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“No plan, however well formulated, can be implemented unless there is a total commitment
on the part of the people of the country to work hard and make necessary sacrifices.

All of us will, therefore, have to dedicate ourselves to the task of nation building

with single- minded determination”.

SHEIKH MUJIBUR RAHMAN

From Foreward of the 1%t Five Year Plan (1973-78)
November 1973
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PRIME MINISTER
Government of the People’s
Republic of Bangladesh

:’”rr;rﬁ?-.{\

Message

| am delighted that Bangladesh Planning Commission is publishing the document ‘Bangladesh Delta
Plan 2100’. This long term visionary plan is an important step towards fulfilling our commitment of
achieving a safe, resilient and prosperous Bangladesh; and would ensure bright future for generations
to come.

The Father of the Nation, Bangabandhu Sheikh Mujibur Rahman, dreamt of a happy and prosperous
Bangladesh. To translate his dream into reality, he established the Bangladesh Planning Commission
with eminent economists and development personalities. But Bangabandhu’s assassination in 1975
halted the dream and frustrated people’s hope of a poverty, hunger and exploitation-free Bangladesh
that was ravaged by the war in 1971.

It was Bangladesh Awami League after returning to state power in 1996, revived and restored
action plan to achieve the development vision of Bangabandhu. In the past nearly 10 years,
Bangladesh achieved tremendous success in many fronts of development, including record
growth of social development and secured social justice.

In order to face challenges and realize the potentials of the Bangladesh Delta, we adopted the long
term visionary techno-economic plan- “Bangladesh Delta Plan 2100 (BDP 2100)” with the cooperation
of the Kingdom of the Netherlands. The BDP 2100 seeks to integrate the medium to long term
aspirations of Bangladesh to achieve upper middle income (UMIC) status and eliminate extreme
poverty by 2030, and become a prosperous country by 2041.

Bangladesh is fully committed to achieving SDGs. However, the challenge lies in integrating these
sectoral, National and global targets and plans into long term coherent strategies. Effective
implementation of the strategic interventions in a coordinated manner is warranted for achieving the
BDP 2100.

| am happy that the Bangladesh Planning Commission has skillfully translated the political vision
of the Government of Bangladesh into a long term Plan. | thank the General Economics Division of
Bangladesh Planning Commission for its efforts and other Ministries/Divisions for their whole-hearted
support to the preparation of BDP 2100.

| hope that our concerted efforts will realize the goals and targets of the BDP 2100 to fulfill our
development aspirations of becoming a safe, resilient and prosperous country.

Joi Bangla, Joi Bangabandhu
May Bangladesh Live Forever

(Sheikh Hasina)
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A H M Mustafa Kamal, FCA, MP

Minister

Ministry of Planning

Government of the People’s Republic of Bangladesh

Message

| am happy to note that our government has prepared a long term visionary plan ‘Bangladesh Delta
Plan (BDP) 2100’ for our country, Bangladesh- the largest delta of the world. BDP 2100 aims to
ensure 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.

Bangladesh, being a deltaic country, is highly vulnerable to climate change and water related threats
and challenges. It is even more challenging in making the achieved growth sustainable in the face of
extreme climate variability, storms and tidal surges, flooding and droughts. BDP 2100 has been
prepared in view of the special long term challenges for development outcomes presented by climate
change and natural hazards. It has, as such, set up a long term vision ‘achieving safe, climate resilient
and prosperous delta’ for the evolution of the country by the end of the 215t century. The plan also
defines short, medium and long term goals, targets and strategies as steps to reach that vision. |
hope that this techno-economic plan, which is linked with resources, would contribute to the making
of five year plans as well as contribute to achieving SDGs and other policy goals.

| am extremely grateful to the Hon’ble Prime Minister Sheikh Hasina for her strong commitment and
guidance of preparing such a visionary plan. She has given her valuable time in reviewing this plan and
made very important suggestions for its improvement. | am also grateful to my cabinet colleagues
for their constructive suggestions at different stages of preparation of this mega plan. | thank the
Government of the Kingdom of the Netherlands for their support and cooperation in preparing BDP
2100.

| congratulate the officials of General Economics Division (GED) of Bangladesh Planning Commission
for accomplishing this challenging task of preparing such a techno-economic mega plan, which is
first of its kind in the planning history of Bangladesh. This long term plan has been prepared through
rigorous and extensive consultation with government ministries, divisions, agencies, development
partners, experts, academia, researchers, civil societies, think tanks and NGOs. | thank all of them for
their active participation in the process of formulation of the Plan.

Finally, | sincerely hope that the concerned ministries, divisions and agencies would give due
attention and put their all-out efforts for implementation of BDP 2100. | am confident that proper
implementation of this plan would aid us transforming our country into a happy and prosperous
‘Sonar Bangla’ as dreamt by our great leader Bangabandhu Sheikh Mujibur Rahman.

Eciny B il

(AHM 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 know that the General Economics Division (GED) of Bangladesh
Planning Commission is going to publish the Bangladesh Delta Plan 2100 (BDP 2100), a long term water
centric and climate change focused integrated plan for the first time in the history of Bangladesh.

Bangladesh has been experiencing rapid socio-economic development in recent times with improved
per capita income, higher GDP growth rate and better performance in other social indicators such
as education, health, sanitation and reducing poverty, child mortality, etc. Its economy is gradually
transforming from rural and agrarian to a more urban and industrial/service oriented economy.
However, making such development sustainable is more challenging due to its vulnerability to natural
calamity and climate change events. Owing to the deltaic formation by the confluence of 3 (three)
mighty rivers the Padma, the Meghna and the Jamuna, the country is often affected by tidal surge,
flooding, river erosion, drought, cyclone and salinity intrusion, which pose continuous challenge to
food security, water safety and livelihood for a large part of the population. Development of the
country is also threatened by other challenges from growing urbanization, declining land availability,
weak infrastructure, shortage of energy and possessing huge number of unskilled labor forces. These
problems are likely to be worsening due to adverse impact of climate change.

In view of the above context, Government of Bangladesh in cooperation with the Government of the
Netherlands has formulated BDP 2100, which would aid in realizing our vision to become a developed
country by 2041. We hope that BDP 2100 would guide the country ensuring long term water and food
security, economic growth and environmental sustainability and effectively reducing vulnerability to
natural disasters and building resilience to climate change and other delta related challenges. The
most significant part of the BDP 2100 is the formulation of its strategies in a short, medium and long
term basis. The long term strategies will help to fulfil Delta vision of being a safe, climate resilient and
prosperous delta, whereas the short and medium term strategies will help achieve benefits within the
country’s five year planning horizon.

We are grateful to the Hon’ble Prime Minister Sheikh Hasina for her personal initiative and guidance
without which preparation of this visionary plan would not be possible. Hon’ble Planning Minister Mr.
AHM Mustafa Kamal, FCA, MP, has always encouraged and contributed passionately in the
formulation of this mega plan.

BDP 2100 is the culmination of a huge process that the team GED has pursued with the engagement
of various stakeholders, development partners, eminent economists, social scientist, researchers,
academia and civil society members, etc. | thank the GED officials and others who were involved in
preparation of BDP 2100 for their immense effort and contributions.

(M. A. Mannan, MP)

Bangladesh Delta Plan 2100 iX



_ I General Economics Division



Dr. Shamsul Alam

Member (Senior Secretary)
General Economics Division
Bangladesh Planning Commission

Preface

Bangladesh is one of the largest deltas of the world built by the confluence of the 3 (three) mighty
rivers- the Ganges, the Brahmaputra and the Meghna. Like many other deltas of the world, Bangladesh
is not bereft of challenges, many of which are closely related to its downstream location within the
basins of the major sediment laden rivers, having an intense pressure on the scarce land and water
resources. The country faces major inter-related delta challenges in water safety, food security and land
degradation and is prone to natural calamities, such as floods, river erosion, cyclones and droughts. The
challenges are both man-made and natural. The country is equally characterized by its resilience, the
ability to adapt to changing climatic and economic conditions and advantage gained from the abundant
natural resources available in the delta.

Management of this delta has therefore always been a key concern in both political and development
agenda since long. Almost all the political movements during pre-independence period invariably
included demand for flood control, disaster management and for irrigation measures, it is so because
that those were the major causes of extreme poverty prevailing at that period within this delta. The
election manifesto of the then United Front in 1954 advocated for protection of the country from
extreme floods and famine and improving irrigation system. Father of the Nation Bangabandhu Sheikh
Mujibur Rahman was always committed to develop flood control, drainage and irrigation facilities in
the country and repeatedly demanded implementation of the Krug Mission report. Immediate after
independence of Bangladesh, Bangabandhu established the relief ministry giving a special attention to
building a disaster resilient country through minimizing losses of lives and properties caused by
different natural hazards including cyclone and floods. He established Bangladesh Water Development
Board (BWDB) in 1972, bifurcating the then East Pakistan Water and Power Development Board
(EPWAPDA) to accelerate the implementation of the flood control, drainage and irrigation measures.
He took keen interest in solving the transboundary water issues and established Joint Rivers
Commission on a permanent basis in 1972. Bangabandhu had installed earthen forts locally known as
‘Muijib Killa’ in coastal regions aiming to provide shelter to coastal flood and cyclone affected people
along with their livestock. The First Five Year Plan of Bangladesh (1973-1978) that was prepared under
his guidance as the Chairman of the Planning Commission put strong emphasis on sound management
of water resources. Many of the strategies and policies for sound management of water resources
highlighted in the first five year plan are as relevant today as they were then suggesting the far-
sightedness of Bangabandhu in identifying the need for holistic management of water resources and
flood management.

Over the past 48 years since independence Bangladesh has achieved success in many fronts. The
country has secured tremendous gains in development during the last ten years under the strong
political leadership of Her Excellency Prime Minister Sheikh Hasina combined with many sound
development policies and programme. GDP growth has today climbed from less than 4% in the early
1970s to around 7.86% in 2018; per capita income has surged from less than US$ 100 in 1972 to US$1751
in 2018; poverty has fallen from more than 75% in the early 1970s to less than 24%; life expectancy has
increased to 72 years in 2018; and literacy has increased to 72.9% in 2017. The economy is gradually
transforming from an agrarian base towards a modern manufacturing and services oriented economy.
Bangladesh crossed over from a low-income economy to a lower middle income economy in 2015. The
country has already fulfilled all the criteria of graduating from least developed country to a developing
country for the first time in 2018. Making this growth sustainable is even more challenging in the face
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of extreme adverse climate variability, with frequent storm and tidal surges, flooding, and droughts.
Climate change is a serious threat to sustainable development. If nothing is done by 2050, climate
change impact could make an additional 14% area of the country extremely vulnerable to floods and
dislocate more than 35 million people in the coastal districts. At the macro-level, the combined effects
of climate change could range from a loss of 1.3% of GDP per year in a moderate climate change
environment to 2.0% of GDP per year in an extreme climate change environment. Many more challenges
lie ahead of Bangladesh, the most important being pressure on land use, environmental protection,
globalization and macro-economic development. Given the ambition to become 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. A
number of sectoral plans have been developed so far in Bangladesh, but they tend to be short term
oriented and independently pursued by individual ministry or division. Whereas, goals and targets at
the national level and climate change and natural disaster risks present major downside risks and
uncertainties that require long term strategies and multi-sectoral coordinated policy management
under uncertainty. In view of the above long term challenges presented by climate change and natural
hazards and based on the intention of Sheikh Hasina, the Hon’ble Prime Minister of Bangladesh, General
Economics Division (GED) of the Bangladesh Planning Commission has formulated ‘Bangladesh Delta
Plan (BDP) 2100’ with support from the Government of the Netherlands. The Memorandum of
Understanding (MoU) signed between Bangladesh and the Netherlands in 2012 in presence of the
Hon’ble Prime Minister Sheikh Hasina to cooperate on delta planning laid the foundation of BDP 2100.
The preparation of BDP 2100 was officially launched by the Hon’ble Planning Minister AHM Mustafa
Kamal FCA, MP in August 2014.

BDP 2100 has been conceived as a techno-economic, long-term, holistic, water centric integrated plan.
An interactive planning process has been followed comprising three major steps: i) conducting baseline
studies; ii) developing delta vision, goals and management framework; and iii) formulating adaptive
strategy. These steps were supported by country wide consultation processes which eventually led to
the outcome of an investment plan. The formulation of BDP 2100 drew lessons from Dutch delta
experiences, while at the same time adapting to the specific needs of Bangladesh and finding
inspiration in country's long tradition of resilience in adversity and water management. In short, it can
be said that BDP 2100 focuses on “How to enable socio-economic development under uncertain
changing conditions especially regarding climate change and (trans-boundary) scarce water
resources?” The plan is holistic, considering many themes and sectors and bringing together individual
strategies as well as integrated ones for the whole country, considering the needs of all water-related
sectors in a single plan.

BDP 2100 looks primarily at the delta agenda up to 2050 but being mindful that the decisions taken
today have implications up to 2050 and beyond. It sets up a long term vision for the evolution of the
Bangladesh Delta by the end of the 21%* century as ‘Achieving a safe, climate resilient and prosperous
delta’. As steps to reach that vision it defines short to medium term goals as to achieve upper middle
income status and eliminate extreme poverty by 2030 and being a prosperous country around 2041 with
the longer term challenge of sustainable management of water, ecology, environment and land
resources in the context of their interaction with natural disasters and climate change. The BDP 2100,
therefore, seeks to ensure 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 through robust, adaptive and integrated strategies, and
equitable water governance.

