) for selected storyline of
development related to future GHG emissions. The BUP-CEARS-CRU (1994) study reported a 0.50C to 2.00C rise in
temperature by the year 2030 under ‘business as usual’ scenario of IPCC. The same modelling exercise estimated 10
to 15% rise in average monsoon rainfall by the year 2030. The study did not provide a projection in relation to sea
level rise, however, it described the complicacy involving both sedimentation and subsidence in addition to the
climatic sea level rise.
An ADB study in 1994 used results from four GCMs: CSIRO9, Canadian Climate Centre Model (CCCM), Geophysical
Fluid Dynamics Laboratory equilibrium model (GFDL) and UKMOH, anddevelopment scenario IS92a of IPCC was
considered for development of climate change scenarios for Bangladesh. It was reported that, for 2010 the
temperature would rise by 0.3C and for 2070, the corresponding rise would be 1.50C. The four models used for
developing scenarios all provided different results for monsoon rainfall. The high-estimating GFDL model (GFDLH)
projected 59% higher rainfall in South Asian monsoon and 16% lower rainfall in dry season. The projection from CCC
model, however, shows an increase of monsoon rainfall by 20% and decrease of dry season rainfall by 6%. Both
models considered a doubling of CO2 concentration in the atmosphere (therefore, time independent). A timedependent modelling with a CO2 concentration of 400 and 640 ppm for 2010 and 2070 respectively showed that
monsoon rainfall will increase by 5% in 2010 and 5-30% in 2070. No change of dry season rainfall has been projected
by 2010, while the projection for 2070 varies between -10 to +10 %.
The development of climate scenarios for Bangladesh was attempted by Ahmed et al. (1996), Asaduzzaman et al.
(1997) and Huq et al. (1998) under ‘Climate Change Country Studies Programme’ using a number of GCMs namely,
CCCM, GFDL and 1% transient model of GFDL (i.e., GF01).
Observed climate data of the CLIM database were used for validation of the modelling results. It was found that GFDL
1% transient model represented the long term climate normal the best and was considered for development of a time
based climate change scenario (Ahmed et al., 1996). The following table (Table 8)summarizes the climate change
scenarios developed by Ahmed and Alam (1998).

Table 8: Climate Change scenarios using the GFD01 transient model [Prepared after Ahmed and Alam
(1998)]
Projection years

Temperature (0C)

Precipitation (%)

Winter

Monsoon

Average

Winter

Monsoon

Average

2030

1.3

0.7

1.3

50.0

11.2

5.6

2075

2.1

1.7

2.6

-100.0

26.8

15.6

The results of modelling future climate, obtained by Mirza (1997) using a number of GCMs, showed that by 2030 the

rise of monsoon temperature would be 0.70C with corresponding rise of winter temperature of 1.30C. These results
have been used by the studies of WB(2000) and the Initial National Communication (INC, 2002). The corresponding

rise of rainfall was projected as 11% for monsoon followed by a decrease of 3% for the winter. For the year 2050, the

rise of temperature was projected to be 1.1 oC and 1.8 oC for monsoon and winter respectively. The rainfall was
projected to be 28% and -37% respectively. Mirza (2002) considered an ensemble of GCMs, instead of validating

outputs of any specific model for observed values of Bangladesh, and projected an ensemble scenario. In another

modelling exercise, Mirza (2005) considered three ‘temperature change scenarios’ with 2 oC, 4oC, and 6oC changes in
average temperature and then computed its response in relation to changes in rainfall over the South Asian

subcontinent, particularly over Bangladesh. There have been huge variations in output results, varying from 0.8% to

13.5% increase in mean annual rainfall for the Ganges basin and -0.03% to 6.4% change for the same for the

Brahmaputra basin for a 2oC temperature change scenario. There would be increasing mean annual rainfall in both

the basins with increasing global warming, as reported by Mirza (2005). The UKTR model suggested as high as 63.3%

increase inmean annual rainfall over the Ganges basin associated with a change in surface average temperatureof 6oC.

The corresponding change in Brahmaputra basin would be much less (Mirza, 2005).
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Agrawala et al. (2003) have selected 11 GCMs out of 17 GCMs after validation with observed dataset for Bangladesh.

The results generated using these 11 GCMs are shown in Table 9. It is important to note that the models have been
run with the IPCC B2 SRES scenario.

Table 9: GCM projections for changes in temperature and precipitation for Bangladesh (Agarwala et al.
2003)
Year

Temperature change (standard deviation)

Precipitation change (%)

Annual

DJF

JJA

Annual

DJF

JJA

2030

1.0 (0.11)

1.1(0.18

0.8(0.16)

+3.8 (2.30)

-1.2(12.56)

+4.7(3.17)

2050

1.4 (0.16)

1.6(0.26)

1.1(0.23)

+5.6(3.33)

-1.7(18.15)

+6.8(4.58)

2100

2.4(0.28)

2.7(0.46)

1.9(0.40)

+9.7(5.80)

-3.0(31.60)

+11.8(7.97)

Baseline average

2278 mm

33.7 mm

1343.7 mm

Table 10: Climate Scenarios used for the NAPA (2005)
Year

Temperature change (oC)

Rainfall Change (%)

Sea Level Rise (cm)

Annual

DJF

JJA

Annual

DJF

JJA
6

14

2050

1.4

1.6

1.1

6

-5

8

32

2100

2.4

2.7

1.9

10

-10

12

88

2030

1.0

1.1

0.8

5

-2

For the preparation of the National Action Plan on Adaptation (NAPA), in 2005, the scenarios as derived by Agarwala
were used, with some adjustment(Table 10). Also projections of Sea Level Rise were provided. Choudhury et al.
(2005) have developed a scenario for north central Bangladesh for studying the socioeconomic and physical

perspectives of water related vulnerability to climate change. The results are shown in Table 11, which followed more
practical approach for generating seasonal scenarios. The results indicate strong increase of precipitation in winter
and pre-monsoon seasons.

Table 11: Future Climate Change Scenarios based on HadRM2 model results
Years
2020
2050

Temperature
Winter

Pre-monsoon

Monsoon

Post-monsoon

Annual

3.4

1.5

2.9

3.6

2.8

1.7

0.8

1.4

1.8

1.4

Precipitation
2020

30.4

26.6

4.2

5.3

9.1

2050

70.4

70.3

9.7

11.3

22.7

The scenarios for the GBM catchment and Bangladesh territory using two story lines A2 and B1 of the GHG scenarios
have been developed using the results of IPCC AR4 by Tanner et al. (2007). 10 GCM results behaving well in
simulating monsoon precipitation were used in this scenario development. Here the uncertainty of the scenarios have

been well taken care of and are shown in Table 12andTable 13. The sea level rise has been depicted as 2-20 cm in
202 and 4-39 cm in 2050.
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Table 12: Scenario of Temperature over the GBM basins and Bangladesh developed by Tanner et al.
(2007)

Table 13: Scenario of Bangladesh precipitation (Tanner et al. 2007)
BangladeshA2 precipitation (%)
Dry
Average
Wet
Bangladesh B1
Dry
Average
Wet
Sea Level Rise (SLR) (cm)

4.3.

2020s
Annual
-9
0
+9
-10
+2
+7
2-20

Winter
-24
+3
+46

Monsoon
-11
+1
+13

-60
0
+62

-9
+4
+16

2050
Annual
-14
+2
+62
-57
-4
+27
4-39

Winter
-70
-3
+62

Monsoon
-11
+2
+24

-57
-4
+27

-9
+7
+28

Regional Climate modelling for Bangladesh and Indian subcontinent

The information global climate models provide is a very coarse spatial resolution and often shows significant biases

especially for precipitation (Jacob and Van der Hurk 2009). To overcome this deficiency there is a need to downscale

and/or bias-correct the global climate model.

Dynamical downscaling uses regional climate models of higher

resolution which are nested within global climate models (Giorgi 2006). In this approach Large scale phenomena are
inherited from the global climate model and additional detail is provided by Regional climate model. The RCM allows

for more detailed modelling of the land used, topography and improved spatial simulation of physical processes
(Kumar et al 2013).
4.3.1.

HighNoon

Within the EU project HighNoon (www.eu-highnoon.org) three different regional climate models were used in
combination with two global climate models (Kumar et al. 2013). The results of this study showed that the regional

models were better able to simulate the historic climate compared to global climate models. The simulated change a
climate was dominated by the signal of the global model with the regional model providing additional detailed

information. For Bangladesh the results showed that rainfall is likely to increase between 10 and 20% by the end of

the century using the A1b emission scenarios. In this study only the A1b scenarios was used. For mid-century the

scenarios are unclear. On average the models show little change in rainfall. A detailed analysis by Wiltshire (et al 2010)
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show that for Western Bangladesh the rainfall is decreasing and for Eastern Bangladesh the rainfall is increasing. It is

not described what has caused these changes.
4.3.2.

Impact2C

Within the EU FP7 project “Impact2C” (impact of 20C increase in global temperature) different regional climate models
were used to analyse changes in the regional climate change under a 2 degree warming for the Ganges and

Brahmaputra Basins. Three different Regional Climate Models,RCM,were used for the analyses. Each regional climate

was forced at the edges of the region by a different Global Climate model. The following RCM-GCM combinationwere
used: Arpege 52-CNRM, SMHI-RCA4 – ECEarth, and BCCR-WRF331-NorESM. Each model combination was run for a
historical period (1971-2005) and using three different emission scenarios RCP2.6, 4.5 and 8.5. Some initial analyses

are done and the data are available at Wageningen UR for further analyses. The initial results show that there will be

an increase in the length of monsoon season by about 5 to 10 days under two degree warming (figure 3.1). Two
degree warming is likely to be reached by 2050. Results also show that rainfall intensity is more likely to increase than

decrease. The probability density function (pdf) analysed for the Dhaka region clearly show the possible range of

climate change (Figure 30). The majority of the pdf in the upper right corner indicate the most likely change is a
longer monsoon season and increased rainfall intensity. The rainfall intensity could increase by up to 3

mm/day.However parts of the pdf are also in the area with lower rainfall intensity and it is thus also possible that

climate change will reduce rainfall intensity(Figure 31). The analysis also shows the high uncertainty in the changes in
the length of the monsoon season. Some models indicate a shorter monsoon while others show an increase in the
length of the monsoon season.