First Volume of the BDP 2100 has been organized into 14 chapters of which first five chapters deal with
context, challenges and opportunities of Bangladesh Delta, climate change, environment and
ecological issues, trans-boundary water issues and approach of the planning process. The chapters
from six to ten have elaborated strategies on water resources, land resources, agriculture, inland water
transport and urban water management issues. Chapter 11 discusses investment and financing and
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chapter 12 focuses on governance and institutional issues. Chapter 13 and 14 describe monitoring and
evaluation framework and delta knowledge management issues respectively. It provides long-term
strategies for flood risk management, freshwater management, water supply and sanitation, river
management, navigation, agriculture, fisheries, livestock, renewable energy, blue economy,
earthquake. It addresses the changing dynamics of the climate change impacts and disaster risk nexus.
It also includes a framework for its implementation with an investment plan phased out in short,
medium and long term interventions (BDP 2100, Volume 2). The goals, associated strategies, policies,
institutions and investments are moving targets and adaptive in nature. They are adaptive to changing
natural events in order to respond appropriately and stay on the course to the path of the long term
vision. The adaptive nature of delta management puts knowledge at a premium. BDP 2100 should be
continuously science and knowledge driven. The knowledge management approach is anchored in the
delta vision and goals and be updated periodically (end of every five years, preferably).

The implementation of the BDP 2100 involves total spending on delta-related interventions, through
new projects and maintenance of new and old projects, which will gradually increase up to alevel of 2.5
percent of GDP per annum by 2030; of which 2.0 percent of GDP would be from public funding and rest
0.5 percent would be from the private sector. The strategy for public funding involves some
combination of tax financing, application of cost recovery based on ‘beneficiary pays principle’ and
mobilizing foreign funding including tapping into the global Green Climate Fund (GCF) initiative. The
BDP 2100 Investment Plan up to the year 2030, prepared in cooperation with World Bank group,
consists of a total of 80 projects: 65 are physical projects, and 15 are institutional and knowledge
development projects. Its total capital investment cost of the investment plan is estimated at 2,978
billion ($37 billion). The investment plan projects have been selected following multi criteria analysis
and rigorous consultation with the stakeholders. This BDP 2100 took almost four years to give it a final
shape to kick off. This comprehensive, techno-economic mega plan stretching a period to the end of
the current century is the best gift to the future generations by the present generation.

The process of the BDP 2100 formulation was led by the Hon’ble Planning Minister Mr. AHM Mustafa
Kamal, FCA, MP and the Deputy Chairman of Bangladesh Planning Commission, who took keen interest
in making this plan happen. Hon’ble State Minister for Planning and Finance Mr. M. A. Mannan, MP has
always been supportive to us while preparing this plan. We have received intimate support and
contribution from the relevant Ministries/Divisions in preparing this plan. The contribution and support
received from different quarters particularly the members of the Technical Advisory Committee and
National Steering Committee are deeply acknowledged and appreciated. We must also record our
gratitude to Sheikh Mohammad Belal, Ambassador of Bangladesh to the Netherlands for his continuous
support, encouragement and the liaison he maintained between the Foreign Ministry of the
Netherlands and the Government of Bangladesh relating to Delta Plan issues. The concerned officials
of GED who put their best determinations and efforts in formulation of this mega plan can never be
forgotten. | also acknowledge with deep sense of appreciation the cooperation and support we
received from the Government of the Kingdom of the Netherlands in preparing BDP 2100.

e Ao

(Dr. Shamsul Alam)
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Summary

The Bangladesh Delta Challenge

Deft economic management and solid political leadership of Prime Minister Sheikh Hasina helped
Bangladesh secure lower middle income status in 2015. Buoyed by this success, Bangladesh
now aspires to reach upper middle income status and eliminate extreme poverty by 2030. The
exemplary development performance under the 6®FYP (FY2010-FY2015), whereby Bangladesh
sharply reduced moderate and extreme poverty, improved human development and increased
growth rate to an average of 6% per year, helped to achieve lower middle income status in 2015.
The solid foundation laid during the Sixth Plan is a comforting factor and this progress has
continued under the 7""FYP (FY2016-2020); yet the government recognizes that many fundamental
policy and institutional challenges remain. At the same time, Bangladesh faces substantial
downside risks from the interface of its deltaic geographical configuration, high population, and
regular episodes of a range of natural disasters including flooding, river bank erosion, sea levelrise,
salinity intrusion, cyclones and water-logging. Additional challenges in Delta Management and
continued national development include: dry and wet season water shortages and surpluses;
vulnerability from being a lower riparian to much of the river inflows; growing water demands from
industrialization and rapid urbanization; rapid depletion of groundwater owing to over-
exploitation in many areas; arsenic contamination of groundwater; and a range of water quality
issues emerging from economic development.

In view of the special long term challenges for development outcomes presented by climate
change and natural hazards, the Government has decided to formulate a long term Bangladesh
Delta Plan 2100 (BDP 2100). The Delta Plan is not totaly a new or separate development plan.
Father of the nation Bangabandhu Sheikh Mujibur Rahman envisioned a Bangladesh that was
prosperous, where everybody seeking a job was gainfully employed and where economic and
social justice prevailed for all citizens irrespective of gender, religion, caste or creed. In that
context, he was acutely aware of the water management challenges of Bangladesh owing to
geography. He understood that water was both an opportunity and a challenge. Accordingly, the
First Five Year Plan of Bangladesh (1973-1978) that was prepared under his guidance as the
Chairman of the National Planning Commission put strong emphasis on sound management of
water resources. Many of the strategies and policies for sound management of water resources
highlighted in the First Plan are as relevant today as they were then suggesting the far-sightedness
of Bangabandhu in identifying the need for holistic management of water resources. Furthermore,
BDP 2100 builds on the government’s Sixth and Seventh Five Year plans and incorporates the
government’s vision for 2041.

Specifically, the BDP 2100 seeks to integrate the medium to long term aspirations of Bangladesh
to achieve upper middle income (UMIC) status and eliminate extreme poverty by 2030 and being
a prosporous country beyond 2041 with the longer term challenge of sustainable management of
water, ecology, environment and land resources in the context of their interaction with natural
disasters and climate change. The BDP 2100 looks primarily at the delta agenda upto 2050 but be
mindful that the decisions taken today have implications upto 2050 and beyond. In this regard, it
sets up a long term vision for the evolution of the Bangladesh Delta by the end of the 21°* century,
but defines short and medium term goals as steps to reach that vision. These goals, associated
strategies, policies, institutions and investments are moving targets and adaptive in nature. They
are adaptive to changing natural events in order to respond appropriately and stay the course to
the path of the long term Delta vision.
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The evidence from global experience as well as the experience from Bangladesh suggest that
climate change is a real threat to global and national level prosperity. Owing to the deltaic
formation of the country, the configuration of the rivers and the challenges posed by natural
disasters and climate change, Bangladesh has been ranked as the 5 most vulnerable country in
the world in terms of risks from natural hazards. These risks have been growing over time. Unless
these vulnerabilities are managed and addressed comprehensively, Bangladesh faces serious
downside risks to food security, the growth momentum and poverty reduction efforts. These
climate change factors work through a large number of sectors that add up to substantial losses
economy wide. The most vulnerable sector is agriculture. Climate change, especially in areas of
temperature, humidity and radiation, increases the incidence of insect pests, diseases, and
microorganisms. Rising temperature also reduces yields of high-yielding varieties of rice. Farm
productivity will fall due to increase in soil salinity caused by Sea Level Rise (SLR). Agriculture will
suffer additionally from the higher incidence of flooding caused by climate change, including from
inundation caused by SLR. The other highly vulnerable sectors are forestry and ecosystems. Many
of the anticipated adverse effects of climate change, such as SLR, higher temperatures, and an
increase in cyclone intensity, will damage the forest resources of the country, put pressure on
many climate-sensitive species, and cause increased erosion and deterioration of soil quality in
many upland forested areas. The world’s largest mangrove forest, the Sundarbans, is extremely
vulnerable to climate change. SLR will increase saltwater intrusion and negatively affect the forest.

Additional adverse effects will happen due to loss of land and physical assets from inundation. At
1 meter SLR a significant part of dryland in Bangladesh will be permanently inundated; the
subsequent fall in production in all sectors of the economy would lead to a substantial fall in real
GDP. Climate change and the resultant floods and cyclones will have a significant negative impact
on capital stock in construction and infrastructure in Bangladesh. Health hazards will also intensify.
Water-borne diseases, such as diarrhea and dysentery, and vector-borne diseases, such as malaria
and dengue, are also climate sensitive.

At the macro-level, the combined effects of climate change could range from a loss of 1.3% of GDP
per year in a moderate climate change environment to 2.0% of GDP per year in an extreme climate
environment. In terms of loss of human welfare, district and sub-district level analysis shows that
there is a strong positive correlation between incidence of poverty and the intensity of natural
hazards. On average, districts that are ranked as most exposed to natural disasters also show
poverty rates that are higher than the national average. Strikingly, of the 15 most poverty-stricken
districts, almost 90% of the districts belong to high natural hazard risk categories.

Bangladesh Delta Plan 2100 (BDP 2100) Vision and Goals

The BDP 2100 approach to long term Vision: The BDP 2100 approach is to first develop a broad-
based long term vision about the evolution of the Bangladesh Delta by the end of the 21st Century.
Thus, an integrated, comprehensive and long term delta vision might be formulated as:

“Achieving safe, climate resilient and prosperous delta”
The Mission for BDP 2100 is formulated as:

“Ensure longterm 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 through robust, adaptive and integrated strategies, and equitable water
governance”.
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BDP 2100 approach to long term goals: This long term vision needs to be translated into specific
goals or targets for implementing the Delta Vision. This is done by combining longterm
development outcomes in terms of country’s aspirations for economic growth and poverty
reduction in the perspective of 2041 with targets for reducing long-term vulnerability from water
and climate change related hazards plus targets for environmental protection. The BDP 2100
proposes 3 higher level national goals which have also been considered in upcoming Perspective
Plan 2041 and 6 water, ecology and land use specific goals that contribute to these higher level
goals.

Higher level goals: Goal 1: Eliminate extreme poverty by 2030; Goal 2: Achieve upper middle income
status by 2030 and Goal 3: Being a Prosperous Country beyond 2041.

BDP 2100 specific goals: Goal 1: Ensure safety from floods and climate change related disasters; Goal
2: Enhance water security and efficiency of water usages; Goal 3: Ensure sustainable and integrated
river systems and estuaries management; Goal 4: Conserve and preserve wetlands and ecosystems
and promote their wise use; Goal 5: Develop effective institutions and equitable governance for in-
country and transboundary water resources management; Goal 6: Achieve optimal and integrated
use of land and water resources.

BDP 2100 approach to managing uncertainties and linking short to medium to long term outcomes:
Given the inherent uncertainties of the long term behavior of the natural forces that influence
water, climate change and environmental outcomes, it is essential to adopt a flexible and adaptive
approach to converting the long term Delta Vision 2100 to medium term strategies for moving
towards this vision. BDP 2100 uses the best available information and develops short to medium
term strategies and policy options under different assumptions about the external outcomes. The
scenarios and strategies will need to be updated frequently as new information is available on a 5-
year cycle. This adaptive approach to delta planning including selection of investment projects
provides the link between the short to medium term development targets and investment
programmes with the long term goals of sustained development based on climate sensitive
management. This also underscores the importance of establishing a Delta Knowledge bank and
doing sound monitoring and evaluation to assess delta progress and shortcomings.

BDP 2100 Macroeconomic Strategy

To evaluate the impact of climate change and natural hazards on development outcomes the BDP
2100 develops a quantitative macroeconomic framework by linking the real side (i.e. economic
variables) to environment or climate change parameters. Two policy options are considered:
Option 1 asks the question what happens to development outcomes if there is no Delta Plan; this
is the Business As Usual (BAU) option. Option 2 develops the macroeconomic outcomes if the Delta
Plan is adopted.

Theresults are very striking. Under the Business as Usual option, the GDP growth rate starts falling
over time as the adverse effects of climate change and natural hazards gain momentum. The
efficiency of capital falls. Outmigration to cities from vulnerable districts increases, adding to the
urbanization pressures. Agriculture productivity falls. Land degradation and lower land
productivity reduce land availability and increase land prices. Availability of urban land falls in
relation to demand as growing urbanization from outmigration creates additional pressure on
urban areas. Cost of urban production increases as flooding and drainage problems damage urban
properties and enterprises and create infrastructure problems. Urban water shortages, water
quality and sanitation risks add to health costs and reduce quality of life. The net effect is a
downward slide in the growth effort. GDP growth falls from 7.2%in FY 2017 to 5.5% by FY2041, which
amounts to an annual average GDP loss of about 1.1% between FY2017-FY2041 as compared with
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the government’s target of achieving 8% of GDP. Most importantly, in this option, Bangladesh is
unable to reach upper middle income status and eliminate extreme poverty by FY2031. In contrast
to this, Under Option 2 that incorporates the adoption of the Delta Plan the negative effects of
climate change and natural hazards are considerably reduced. This allows the Bangladesh economy
to avoid a disruption of the growth effort and secure an average GDP growth rate of about 8.8% as
compared with 6.9% in the BAU option. Bangladesh secures the development objectives of
eliminating extreme poverty and reaching upper middle income status by 2030.

Delta plan financing needs: The implementation of the BDP 2100 involves total spending on delta-
related interventions, through new projects and maintenance of new and old projects, in an
amount of about 2.5% of GDP per annum. This compares with an annual spending of a mere 0.8%
of GDP presently. In current prices and using the prevailing GDP, total required spending on BDP
2100 related projects (current and capital) would need to grow from the pre-BDP 2100 spending
levels of about US$ 1.8 billion in FY2016 to about US$ 3.5 billion in FY2017 and will increase to US$
29.6 billion by FY2031. The additional investment and operations and maintenance (O&M) costs for
implementing the BDP 2100 of about 1.7% of GDP per year, comprising of 1.2% from the Budget and
0.5% from private sector, more than pays for itself in terms of recovery of GDP growth.