Figure 30: Changes in the duration for the monsoon at two degree warming
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Figure 31: Bivariate probability density function (pdf) for changes in the monsoon duration and rainfall
under 20C warming for RCP4.5 for Dhaka(Note: The contours indicate cumulative probability in %)
4.3.3.

Regional climate modelling using PRECISIn earlier chapters the chronology of climate scenarios

developed using the GCM results for the GBM region and Bangladesh territory has been discussed. However, for

more effective planning of adaptation to climate change, especially in water and agriculture sectors, projections with

higher spatial resolution are needed. These can be obtained through a downscaling process by running regional

models which are initialized with GCM outputs. Providing Regional Climates for Impacts Studies (PRECIS) model

developed by Hadley Centre is one of those which produce the downscaled climate scenarios with high spatial

resolution. The first work was done by Islam (2009), in which dealt with calibration of the downscaled modelling
outputs from PRECIS for the period 1961-1990 against observations and developed calibration coefficients for

adjusting the model projections. The calibrated results were then compared with observation for the period 2001-

2006. This shows that in some years over-estimation and in other years under-estimation is simulated by PRECIS, with
a net over-estimation of 4.5% during the year 2000-2006 .The projection for the period from 2010-2020 is found to

be -1% to +5.3%. The maximum temperature is found to increase by 0.450C and minimum temperature by 0.15 0C
during this period.

The study of DoE (CCC, 2008) generated scenarios for Bangladesh for precipitation and

temperature for 2030, 2050 and 2070 using ECHAM4 SRES A2 emission scenario. This shows that the precipitation will
increase at 4%, 2.3% and 6.7 % in 2030, 2050 and 2070 respectively with reference to the observed baseline

period.Figure32 shows the spatial distribution of future scenarios of Tmax for 2030, 2050 and 2070, while Figure 33
shows the spatial distribution of future scenarios of precipitation for 2031, 2051 and 2071.
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Figure 32: The spatial distribution of Tmax for the years 2030, 2050 and 2070 down-scaled using PRECIS
model
Note: The PRECIS model was run for 50x50 km grid size (CCC, 2008)
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Figure 33: The spatial distribution of precipitation in 2031, 2051 and 2071 down-scaled using
PRECIS model.
Note: The PRECIS model was run for 50x50 km grid size (CCC, 2008)
The work does not specify which GCM results are used for the initializing the PRECIS model. Experimentation with
multi model GCM results using the calibration with observed data will provide more reliable results.

URL http://teacher.buet.ac.bd/akmsaifulislam/climate/ (last accessed Jan 2015)’ provides the future projections of

mean temperature and precipitation climate of Bangladesh using PRECIS models relative to selected meteorological

stations of Bangladesh as shown in Figure 34. The scenario has been developed using SRES A1B GHG scenarios To
look at the data it is required to get into the web page and click on the location of the station to see the dataset. For

example the station Mymensingh is clicked and then the projection data are obtained. It is not described which GCMs

have been used.
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Figure 34: Map of Bangladesh showing the locations of BMD stations
Note: This map is available in the link – http://teacher.buet.ac.bd/akmsaifulislam/climate,when the location of a
station is double clicked the projection data become visible.
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5.

Climate Change Information needed for the Bangladesh Delta Plan

While the earlier chapters discussed an overview of the available knowledge on current climate, and current and

future climate change, this chapter focuses on stakeholders, policies and projects, in order to identify where the

currently available knowledge on climate change is generated and used, and what additional knowledge or

mechanism may be required for the Bangladesh Delta Plan.

5.1.

Climate Change related Stakeholders, Policies and Projects

From Government side, coordination on all aspects of climate change is done by the Ministry of Environment and
Forests, the Climate Change Cell and the Department of Environment (DoE).

Coordination of the government funds for climate change is done under the Climate Change Trust Fund (BCCT)
(http://www.bcct.gov.bd/), while the donor funds are brought together under the climate change resilience fund,
CCRF, are coordinated by World Bank.

Stakeholders can be grouped on their interest for climate change and climate change science, climate change
mitigation and climate change adaptation. Also there is a group of people interested in the subject of ‘loss and
damage’. For the purpose of this study, the focus is on climate change and climate change science.

Major stakeholders on climate change science in government and knowledge institutes are:
-

Ministry of Environment and Forests, Department of Environment, Climate Change Cell

-

Climate Change Trust Fund / Climate Change Resilience Fund

-

Bangladesh Meteorological Department (BMD)

-

Bangladesh Space Research and Remote Sensing Organization (SPARRSO)

-

Bangladesh Water Development Board (BWDB)

-

Bangladesh Water Resources Planning Organization (WARPO)

-

CEGIS

-

IWM

-

BUET

-

DUET (new MSc on climate change schedule to start in 2015)

-

Jahanginagar University

-

Khulna University

-

BCAS

-

World Bank

-

ICCCAD

-

Gobeshona Platform on climate change research in Bangladesh (www.gobeshona.net)

AsapartoftheglobalobligationundertheUnitedNationsFrameworkConventiononClimateChange(UNFCCC),theGovernme

ntofBangladeshhassubmitted a First National Communication (INC) in 2002 and the SecondNationalCommunication

(SNC) in 2012to UNFCCC / the Conference of Parties (COP) in accordance with article-4, paragraph-3 of the
Convention. SNC has provided a comprehensive review of climate change related policies, plans and strategies up to
2012 in addition to the major contents on national circumstances, GHG inventory, GHG mitigation and climate change
adaptation.

With regard to national government policies, the two major policy documents on climate change are the NAPA and

the Bangladesh Climate Change Strategy and Action Plan. In 2014 a new document was developed, the National

Action Plan (NAP).
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5.1.1.

NAPA, 2005

The National Adaptation Programme of Action (NAPA, 2005) has been prepared by the Ministry of Environment and
Forest (MOEF), Government of the People’s Republic of Bangladesh in 2005 as a response to the decision of the

Seventh Session of the Conference of the Parties (COP7) of the United Nations Framework Convention on Climate

Change (UNFCCC). NAPA has identified a number of areas where the climate change and extreme climate events
would have severe impacts. Most damaging effects of climate change are floods, tropical cyclones, salinity intrusion,

and droughts that are found to drastically affect crop productivity almost every year. Climate change induced

challenges are: (a) scarcity of fresh water due to less rain and higher evapotranspiration in the dry season, (b) drainage
congestion due to higher water levels in the confluence with the rise of sea level, (c) river bank erosion, (d) frequent
floods and prolonged and widespread drought, (e) wider salinity in the surface, ground and soil in the coastal zone. It

was found that the population living in the coastal area is more vulnerable than the population in other areas. The
agricultural sector will face significant yield reduction. Thus food-grain self-sufficiency will be at risk in future.

The strategic goals and objectives of future coping mechanisms are to reduce adverse effects of climate change
including climate variability and extreme events, and promote sustainable development. Future coping strategies and
mechanisms are suggested based on existing process and practices keeping main essence of adaptation science

which is a process to adjust with adverse situation of climate change. NAPA prioritized 15 studies for funding for

development of coping mechanism for climate change adaptation and reducing disaster vulnerability. The list of
priority areas are shown below:

•

Reduction of climate change hazards through coastal afforestation with community participation.

•

Providing drinking water to coastal communities to combat enhanced salinity due to sea level rise.

•

Capacity building for integrating Climate Change in planning, designing of infrastructure, conflict

Providing drinking water to coastal communities to combat enhanced salinity due to sea level rise.
management and land-water zoning for water management institutions.

•

Climate change and adaptation information dissemination to vulnerable community for emergency

preparedness measures and raising awareness on enhanced climatic disasters.
•

Construction of flood shelter, and information and assistance centre to cope with enhanced recurrent
floods in major floodplains.

•

Construction of flood shelter, and information and assistance centre to cope with enhanced recurrent

floods in major floodplains.

•

Mainstreaming adaptation to climate change into policies and programmes in different sectors
(focusing on disaster management, water, agriculture, health and industry)

•

Inclusion of climate change issues in curriculum at secondary and tertiary educational institution.

•

Enhancing resilience of urban infrastructure and industries to impacts of climate change

•

Development of eco-specific adaptive knowledge (including indigenous knowledge) on adaptation to
climate variability to enhance adaptive capacity for future climate change

•

Promotion of research on drought, flood and saline tolerant varieties of crops to facilitate adaptation in
future.

•

Promoting adaptation to coastal crop agriculture to combat increased salinity.

•

Adaptation to agriculture systems in areas prone to enhanced flash flooding–North East and Central
Region.

•

Adaptation to fisheries in areas prone to enhanced flooding in North East and Central Region through

adaptive and diversified fish culture practices.
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•

Promoting adaptation to coastal fisheries through culture of salt tolerant fish special in coastal areas
of Bangladesh

•
5.1.2.

Exploring options for insurance to cope with enhanced climatic disasters.
BCCSAP, 2009

As one of the first countries in the world, Bangladesh took action to formulate a climate change strategy following
COP 13 in Bali, 2007. The Bangladesh Climate Change Strategy and Action Plan (BCCSAP) was first formulated in 2008

and further revised in 2009. The BCCSAP was formulated upon wide-ranging consultation within the Government as
well as between the government and the civil society, development practitioners as well as development partners and

the private sector. The document outlines the core policy, strategy, and action thrusts to come up with mechanism to
respond to and address the risks related to climate change and occurrences of extreme events in the country. The

BCCSAP is an integral part of the Government's over-all development strategy to adapt the climate change impacts in
a sustainable manner.

The BCCSAP 2009 provides background issues related to physical and climatic contexts, core socio-economic realities
and policies in the country and the rationale of the vision of future development in the climate change sector. The
document provides an overview of the vulnerability to different natural hazards and climate change impacts (Figure
35). The report further provides a set of programmes under six priority action pillars of the BCCSAP. It is a set of 10-

year programme (2009-2018) for capacity building and achieving resilience of the country to meet the challenges of

climate change over the next 20-25 years. The needs of the poor and vulnerable, including women and children, will
be mainstreamed in all activities under the Action Plan.

Under BCCSAP six thematic areas were identified, namely
(1) food security, social protection and health
(2) comprehensive disaster management
(3) infrastructure

(4) research and knowledge management

(5) mitigation and low-carbon development

(6) capacity building and institutional strengthening

Implementation of BCCSAP has been entrusted to the Climate Change Trust (government funds) and the Climate
Change Resilience Fund (donor funding).
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Figure 35: Vulnerability to different natural hazards (source CEGIS; in: BCCSAP, 2009)
5.1.3.

Climate change in the 6th Five Year Plan

In the 6th Five Year Plan, a section has been included addressing climate change. Both NAPA and BCCSAP are used as

cornerstones of the government’s efforts to address climate change. This will be discussed further in Chapter 12.
Bangladesh is developing the 7th Five Year Plan which is likely to address climate change issues for more rigorous

climate research, institutionalization of climate change and materialize priority options for climate change adaptation
and disaster risk reduction.
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5.1.4.

NAP (2014)

In 2014, a team was formed to formulate the National Action Plan, a road map to implement adaptation and

mitigation action.The formulation of the NAP is considered important in order to ensure climate funding from

international level (note that climate funding is not addressed under this baseline study). A consultative process based
national consensus will be forged under the NAP formulation process to develop a comprehensive coordination and

implementation mechanism across sectors and actors on CCA. The NAP Roadmap will consider the most vulnerable

issues regarding highlighted gender sensitivity issues that must be plugged in towards developing CCA projects in
Bangladesh. International support is necessary to both enhance GOB capacities to carry out the task and to mobilize
external support in the form of technically sound personnel and/or consultants to complete the task within a
considerable time frame.
5.1.5.

National Policies

A number of policies on environment, disaster, health, water resources, water supply and sanitation and agriculture
and livestock have been developed over the years and incorporatedclimate change, impacts and adaptation. Most of

the policies underscored the need for an integrated approach, mainstreaming adaptation into the planning and
implementation process. The important policies which have integrated climate change and adaptation are:

•

National Environmentpolicy, 1992 and 2013 Ministry of Environment and Forest

•

National forestpolicy, 1994 Ministry of Environment and Forest

•

Energy Policy, 1995 and 2004 Ministry of Energy and Mineral Resources

•

National fisheriespolicy, 1998, Ministry of Fisheries and Livestock

•

National policyforsafewatersupplyandsanitation,1998, Ministry of Local Government, Rural
Development and Cooperatives

•

National Agricultural Policy, 1999, Ministry ofAgriculture.

•

Land Usepolicy, 2001,Ministry of Land (MoL)

•

Integrated Pest Management policy, 2002, (Ministry ofAgriculture),

•

National populationpolicy, 2004,Ministry of Health and Family Welfare

•

Industrialpolicy, 2005, Ministry of Industries

•

Coastal zonepolicy, 2005, Ministry of Water Resources

•

National

BiotechnologyPolicy,

Communication Technology

2005,

Ministry

of

Science

and

Information

and

•

Renewable Energy Policy of Bangladesh, 2008, Ministry of Power, Energy andMineral
Resources

•

Information communication and technologypolicy, 2009 , Ministry of Science, Information
and Communication Technology

•

Social and resettlement policyframework, 2009, Ministry of Planning

•

National foodpolicy, 2006, Ministry of Food and DisasterManagement

•

Tourismpolicy, 2009, Ministry of Civil Aviation and Tourism

•

National healthpolicy, 2011, Ministryof HealthandFamilyWelfare

•

National Agriculture Policy, 2010
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5.1.6.

Some of the climate change science related projects and research

There is a large variety on climate change projects in Bangladesh. CEGIS, BCAS, IWM, IWFM, BARI, BRRI, BARC have
on-going research on climate change, also related to agriculture and water. Sofar, there is not a single institute which
is the lead organization in Bangladesh on climate change science.

Internationally, a number of institutes are involved in climate change related research on Bangladesh, like the Hadley
Centre, the Climate Institute in Potsdam, and Wageningen University and Research Centre. The collection of research

findings as collected by IPCC is of importance to Bangladesh. The most recent work of IPCC (2013) has been
summarized with regard to Bangladesh in this baseline study in Chapter 4. It is noted that most of the research on

Bangladesh in IPCC is done by researchers from outside Bangladesh (Stott, 2014). For the purpose of strengthening

climate change research in Bangladesh, the Gobeshona Platform was initiated (www.gobeshona.net). For this climate

change baseline study, active interaction took place with the platform.

When focussing on climate change science and impacts some of the major research and implementation
projects are listed below:

- Impact2C (BCAS, IWM, Wageningen UR)

- NICHE155, scenario development in IWRM (BUET, BAU, CEGIS, WARPO, IHE, Wageningen UR, Deltares)

- ESPA (coordinator in UK: University of Southampton, coordinator in Bangladesh: IWFM/BUET)
- CEGIS/IWM/BUET research on climate change in Bangladesh (forthcoming)
- Earth2Observe and Corfu (IWM and 26 institutions internationally)

- Climate change and food security (published in Winston Yu et al, 2010)

- Comprehensive Disaster Management Programme (CDMP-II), a collaborative initiative of the Bangladesh
Ministry of Disaster Management and Relief (MoDMR) and UNDP.

5.2.

Links with other relevant baseline studies and climate change impacts

During the BDP Climate Change Baseline Study, other baseline studies were consulted on their information

requirements regarding climate change. In Table 14an overview is provided of meteorological indicators related to

climate and climate change and the importance to the 8 clusters, covering all 19 studies. Though climate change is
considered important in all 8 clusters, for some studies the demand is not direct, as for instance for economics and
governance clusters.

Table 14: Inter linkages between climate and climate change information and baseline study clusters
1

2

3

4

5

Water
WatSan
Drn &CC

x
x

x

x

Spat.pl
Food sec
Envt mgt

x

7

8

9

10

11

12

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

6

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x
x

Econ&Fin
Govern

Meteorological indicators
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(1) Average maximum temperature (Tmax)
(2) Average minimum temperature (Tmin)

(3) Difference Tmax-Tmin

(4) Heatwaves (>5 days above normal)
(5) Number of days Tmax above threshold
(6) Average precipitation
(7) Duration and length of dry spells
(8) Duration and length of wet spells

(9) Average rain intensity

(10) Average highest one day prec.amount
(11) Average highest 5 day prec.amount
(12) Number of wet days
The data of the climate change baseline is available to the other baselines and already some exchange has taken
place with the touch table team. This has resulted in an interactive mapping tool (draft version). The results of chapter
7 are used in this tool. Further verification with stakeholders is currently undertaken.

5.3.

Climate Information needed for development of Bangladesh Delta Plan

The Bangladesh Delta Plan envisages an open and inclusive process for its formulation. Also for bringing together the

state-of-the-art knowledge on climate change, and to formulate jointly scenarios on climate change for the BDP2100

an open approach was followed, consulting in steps an increasing number of the stakeholders as mentioned in

section 5.1. During the baseline study process3 meetings were organized, one with the TA team to formulate interlinkages, one with climate change experts to inventorize and validate climate change information, and one with the

Gobeshona platform for the same. The meetings took place in September and October 2014. In December 2014 a

field visit was undertaken to Khulna, to consult climate experts at Khulna University and Khulna University of
Engineering and Technology (KUET). Also the mayor of Khulna and some NGOs were briefed on the climate change
baseline study and information was gained from discussion. The general impression is, that it is not easy to provide

location specific information on climate change and climate change impacts.

Indicators required are related to water in the delta: too much, too little, too dirty. The indicators provided have sofar

proven sufficient. However, it is expected that with further integration of the baseline studies, more specific requests
for data may arise (e.g. hourly versus daily rainfall, minimum and maximum temperatures, annual or seasonal analysis

of precipitation). One complex question has already emerged, related to future water demand in agriculture under
conditions of climate change. Complex, as both agriculture and climate are changing.

Accessibility of the data and modelling results were emphasized. In the Climate Change Baseline Study, results will
come in standard format, and can be made available for interested users. It is expected that in the wider context of
the Bangladesh Delta Plan an information point (server) will become available.

From the Bangladesh Delta Plan Baseline Study Climate Change, the data for the indicators as in section 5.2 will be
available for the design and implementation of the Bangladesh Delta Plan, as will be the modelling outcomes,
indicating future climate change (see Chapter 6). These will also be used for the development of the delta scenarios.

In general, it is noted thatfor local level adaptation, spatial data are required, while climate related measurements are

often point-based. Modelling results, e.g. through downscaling, can assist providing such spatial data.Dynamic

downscaling is increasingly possible, and should be explored further. More field level data and verification of
modelling data at field levelare required.
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It is noted that in general, urgent present day problems are being addressed, while not yet taking into account

climate change insights. Future climate change information is not yet widely available and used. There is a gap
between the stakeholders working on the climate change science, and the users of such data (government, NGOs etc).
As the Bangladesh Delta Plan is a longer term effort, which entails to use updated knowledge also in future

implementation and updates of the plan, a monitoring mechanism on climate (how to collect the data) and a

distribution mechanism for climate change information is required (how to make relevant information available to
specific stakeholder groups).

6.

Methods for developing future climate change scenarios

Although it is very likely that increased future greenhouse gas emission will change the climate in Bangladesh, the
extent and sometimes the direction of change are highly uncertain. To cover this uncertainty and to provide guidance
to the Development of the Bangladesh Delta Plan it is necessary to develop scenarios for climate change. These
scenarios can be used for the problem and impact analyses and to guide the development of adaptation plan and
pathways.
The

methods

used

are

similar

to

the

WorldBank

Climate

analyses

tools

(Girvetz

et

al.

2013;

http://s3.amazonaws.com/WB_Bangladesh/index.html). However, this data set is based on the latest climate models

runs performed for the 5th Assessment Report (AR5) of the IPCC (2013). As a result is also use of the latest emission
pathways (RCPs). For this analysis a relatively low emission pathway (RCP4.5) was used, similar to the SRES B1 scenario

and a high emission pathway (RCP8.5) higher than the SRES A2 scenario. This method has also been used to develop
scenarios for Europe and East Africa (Ludwig et al. 2013).

6.1.

Climate models used

This analysis is using the output of Five different Global Climate Models.
1.

MPI-ESM-LR

3.

HADGEM2-ES

2.

4.
5.