Public sector financing: Finding an additional 1.2% of GDP for public financing of the BDP 2100 will
not be easy. The strategy for public funding involves some combination of tax financing,
application of cost recovery based on beneficiary pays principle and mobilizing foreign funding
including tapping into the global Green Climate Fund (GCF) initiative. International experience of
good practices with Delta management shows the strong role of the application of the beneficiary
pays principle in financing water investments. For example, in the Dutch Delta much of the funding
of flood control, irrigation, water supply, sanitation and waste management investments is
financed through the application of the beneficiary pays principle. The O&M is fully funded through
cost recovery. In the Netherlands, water management is heavily decentralized. Some 80% of water
spending including 100% of O&M is done by lower levels of government. The bulk of this spending
is done by the local water authorities that are managed and run as private cooperative enterprises
with 100% application of the beneficiary pays principle, with some degree of cross-subsidies to the
recognized poorer communities.

Beneficiary pays principle: The scope for application of the beneficiary pays principle in Bangladesh
Delta management is huge. In Bangladesh O&M funding of urban water and sanitation is prevalent
in significant ways. However, full cost recovery of O&M does not happen. Moreover, the cost
recovery of O&M of waste management is negligible. By default, there is no cost recovery of capital
cost of urban water supply, sanitation and waste management. Regarding flood control and
irrigation, there is no cost recovery of either capital cost or O&M in Bangladesh. This is mainly
because of the absence of local water management bodies/authorities. Once these local water
authorities are created the application of beneficiary pays principle will gradually become a reality.
Regarding urban water and sanitation, the institutions and regulations are in place. They need to
be applied more rigorously. A time bound policy should be adopted whereby all public urban water
and sanitation services must be required to cover 100% of the O&M cost. Over time, consideration
may be given to recovering capital costs, starting with the relatively well-off service areas of the 4
WASAs. Regarding solid waste, cost recovery can happen through an annual service charge linked
with the setting up of a modern property tax system.

Resources from Green Climate Fund: Additional international grant financing for BDP 2100 can be
secured by effectively tapping resources from the global Green Climate Fund (GCF). Bangladesh
has had significant success in using its public sector intermediaries to incentivize the private
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sector, particularly in the renewable energy industry. As such, it is well placed to tap this important
source of grant funding to scale up delta investments. While alot more needs to be done to ensure
private enterprises fulfil their crucial role in the fight against climate change, if Bangladesh can
pursue her case effectively, there is bright possibility that Bangladesh may receive funds as large
as USs 2 billion per year from the GCF. However, this might probably materialize only after 10 to 15
years from now when GCF is fully running and all parties involved in GCF have taken their full
responsibilities and effectively pledging their agreed funds in time (year by year).

Private sector financing: Effective engagement of the private sector will generate sizable resources
to finance the Delta Plan. The BDP 2100 projects that on average Bangladesh should be able to
mobilize at least 0.5% GDP per year for private financing of water and related infrastructure.
International experience shows that the prospects for attracting private investments including
through public-private-partnerships (PPP) in water treatment, water supply and sewage treatment
are excellent. Another prospective areais irrigation. A third area is dredging. There is strong private
sector interest in undertaking dredging contracts. The cost of dredging may be significantly offset
by the sale proceeds from sand, making dredging costs quite low. Bangladesh can learn from good
international experiences in developing proper contracting arrangements for dredging. A fourth
area for PPP role concerns land reclamation. Combining land reclamation with dredging of rivers in
a PPP concession framework would make very good sense. Finally, PPP initiative is also possible in
establishing river port infrastructure for inland water transport (IWT). However, as mentioned
before this level of 0.5% from the private sector might only be reached after 10 to 15 years from now,
due to its slow development over time.

BDP 2100 Sectoral Strategies

Water: Water remains an indispensable resource and is used in diversified ways. It is used for
production purposes such as, agriculture, industrial, commercial, forestry, fisheries, etc. and also
for community services like use of water for domestic consumption and sanitation. The nation-
wide demand for water is growing every day which is being intensified by several socio-technical
drivers such as, high demographic changes, rapid and unplanned urbanization, high sectoral
demand (such as agriculture, fisheries, transportation, industries, etc.), climate change, etc. On
the other hand, the essentiality of water for the rich but vulnerable ecosystem of the country, and
the variability of water availability in dry and wet seasons complicates the issue of water resources
management in Bangladesh. The management of water resources is further complicated by the
fact that the flow generated from 93% of the area of the Ganges- the Brahmaputra- the Meghna is
lying outside the border of Bangladesh and is drained out to the Bay of Bengal.

The BDP 2100 develops an adaptive, holistic and long term strategic plan to steer the opportunities
and vulnerabilities created by the interface of water, climate change, natural disasters,
environment, ecological balance, agriculture, land use and inland water management for national
development. The sustainable use of water resources and prevention of water-related natural
disasters provides the backbone to the Delta Plan. The strategies for managing water resources in
wet and dry seasons that have been formulated are flexible in respect of measures and actions
with its timeframe and uncertainties. The strategies are adaptive in the sense that they need
periodic review and update in a Five Year Planning cycle on the basis of situation and development
needs. These are ‘no regret' strategies in a sense of effectiveness and maximum benefit and offers
integrated implementation with innovation, advanced information technology and strengthened
institutional capacity.

The water challenges and proposed strategies in BDP 2100 are built around addressing the
fundamental problem of flooding that is a nation-wide challenge and addressing “hotspot”
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specific challenges of water shortage in Barind and drought prone areas; river erosion problems of
the river systems and estuaries; coastal inundation and salinity problems of the Coastal Zone; flash-
flooding and wetland management issues of the Haor and flash flood areas; water shortage,
sanitation and drainage problems of the urban region; and the water shortage problem of the
Chattogram Hill Tracts (CHT).

The proposed water management strategies recognize the transboundary issues and associated
constraints imposed by upstream country water management activities. The implications of this
for river basin management of the Ganges and the Brahmaputra are developed. The water strategy
also builds in the implications of prospective river course changes and related river bank erosion,
land accretion and land losses. The inter-linkages between land, water and environmental
management are emphasized in the relevant water management strategies. A particular emphasis
is placed on the proper management of the “char” areas that have specific implication for poverty
alleviation. The strategy notes the importance of creating room for river in flood control and
embankment projects, which has also been a key feature of the Dutch Delta management. The
strategy emphasizes that flood control and embankment projects must not create problems of
land inundation downstream or elsewhere but be based on the principle of creating room for river
to flow its natural course and move on to the sea. The Delta Plan notes the importance of
addressing the salinity problems in the coastal areas of Bangladesh and provides specific
approaches to addressing water management and salinity control for these areas. The Plan also
underscores the need to address water logging in all areas and flash floods in Haor areas. It
provides comprehensive strategies to address these concerns including alternative livelihoods,
such as fishery resources in Haor areas.

Environment, ecology and bio-diversity: Wetlands are precious for the environment, ecology, and
biodiversity. They are an integral part of the local ecosystem and closely related with local cultures,
and also support the livelihoods of millions of people based on diverse activities such as fishing and
agriculture. There is an urgent need to take action against wetlands degradation and maintain
them through proper management. Strategic considerations include: conservation and
preservation of wetlands and ecosystems through institutional capacity building, research and
awareness raising programs; restoration of the Chalan Beel and the Halda River; establishing
greenbelt around the hills of the Kaptai Lake; preserving the Sundarban mangrove forest and parts
of the Haor Basin wetlands, planting of artificial mangrove forest, development of greenbelt, and
development of the islands. As a part of strategy for preservation of the Sundarban, the BDP2100
puts emphasis on restoring the Gorai river to allow fresh water inflow that will wash away the
adverse effects of saline intrusion in the Sundarbans and also the regular dredging and
maintenance of of Ghasikhali and other channels in the Sundarbans.

For improving the urban environment and water quality management, the BDP 2100 calls for a
major expansion of piped water supply, improved urban drainage, preventive measures for control
of river and other water body pollution, and strong management of urban solid and liquid wastes.
Special attention should be given to proper disposal of medical wastes and other hazardous
materials.

Agriculture, fisheries and livestock: Agriculture sector is most vulnerable to climate change.
Considerable adaptation efforts of the past have helped lower the cost of agriculture. Nevertheless,
several additional initiatives are necessary to cope with the growing risk of climate change for
agriculture and livelihood. The implementation of water strategies and interventions are a major part
of protecting agriculture from the adverse effects of natural disasters and climate change. Other
strategic elements relate to the adoption of proper technology to combat salinity and rising
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temperature, and strengthen drought tolerance, and the institution of proper land management.
Diversification of agriculture and preservation of food security requires stronger policy attention
to non-crop agriculture that provides essential nutrition and balanced diet choices including fruits
and vegetables, fisheries, dairy farming and livestocks. In particular, the delta location with
multitude of rivers, lakes and ponds open access to sea provides Bangladesh with rich
opportunities to develop and benefit from a prosperous fisheries industry. Preserving the forest
cover to maintain bio-diversity and ecological balance also allows protection from natural hazards.
Sustainable forestry can also provide livelihood support to poor people when combined with a
broad-based livelihood support strategy.

Land management: Land resource management is integrally linked to water resource
management. Given the location and topography of Bangladesh, its land resources management
are constrained by floods, drainage congestion and water logging, drought, coastal/tidal surge, soil
salinity, river bank erosion, land degradation, soil erosion, soil fertility depletion, decrease of land
productivity, siltation on river beds and canals, rise of sea water due to climate change, increase of
population, urban and rural settlements, decrease of crop land creating different challenges. With
population growth and declining per capita availability of land, Bangladesh also faces land
degradation. Deforestation, cultivation on steep slopes, shifting cultivation, over-exploitation of
groundwater, unbalanced use of fertilizers, improper crop rotations are responsible for land
degradation induced by humans. All these phenomena mean that availability of land for crop
agriculture will continue to decline calling for policies, reforms, and technological innovations for
not only raising productivity and reducing soil degradation, but also diversifying the crops to better
respond to food security needs.

Bangladesh in the past adopted many land reform initiatives but effectiveness was limited due to
the inadequate attention to land governance, institutions and land markets. So, the main priorities
under BDP 2100 are: undertake a comprehensive public sector reform involving Ministries/
Institutions dealing with land administration; modernization of land management through the
Digital Land Management System (DLMS); computerization of processes and use of ICT for all land
transactions; comprehensive review and reform of the National Land Use Policy to make it
applicable for all land uses throughout the country; reform of the regulatory policies for land
accretion and reclamation to counter land grabbing and other predatory practices; adoption of a
comprehensive land zoning policy that is sensitive to climate change and water hazard risks; and
adoption of water-sensitive spatial land use planning. Land reclamation is an important strategy in
the BDP 2100 and will become an integral part of land management in the country.

Inland water transport: Being a land of rivers, inland waterway transport (IWT) has always been a
natural, environment friendly and relatively cheap mode of transport for Bangladesh. An estimated
25% of the rural population has access to inland navigation. Inland waterways have continued to
be important, sometimes the only transportation mode not only for maintaining transport link
between various remote parts of the country; it is a means of transporting export-import cargo as
well. It provides cheaper transit of passengers and goods. Despite being the cheapest mode of
transport, the popularity of IWT as a mode of passenger and cargo transportation has been on
decline. IWT has suffered because many rivers of the country have been deteriorating both for
natural, morphological processes and for withdrawal of water from the rivers beyond the border
and within the country caused by decreased dry season navigability. This was further aggravated
by poor or no maintenance of navigability, weak regulations and safety standards, low allocation
of budgetary funds and general under-investment by both public and private sectors. In recent
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years, given the rapid GDP growth and associated demand for passenger and cargo services along
with constraints in developing road and railway transport (owing to land and financial scarcity),
the prospects for inland waterway look brighter. There is now a growing appreciation that with
proper investments, policies, regulations and institutional development IWT can be a major low-
cost transport alternative to the high-cost of land transport. The positive effects of this strategy
for income, employment and poverty reduction are large. Looking forward, the IWT strategy will
need to focus on the following main priorities: systematically and substantially address the river
morphology and climate change issues affecting IWT; select priority routes and maintain them
adequately; develop and modernize priority route infrastructure as an integral part of multimodal
connectivity; substantially increase public and private investment in IWT; improve IWT governance,
administration and safety standards; strengthen cross-boundary river traffic through joint
investments in infrastructure and proper cost recovery policies. Effective sediment management
is also an important contributor to dynamizing the inland water transport sector.

Strategic dredging of major river routes to enabling proper navigation is a key element of the BDP
2100. In particular, the capital and maintenance dredging of the rivers Padma, Meghna, Jamuna,
Brahmaputra, Dharla, Arial Khan, Kushiyara, Gorai and Manu are high priority items for investment
programme of the BDP 2100. Related to dredging, efficient and equitable management of the sand
obtained from dredging is essential . Sand reovered from dredging is a valuable resource and
should be managed as such. The place for ‘Balu-mahal’ (sand quarry) should be shifted regularly
and the local administration should take necessary steps accordingly. Specific guidelines for the
management of soil/sediment management resulting from dredging should be developed.

Blue Economy: With the settlement of maritime border disputes with neighboring states Myanmar
and India in 2014, the Government of Bangladesh can unlock the potentials from better access to
sea and ocean resources. The blue economy is now considered as a new ‘development space’ in
Bangladesh. Shipping, sea ports, ship building and recycling, marine fisheries, sea salt, coastal
tourism, ocean energy, land reclamation, maritime surveillance, human resources development
and governance have been identified as key priority issues for the development of blue economy.