IPSL-CM5A-LR
ECEARTH

CNRM-CM5

For all GCM’s the historical, the RCP85 and RCP45 data were collected. The meteorological variables included in the

series are: windspeed, maximum temperature, minimum temperature, mean daily temperature, surface down-welling

shortwave radiation (SDSR), surface down-welling long-wave radiation (SDLR), precipitation and snowfall.

Five different climate models were selected based on a range of indicators. First all daily output was obtained for all

the requested variables. In addition models for which quality has been assessed over the last 5 to 10 years were

selected. All selected models, except EC-Earth, have participated in a number of previous model inter-comparisons. In

addition models which covered the range of future climate projected by the whole CMIP5 ensemble were selected.

The most extreme models were not included. Two relatively dry models, two relatively wet models and a middle of the
road model were selected. Of these, two models have been selected which were used in many previous analyses

(MPI-ESM-LR and HADGEM2-ES). The ensemble average change of the five models is very similar to the ensemble

average change of the 39 CMIP5 models.

6.2.

Downscaling and Bias correction

6.2.1.

Standardization

After downloading the data, the series were standardized. First, series of equal length were constructed. For the
historical data the series comprised data from 1stJanuary 1960 until 31stDecember 2005. The RCP4.5 and RCP8.5
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comprised data from 1stJanuary 2006 until 31st December 2100. Exceptions are the CMCC-CESM series, which started

on 1st January 1961 and the IPSL-CM5A-LR series which ended on 31st December 2099. Subsequently, for those data

series that did not contain leap years the calendar type was set to “proleptic gregorian” and data from February 28

was copied to February 29 to incorporate leap years. Note that the HADGEM2-ES data series have a calendar year of
360 days. Depending on the year, leapyear or non-leapyear, 5 or 6 days at the end of the year were copied and added
in order to get a series of 365 or 366 days. Within a year days were reshuffled to form correct series that follow the
“proleptic gregorian” calendar.
6.2.2.

Interpolation

Subsequently all data series were interpolated to a 0.5 x 0.5 degree grid size that is similar to the WATCH forcing data
(centre of the first grid cell: 179.75 W and 89.75 N) (Weedon et al. 2011)
6.2.3.

Bias correction

The temperature, precipitation and snowfall data series were bias corrected according methods developed by Piani et

al. (2010). The bias correction script (written in IDL) that was made by Piani and Haerter within the WATCH project

was used. The radiation and wind speed data series were bias corrected with the method used by Haddeland et al.
(2012), using a python script in combination with the CDO package. Both the bias correction methods used the Watch

forcing data series (1960-1999) as a reference. The bias correction took place on a dedicated Linux server with
extensive memory to accommodate the large data files.

6.3.

Meteorological indicator analyses

The bias and non-bias corrected outputs of the ESM simulations can be used to calculate changes for the following
indicators:
1.

Average maximum temperature (Tmax)

3.

Difference between the maximum of Tmax and the minimum of Tmin (Etr)

2.

4.
5.
6.

7.

8.

9.

Average minimum temperature (Tmin)

Number and duration of heatwaves where a heatwave is defined as the period with 6 consecutive days temp
more than 5˚above normal

Number of days where Tmax is above threshold
Average precipitation

Duration and length of dry spells
Duration and length of wet spell.

Average rain intensity

10. Average highest one day precipitation amount
11. Average highest five day precipitation amount
12. Number of wet days

For every year in the selected period and for every GCM the above mentioned indicator is calculated. Subsequently

the indicators were averaged over all GCM’s and over the years for the selected periods, and the changes in these

indicators relative to historical results are established. The twelve indicators above are mostly available at Wageningen

UR and only need to be plotted for Bangladesh and upstream areas. Based on the data set available other indicators
can be calculated as requested by stakeholders and partners.

At monthly average timescale these datasets should be similar to the data which will be createdby a WB study.

However the data in Wageningen has an improved method for calculating daily extremes and the development of a
spatially coherent data set (Hagemann et al. 2011). Also the use of the historical data is transparent in the

Wageningen UR dataset which is the Watch Forcing Data (Weedon et al. 2011). The Watch Forcing Data is freely

available and is specifically developed for hydrological and water resources models and analyses
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7.

Initial Results of Climate Change Scenarios

7.1.

Scenarios for Bangladesh

The climate scenarios show that Bangladesh will become warmer and that rainfall intensity will increase in the future.
The average rainfall is also likely to increase but the dry spells will also become longer in the future.

Both Maximum and Minimum temperatures will continue to increase during the coming century. Minimum

temperatures in Bangladesh are projected to increase between 2 and 5 degrees depending on the time periods and

emission scenarios (Figure 36). For the RCP4.5 the temperature increase will be limited to about 2 to 2.5 degrees.
Under high emissions (RCP8.5), minimum temperatures will increase up to 5 degree by the end of the century. The

patterns for maximum temperature are similar to the change of minimum temperature(Figure 37). The maximum

temperatures are increasing slightly less than the minimum temperatures. By mid-century temperatures will increase

between 2 and 3 degrees. At the end of the century, with high emissions temperatures could be 4 degrees higher
compared to the baseline period 1970-1999.

The scenarios show a broad scale increase in total annual rainfall for Bangladesh. Rainfall will increase the most in the

North East and the least in the South West. In the North East the rainfall increases up to 800 mm/year in the Southwestern part the increase is less than 200 mm per year (Figure 38). The figure shows changes in total precipitation
(mm) compared to baseline period 1970-1999. As expected, the increase in rainfall is higher by the end the century

and is also higher for RCP8.5 compared to RCP4.5. The higher future rainfall is mainly caused by an increase in
intensity because the number of rain days are not expected to increase. Averaged over the five climate models, there

is hardly any change projected for the number of rainy days (Figure 39). The figure shows changes in days with

rainfall compared to baseline period 1970-1999. The rainfall intensity however is clearly increasing. For example the
number of days with more than 20 mm of rain will increase by 10 to 30% resulting in 5 to 15 days more with intense

rainfall (Figure 40). The figure shows changes in the number of days with rainfall higher than 20 mm compared to
baseline period 1970-1999. Also the maximum daily rainfall event is increasing throughout the county (data not

shown).

The severity of dry spells is also increasing. The length of the longest period without rainfall is increasing in the future.
Although there is large uncertainty here and the average signal only become clear towards the end of the century

(Figure 41). Figure shows changes in the number of days with rainfall higher than 20 mm compared to baseline

period 1970-1999.
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Figure 36: Average change in minimum temperature for mid-century 2050s (2036-2065) and end of the
century 2080s (2070-2099) for a low (RCP4.5) and high (RCP8.5) emission scenario
Note: Figure shows changes in minimum temperature compared to baseline period 1970-1999
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Figure 37: Average change in maximum temperature for mid-century 2050s (2036-2065) and end of the
century 2080s (2070-2099) for a low (RCP4.5) and high (RCP8.5) emission scenario
Note: Figure shows changes in minimum temperature compared to baseline period 1970-1999
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Figure 38: Average change in total annual precipitation (mm) for mid-century 2050s (2036-2065) and
end of the century 2080s (2070-2099) for a low (RCP4.5) and high (RCP8.5) emission scenario
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Figure 39: Average change in total number of rain days for mid-century 2050s (2036-2065) and end of
the century 2080s (2070-2099) for a low (RCP4.5) and high (RCP8.5) emission scenario
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Figure 40: Average change in total number of days with more than 20 mm rainfall for mid-century 2050s
(2036-2065) and end of the century 2080s (2070-2099) for a low (RCP4.5) and high (RCP8.5) emission
scenario
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Figure 41: Changes in the average length of the largest period of consecutive dry days at the end of the
century for mid-century 2050s (2036-2065) and end of the century 2080s (2070-2099) for a low (RCP4.5)
and high (RCP8.5) emission scenario

7.2.

Climate Scenarios for the Ganges, Brahmaputra and Meghna Basins

Due to the importance of the Ganges, Brahmaputra and Meghna (GBM) rivers on the Bangladesh delta not only

climate change within the country is important. The Bangladesh Delta Plan should also consider climate change in the

upstream areas of the river basins. Total rainfall is expected to increase throughout the GBM basins(Figure 42). The

increase is the highest on the southern edges of the Himalaya mountain range while the lowest is in the downstream
part of the GBM rivers (also in the upstream parts of the Ganges). These results are consistent with most other studies
which show increased total rainfall over the Indian sub-continent.
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Figure 42: Average change in the rainfall (mm) at the end of the century (2070-2099 compared to 19701999) for RCP4.5 and RCP8.5

Figure 43: Changes in the average length of the largest period of consecutive dry days at the end of the
century (2070-2099 compared to 1970-1999) forRCP45 and RCP85 scenario respectively
Note: A period of consecutive dry days (cdd) is counted when more than 5 consecutive dry days occur
While the average annual total precipitation is increasing, the drought risks are also increasing. This higher future
drought risk is shown for example by the increase the average length of the largest period of consecutive dry days
(Figure 43). Under both the RCP4.5 and 8.5, this period is increasing. At the same time the rainfall intensity is also

increasing (Figure 44and Figure 45). First of all the average rainfall intensity is increasing; in the future there will be

more rain per event. Also the maximum intensity is increasing. The annual maximum 1-day rainfall event will increase

by 20 to 40 mm for the RCP4.5 and even more under high emission scenarios. This indicates an important increase in
flood hazard in the future due to climate change.
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Figure 44: Change in average rain intensity (mm) of daily rainfall events (2070-2099 compared to 19701999)

Figure 45: Change in annual maximum 1-day rainfall event (mm) (2070-2099 vs 1970-1999)
Changes in future climate of the GBM basins will have an impact on the future flows of the rivers. The issue is also

discussed in other baseline studies and is treated in detail in the scenario development for the BDP2100 project. Most

of the available analyses of future climate changes on the Ganges and Brahmaputra basins show that peak discharges
and monsoon river flows will increase while the dry season flow will decrease. For example Mirza et al. (2003) showed

increases in floods in all three GBM basins especially in the Ganges basin. Also analyses by Van Vliet et al. (2013) and

Ludwig et al. (2013) using CMIP3 and CMIP5 model output linked to the hydrological macroscale VIC models show
increases in peak run-offs. The impacts of climate change on low and dry season flows are less consistent compared

to high flows but overall the majority of models and analyses indicate reduced flows during the dry season (Van Vliet
et al. 2013; IPCC 2013). Also analyses at Wageningen University by Ludwig and Van Vliet (in prep.) using CMIP5

models coupled to the VIC model indicate that climate change will increase monsoon flows and peak flows and will

reduce low flows and increase drought risks.
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8.

Relation of Tropical Cyclone Intensity with Climate Change

This chapter discusses future changes in intensity of tropical cyclones in the global basins and specifically in the Bay
of Bengal.

8.1.

Observations on climate change impacts on tropical cyclones

Emanuel (1987, 2005) has developed a relationship between maximum sustainable wind speed (MSWS) and sea

surface temperature (SST) for the Atlantic Ocean, which suggests that a 10C rise of temperature will increase the

MSWS by 4%, 20C by 10% and 40C rise by 22%. The wind stress increases at the square of the wind speed. Thus the

impact of enhanced SST on wind speed vis-à-vis on storm surge height would be quite large. Considering 20C rand
40C rise of SST, Ali (1996) developed scenarios of storm surges and found that the storm surge would increase by 21%

and 49% with respect to the present. According to recent studies (Emanuel 2011, Mendelsohn et al. 2012, Murnane

and Elsner 2012), the increasing frequency of intense Tropical Cyclones (TCs) can account for an upward trend in TC

damage under conditions of global warming, regardless of economic growth.

The threat of intense tropical cyclones (TCs) to East Asia has increased in recent decades. Integrated analyses of five
available tropical cyclones data sets for the period 1977–2010 revealed that the growing threat of TCs primarily results
from the significant shift that the spatial positions of the maximum intensity of TCs moved closer to East Asian

coastlines from Vietnam to Japan (Park et al., 2014). This shift incurs a robust increase in landfall intensity over east

China, Korea and Japan. In contrast, an increase of TC genesis frequency over the northern part of the South China

Sea leads to a reduction in the maximum TC intensity before landfall, because of their short lifetime; thus, there are no
clear tendencies in the landfall intensity across Vietnam, south China and Taiwan. All changes are related to the

strengthening of the Pacific Walker circulation(see link below) closely linked with the recent manifestation that the
warming trend of sea surface temperature in the tropical western Pacific is much higher than that in the central to
eastern Pacific.

(https://en.wikipedia.org/wiki/Walker circulation),
Webster et al (2005) examined the number of tropical cyclones and cyclone days as well as tropical cyclone intensity

over the past 35 years, in an environment of increasing sea surface temperature. A large increase was observed in the
number and proportion of cyclones reaching categories 4 and 5. The largest increase occurred in the North Pacific,

Indian, and Southwest Pacific Oceans, and the smallest percentage increase occurred in the North Atlantic Ocean.

These increases have taken place while the number of cyclones with lower intensity (category-1, 2 and 3) and
respective cyclone days has decreasedduring the past decades in all basins except the North Atlantic.

8.2.

Tropical Cyclones and Climate Change using Global Models

Bengtsson et al.(2007) have studied the climate change impacts on tropical cyclone formation using atmosphereocean global circulation models, AOGCMs,

with T63, T216 and T319 resolutions. For the T63 resolution, three

ensemble runs are explored for the period 1860 until 2100 using the IPCC SRES scenario A1B and evaluated for three
30 yr periods at the end of the 19th, 20th and 21st century, respectively. There is no significant change between the

19th and 20th century. However, the results show a considerable reduction in the number of TCsup to 20% in the 21st

century, but no change in the number of the more intense storms. Reduction in the number of storms occurs in all

regions. A single additional experiment at T213 resolution was run for the two latter 30-yr periods. The T213

experiment has been performed using the transient sea surface temperatures (SST) of the T63 resolution experiment.

Also in this case, there is a reduction by ~10% in the number of simulated TC in the 21st century compared to the

20th century but a marked increase in the number of intense storms. It is noted that in this experiment the number of
storms with maximum wind speeds greater than 50 m s−1 increases by a third. Two additional transient experiments at
T319 resolution where run for 20 yr at the end of the 20th and 21st century, respectively, using the same conditions as
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in the T213 experiments. The results are consistent with the T213 study. The total number of TC were similar to the

T213 experiment but were generally more intense. The change from the 20th to the 21st century was also similar with
fewer TC in total but with more intense cyclones.

Knutson et al. (2010) have made projections based on theory and high-resolution dynamical models, which
consistently indicate that greenhouse warming will cause the globally averaged intensity of tropical cyclones to shift

towards stronger storms, with intensity increase of 2–11% by 2100. Existing modelling studies also consistently show a
decreasein the globally averaged frequency of tropical cyclones, by 6–34%. Balanced against this, higher resolution

modelling studies typically project substantial increases in the frequency of the most intense cyclones, and increases

of the order of 20% in the precipitation rate within 100 km of the storm centre. For all cyclone parameters, projected
changes for individual basins show large variations between different modelling studies.

8.3.

Climatic Impacts on Tropical Cyclones of Bay of Bengal using HadRM2
regional model

Singh (2007) has conducted simulation experimentsusinga high resolution regional climate model (HadRM2)

(50kmx50km grids) for the Bay of Bengal, which was run with 1990 GHG level as control (CTL) and the other with an

annual increase of 1% in the greenhouse gas concentration for 2041-60 from 1990 onwards. The results show 36%
increase of the frequency of tropical cyclones in Pre-monsoon and 48% increase in post-monsoon season(Table 15).

Table 15: Simulated frequency of tropical cyclones in the Bay of Bengal for 2041-2060 [reproduced after
Singh, 2007]
Experiment

Pre-monsoon (Mar-May)

Post-monsoon (Oct-Nov)

GHG

15

31

CTL

% increase

11

36.4

21

47.6

The results on intensity simulations for May, October and November show that the model has simulated an
enhancement in the average maximum wind speed of the storms for enhanced GHG compared to control. In October
the average wind speed has increased from 42 knots (1 knots=1.82 km/hour)for the control period (1990) to 48 knots

for the run with higher greenhouse gas concentrations representative for 2050.In November the speed increased from

52 knots for control to 60 knots for GHG.Relatively the wind speed increased byabout 14-15% due to climate change
by 2050.

8.4.

SST variation for Bay of Bengal and its relation with cyclone Intensity

The literature review in 8.1, 8.2 and 8.3 indicates that the increase of SST due to climate change plays important role in

formation as well as intensification of tropical cyclones of different tropical basins of world oceans. Thus it is pertinent
to investigate the relation of SST variability with the maximum sustainable wind speed of the tropical cyclones of Bay

of Bengal, which will allow to develop equation relating these two variables. Figure46 (a, b, c and d)shows the trends
of SST of the Bay of Bengal for peak months (May, October and November) during the period 1948-2007 (60 year). It
is seen that in the Bay of Bengal there is an average temperature at a level higher than 270C during April-December.

The standard deviations are high with values 0.41, 0.36 and 0.43 0C in May, October and November-December. The

trends are 0.015 0C/year for May, October and December and 0.0170C/year and 0.0150C/year for November. During

the 60 years observation the temperature has increased by 0.9 to 1.0 0C.

The relation of tropical cyclone intensity in terms of maximum sustainable wind speed (MSWS) with SST variation has

been investigated for the months of May, October, November and December using the available data within the
period 1960-2007. The following criteria are followed in selection of the tropical cyclones and SST:
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i.

ii.

The tropical cyclones which moved north of 150 N latitude

The tropical cyclones which sustained for 4 days or above after attaining the strength of tropical cyclone

The results of the scatter diagram and regression analysis for tropical cyclone intensity (maximum sustainable wind
speed (MSWS)) against the monthly average SST for May, October, November and December have been shown in

Figure 46 (a, b, c and d),Figure 47, 48, 49and50. It is relevant to mention that if the tropical cyclone is formed in the
first week of the month then the SST of the previous month is used. It is seen that the MSWS of tropical cyclone

maintains positive correlation with SST for the months of May, October and November, but the relation is weak for
December. The relationship of MSWS with SST is summarized in Table 16.

Table 16: The relation of Vmax (km/hour) with SST (0C) for May, October, November and December
Month

MSWS (km/hour)

Number of samples N

R2

May

MSWS =80.55*SST-2545

23

0.215

November

MSWS =80.43*SST-2078

23

0.262

October

December
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MSWS =55.58*SST-1434
MSWS =26.46*SST-620

16
19

0.075
0.149

61

31.5
31.0
SST (0C)

30.5
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29.5
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28.0
1945
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29.0
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y = 0.0150x - 1.6377
R² = 0.5333
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2005
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November (c)
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December (d)
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Figure 46: The variation of SST over the Bay of Bengal in top cyclone seasons, (a) May, (b) October, (c)
November, and (d) December
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Figure 47: Scatter diagram of SST and maximum sustainable wind (MSWS) of the tropical cyclones of
May
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Note: The straight line indicates the best-fit regression line relating the SST with MSWS of tropical cyclones
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Figure 48: Scatter diagram of SST and maximum sustainable wind speed (MSWS) of the tropical cyclones
of October
Note: The straight line indicates the best-fit regression line relating the SST with MSWS of tropical cyclones

Climate Change, BDP 2100

63

Maximum sustainable wind (km/hour)

300

y = 80.434x - 2078.5
R² = 0.2626

250
200
150
100
50
0

27.0

27.4

27.8

28.2

28.6

SST (oC)
Figure 49: Scatter diagram of SST and maximum sustainable wind speed (MSWS) of the tropical cyclones
of November
Note: The straight line indicates the best-fit regression line relating the SST with MSWS of tropical cyclones
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Figure 50: Scatter diagram of maximum sustainable wind speed (MSWS) and the SST of the month of
December
Note: The straight line indicates the best-fit regression line relating the SST with MSWS of tropical cyclones
The regression coefficients (slope and intercepts) are not uniform for the regression equations of the different cyclone
months relating SST with MSWS of tropical cyclones. The slope is high for May and November (around 80 km/hour

for unit change of SST), the slope is 55.6 for October and 26.46 for December (Figures 47-50 and Table 16above).