Renewable Energy: Bangladesh is expected to have enormous potentiality in renewable energy
development. Solar photovoltaic (PV) panels are gaining acceptance for providing electricity to
households and small businesses in rural areas. Development of off-grid solar home solutions has
achieved international benchmark. However, potential of other renewable resources is still at the
exploration stage. Strategies cover the following aspects: institutional, hydropower, harnessing
tidal power, solar power energy and financing.

Earthquakes: Bangladesh and the northeastern part of India have long been one of the seismically
active regions of the world, and have experienced numerous large earthquakes during the past
200 years. Strategies in BDP 2100 include: strengthen earthquake management and enhance the
capacity to cope with earthquakes; design earthquake proof water resources structures in
conformity with the Bangladesh National Building codes or other approved standards; formulate
a proper land use plan for building construction in municipal areas; and conduct further research
on identification of geological faults and epicentres.

BDP 2100 Investment Plan

The Investment Plan consists of a total of 80 projects: 65 are physical projects, and 15 are
institutional and knowledge development projects. Its total capital investment cost is BDT 2,978
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billion ($37 billion). All projects can be started within the next eight years, though given the scale
and programmatic nature of some investments, construction in some cases will extend over
decades.

Development of the Investment Plan followed a rigorous, consultative, and inclusive process, using
the principles of ADM. As part of the BDP 2100 formulation process, the General Economics Division
(GED) of the Planning Commission asked over 20 agencies involved in work in the Delta to submit
their priority investment projects. This generated 133 candidate projects with total capital costs of
BDT 3,753 billion ($47 billion).

The candidate projects were screened, grouped, then sequenced following an ADM methodology.
Candidate projects were included in the Investment Plan if their expected benefits exceed
expected costs; if they contribute to at least one of the six BDP 2100 goals; and if they are
compatible with the ADM approach. Of the 133 candidate projects, 80 met these criteria.

BDP 2100 Governance and Institutions

The BDP 2100 agenda is essentially cross-sectoral and implementation arrangements involve
multiple line ministries, local government institutions, communities and private sector. Clarity of
role, interdependence of actions and a coordinated approach are essential requirements of the
institutional set up for BDP 2100 implementation. Institutions are dynamic in the sense that they
evolve over time. Starting with a thoughtful design that involves pragmatic solutions based on the
present socio-political realities of Bangladesh and working within the umbrella of the overall
capacity constraints in public administration, institutional changes can further evolve as
implementation progress is made. The immediate challenge is to develop a basic minimum core
arrangements now without which the implementation of the BDP 2100 will falter.

Some of the broad principles and features of the global institutional practices in delta management
can be summarized as follows: importance of integrated water management; need for effective
regional water cooperation; strong and participatory institutions for internal water cooperation;
focus on knowledge for adaptive delta management; emphasis on public-private partnerships;
coordinated approach to delta financing with emphasis on beneficiary pays principle; and effective
monitoring and evaluation

Bangladesh has 50 plus years of experience in managing water resources that is reflected in
numerous water policies and water programmes. Despite this rich history and the enactment of
the 2013 Water Act and the high powered coordinating committees (NWRC, ECNWRQ),
effectiveness of the implementation of integrated water management is weak. Integration of
water with other challenges of the Bangladesh Delta including a clear link to development
outcomes does not exist. The governance and institutional gap with principles of good practice
international experiences listed above is large. Successive governments have engaged in detailed
technical studies with international technical experts, but implementation has suffered owing to
political, financing and institutional constraints. At the institutional level, the main problem is the
weak capacity of all water and water related institutions. A second problem is the absence of local
water authorities and therefore the absence of key-stakeholders (beneficiaries) in water decision
making. A third problem is the lack of integration of water issues with climate change,
environment, land management and other delta-related challenges owing to inadequate
institutional coordination.

Clearly, in addition to substantial new investments and adequate financing arrangement, a
substantial overhaul of the Delta governance and institutional arrangements is needed to
implement the BDP 2100.

Bangladesh Delta Plan 2100 XXiii



_ I General Economics Division

XXiv



Table of Contents

Message

.................................................................................................................................................................. v
LT 1] 10T | U XV
Table Of CONEENLS ..ottt st s b bbb sb et b s XXV
LISt Of FIGUIES.....oceeeeteeiietetetetcettt ettt b e bbb ss bbb s beaes XXixX
[Ty o - o =T XXXii
LT o 2 10 )= RN XXXVii
List of ANNE@X TabIEs.........coiiiiiiiiiiiiiittcttcc e XXXViii
[T o 1T 1 o1 P R PRORPR XXXViii
Acronyms and ABDBreviations............ccccvcvinininiiiiiiiii et s s x|
Chapter1 :Opportunities and Challenges of the Bangladesh Delta. ..............cccccovvvvriininininininiiiiiinenne 3
1.1 Bangladesh Development Prospects and CONStraints........cocevevererininiiicicniinisinieececncncsessenes 3
1.2 NEEd fOr @ DEILA PlaN .cccueiieceeeeeeieieeeeeeeeereeeesteseeeesseesesesssesessessssesssesssessssessssessssasssesssesssessnsessnses 4
1.3 Bangladesh Delta Definitions, Hydrological Regions and HOtSPOts ........cccueveveierieeenrcreenncncnenene 7
1.4 Bangladesh Delta OppOrtUNities......oeviiiiiiiiiiniiniininicrctctc e creaesaeae s 12
1.5 Bangladesh Delta ChallenNges ......cccueuerieieieriirietiieteeictetcteetet bbb se e 13
1.6 Maintaining the Ecosystems: Forests, Wetlands, Coastal, Marine and Biodiversity ........cccceeu.e... 29
1.7 Natural Hazard Risks and Challenges by HOtSPOLS ......cccvuieiiiniiiiiniiiciicicicicccnens 33
1.8 Economic Impacts of Climate Change ...ttt 64
1.9 CoNClUAING REMATKS «..vvrvireniitiieiiititetictitctntitetcteteteretee ettt ssese s esssessesessessessesessesssesnonnes 68
Chapter2  :Socio-economic Characteristics of the Bangladesh Delta................cooveveriierrrirnreeincnnnne. 73
2.1 BaCKEIOUNG ..vvvinriritiieiiitiictictitctccrctecee bbb bbb bbb b nesn b s 73
2.2 Data and MethOdOIOZY ....cuuveiniiieiiniiietiiiieiiiiicitceee bbb s b s 73
2.3 (== TN Tl o To Ty o Yo ol T [Ter= o} o 75
2.4 Vulnerability to Natural DISASters ......ccvcvueviiriininiiiiiciiicicn et sanes 88
2.5 Understanding the Positive Adaptive EXPeri@nces.......cocvevuenineriniiicniinieninenicicicicssessesneeneenns 94
2.6 CoNClUAING REMATKS «..cveveieeietiteieietete ettt bbb 107
Chapter 3  :Climate Change, Environment and Ecological ISSUES ............ccoovrinieirriniiiriniiiiiniciciieneenns 11
3.1 OVEIVICW ceeiiiteiiiiiiiiiitte ettt st se st sesabe s s bat e s s sab e s s abe s s s bat e sessbbessosaaessssnatesessssessorsaessns 111
3.2 Climate Change: Challenges, Opportunities and Response ACtions ........ocevveeeeeicnicnieneneceennene 111
3.3 Environmental Challenges in Bangladesh..........ciiiiiiiniiiiiiiiiiiiiiiicececeeeeeeeneens 116
3.4 ool 0] o} OO OO 121
3.5 Impact of Climate Change on Environment and ECOIOZY .....ccevevruivimriiriiniiiinniiicnnieicncicnennens 131
3.6 Review of Strategies, Policies and INStItULIONS ..ccevueriiiiiiiiniiniiniiniiiciccic e 133
3.7 Strategies and Policies for MOVING FOrWard ........eeeuieeeeieininieiiictiicneieciecscseesesesesesssesenes 139
Chapter 4 :National and Transboundary Water Management.............cocoveviririiiiniinicncninennecnicsncssennens 145
4.1 Water Resources Setting and Water Availability .....c..coceeueviiviininininiiiciiiinccnccvcvcicnenes 145
4.2 ISSUES aNd Chall@NEES ....ueueieiiiiietetet e 146
4.3 Future Water ChallenNges .......cveieviriininiiiiiciciiiiiicnccrcrciest sttt ss e sesaesaesne 159
4.4 Transboundary Water Management ISSUES .......coeverieiiiiiiicniineccecctctcicie s 160
4.5 Regional Co-operation Framework and River Basin Organization........cceceeeevecveeereveeeenneeenene. 163
4.6 Review of Progress with Regional Water Cooperation .........ceuveveiiieiniiieiniinncinriienesinenenenne 166
4.7 Strategy for Better Regional COOPEration .......cccccvciiiniiininiiiiinniiiiisieiseseesseseessens 169

Bangladesh Delta Plan 2100 XXV



Chapter 5 : Adaptive Delta Management, Delta Vision, Mission, Goals and Policy Options.................... 173

5.1 22 el =1 o101 3 c OO 173
5.2 Adaptive Delta Management (ADM) ....cccrruiuiiiiiiiinininssiesesesesessssisssssssssssssssssssssssssssssssssens 174
5.3 Delta Vision, MisSion and GOalS.....ccccveerereeerrriuieecireeeercneeeessrneeesssseeesssseessssssssssssessssrsesssssssssssssssssssns 180
5.4 Delta POlICY OPtiONS..cceiieieieeieiiiiirieetent ettt st sttt et sas s ae s aesae s e s st s snesne 184
Chapter 6 : Managing Water RESOUICES ........cccoueruerieriiniiiiiiiiieiie st s s sae s san s 211
6.1 2= Lal 4= 0TV 3 e 211
6.2 Water Management Strat@gies. ... 212
6.3 Flood Risk Management Strategy.....ccevviruiiiiiniiniiniiiciiiiicesiccrcret s saesaeene 213
6.4 Fresh Water Strat@gy ...ttt bbb aes 233
6.5 Barind and Drought Prone Areas Strat@gy .......cceereeruereeerereinieriinteteiniesieeseeeese e sssesennes 253
6.6 Coastal ZONE SLrateY .....ccvveieveierintiiitiiiictitetcitrcre bbb 262
6.7 River Systems and Estuaries Strategy......ccuvuvevuereriiiiiiiiiiiiiieniiceccctctcec e 282
6.8 Urban Area Strat@gy ....cccvuvuciriniciriiiciniitcnc bbb s 299
6.9 Haor and Flash FIood Areas Strat@gy......ceeireiiiiiniiniininicicicicicsiisiessiee e snnesnens 308
6.10  Strategy for Chattogram Hill Tracts .....ceeeeeiereieietiiietetetctcttctct e 319
6.1 Strategy for Advancing the ‘Blue ECONOMY’ .....cueieriieintiierietiieiicniicieiiceeteeeeneneeneeesse e 325
6.12 Strategy for Renewable ENErgY ......ouuuieiieinieieitiieiictiieiieiiieeenineeeeeneseseee e ssese e senns 331
Chapter 7  :Sustainable Land Use and Spatial Planning across the Dynamic Delta...............ccceoeveurnnnnee. 341
7.1 INErOAUCTION 1eteeeiieeecieecectte et cecreeceereece s et e essseeesssaeeeessasaessssseesssssessasssssssssssesessrsessssssssssssrsasansns 341
7.2 Necessity for Integrated Spatial Planning in Bangladesh............cooiineiiereininieinicrciicreinenennn, 341
7.3 Aspects of Integrated Spatial PIanning ........cccoeeieiriiiiiniiniiiniicinicscc e 343
7-4 Constraints and Challenges of Land Resources Management ..........cooveeevieeenieceneneennnenennen, 350
7.5 Governance Structure of Land Management.......ocouccueniiiiniiiiniiiencieseeseseesseseessenns 362
7.6 Land Management related Laws and Regulations........cceeveeeeieineieineceeteee e 364
7.7 Strategies for Sustainable Land Use and Spatial PIanning ........cccecceueveninenirinicsicncnincninncennes 367
7.8 Recommendations for Improved Urban GOVEIrNanCe ........cccceceerenerininnecnucsrenesesesesseesscesessenne 375
Chapter 8 :Sustainable Agriculture, Food Security, Nutrition and Livelihoods ..............cccccceuvnenennnen. 379
8.1 Climate Change and FOOd SECUNLY .c.cvivirininiiiiiciiiitenn st sae e eae s 379
8.2 Opportunities and Challenges in AGriCUUIe ..o 380
8.3 Climate Change, Agriculture, Food Security and NUEFtioN.....ccceeveniviiiciiniinincnicicicicicicnne 392
8.4 Adaptation and Mitigation Measures in Agriculture, Food Security, Nutrition and Livelihoods. 397
8.5 Special Considerations for Agriculture and Rural Livelihoods by HOtSpots .......ccceeeeiniinirncnnene 417
8.6 CoNClUdING REMATKS «..vvvviniiviriiniitiitiicititctitetce e bsa s bsn e ens 428
Chapter 9  : Dynamizing the Inland Water Transport System of the Bangladesh Delta............................ 431
9.1 Inland Water Transport Development CONteXt .....covvviiiiiiiiineniicicccctce e 431
9.2 The Economics of IWT in Bangladesh .....c.cuiiiiniiiiiiniininininicicicicncenncecncicssessesesneseens 435
9.3 Present Status of Inland Water Transport (IWT) ...ccveciiciniiciniicinincisecinseiseesssesessssesens 437
9.4 River Morphology and Climate Change ISSUES.......ccccvueviniririiiiiiiisiiinictcrcrcseaessiee s 443
9.5 Navigability in Waterways Management ISSUES.......coeviririiiiiiniiniisiininiinecncncssessessissesssesnens 446
9.6 Demand Side Development and ISSUES ......coviviiniiniiinniiniiniiniiniiicecsesse e ssess st csssesseessees 459
9.7 Governance and Institutional STructure Of IWT ....eivvercirrreretrrereeeeereeerteeeeeeseeessnesssnnessseenans 467
9.8 Developing a Dynamic Inland Water Transport SyStem ........cocvevineiiiiinicninncnineninncicsessesneane 471
9.9 IWT Strategy Aligned with BDP 2100 GOAIS ...cuceviieiiieiiiiiticicicicictcieccccccce s 476
9.10 Goalwise Elaboration of IWT Strategies, Sub-strategies and Projects.......cccoeeveeriivieniivinnenn 477
9.1 Qo] a1l [0 Ta =4 R 3 =15 N 486