The slope indicates the enhancement of the MSWS of tropical cyclones due to 1 oC rise of monthly mean SST. Using

these equations the scenarios of maximum sustainable wind are estimated for increase of SST by steps of 0.25 0C up to
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2.00C relative to baseline SST of the year 2000 (Table 17). According to this analysis, 1.00C rise of monthly mean
temperature would cause the increase of MSWS by around 46% varying from 26-55% for different cyclone months
with maximum (55%) in November. It is clearly shown that the intensity of tropical cyclones is highly sensitive to

monthly mean SST for the Bay of Bengal. If the SST increases by 1.5 oC in 2050, then the MSWS will be increased by
69%. It is relevant to mention that there are other atmospheric factors which influence the tropical cyclone formation

and intensification. Thus, it is also pertinent to investigate the future scenarios of SST and the probable change of
tropical cyclone frequency and intensity using high resolution wind and pressure fields obtainable through
downscaling of the GCM results.

According to this assessment, the wind speed of tropical cyclone of the Bay of Bengal will be intensified; the wind

speed of a weak cyclone might even be doubled at SST rise of 2 0C. But the increase of wind speed may not occur

beyond category-5 scale (vmax>255 km/hour). The category-5 does not have an upper limit and there is no category-6

as well. It is relevant to mention that the strongest cyclone ever observed in the Bay of Bengal was Sidr, which had

maximum wind speed of 255 km/hour (Category-5). According to the existing knowledge of tropical cyclone events in

Atlantic and Pacific, the wind speed had rarely reached 300 km/hour but had never exceeded 300 km/hour. The study
findings indicate that there will be stronger tropical cyclones in the Bay of Bengal, though the total number is not

expected to vary much. The study considered only SST as independent variable, but there are other factors like
vertical wind shear and the upper tropospheric temperature. Further studies are required using statistical as well as
numerical models to provide further insight.

It is well known that the increased wind speed of tropical cyclone will cause corresponding increase of the storm
surges and this will cause a higher vulnerability in the coastal zone, especially in Bangladesh.

Table 17: Increase of MSWS of tropical cyclones due to the increase of monthly mean SST over the Bay
of Bengal
Note: The third row indicates the wind speed at mean SST of the respective months
Enhanced MSWS (km/hour)

Percent increase of MSWS (% )

Rise of SST ( C)

May

Oct

Nov

Dec

Average

May

Oct

Nov

Dec

Average

0

163

123

146

95

131

0

0

0

0

0

0.25

183

137

166

101

147

12

11

14

6

12

0.5

203

151

186

108

162

25

23

27

14

24

0.75

223

164

206

115

177

37

33

41

21

35

1

243

178

226

121

192

49

45

55

27

47

1.25

Category-5

192

246

128

207

*

56

*

35

58

1.5

Category-5

206

Category-5

134

223

*

67

*

41

70

1.75

Category-5

220

Category-5

141

238

*

79

*

48

82

2

Category-5

230

Category-5

148

253

*

87

*

56

93

0

Note: * indicates that the percentage of increase of wind speed cannot be calculated because of high uncertainty of

the upper limit of category-5 cyclones, especially for the Bay of Bengal where the cyclones rarely attains the Category-

5 stage

9.

Future Sea Level Rise

One of the most important impacts of climate change for low lying countries such as Bangladesh is sea lever rise. Sea

level rise is caused by global warming which affects two main processes. First of all, higher ocean water temperature

causes thermal expansion and secondly, atmospheric warming results in the melting of land ice. Between 1901 and
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2010 sea level has risen at a rate 1.7 mm/year(Church et al, 2008). Over the last 20 yearsthe rates of sea level rise have

increased. From 1993 to 2010, tide gauge measurements indicate a rise of 2.8±0.8mm/year and satellite altimetry

data indicate a rise of 3.2±0.4mm/year (Church and White, 2011; Church et al., 2013). In section 3.4 it was also
reported from IPCC that from 1980-2000 SLR increased with 2.0 mm/yr and 3.0 mm/yr in the period 1991-2010.

9.1.

Thermal expansion as a driver of sea level rise

Thermal expansion of sea water is the change in volume of water in response to a change in temperature. The global

average sea level rise between 1870 and 2001 was about 200 mm, with an average rate of 1.7 mm year -1 (Church et al,

2008). The contribution of thermal expansion to this rise remains uncertain. From 1955 to 2003, the thermal

contribution to sea level rise was estimated to be about 0.3 mm/year(Lombard 2005). In the last IPCC report (2013),
thermal contribution was estimated to be between 10 and 18 cm by 2100 for the RCP2.6 scenario (90% confidence
interval) and between 20 and 30 cm for the A2 scenario.

9.2.

Melting of land ice as a driver of sea level rise

If all global land ice melts, sea levels would rise by more than 64 meters (~7 m, ~55 m and ~0.5 m respectively for

Greenland-, Antarctic ice sheet and other glaciers/ice caps) (Allison et al. 2009). This shows the enormous potential for

sea level rise as a result of melting land ice. However, not all of this ice will melt at a time in near future, and how
much ice will melt is still highly uncertain. During the 1993-2003 period, land ice has contributed about 1.2 ± 0.4 mm
yr-1 to global SLR (IPCC AR4 2007). Results presented in the last IPCC report estimate the contribution of land ice to

global SLR by 2100 to be between0.4 to 35cm. This large range indicates how uncertain this process is. For Greenland

it is relatively clear that global warming causes melting of the ice sheet. However for the Antarctic ice sheet this is not

clear. The edges of Antarctic ice sheet are shrinking which contributes to global sea level. However, due to increased

snowfall the water stored in the central Antarctic could increase which would reduce the sea level.

However in the IPCC report, rapid dynamic changes in ice flow were excluded due to limited reliable model estimates.

Therefore sea level projections are probably conservative. Recent new models and research indicate that the

contribution of melting land ice to SLR may be substantially more than projected in AR4 of the IPCC (Figure 51).
Including the dynamic changes Pfeffer et al. (2008) reported that a total sea-level rise of about 2 meters by 2100
could be physically possible however only if all variables contributing to ice melting would quickly accelerate to
extremely high limits. More plausibly, they estimated a sea-level rise of about 0.8 meter by 2100.

Hinkel et al. 2014 also developed new sea level rise scenarios taken into account uncertainty in the melt of land ice.

For 2100, Hinkel et al. projected total sea level rise to be between 25 and 56 cm for RCP2.6, 37 to 75 cm for RCP4.5,

and 55 to 123 cm for RCP8.5. Due to better inclusion in the uncertainty of ice land melt these scenarios are higher
than the onespublished in the latest IPCC report (September 213)(Figure 52).
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Figure 51: Projections from process-based models with likely ranges and median values for global mean
sea level rise and its contributions in 2081-2100 relative to 1986-2005 for the four RCP scenarios and
SRES A1B scenario (IPCC, 2013)

Figure 52: Projected patterns of global sealevel rise for 2100 relative to 1985-2005
Note: Original figure from Brown et al. (2014) using data from Hinkel et al. (2014)
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9.3.

Regional Sea Level Rise

There are regional differences in sea level rise; some areas could potentiallyexperience more sea level rises than the

global average. Regional sea level rise is for example affected by thermosteric and halosteric circulation, i.e. circulation
in the ocean due to changing temperature and changing salinity (Pardaens et al. 2011). The last IPCC report concludes

that `70% of the global coastlines will probably have a sea level rise within 20% of the global mean sea level change’
(Church et al. 2013). For the Bangladesh Delta Plan, it is important to know if the sea levels in the Bay of Bengalwill
rise more or less than the global average.

Brown et al. (2014) studied regional future sea level rise for Bangladesh. Regional sea level scenarios for the Bay of

Bengal were developed based on the global scenarios by Hinkel et al. 2014. The result showed that sea level rise in
Bangladesh is slightly higher than the global average mean. However the differences between the global and regional

scenarios are small in most cases; less than 5% with a maximum of 10% higher (Brown et al. 2014). This means that by
2050 sea level rise could be up to 4 cm higher than global mean and up to 10 cm by the end of the century.

9.4.

Relative Sea Level Rise

For most of the impacts of sea level rise such as salinity and increased flood risks especially the relative sea level rise is
important. The relative sea level rise is also affected by subsidence and sedimentation. It is difficult to develop

scenarios for subsidence and sedimentation at delta scale because these processes are highly variable. For more
information the readers are referred to the Baseline Study on “Coast and Polder Issues.”

10.

Use of Climate Change Scenarios in Climate Change Impact Studies

For a consistent climate change impact analyses and the development of scenarios for the Bangladesh Delta Plan it is
important that the climate change scenarios will be used for different sectoral impacts. Climate change will especially

have an impact on flood risk, water resource management, salt water intrusion, agriculture and aquaculture

production. While many impacts remain to be studied, within the consortium it is important that on short notice a
decision will be made about which further studies to beundertaken to get insight in crucial issues within the limited

time frame of the formulation of the Bangladesh Delta Plan.

A wide variety of information is currently available about climate change impacts but the different results lack

consistency. The studies use, for example, different baselines, different climate models, and different downscaling or

bias-correction techniques. Also the time period of the studies differ. Some studies focus on mid-century while other
studies have done analyses for the end of the century. Also the emission scenarios used differ from study. This makes

it difficult to use all these studies for an integrated analysis. Therefore it would be useful to undertake a selected

number of studies using a consistent climate change forcing data set. The dataset developed within the baseline
study could be used for that. The consistent downscaling and bias correction techniques used in this study ensures
that a consistent dataset is available for impact analyses for which, the following variables are available.
The meteorological variables included in the series are:
•
•
•
•
•
•
•
•
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Windspeed,

Maximum temperature
Minimum temperature

Mean daily temperature

Surface Downwelling Shortwave Radiation
Surface Downwelling Longwave Radiation
Precipitation
Snowfall
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All data are available at half degree scale not only for Bangladesh but also for the upstream areas, if needed for basin

scale analyses. All data are available at a daily time scale from 1971-2100.

Two analyses for two different time scales, as shown below, are suggested to carry out.
1.

2.

2036-2065

2071-2100

These are the common times scales for climate change impact analyses.
It is important that in early 2015 the consortium takes a decision on which additional analysis needs to be done. A

plan needs to be developed which analysis can be done within the current funding scheme and time schedule of the
Bangladesh Delta Plan formulation project. An additional report will be made available.

It is also recommended to also use the scenario development process to guide developing priorities for the impact
assessments.

11.

Further Development of Climate Change and Delta Scenarios for the
Future

At present the information on future changes in the delta is spread over various other baseline studies. To be able to
develop an effective delta plan it is important that these information and reports will have to be compiled under one
roof so that it becomes clear what the important drivers and uncertainties are in the future development of the

Bangladesh delta.

Scenario analysis will allow the decision makers of BDP 2100 to develop a plan taking these uncertain futures into
account. The aim will be to assess the possible impacts of important drivers and to assist the design of important

policies needed for sustainable and adaptive delta planning. The scenarios to be developed should be based on the

most relevant and plausible changes, which represent critical uncertainties. These are external changes; a context the

BDP 2100 project cannot influence directly, like global warming or the regional economy. Within the Scenarios for the

Delta Plan in the Netherlands, for instance, the first step was to formulate the focal question(s), such as: which
(external) events, circumstances and (autonomous) developments are critical for water management, in particular for

flood protection, fresh water supply and water quality? After that, an evaluation was done on the major drivers of

change and classified them according to their impact and uncertainty. A similar approach for the Bangladesh Delta
Plan may be adopted.

In order to be able to assess the different sectoral trends future scenarios need to be developed for a few selected

driving forces. Several steps will be required to arrive at a set of full grown scenarios, as given below. The scenarios
will:

1.

be a tool for strategy-development;

3.

not be forecasts;

2.
4.

5.

6.

be a simplified analytical description (narrative) of an ‘plausible’ future;
not be able to be chosen, there will be preferred scenario as ‘most feasible’ or ‘favourite’;
not include changes in policy;

be transparent about assumptions used/chosen.

The recommended approach of scenario-development follows the next 4 steps:
1.

Describe Driving Forces (= exogenous forces determining the development of the subject, in this case the
Bangladesh-Delta).

These

driving

forces

will

be

derived

from

PESTEL:

Political,

Economic,

Social/Demographic, Technology, Environment, Legal. Method: desk-research and expert opinion in a
workshop;
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2.

Rank Driving Forces according to tentative impact assessment and (un)certainty about direction of future

development. Impact on different levels, viz. in terms of (1) hydrological droughts or flooding, (2) waterrelated sectors or water use(rs) (e.g. drinking water supply ratio, agricultural crops production, nature values)

and (3) social cost-benefit;this will be done by plotting the driving forces in Graph. Method: expert-opinion

3.

in a workshop setting, could be the same workshop;

Select, based on the previous step, the 2 ‘main’ (meaning: with highest impact and highest uncertainty about

the direction of future development on the different impact levels) driving forces, e.g. low and fast climate
change combined with low and high socio-economic development (see figure 17). These are the two axes for

scenarios, in their extremes. This makes a total of four scenarios. It is important to always use an even
number, with an uneven number people often want to ‘choose’ the middle one, but one cannot choose a

4.

scenario.

With use of the other driving forces that have been identified, a plausible and consistent narrative for each of
the scenarios will be formulated, describing what will happen with Bangladesh in each scenario without

changes in policy. Method: make the ‘headlines’ and ‘storyline’ in a workshop continue with desk-work and

finalize the ‘narratives’ with stakeholders.

The following picture shows scenarios used in the Dutch delta process, based on the two main drivers and axes:

economic growth and climate change (Figure 53). If same drivers are used in the BDP, the numerical data for climate
change scenarios and socio-economic scenarios (e.g. population growth, agricultural developments) could most likely

be collected from other Baseline Studies and supplemented with insights from these studies, or additional modelling

exercises, if required.

Figure 53: Example of scenarios developed within the Dutch Delta Plan process.
The socio-economic scenarios (with high or low climate change), including the narratives and numerical data, can be

further developed sector-specific and spatially for the mid and long-term. This will result in a spatial representation of

the landuse and related figures. It is described in a narrative storyline for each sector (e.g. agricultural self-sufficiency
nationwide), visualized on maps for different moments in time (e.g. agricultural land) and information tables or graphs
(e.g. types of agricultural crops and water needs per crop).
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The climate change scenarios will be based on the analyses presented in the document with a low (RCP4.5) and high
emission scenarios (RCP8.5). This will be enriched with climate change impacts assessments of the different
sectors/issues with a focus on water safety and fresh water supply.

The scenarios can be used to evaluate the robustness of strategies and will help in analyzing and assessing key water

related impacts. Crucial in the process is an understanding that the scenarios represent plausible autonomous
outcomes, and the scenarios cannot be chosen or influenced, and are not covered by water management policies.
The following steps are envisioned:
a.

The numerical data of the key socio-economic drivers for the narratives (e.g. population growth,

economic growth, sectoral growth) will be derived from various baseline studies, past and current

(inter)national trends and expert consultations.

b.

Further development of the climate change scenarios for critical indicators and development of climate

c.

The narratives and key drivers will be formulated translated into plausible, transparent and non-directive

change impact scenarios on key water related sectors.

spatial land and water use developments for the different high and low growth scenarios (e.g.
development of agricultural, industrial sectors, urbanization), bearing in mind high and low climate
change scenarios. This will be done for the short, mid and long term (for example 2030, 2050, 2100 but
this is yet to be decided). During a consultation with key experts and stakeholders (possibly during a

Delta Atelier) a common understanding is sought on where and how urban areas, sectoral activities,
d.

infrastructure could develop for each scenario without policy interventions.

The sectoral and land-use developments are visualized spatially per scenario on maps and described in

accompanying figures. Either by drawing or possibly by using the ‘touch table’ or another device. The land

and water use scenarios will be the resulting output of four spatial landuse and climate change

scenarios (maps and tables or graphs) for different time periods that are plausible, water policy-neutral
e.

and robust.

A final step is an assessment of the vulnerabilities and opportunities.The major hazards and risks on

water demand, flood risk and water quality (and ecosystems) – are identified and discussed for each

land-use/climate scenario. An impact assessment will be developed for each scenario on the level of

hydrological, sector/water(use) and social cost-benefits. Where possible and feasible, this should be
quantified and modelled.

The spatial scenarios will create a common understanding of the effects and level of robustness of different
adaptation strategies, and will help in determining tipping points of existing and new strategies. The transient

scenarios are used for the adaptation pathways approach. Within these transient scenarios, some time periods are
made spatially explicit (for instance the years 2030, 2050, 2100), which creates awareness on the meaning of
robustness, and helps in selecting possible options by identifying the impacts within the different scenarios.

The scenario narratives need to be developed in such a way that they enable a further spatial representation and can
be used for the adaptation pathways approach. The actions outlined in Figure 54are envisaged, of which the aim is

threefold: (1) to develop narratives and spatial visualization of the scenarios, (2) to enable an impact assessment of

the scenarios and (3) to contribute to the development of adaptation pathways in the second half of 2015 or early
2016.
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Figure 54: Schematic representation of different steps needed to develop Bangladesh Delta Plan Scenarios.
It is recommended to develop the scenarios in the period the January – March 2015. At that moment, the baseline
studies will be available (in draft). A review and summary of the baseline studies relevant for the scenarios

development will the starting point for the first consultation workshop on the scenarios. The first consultation is
planned at the end of January 2016, with two main objectives:
1.

2.

To create a common understanding of scenario development in the BDP - importance and use
To jointly develop and formulate the scenario narratives for the Bangladesh Delta plan

The consultation workshop will be succeeded by a Delta Atelier, which is scheduled for February. During the Delta
Atelier, the first outcome of the consultation workshop on the narratives will be presented.

After the consultation and Delta Atelier, the narratives will be further developed in a time period of 6 weeks

(February- March 2014). The narratives will include major developments of the main drivers per scenario, such as

land-use change and water demand, for a time frame of 2050 with outlook towards 2100. The narratives will assess
the main impacts on floods, water availability and water quality. This will be done using the input of the consultation
workshop, the baseline studies and other input from different experts.

12.

Climate Change Aspects in Sixth Five Year Plan of Bangladesh

The overall climate change impacts on different sectors and the problems of the coastal zone have been separately

discussed in the Sixth Five Year Plan (SFYP). In the report’s Final Part-1, vulnerabilities are identified and the needs for

sustainable adaptations to climate change impacts have been emphasized [see Box-1 (SFYP-1)].
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Box1: Paying Special Attention to the Problems of the Coastal Region of Barisal Division
Despite recent progress, the head count poverty is the highest in Barisal, which is predominantly a coastal
region. Among other adverse factors, the large incidence of natural disasters is a major detrimental factor to
growth and poverty reduction in Barisal. The onslaught of the Sidr and Aila cyclones and associated damages
to the Barisal economy in the recent years are striking examples of this vulnerability. Moreover, being a
coastal region, Barisal faces a higher risk of the adverse effects of climate change. To address these concerns,
in addition to policies and programs to remove the constraints of lagging regions in general, the Sixth Plan
will seek to reduce the vulnerabilities of Barisal and other coastal belt regions through focused programs in
agriculture, environment, climate change and disaster management. Specifically, the comprehensive program
will include: (i) development of infrastructure; (ii) increasing crop and non-crop agriculture production that are
best suited to the climate of the coastal belt; (iii) development of small and cottage industries using the
energy from the solar system; (iv) provision of agricultural credits and micro-credits (v) improvement of
existing waterways; (vi) programs to strengthen human development focused on the poor; vii) ensuring better
access to safe drinking water; and (viii) enhanced preparedness for natural disasters.
The Sixth FYP has recognized that the predicted climate change and sea level rise due to global warming is an

important issue for the country. Climate change scenarios such as a sea level rise, increased air and sea surface
temperatures, enhanced monsoon precipitation and run-off, reduced dry season precipitation, heat waves and
increase in the intensity of tropical cyclones and storm surges, floods, and prolonged droughts have all been

experienced in the recent past, which have significantly affected the country’s development processes. According to
Intergovernmental Panel on Climate Change (IPCC), Bangladesh will be among the worst victims due to climate

change. Sea level is apprehended to rise on account of escalating atmospheric temperature and the frequency of

cyclone-storms will increase. As projected, the impacts of climate change may force millions of people to migrate,
squeeze settlements and resource-use patterns, and have serious implications on the physical and natural

environment. Food and energy security will be threatened which may lead to a rise in different types of diseases and

frequency of natural calamities. The high density of population mayaggravate problems. Over the years, the people in
Bangladesh have been known for their capacity to adapt to various circumstances. However, adaptive capacity is

linked to aspects of poverty and knowledge, and it is not easy to oversee whether the changes to be expected can be

within or outside the boundaries of what people can adjust to. Research is required is this area, to fill the knowledge
gaps, but meanwhile action needs to be taken.