General Economics Division

XXVi



Chapter 10 : Urban Water Management............ccoeueiiiiniiiniiiiiiiiiicnicccrcrescessess s csnenesesaenes 491

10.1 Urban Water Management Challenge...........cveeveueinieiiinieiiiietiitcenteteeeteetereese s 491
10.2 Urban Water Management and Sustainable Development Goals (SDGS) .....ccceuvurirurueverercceeinnns 491
10.3 Urban Water SUPPLY wecoiririiniiniiniiiiiitiiciicnicnnicntcntsntsacssiesicsissesesesssessaessaesssesssesssssssossssssens 492
10.4 Urban Sanitation and Wastewater Management .........cccoceuemveicmniniimniicinececeesseeneens 506
10.5 Solid Waste Management (SWM)......covcriueiniiiiniieinniesisinsinsmesimsmssisssmosessssssissssesssssssssssssescss 521
10.6  Storm-Water and Urban Drainage Management.......ccceevveieniinienennineiiciiicneseneenecscsessessesnens 533
10.7 Institutional Reforms in Urban Water Management ... 548
Chapter 11 : Investment Planning, Financing and Implementation Strategy.........cccceovvvnininrnvnnnnnnnnn. 553
1.1 22 el =1 o101 3 c OO 553
1.2 Macroeconomic Outlook and the Delta Specific Investment Plan ........cccccoeveevirvennenecnneccenccnnne 553
1.3 Climate Change Impact Assessment and Investment Requirements .......cccceceeeverevevececnncsnennens 555
1.4 Current Patterns of Resource Allocation and Estimated Resource Gap ......cocceceeerererevsercvcsucnnns 561
1.5 Innovative Financing Arrangements and Financial Mechanisms .........ccevevenicneniccinenicncnnn 563
1.6 Private Sector INvolvement in BDP 2100 cicccceieeerriercrienniereeenniereniessnesennesseesessessssesessessssessssessness 572
1.7 Framework of Investment PIanning .......cocoveviiininiiininiciniiciciiccctccisees e 575
1.8 Resource Constraints and Resource AllOCAtioN ....coceeeevereeeeniererieenrereiensteneeeesneeseeeesnneseeesennes 580
1.9 CoNClUdING REMATKS «..cvevirinieritiietitiicniteretiteteeetetereeiete e s s ssbe s s senessebesnesnenenns 582
Chapter 12 : Governance and INSEULIONS ..ot 587
12.1 INEFOAUCTION toeeririireiereiereiereteeeeeeeeee st ee et e st se et essneesstesessessssesessesstessnsessstessssesssnesensassanesonsassnnes 587
12.2 Lessons of International EXPerienCes ...ttt 587
12.3 Existing Policy and Institutional Framework for Water Management in Bangladesh ................. 593
12.4 Issues and Challenges in Integrated Water Management........c.ccocvuevvenenininicicnicnisenineneenens 599
12.5 Reform of Governance and Institutions for Adaptive Delta Management ........cccceveeevrverrnnene. 603
Chapter 13 : Monitoring and Evaluation System for BDP 2100 .........cccceeuevniicinienicinenicieeicienenenns 619
13.1 Importance of Monitoring and Evaluation (M&E) ......cceeuierirurerinricnirencninrescsinessesnssesesnseesesnssesens 619
13.2 Present M&E Practices for Integrated Water Management ...........cocuveeeeerereiniereeeereennenesienesennns 621
13.3 Data Usage and Dissemination PractiCes .......coevievueviiniinininiiiciciisiinennieicecncscssessessessessnesnens 626
13.4 Challenges and Drawbacks of Current M&E Practices......cccoeerveeerinveeerinnenerinieeerinrineenieeenennenns 627
13.5 Lessons Learnt from International EXPErienCeS ......cocveeiririiiisiinucseneniniiiieeseseessessesesseseens 628
13.6 The Delta M&E FrameWOrK .....coviiiniiniiiiniiniiniiniiitiienicnicsiesstssstsssssseessesssssssssssssssessasssaesaens 628
13.7 Data Collection and ANAIYSIS ....ccueeireiiniiniiiciiiiicititncscsrcet sttt st sasssssssaeas 634
13.8 REPOItING RESUILS vttt s sa e sae s sanennens 637
13.9 BDP 2100 ACCOUNTADITITY cueereiiiiiiiiiiiiiiiiniiiientctctttcectct ettt st saees 638
Chapter 14 : Delta Knowledge Hub and Data Management..............cccouveveireieeieeeenneieeneieenene 641
14.1 Role of Knowledge in Delta Management .........cceeveeueeereieninieriintcniintcseeeteeeteseee s sssesenees 641
14.2 Context and Current Situation of Delta Knowledge and Data Management.........cccoceeveerucnnnene. 642
14.3 Lessons from International EXPEri@NCES ......cocveuivererveerininiiiiiiicicstesnestetststesesaessesseesessseseens 646
14.4 Strategic Considerations for the Bangladesh Delta Knowledge Hub ........ccccuevviiverinicnvnnnncnnnnen. 648
14.5 Institutional Set-up for Operating the Knowledge Hub .......coeveeeiiieineiiriiiiiiceicecieicnnnn, 660
14.6 Data ACCESS POIICY covuiruiiiiiiiniiniiiiciiciiniccicnrct st s sbe s sb e sab s as e assas e assabe s 663
14.7 Data Standards and Knowledge HUb HOStING .....cccouevuirininiiiniiiiiiiiiiniicccicvcncicnnne s 664
14.8  Monitoring and Evaluation (M&E) ......cceueuiiiiininininiiiiiciiiiiiiisissssesssessssssssssssssssssesesesssssssssss 665
14.9 Knowledge Hub Usage and USefulnNess........cccvueiriniiiiiniiiiiniiiiiniiiiinnisisineisessesesessessesenns 665
RETEIENCES. ....ccuveeriieeiieeieecttereteesteeetee st e st eesaeessstessstessstessstesessassstessssessstesossassssessssessstesonsassrsesssassnnassnsassnnes 675



List of Baseline StUudies UNAEr BDP 2100 .......cccccveeeeureeerrereeerereeeerseeeesssseeesssssessssssesssssssssssssssssssssessssssssssssees 687

Annex A: Technical ANNeX to ChAPLEr 2 ........coiiiiiiiriiiiniiiincicc ettt s ssesaes e saseseens 688
Annex B: Technical ANNeX t0 CRAPEr § ......cuiiiiiiiieetetetre ettt ssae e saeene 693
Annex C: Technical ANNEX t0 ChAPLEr 6 .........coveeuiiiiiiiiiiniiniiiiiniicct et esat st ssasssaessaes 718
Annex D: Technical ANNEX to Chapter 11 .......cociiiiiiiiiiiiiiinittciciec ettt sr s aessesaes 731
List of Notable Publications by General Economics Division (GED) Bangladesh Planning Commission since
o T L N 733

General Economics Division

XXViii



List of Figures

Figure 1.1: Increased Frequency of Mega Floods due to Climate Change .......cocoevvinieininiiininncsiiinscsieinsennes 15
Figure 1.2: SLR Predictions for different RCPs in Bay of Bengal........cccoeueiieieiiniereiinieiicteeicteeierceceneneees 20
Figure 1.3: Level of Urbanization and Rural - Urban Population Trends ..., 61
Figure 2.1: Distribution of Upazillas by HOtSPOtS ......cevveuiviiniciiiiciiiicictctccc e 75
Figure 2.2: Population Growth by HOtSpOt (2001-2011) wcuceiuiiiiiciiniciiicciciicc e 76
Figure 2.3: Literacy Rates across HOtSPOLS ..ccuuuuiiiiiiiciiniiiiitictectectectctctrc ettt 77
Figure 2.4: Income Distribution Pattern by QUINtIlES ..ot 87
Figure 2.5: Most Poverty Stricken Districts, UPL 2010 (%) c..coceuruererurmiininiescsisunsisisiesisissesissssescssssssessssescsssassesnes 93
Figure 2.6: Poorest of the POOr UPAzillas.......cccuvueiiiniiininiiiiiniiiiiniiiinniiiinensisineinesnsisessesisessessesens 94
Figure 3.1: District-wise Incidence of Arsenic POISONING........cceueeirieriierereinteriieteiieieseeeteeeete s 120
Figure 5.1: Temporal Domain of BDP 2100 Strate@gies........cceeveverieiriinieiriiniiiitiieintiteeeeieeeinseseseesesessenens 177
Figure 5.2: Principle of Adaptation Pathways; Source: Hassnoot (2013) c.oeceerricriresncsennicnineescsnnnencsssesscnnens 178
Figure 5.3: Cornerstones Strategies for the FUtUre ...ttt 179
Figure 5.4: Schematic Presentation of the Analytical Framework........cccovveieenieininiiininieiiireiciieeenenne 186
Figure 5.5: Per Capita GNI COMPArison (USS$) c.ccvuiueiimiininniiiiiiinnciiesctissciteses st sesssssss s 189
Figure 5.6: Income Gap between BAU Policy Option and the Delta Plan Policy Option .......cceccevriviinruennee 189
Figure 5.7: Increased Unemployment due to Environmental Degradation in BAU Policy Option ................. 190
Figure 5.8: Hotspot wise Increase in Unemployment in BAU Policy Option (in millions) ........ccccceueviniennee. 190
Figure 5.9: Moderate Poverty in BAU POliCy OPLioN .....coeeiiiiiiiiiiiiiiiicticicictctctete sttt 191
Figure 5.10: Extreme Poverty in BAU Policy OPtion .....coceuirivinininiiiiiiiiinnicectcncncscsennnescncnenessessesnis 192
Figure 5.11: Hotspot-wise Moderate Poverty in BAU Policy Option......cceeniiiiiciciciciecieccecicicveiene 192
Figure 5.12: Hotspot-wise Extreme Poverty in BAU Policy Option......ccceevenininiiicicniinineninccicicncsienennes 192
Figure 5.13: Per Capita NOMINAl GDP (US$) .ccveucriruireriniieineiiciiinciesicinssestsessetssssestssssessssssessssssessssssessssssessons 196
Figure 5.14: Labour Force Participation in Delta Plan Policy Option ........coeevieiiiiiiicniinecicicecicicicnene 197
Figure 5.15: Employment in Delta Plan Policy Option ......ciiiiiciiiiiininicicicicicienesecncncnessesaenes 197
Figure 5.16: Capital Accumulation in Delta Plan Policy Option......c.ccveeeininiciiiiiiicicieciecceccvciene 198
Figure 5.17: Moderate Poverty in Delta Plan Policy Option ..ottt 199
Figure 5.18: Extreme Poverty in Delta Plan Policy Option ......coceeeieiciiiiniinininiiicicicicienncsececncnessessennes 199
Figure 5.19: Region wise Moderate Poverty in Delta Plan Policy Option .......cccceeveneniiiiiciiieciicecicnnens 200
Figure 5.20: Region wise Extreme Poverty in Delta Plan Policy Option ........ceeeieeeieieieieicieeicieeee 200
Figure 5.21: Requirements for Mitigation and Adaptation (FY2016-41)....ccceeveverercrirercrennicserescnnnnecssseescnnens 202
Figure 5.22: Hotspot-wise Additional Resource Requirement (FY2016-41) c..ccccevvrcirunncrinnincniniscsissencisssncsnens 202
Figure 6.1: Crop Damage in Relation to Flooded area (1953-2004) .....cocevueremeiviisinininisnssinincscseiiiissssssenens 215
Figure 6.2: O&M Funding Gap of BWDB 2001-2016...c.ccuciriiriiiriiieiniiiiiniiiiseniesienssissessssessessssssssessssssessesens 217
Figure 6.3: Strategy FR 1: Protecting Economic Strongholds and Critical Infrastructure ........cccccueveueeeennnee. 222
Figure 6.4: Strategy FR2: Equipping FCD Schemes for the Future.........cocvvvenivinivicciinicnininicicicicicnenne 225
Figure 6.5: Strategy FR3: Safeguarding Livelihoods of Vulnerable Communities ..........ccoevevrveeenrerevrvcnnene. 226
Figure 6.6: Average Maximum salinity - Surface Water During 2011-2012 in the Southwest  Region.......... 238
Figure 6.7: Irrigation Demand for Different CC SCENANIOS ....cvvverieiriiniiiriiiiirtiicicttcr st eaenens 239
Figure 6.8: Model Computations Surface Water Salinity, 2012 (L) and 2050 assuming 52 cm SLR (R)........... 241
Figure 6.9: Sub-strategy FW 1.1 (Supply Management and Additional Irrigation) .......c.ccceeeueueciiininnnnnnnes 244
Figure 6.10: Sub-strategy FW 1.2 (Demand Management and Efficient Water Use).......ccccevuvrieercuenrurnnnnnn. 244
Figure 6.11: Sub-strategy FW 1.3 (Enhancement of Freshwater FIows in RIVErs) .....c.ccccevvvcrirnincinninciruencannns 245

Bangladesh Delta Plan 2100 XXix



Figure 6.12: Sub-strategy FW 1.4 (Resource Planning and ENVIroNmMent)........coceuecvinvencrinnincnisuecsinnenceseescsnens 245
Figure 6.13: Sub-strategy FW 2.1 (Pollution Control and Treatment)........cccocveuervurmrmniicrcrereisisisieccesesseenns 246
Figure 6.14: Freshwater Strategy FW 1 (Balancing Supply and Demand for Sustainable Inclusive Growth). 251
Figure 6.15: Freshwater Strategy FW 2 (Maintaining Water Quality for Health, Livelihoods and

ECOSYSEEIMS) cuuenveurruerrentruentetreesetetsseteatssetentesesentesessentesessentssesentesssentesesentestesentesesententosensentesensentesensen 252
Figure 6.16: Adaptation Pathways for Fresh Water Strategies.......ccoueeveerenrereeereteinreriierctectereeeteerenen 252
Figure 6.17: Growth in Groundwater Irrigation 1991 - 2010 ...ccvevieiiiiniiiniiniciiicc s 254
Figure 6.18: Overview Barind and Drought Prone Areas Strategies and Sub-Strategies........cccceevvvveuennnee. 258
Figure 6.19: Barind and Drought Prone Areas Strategy 1 Sub-strategies and Measures..........cccccevevevrverenene. 259
Figure 6.20: Barind and Drought Prone Areas Strategy 2 Sub-Strategies and Measures..........cccceeuveveruenenee. 261
Figure 6.21: Adaptation Pathways for Barind and Drought Prone Areas .......coceevveviiinisicsisinicsisesiesisnennens 262
Figure 6.22: Causal Effect Diagram on Waterlogging Problem in the Coastal Zone ........c.ccocveveverererenrrcnnene. 265
Figure 6.23: lllustration of Several Causes of Waterlogging and Future Changes in the Coastal Zone ........ 266
Figure 6.24: Gains and Losses of Land between 1973 and 2015 .......ccvvveiiniininininiciiniiniieneececncnessessennes 267
Figure 6.25: Causal Effect Diagram on Salinization in the Coastal Zone...........ccoeeerrerieeereriirrerinecreniicreninnes 268
Figure 6.26: lllustration of Salinization Process in Western part of Ganges Tidal Floodplain ..........cc.u....... 269
Figure 6.27: Potential Land Reclamation Areas in the Coast ...t 275
Figure 6.28: Stages of Forest Succession in the Sundarbans..........cueeveeieierienrcriinieriececcererenen 276
Figure 6.29: Adaptation Pathway for Coastal Waterlogging ........cccouvveerrenveirrinieirtiieiiitciniitcecreteienenne 278
Figure 6.30: Adaptation Pathway for Coastal Salinization........cceeeeeevereinierieeicneiercee 282
Figure 6.31: Inter-relationship between Strategy, Sub-Strategies and Projects ........oeveeeeeeerenvereerenennnnes 286
Figure 6.32: Jamuna Padma River Stabilization Plan and Land Reclamation ........ccceeveviriiiciinicnncncnncnnens 290
Figure 6.33: Example of Iconic Project for Adaptation by Design (Jamuna Pearl) .......cccoevivurcriniicrinucncnnns 296
Figure 6.34: Example of Iconic Project Idea for Optimized Water CONtrol........cccceeveverieicicsicscncneneennns 298
Figure 6.35: Adaptation Chart for Flood and Erosion Related Sub-strategies ........cceovevverivevereiereerinnennnnes 298
Figure 6.36: Adaptation Pathway for Fresh Water Related Sub-strategies ......c.ccevvueevririiiriniesicinncncnnnnen 299
Figure 6.37: Adaptation Pathways for Urban Area strategies .........oceevvveereierinreieenieieiniiicieniieneenenennenes 307
Figure 6.38: Sub-strategies and Measures of Flood Risk Protection for Haor and Flash Flood ~ Areas.....310
Figure 6.39: Sub-strategies and Measures of Achieving Water Security in Haor and Flash Flood Areas ....... 31
Figure 6.40: Sub-strategies and Measures of River Management for Haor and Flash Flood Areas ............ 3122
Figure 6.41: Sub-strategies and Measures of Haor Wetland and Biodiversity Management for Haor and Flash

[T o T 1Y == LTS 3133
Figure 6.42: Sub-strategies and Measures of Integrated Water/Land Resources Management for Haor and

FIaSh FIOOQ AT@aS .ccuueiiiiiiieiietiiteetenetsett et sttt s st st e st s s et e st s s et e s stssstesstesssnesnsassstesansasanne 315
Figure 6.43: Adaptation Pathway for Haor and Flash FI0Od Areas........ccceeeeriviiiciciiniininininicicncsncnennes 318
Figure 6.44: Adaptation Pathways for the CHT HOtSPOt.....cocviviriiiiiciiiiiniicicrcrcrcce e 324
Figure 6.45: Wind Atlas Map of Bangladesh ...ttt renene 332
Figure 6.46: Tectonic Map of the Indo-Australian and Euro-Asian Plates ........cocevvevvvviincneninecicsicsicnncnnen. 3355
Figure 6.47: Bangladesh Seismic Hazard Map of PGA for 500-year Return Period........cceevrviviierriniccnunnne 337
Figure 7.1: Improving existing drainage systems in an integrated approach .........ccoeveereveenreicinnnnencne. 346
Figure 7.2: New development during normal water [eVel ... 347
Figure 7.3: New development in MONSOO0N ....cueiiiiiiiiiiiictceccccetcte s saeeas 347
Figure 7.4: Public waterfront development as a placeholder for future expansion of embankment.......... 349
Figure 7.5: Trends of Agricultural and Non-agricultural Land Cover during 1976 -2010 .c..cocevevirerecvcsuesuennes 355
Figure 7.6: Annual Net Land Loss and Land Gain by Use.....c.coiriiiiiiiiiiiininiceciciciencencccccncnevenenes 357
Figure 7.7: Change in Land Cover by Use, 1976 -2010 (Area ‘000’ ha).......ccceuvceeiininininesnsniscccnniisssssnenes 358

General Economics Division

XXX



Figure 8.1: Physical impacts of Climate Change on Agricultural production ........cecevueviiinicininnisiiinscsnninnes 379

Figure 8.2: Trend in Rice Productivity (MT/ACre) ....ccevururueuiuiuiiiiiiiniinisscsesesesesesiiisissssssssssssessssssssssssssssnes 384
Figure 8.3: Contribution of BWDB projects to enhance food security ......cccvvnerrinicsininiinicinieicinieicnnes 385
Figure 8.4 Graph showing the gradual increase of rice production (1971-2014) .c.ccvuvevevrvcrirusrcrinnercsiruenennns 385
Figure 8.5: Figure showing the increasing trend of fish production, FRSS, DOF (1983) ....cccevuvieucucieururunnnnn. 386
Figure 8.6: Rice Demand, Production and Surpluses/ DefiCits.....cocniviinisiiinienininiisininiiininneisisneneines 405
Figure 8.7: Rice Yields for Selected Countries and REGIONS .......ccevvrrirreiiriniiiiinrisininiiiniieisiresississessesiones 409
Figure 8.8: Haor Districts Average Rice Yield FY2010-FY2011 (tONNES/acre).....ccccevuveiuirerersireriiencnciensnsnsenn. 420
Figure 8.9: Share of Coastal Zone Hotspot Rice Production (% of National).....c.cccecvueeverricriruincsinnencnrunncnnnns 422
Figure 8.10: Average Rice Yield in the Coastal Zone Hotspot Districts (MT/acre).....coococeuervururisiccncrerensnrenns 423
Figure 8.11: Share of Barind & Drought Prone Areas Hotspot Rice Production (% National) ........ccceceueuunnes 427
Figure 9.1: Modal Share of Passenger and Cargo TraffiC......ccovuvverirrinieirrinieiniinieiititcrciitcecerceceteeennne 432
Figure 9.2: Growth Rate of Transport SEctor (% Per YEar) ...ccciniciinicciicciinciieciseseisesesssaenesees 435
Figure 9.3: Composition of Transport in terms of Value-Added (%).....c.ccoerrvniicinincinicciiiciicnciiencans 435
Figure 9.4: Causes of Accidents on Inland Waterways.......cicieiniininininiiiciiienieccsesseseseseennens 450
Figure 9.5: Causes Of Ferry ACCENES ..ottt bbb saens 451
Figure 9.6: Organizational StrUCLUIE co.cviiiiieieiiicictitctcttcrctrcce bbb s nes 467
Figure 10.1: Access to Urban Water in Bangladesh by Income Quintile, 1995 and 2008 (%) .....c.ceceueerurueucuce 500
Figure 10.2: Sanitation Ladder in Bangladesh .........cuoveeirieviinieiiiietitceteteetetete et 507
Figure 10.3: Wastewater Management in Dhaka (% of people covered)......vevrrncvnecnircisnnncscnnsecsenns 51
Figure 10.4: Fecal Waste Flow Matrix in Dhaka......cccoevueiniiiiiniiiiiniicintiicticttccceieveine 513
Figure 10.5: Physical Composition of Household Waste in 4 City Corporations........ceccevevueeriniceninicnnuennns 523
Figure 10.6: Waste Collection and Disposal Process in Dhaka City .....ccccecvereririiiciiniinicninincnecncncssessenes 524
Figure 11.1: Water Related EXPENItUreS ......oevueiueiieiiiiiiiectictctctctetce sttt 554
Figure 11.2: Public Expenditure Composition in BDP 2100 Policy Option........ceceeveieiiicciinienecicicicicvenee 557
Figure 11.3: Sources of BDP 2100 INvestments (% Of GDP) ....cccvuvevirereeenricnirencsiniecninesscsnnneseisessessssesessseesenss 558
Figure 11.4: Debt Dynamics of Bangladesh.........oeereriirieiiiieiitctitcettete st 560
Figure 11.5: Debt Services in BDP 2100 ...c..coiviniriniiiiiiiiiiniiinieicicscsiessissessissssssessessessessessessssssessessessessesses 561
Figure 11.6: Funding Arrangements and Financing Mechanisms .........ccvveeieiniieiniiieiciiciecicieniiennenes 564
Figure 11.7: Overview of Current and Foreseen Climate Finance FIOWS .......cccveirinicininicicinicicinicicnnnes 570
Figure 11.8: Framework of Investment Plan ...ttt cncnessessenes 575
Figure 11.9: Aspirations for Composition of Water Sector funding in Bangladesh, 2010-2100 ..........cccuu..... 576
Figure 11.10: Resources Mobilization Potential for Water Sector Funding: 2016-2030 .....ccccceuvviverriniierninne 577
Figure 11.11: Resource Mobilization Potential for Water Sector, 2030-2050......ccccceueruereririricsvesreseneneeneens 578
Figure 11.12: Resource Mobilization Potential for Water Sector, 2050-2100......cccceuvirieirininininsesinissisieinnes 579
Figure 11.13: Directions and potential for the future funding and operation of Bangladesh water services 580
Figure 14.1: BDP 2100 related elements of Knowledge and Competence Management.........ccceeevucrucruennnnne 649
Figure 14.2: BDP 2100 Knowledge and Data Management Strategy .......coceeeeereerecerrenrecenenreeenenreeeiteeenenns 651
Figure 14.3: lllustrative BDP 2100 Portal Flow of Information..........cceeuevvenieininiciniiiiiiiciniiiceciiicicnenne 661
Figure 14.4: Institutional Mechanism to Operate the BDP 2100 Knowledge Hub.........ccccoeuevernriivrrnrinnennnnns 662
Figure 14.5: Data ACCESS CAt@ZONIES .uvuinrintieieieteiete ettt e e 663
Figure 14.6: INfOrmation StrUCLUTE ...ttt bs e ss 666
Figure 14.7: Structure of the Meta Model ...ttt 668
Figure 14.8: System architecture of Information and Knowledge Portal .........ccoevuvinieininininsnrcsininncsinnnnes 669