The Government of Bangladesh plays a pro-active role and a large number of programs of climate change adaptation

and conservation of nature have been included in the Sixth Five Year Plan aiming at sustainable development,
improvement of livelihood and alleviation of poverty. These include development of saline tolerant rice, afforestation

and development of green belt in the coastal zone, climate resilient infrastructure development and raising the height
of the embankments, especially the coastal polders, livelihood development, managing water supply, sanitation and

human health, dredging of the rivers, implement clean development technology and enhance the NGO activities
towards Climate Change Adaptation (CCA) and Disaster Risk Reduction (DDR).

While perceiving the long-run consequences of environmental degradation to the country’s ecosystem and citizen’s
welfare, the Government has set a number of goals to attain a sustainable environment and to address the fallout of

climate change. With a view to attaining these goals, the comprehensive objectives relating to environment and
climate change under the SFYP have been outlined.

The plan has emphasised on the shared responsibility for improvement of the environment by all partners in
development including various government organizations, local government bodies, NGOs, research and training

institutes. Private sector will be increasingly involved in providing support to the environment protecting programs

under the Sixth Plan. The SFYP has set a few Climate Change Benchmark and Targets as shown in Table 18.
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Table 18: Sixth five year plan benchmark and proposed target programs
Theme

Food security, social
protection
and
health

Program

Benchmark

Adaptation against drought, salinity
resistance and heat

Very
experience

limited

To be started

Very
experience

limited

Very
experience

limited

Initial studies for
ideas on adaptation

Very
experience

limited

Institutional capacity for research on
climate
resilient
cultivars
and
dissemination

Adaptation in fisheries sector

Adaptation in livestock sector
Adaptation in health sector
Water and sanitation programs for
climate vulnerable areas

exists,
new
released

Limited experience

Livelihood protection in ecologically
fragile areas

Little experience

Improvement of cyclone and storm
surge warning

Limited experience

Livelihood protection
socio-economic group
Comprehensible
disaster
management

Capacity
certain
varieties
recently

of

vulnerable

Major experience

Some experience
Limited experience

Infrastructure

Repair and maintenance of existing
flood embankments

Limited activity

Repair and maintenance of existing
cyclone shelters

Limited activity

Repair and maintenance of existing
coastal polders

Limited activity

Urban drainage needs assessment

Limited activity

Adaptation
against
floods
constructing new embankments
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and

Limited activity

Adaptation against tropical cyclones
and storm surges through landuse
planning

Limited activity

Planning and design of river training
and bank erosion migration works

Major
experience
with limited success

Resuscitation of
through dredging

Limited activity

rivers

and

khals

Target

Extension service to
be geared up

Initial studies for
ideas on adaptation
Initial studies for
ideas on adaptation
Immediate
needed

actions

Initial interventions
to be made
To
be
immediately

made

Needs review
improvement

for

Needs review
improvement

for

To be taken
immediately

up

Needs review and
pilot intervention

To be taken
immediately

up

To prioritize
taken
immediately

and
up

To prioritize
taken
immediately

and
up

Needs review for
improvement
and
construction
To be taken
immediately

up

Needs review
significant
improvement

for

To prioritize
taken

and
up
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Theme

Research
knowledge
management

and

Program

Benchmark

Earthquake resilient structures and
landslide protected structures have to
be constructed and retrofitted

Limited activity

National centre for research, knowledge
management and training on disaster
and climate change

Limited experience

Preparatory studies for
against sea level rise (SLR)

Capacity
exists,
limited experience
of adaptation

Climate change modelling and their
impacts
adaptation

Research on climate change adaptation
for
knowledge
and
technology
generation
Low
carbon
development

To prioritize
taken
immediately

and
up

Scope
to
extended
immediately

be

Training
to
arranged
imparting skill

be
for

To be initiated and
continued

Capacity
exists,
some technologies
are in use

To be expanded the
scope and ongoing
effort

Renewable energy development

Limited experience

To be expanded

Afforestation and reforestation

Some experience

To be taken
immediately

Management of urban waste

Rapid expansion
devices

Capacity building

Limited human and
institutional
capacity

Target
immediately

of

energy

Limited experience

saving

Some experience

To be taken
immediately

up
up

To be introduced in
phases

Improving energy efficiency in transport
sector

Limited experience

Revision of sectoral policies for climate
resilience

-

Immediate need

Maintaining CC in national, sectoral and
spatial development programs and
policies

-

Strengthening human resource capacity
Gender consideration in CC

Limited capacity

Immediate
need;
BCCSAP to be part
of National Plan

Strengthening institutional capacity

-

Limited capacity

Maintaining CC in media

Limited experience

Immediate need

To be started
To be started
To be started
To be started

12.1.1. Disaster Management Strategy in the 6thFYP
The Sixth FYP will carry forward the implementation of the approved National Disaster Management Plan 2010-2015.

It will continue the comprehensive all hazard, all risk and all sector approach and be built on the foundations laid in

the last several years and learn from the positive experiences. The Bangladesh Disaster Management Model which
made the basis for revising the disaster management policy and planning documents has mainly comprised of two

inter-related elements: Disaster Risk Reduction and Emergency Response. The plan will focus more on Disaster Risk

Reduction (DRR) in order for reducing the relief and recovery needs and also be prepared to deal with any
emergencies.
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The part-2 of the 6thFYP has noted the vulnerability of the coastal zone due to climate change impacts, cyclones,

storm surges and tidal inundation, salinity intrusion and water logging because of which the agricultural, livestock and

aquaculture activities are at serious risk and need additional supports. Considering these challenges, climate change
vulnerabilities and unexplored potentials of the region, the Government of Bangladesh has decided to prepare a
comprehensive ten year master plan to provide a road map for an integrated development effort in Bangladesh’s

coastal zone aiming at i) increased agricultural productivity and sustainable food security; ii) poverty reduction and iii)
alternate livelihood development for the poor. The Master Plan will focus on emerging new potentials in the delta

mainly i) technological breakthrough for increasing productivity- new varieties and breeds, plant and animal health

systems and strengthening Farmers Field Schools etc; ii) harnessing seasonal and occasional quality surface water

available for irrigation and iii) enhancement of agricultural productivity through increased cropping intensity,
reducing post-harvest losses, modelling of climate events and options of crop diversification.

The rural development providing infrastructure, safe drinking water and sanitations planning implemented by LGED

and relevant agencies take the climate change resilience in to account. These aspects have been taken care of in the

6th 5 year plan. The climate change and global warming etc. have been the key issues among many others which were

addressed during preparation of the 6th 5year plan. This 5 year plan emphasizes on the development of renewable

energy and provide education on climate change related subjects, disaster risk reduction and adaptations, develop

safety of food and drinking water and conduct research to increase crop production and introduce climate resilient
crops.

The Sixth FYP-part-II devoted a chapter on Environment, Climate Change and Disaster Risk Management. With a view

to achieving the goal of sustainable development, SFYP focused on integrating poverty, environment and climate

change into the process of planning and budgeting. In this context, appropriate policy and institutional capacity

building for sustainable land-water management, biodiversity conservation and climate resilient development are
crucial. Environment, climate change adaptation and mitigation, and disaster risk reduction must be addressed in a

broader development context, recognizing climate change as an added challenge to reducing poverty, hunger,

diseases and environmental degradation. Disaster risk reduction and climate change adaptation efforts reduce
people’s exposure to climate-related disasters and early warning and enhanced coping capacity limit their impact on

people’s lives. In this context, strengthening institutions for environment, disaster, land and water management is

crucial for effective adaptation and such effort should build on the principles of participation of community. The Sixth
FYP has undertaken a good number of projects for adaptation of climate change, disaster risk reduction,
environmental management and mainstream climate change adaptation to development planning and improve

environmental governance and transparency, overcome the challenges of natural resource and environment
management.

13.

Conclusion

The analyses of climate change show large consistencies between recent changes in the observed climate and the

projections of climate change. Observations showed that averaged across the country, minimum temperatures have
increased by 0.85 °since 1950. Minimum temperatures have increased most during the winter and the least during the

monsoon. Maximum temperatures have increased by 0.5 °C over the last 60 years. Rainfall in Bangladesh is highly

variable and changes from year to year. This makes it difficult to detect long term trends. However, over the 60 years
of data analysed (1948-2011), there is a clear increase of 10% in total annual rainfall. Most of the increase took place

during the first part of the analysed period and after 1985 rainfall has been more or less stable. Rainfall especially

increased (20%) during the pre-monsoon period from March till May. Rainfall also increased during the monsoon.

During the post monsoon and dry season rainfall has hardly changed. Changes in temperature and rainfall are not
only caused by global warming but can also be affected by local land use change.
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Both global and regional climate change scenarios indicat0e that the historic trends are likely to continue into the

future. Temperatures will continue to rise and total annual rainfall is likely to increase in the future. Distribution is still
uncertain. The analyses of future climate change scenarios show that averaged across the five climate models rainfall
can increase with up to 800 mm in the Northwest of the country and by 300 mm in South East. While total rainfall
increases, the number of rain-days is not changing. This indicates that the increase in total rainfall will be the result of

more intense rainfall events and intensity of rainfall events will increase throughout the country. The increase in
rainfall is especially projected for the monsoon season. During the dry season the scenarios are highly uncertain.
However an increase in consecutive dry days indicates that drought risk might increase in the future.

The analyses of historic changes cyclones show that the number of cyclones is decreasing but the intensity is

increasing. For the future, this trend is likely to continue. Cyclone intensity will probably increase. To become of use

for the delta plan,the climate scenarios have to be used for an integrated climate change impact assessment. There is

a need to analyse changes in water demand, availability, salt-intrusion and flood risks.

To further quantify the possible changes in extreme rainfall events and the better understand future changes in the
onset of the monsoon there is a need for further downscaling of the climate change scenarios. In addition there is a

need to develop improved scenarios on basin wide changes in rainfall and water resource availability. We also
recognize a gap between climate change science, the use of the knowledge and climate scenarios for adaptation

efforts. There is need to improve this link to ensure that adaptation plans are developed based on actual knowledge

of the climate change at national and local level.
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