Bangladesh Delta Plan 2100 XXXi



List of Tables

Table 1.1: Relationship between Hotspots and Hydrological Regions.........cceeeeerereierereenrereenreriinrereeeresenen 10
Table 1.2: Bangladesh Delta Hotspots - Basic Socio-Economic INdicators 2011 ....cuceueeeeverenenicecnicncncnecnecnnee 1
Table 1.3: Mapping of Districts to HOtSPOt Areas .......ccvciemniiiniiniiiiiiiicicce s 11
Table 1.4: Projected Global Mean Surface Warming (°C) for Different RCPS......c.cccccveiviririrerusucncciiinisnsnsnenens 13
Table 1.5: Projected Seasonal and Annual Surface Warming (°C) for BAU ......cccvuvcinurncinnicsininncsinniscsisesscnnens 14
Table 1.6: Projected Seasonal and Annual Change in Rainfall for BAU ........ooeiieieieiniereinteteitceiereeieiesnen 14
Table 1.7: Typical Storm Surge Inundation Characteristics for Cyclones of Varying Strength in Bangladesh .27
Table 1.8: Vulnerable Areas in Bangladesh due to Storm Surge Induced Inundation.........ccceeveeuevienucnucnunnnnnns 28
Table 1.9: Key Vulnerabilities from Climate Change and IMpacts ......ccceeeieierieeiereinieriietceererceereses 28
Table 1.10: Key vulnerabilities of the Coastal Zone HOtSPOtS.......ccucvveveviiriiniiniiniiiiicicicccccccanes 37
Table 1.11: Key vulnerabilities of the Barind and Drought Prone Areas HOtSpOt........cocevuevenerervnecvcncnncnncnnes 42
Table 1.12: Key Vulnerabilities of the Haor and Flash Flood Areas HotSpOt.......ccvcveeniciiinicvninicicinicicninnes 46
Table 1.13: Width, Length and Discharge of Major RIVETS ......eeiieiniiieintiiciiiicincietereseeseneseeneneeens 47
Table 1.14: Erosion & Accretion in three Major Rivers of Bangladesh (1973-2013) .ccccvuvevniicininicinicncinnincnnns 47
Table 1.15: Bank Erosion and Accretion along the Jamuna River 1973-2018 ......coccviviciiinicnninienicinieneines 49
Table 1.16: Bank Erosion and Accretion along the Ganges River 1973 - 2018 .....cuovvvinreverenrieeeerinieeernnnennenes 50
Table 1.17: Bank Erosion and Accretion along the Padma River 1973 -2018 ......ocvueiriviciniinicininiciicnicennenens 51
Table 1.18: Bank Erosion and Accretion along the Lower Meghna River 1973-2012 ....cccccviviceniniceninnicennennens 52
Table 1.19: Key vulnerabilities of the River Systems and Estuaries HOtSPOt......ccceevuevuvreniriiicicnniniineinicnnns 54
Table 1.20: Key Vulnerabilities of the Chattogram Hill Tracts HOtSPOt ......covvueieuiniiiriiciiiciciccicee 59
Table 1.21: Urbanization OVEIrVIEW ...ttt s b s s sasssnens 60
Table 1.22: Pollution Overview in HOtSPOtS ....c.coiiiiiiiiniiniiicicicicicnccrct e eassesaes s ens 63
Table 1.23: Key vulnerabilities of the Urban Areas HOtSPOt ......ccevvevuceuirininiiiiiiiircniininintstcicrenncnneseeneene 64
Table 1.24: Annual Average Climate Change Adaptation Cost for South Asia (2010 - 2050).....cccccviviririrunnnnes 65
Table 1.25: Possible Sectoral Impacts of Climate Change ..ottt 68
Table 2.1: Basic Indicators - Population and Area.........riiiiiiiininicctcctcet st 76
Table 2.2: Housing Structure - Roof Materials (% of HOUSEhOIAS)...cceeivureirurcinnrciiiciiiciircinseeesieneans 77
Table 2.3: Housing Structure- Wall Materials (% of HOuseholds) .......cccceuieininiiniicininciiicicciscciencaes 78
Table 2.4: Sources of Drinking Water (% of Households) .......cccouvininiiiicininiiicciincisccccccanaes 79
Table 2.5: Use of Different Kinds of Sanitation Facilities (% of Households) .......coeccvevrcrinricninercrnnicnnrucncanns 80
Table 2.6: Electricity, Internet and Mobile Phone Connections (% of Households) ........ccceuevcerurcinnicirncncnns 80
Table 2.7: Structure of Main Occupation (% of HOUSENOIAS) .c.ccurveiruriirerieiirciircitrcitseeeeesetseeseeans 81
Table 2.8: Per Capita Income Pattern (BDT CUITENt PrICES) woucveurreirerueirrsrerirusieintssesisessesssssseesessessssesesssaesesnss 82
Table 2.9: Labour Force Participation RAte (%) ..c.c.ecvcviimeviriiniiniiicininniisieiisscineesisssseissssesessssessssesessssssesses 83
Table 2.10: Employment and Unemployment RAte (%)....c.cocvereeerrerererreenisrenirusseinnsseisessesnssssesessesesnssesesssassesnss 83
Table 2.11: Distribution of EMployed Persons (%)......ccceveeruimeiniiiininncinsinisisissiissseisnsseseseessssssessssesessssssesses 84
Table 2.12: Poverty and INeqUAIILY (%) «.coveeerriiiniiriiiiiiiinciiiciincinectssreise et sssessssssessssesesssasssssen 85
Table 2.13: Poverty VUINErability (%) co.cocerereeererinereirinieiirieitieninesieitseesessetssestsessessssssesssassessssesesssssssanss 87
Table 2.14: District Level Natural Hazard RanKiNg .........c.ecveeeveieinieieiteiciteicetetccteteee sttt eenes 90
Table 2.15: Correlation between District Level Natural Hazards and Welfare........cccceceeevceeninincevseccvcnucncnne. 91
Table 2.16: Profile of Districts with Positive Adaptation .......c..cccceeuevevinininiiiiiiiiiinnicciciccnee e 95
Table 2.17: Poverty Level by Upazilla in Barguna DiStriCt ......ccuevueuevueniiniiniiiiiiiiicieicccccecceieecnecenns 95
Table 2.18: Poverty Distribution by Upazilla in Patuakhali District.....c..coeevviiiiviiniiniinininiiiiicicicnicncnncnene 97

General Economics Division

XXXIi



Table 2.19: Upazilla Level Poverty in BOgUra DiStriCt.....ccveeeririiiiiiiiiiieniicecicicicicieie s 100

Table 2.20: Feni Upazilla LEVEl POVEILY ...cccviriiiiiiiiiiiiiiiiininntiicicictcsnensisnest st csscssessessesssssssssessessessessens 102
Table 2.21: Upazilla Level Poverty Distribution in Khulna District ......cccceeverininiiiisicnucniinininininecicrcnncnens 104
Table 2.22: Upazilla Level Poverty Distribution in Bagerhat DiStriCt.......ccocevievriiiiiiiiniinincnicicicieicnenns 107
Table 3.1: Bangladesh’s Determined Contributions for Reducing GHG EMISSIONS .....cccevemnicieinicvciniciennnes 15
Table 3.2: Water Quality Indicators of Selected RIVErS.......coceiieriereeeenieiiiiirtceccenenestetst e sreeene 17
Table 3.3: Areawise Comparison of Groundwater Tables 2004-10.....cccccceeverirrersirsersecseecerenreseseseeeeeresaeenens 120
Table 3.4: Types of Wetlands and their Estimated Area during the Wet Season........cccoceeeveenierienicncnnnene 123
Table 3.5: Identified Groups of Plants (NUMDEr Of SPECIES) .ceerueerrerererrereererieeeeneeteeneeteeseeeeeseeseesensenes 129
Table 3.6: Diversity of Faunal Species in Bangladesh compared to World and Subcontinent in Numbers ... 129
Table 3.7: National Status of Inland and Resident Vertebrates of Bangladesh..........cccoueueveevnrernenrennnnnennnns 131
Table 4.1: Hotspots wise Issues and ChalleNgEes ........coevuevueriniriiiiiiiiiiiincccc e 147
Table 4.2: Flood Calendar of Bangladesh ...ttt 153
Table 5.1: Hotspot-wise Migration in BAU Policy Option (in million) ......ccceveeininiicininciiicciccicccines 193
Table 5.2: Years Required Transforming to Upper Middle Income Country .......cccceevevvevuvnenenenecnicsuesuennennens 194
Table 5.3: Hotspot-wise Migration in BAU Policy Option (in million) ....ccecveeiniiniicininciniiciicnccicnccines 201
Table 5.4: Sectoral Growth Rates (BAU Policy OPtion) .....ccceeceieuicrinenucrinnincninesncisniseinesncisnssesesesscssssssesesaens 204
Table 5.5: Sectoral Growth Rates (Delta Plan Policy Option) ......ccceeveecvinricsinunncinnincsinunncinnsnesesesncesnssesesens 204
Table 5.6: Sectoral GDP Shares (BAU Policy OPtion) ......ccccvriciniiiiininniiisiiissciicccisscissscscsssessesesessnes 205
Table 5.7: Sectoral GDP Shares (Delta Plan Policy Option SCENArI0) .....cceuieirurucinnircrinusncinnsrcsiresneisnssesesesnes 205
Table 5.8: Sectoral Investment Shares (BAU Policy Option)......cccocivunuciniiiininiiicciisncissccissccsesesesnens 206
Table 5.9: Sectoral Investment Shares (Delta Plan Policy Option SCeNario)....c.ccecevevueeerereeserereesenercsessennenes 207
Table 5.10: Sectoral Employment Share (BAU) (%) cccceeerieirererinuicninenscinriseinesseissssesisessessssssessssssessssssessssens 208
Table 5.11: Sectoral Employment Share (Delta Plan Policy Option Scenario) (%) .....cocevueevenricininncinnsncscnnens 208
Table 6.1: Damages resulting from major floods 1974 - 2007 ...t 214
Table 6.2: Population Dhaka of District Applying Population Projections Delta Scenarios.......c.ccecceuevuerucnnene 219
Table 6.3: Impacts on O&M in Different SCeNArios.......cocvviiiiiniiiiiiccc s 220
Table 6.4: Water Demand Projections for Selected Large Cities in Bangladesh (m3/day).......ccceecveurrcucnnee 240
Table 6.5: Total Area of Water Bodies in Bangladesh.........cociiiiriiiiiinininiiiciciciciinicncncecicncsscssenens 255
Table 6.6: Water Demand Projections for Selected Large Cities in Bangladesh, in m3/day........cccovuiuuennneee. 256
Table 6.7: Indicative List of Institutions Related to Different Sectors of the Blue ECOnomy .......cccceevuvvuucnnee. 327
Table 6.8: Key Approaches of High Priority Sectors with Implementation Time Frame .......ccccceevevvvvuenuennen. 328
Table 7.1: Land Utilization/Land Cover of Bangladesh (2010) ...c.ccccvniiniiciiniiniiciinncinccisneiseneenenes 355
Table 7.2: Area and Average Annual Change in Land Use ACreage (%) ....coeuevererceensisinininusssscssscnisssissssssenes 356
Table 7.3: Distribution of Erosion & Accretion (3 Major Rivers of Bangladesh, 1973-2013) ...ccccceuvvinnincncnnne 360
Table 7.4: Summary of Time, Costs and Procedures for Registering Property in Bangladesh..................... 363
Table 8.1: Delta Implications for AGriCUIUIE. ...ttt 380
Table 8.2: Agricultural Production Value Added in Bangladesh (% Constant Prices) .......ceceuvevrunnecrnsnccnnes 382
Table 8.3: Growth Performance of Agriculture and Sub-sectors, FY1972-15 (%/year) ....c.cocvuveeccivinininnnnnen 382
Table 8.4: Average Annual Production of Major Crops and Livestock (000 MT)...cccvvviruruininincciisinininnnes 383
Table 8.5: Evolution of the Fisheries SECtOr DY SOUICE ...cevuireeirceercierieeteeteeeeenteseeseeseeseeeseesssesneseeeeenes 387
Table 8.6: National Livestock Production (in 000S) .....ccvururuiuiuimiiiiinininiiiscncsccssiiisissssssesssessssssssssssssnes 387
Table 8.7: Per Capita Availability of Major Food Items (1994-2011).c.ccueuceirrierirercnnesreninesneinnseesesscsnenssesesens 388
Table 8.8: Frequency of Household FOOd ShOItages ........ccvueiniiniiinriiiininiiinriicinniieisseicisesseessessesesnens 389
Table 8.9: Consumption of Different Food Items (€m/person/day) ......ccoeeueveeceivisinininisusseseeiiisisinnnes 390

Bangladesh Delta Plan 2100 XXXiii



Table 8.10: Climate Change and Potential Impacts on Agriculture.......cocevvvviviiicninicccrccne 393

Table 8.11: Climate Change Factors and IMPacts ...ttt 395
Table 8.12: Technology Generation and Innovations in Bangladesh Agriculture, 2004-14 .......ccccccovvuenveunnneee. 401
Table 8.13: Number of Cultivars Registered for Notified Crops, 2000—14 .....cccvvvirrinririsrinnsininesissisesieensens 401
Table 8.14: Food Demand (million tonne) (SCENAMO 1) c.ciururuieiririiiiiiiiniiiierereeeeiiisissssssesesessssssssessssnes 406
Table 8.15: Food Demand (Million tonNNe) (SCENAMO 2) c.veerveerrrerreetrrerreetrerrenteersesteessesteessessesessessesessessenesnens 406
Table 8.16: Climate Change Risks, Impacts and Adaptation Practices........cocevuvvuevereruererinicicnicnicnnenccneene 407
Table 8.17: Rice Production by HOtSPOTS 2013-2014 c..cicuiieirieiiiiiiiiiienienieeteeeece ettt saessaesaes 418
Table 8.18: Fisheries Production by HOtSpots 2013-14 (t0NNES) cuueuvrueruererrereererereeeeeneeeeeneeeeseneeesseseeseesessenes 418
Table 8.19: Cotton Production iN CHT AFEAS ..ccveeeeeereerereerseerereeseeesesuessseesessessssessssessssessssessssessssessssassssassseses 424
Table 9.1: Major Inland Waterway Networks in EUrope and ASia ......ccceeverininiiiinicnuinininenininicnesnesnenes 433
Table 9.2: Rate of Fare and Freight of Different Modes of Public Transport .......cccceeveverivicicncncnncnncnnnee 436
Table 9.3: Comparison of Cargo Tariff by Modes (BDT/ tonne-Km).......ccceueeirirrininicicninciniiccisccinccines 437
Table 9.4: Productivity Of DIfferent MOAES ....cceeciieiiniiiienieeteeetete ettt sttt et see e aes 437
Table 9.5: Inland Waterway Route Classification.......coceveviininnuinsecnuininniinincnicnicnicnicntineseesecsecsseenes 438
Table 9.6: Classified IWT ROULES (I & 1) cveerueeiiireiiiirieiiirietetnictet ettt sttt saessesessessenessesenessens 439
Table 9.7: Core Waterways Network Recommended in the Master Plan, 2009 .......cccevvrvuiivecnucnucnecnnennne, 439
Table 9.8: Passenger SErvice ROULES....c.cviiiriiiiiiiiiiiiiicntctctctcictcss st eaesae s sse s s s s aesne s 441
Table 9.9: Major IWT Cargo Service ROULES ...ttt bbb s 441
Table 9.10: FEIry SEIrviCe ROULES ...cuiiuiiiiiiiiriiiiiiiiiciicniicit ittt ssaesaesstssstcsstssssssssssssssasssssssasanes 442
Table 9.11: Income & Expenditure of BIWTA (Figure in BDT 1aC) ..o 442
Table 9.12: Drivers in Different Regions of Bangladesh...........ccouueiniiicininicininiciniicinicnicciicnens 444
Table 9.13: Cargo Transport Costs and Revenue with Head load and with Equipment..........ccccevevuenuinnennne. 449
Table 9.14: Average Turnaround Time in handing vessels.........couiiviriiiiiiiiiiiiecccccce e 449
Table 9.15: Waterway Accidents and Fatalities: 2000714 ......covveiiviiriiiiniiiiiiiiiiienientesee e 450
Table 9.16: Hydrographic Survey of Waterways ...t sscscssessessesssssesssenns 454
Table 9.17: Total Volume of Dredging: FY2006-FY2015....ciiiiiniiniiiniiiiiniiiciniiicincicesseieessesseessesseseenens 454
Table 9.18: Dredging Volume in the Ferry ROULES .....cocoeruiriiiiiiiiniiniiniiicicicicicisnccecscncaesse s 455
Table 9.19: Estimated Dredging REQUIr@MENt .....cc.cvuiviiririiiiiiiiiiniiinitcr et se s enis 455
Table 9.20: Existing Dredger Fleet of BIWTA ..ottt 456
Table 9.21: Private Sector Participation in Navigation Dredging........cceeevvereevinieviinrieienniecinrieceniceeneenenns 457
Table 9.22: Dredging Volume in the Haor and Flash FIood Area..........coucvveeieivriieiniinieiniiieinriiciniineneenens 458
Table 9.23: Equipment of Navigational Aids in Waterways.......ccuceviiiiiniiininiciniicinicessesnecssessesnsnens 459
Table 9.24: Aids to day/night NaVigation ...ttt ssessessssessessssens 459
Table 9.25: Total Number of Passengers and Cargo Handled by Inland Waterways .......ccceceevvivieenrisiccnncns 460
Table 9.26: Passenger and Cargo Throughputs of River Ports (BDT in Million) .......cccevuvueiniincscinncinnincscnnnes 461
Table 9.27: Cargo Handled by the Chattogram Port (Metric tonNNes)......coevveucccciinininisissiccciiiissssenenens 461
Table 9.28: Projection of IWT Container Traffic (000 TEU) ....ccccvuicriniiirinricininniisicisisncissnesensnesssesesessns 462
Table 9.29: Movements of Vessels & Cargo under Protocol on Inland Water Trade & Transit.......c.cceueueeee. 463
Table 9.30: Cargo of India-Bangladesh Bilateral Trade (in tONNE) .....cccvuvivirvrvercriciinininininisisccccsiiinnes 463
Table 9.31: VOIUME Of IWT Transit Trade ....ceeceeeeeeeereeerseereereeeeeereeeseesseessteesesesesssesssesseesseessesssssssesssesssssnsessessnes 464
Table 9.32: Key Routes of India-Bangladesh Inland Water Transit and Trade......cccocvevervrvvicsucsenninncnnnene 465
Table 9.33: ADP Allocation in the Surface Transport in Percentage........coevvevveviivicninineneninnicsncsenenenneenns 469
Table 10.1: Water SUPPIY COVEIagE....cuiiiriiiiiitiiitiientecicnt ettt ae s 492
Table 10.2: Water Supply Coverage in Urban Areas, MICS Report, 2012-13 ....cccveruemrinieinenicnneniennsessenenens 493
Table 10.3: Piped Water Supply -Coverage, Production, Consumption and Loss of Water........cocceeveveuinnns 493

General Economics Division

XXXV



Table 10.4: Water Supply Norms for INdian Gties......coeeereriineineenicrenenininestsreecentee st 494

Table 10.5: Distribution of Urban Local Government Bodies (ULGBs) by Water Consumption ...........e..u.... 494
Table 10.6: Water Supply Status in Dhaka City.....cccceeveveniniiiiiiniininininiiicicncscsnesie st seesessessessesesssens 495
Table 10.7: Water Supply Status in Other Cities UNder WASAS .....cucouiviinirniiniinnicniinicnnicnnienesicsnssseesseenes 495
Table 10.8: Piped Water Supply Status in Paurashavas, 2009 ......ccccucveririiiiirniinicnininininicicsscssessesesnenns 496
Table 10.9: Cost of and Revenue from Water SUPPIY c.cccveririiernienecnininintnectcecienitee st sesreseesse st 496
Table 10.10: Distribution of ULGBS by COSt RECOVETY ....uuivuiruiiiriiriienieniiniititetceeeienitee st stevesaessesssesesnens 497
Table 10.11: Service Level and Operating Efficiency Indicators for Urban Water Supply......ccccoevvevruiniennnnens 497
Table 10.12: Main Climate Change Hazards and Impacts on Water Supply Installation in Different Zones...501
Table 10.13: Estimated Volume of Wastewater in Dhaka, Khulna and Faridpur........cceccevvevieniniiininsinnecnee. 512
Table 10.14: Volume of Industrial Wastewater in DNaka ...c..ceeveereviereiereniennieneneeneeeieeeeeeeseeeseeesensessseessssesenes 512
Table 10.15: Destination of Extracted SIUAZE .......cvevevriiiiniiniiiiiicicictctcr s 513
Table 10.16: Service Level and Operating Efficiency Indicators for Urban Sanitation .........cceeeevviniivrnnnneee. 515
Table 10.17: Growth in Solid Waste Generation in Bangladesh since 1991......ccveievniciiinicinenccicenicicenene 521
Table 10.18: Dhaka Solid Waste Comparative Scenario: BIGD and other Studies ......ccccoevevervrirecvenuinnennns 522
Table 10.19: Waste Generation Rate of Six City COrporations........cceeeuevecrerinininninsicsucsrcneneneninecseessesensens 522
Table 10.20: Waste Generation Rate of 6 Paurashavas (Class A)....cccveeieieinercinnircsiniicisnnnesisesessnssesesnsnes 523
Table 10.21: Households’ Waste Generation (daily): Volume and COMpOSItion .........cceuveveerrcrinerecinnsnccnnnes 523
Table 10.22: Waste Collection Efficiency of City COrporations .......ceceeevcverininiininnecsucnrcnineneninnecseessesennens 525
Table 10.23: Waste Collection Efficiency of A-Class Paurashava .........coeeveeeceivnniincnncnnicnicnennenncnneenecnees 525
Table 10.24: Waste Management Cost Analysis of Four City Corporation Areas ........ccovueeveveniccicnsicecnnnnne 525
Table 10.25: Waste Management Cost Analysis of High Waste Generating Paurashavas (Class A)............... 526
Table 10.26: DCC North and South — SWM COSt Per TONNE......ccuiiiiiiiiriiniiniiincrcrcieaessese st caessesaessees 526
Table 10.27: Income from Solid Waste Management .........c.ceeeevereieieriieiiiinieriiteeeeeseseeese e sesenes 526
Table 10.28: Solid Waste Management EXPenditure ...ttt 527
Table 10.29: Investment Requirements for Various SWM ACtiVitieS.....cccveviririciiniiniiniininininicicicicnncnens 528
Table 10.30: Characteristics of Major Khals in Dhaka City .....eecceeeeeiereerenrienieerenceeeenee et ceeeseeeees 535
Table 10.31: Characteristics of Major Sub-System in Sylhet City .....cccoevuivinininiiiiiiiciincccecicicne 537
Table 10.32: Total Estimated Cost of Adaptation of Structural Measures for Five Zones .......ccovevuvvveerucnee. 542
Table 10.33: Coverage Percentage by Urban Drainage up t0 2025 .....eveeeiieieiinienienincenicicicnesesneeseennnes 543
Table 10.34: Conventional and Alternative Approaches to Stormwater Management..........cocceveeuenuerucennnne 545
Table 11.1: Delta Investment Requirements (% 0f GDP) c..c.cccvvucririierinericninniscninesscisssseisesscissssesessssesssssseseseens 556
Table 11.2: Fiscal Framework for Delta Investment Financing during FY2016- FY2031...cccovvininicinniniccnnens 559
Table 11.3: Sources of Public Sector Financing for the BDP 2100 IP .......ccviiiiriniiininiiiitiicenieicecieieneenens 560
Table 11.4: Public Sector Allocation for Delta-related Programmes ..........ccceeeeveeevereineereinncneenecneeesesesenenes 562
Table 11.5: Selection of international practices on Innovative Finance for Water ........cccocevvvveevcccncncnnenne. 565
Table 11.6: Indicative Composition of Public Investment under the BDP 2100 during FY2019-FY2031........... 582
Table 12.1: List of Major Water Related Policies, Acts and Programmes ........ccevuevenrinicininicninisiesinisieninnens 594
Table 12.2: Legal Framework for Environmental Management .........cooevvenieeniniiininiieniniieniieenneneneenens 597
Table 12.3: List of important Policies and Programmes in other Delta-related Ministries......ccceceverirerneene. 597
Table 12.4: Suggested Regional Water Management BOdies.......oeoveiereieinreieinteicinieieieteeeeeteseeesese e 611
Table 12.5: Summary of Delta Governance and Institutional RefOrms .......cceceeeeeercciseincnncnecninniineenecnne. 614
Table 13.1: The 84 Programmes 0f NWIMP ...ttt nesenns 622
Table 13.2: Delta Related Data MONItOrING.....ccueviiiiiriiniiriiciiccctcrcc e 624
Table 13.3: Sources of Data 0N Water RESOUICES......c.civuiiuerieriiiiieiietieeseeetee st seeseesstesstesstssssssasssaes 625

Bangladesh Delta Plan 2100 XXXV



Table 13.4: Hydro-Metrological Data Collection SOUICES ......veiereeieirrinteiititeieriteteritetereteeereseeesesennenees 626
Table 13.5: The BDP 2100 Development Results Framework ........ccceceeveerenniecnirciiiinsenicnieneeseeseeeeeeenees 631
Table 13.6: Data Requirements fOr BDP 2100 DRF .....couiiiiiiiruiiieinieiieeieitsienie ettt eesaessaeeesnes 634
Table 14.1: Delta-Related Government Information Databases in Bangladesh........ccoevninieininiiininicinnens 643
Table 14.2: Institutions Involved in Knowledge Creation, Updating and Dissemination .........ccceceevvuenieunnnens 644
Table 14.3: Top Ten Most Popular Portals on the Web......c..oiiiiniiniininninniniiniinicnnicnniiicnicnicnicsneenes 646
Table 14.4: BDP 2100 Knowledge AZenda.......coveeiiiiiiiiiniintiiiiicicictciesicnccntctsnssesesscs e sae s sssessessesses 652
Table 14.5: Agencies involved in Delta related Knowledge Management.........cccceereerrereeererncennereeerenennnnen. 659
Table 14.6: Main target groups and potential USES .......ccoevevieiiiiiiniiniiniiicicctccc e 667

General Economics Division

XXXVi



List of Boxes

Box 2.1: Description of Sample Surveys

Box 5.1: Assumptions on the Threshold of Upper Middle Income Country
Box 5.2: Assumptions: Environmental Risk Parameters

Box 6.1: Strategic Framework for River Management of Jamuna and Padma Rivers

Box 11.1: Green Climate Fund for Climate Change Adaptation in Developing Countries
Box 12.1: The Dutch Delta Management

Box 12.2: Decentralized Water Management in the Netherlands
Box 14.1: National Water Resources Database

Bangladesh Delta Plan 2100 XXXVii



List of Maps

Map 1.1: Hydrological Regions of Bangladesh..........cueueiiereiiereiietiiiciciicttcrtctees s 9
Map 1.2: Percentage of Projected Flooded Area in Bangladesh in 20305 and 20505 ......ccccvuevinenuiinninncisncnnns 16
Map 1.3: Barind and Drought prone (Kharif) areas of Bangladesh ... 18
Map 1.4: Barind and Drought prone (Rabi and Pre Kharif) areas of Bangladesh ........ccevuviviniruriircrccnccncinnne 18
Map 1.5: River Bank Erosion in Bangladesh.........eiiiiiiiiniiicicicicccnccctccsnc s 19
Map 1.6: Coastal Flooding under BAU SCENATIO....ceeiriererieieteriieteiteteeteseiitesestesesesesessesesssesessssesessnesessas 21
Map 1.7: Coastal Flooding under EXT SCENATIO ..couevueruiiiiiiiiiiiiiniiiiiicieiessese st saesss s esssssessessess 22
Map 1.8: Soil Surface Salinity EXtents in 2005 @Nd 2050 ....cccceereeriririineineenreneneneseiteteeressesestesesseeseessessessens 23
Map 1.9: Soil Salinity and Water Salinity Condition in Coastal Zone, 1973-2009.......ccccvuvvvercrerinerecsecsvessennens 24
Map 1.10: Risk from Major Cyclones in 1960—2000 .....ccceverriiirrisuisrisininiiiiiesiesiissessisseseessessessessessessesssssennes 26
Map 1.11: High-risk Storm Surge Inundation Area for 2050 EXT SCENATIO ...ccvevererreeerirreeerenreeerinreeeseerenennenenns 27
Map 1.12: Morphological Zones of Coastal Area of Bangladesh ..ot 34
Map 1.13: Effect of Sea Level on 2 ppt Salinity contour (A1B, 2050) c.c.cevurueieericrinureninnsrenesnsecisnsresesnsessesnssenes 36
Map 1.14: River System of Northwest REZION ......ccuvuiiiiriiiiiniiiiiicccc s 39
Map 1.15: River system of Northwest Region in 1776 and 2010 and Historical Changes of the Teesta River.. 40
Map 1.16: River System Map of Northeast REZION .....coevueriiieiiiiiiniiiniiicictctccccrc e 43
Map 1.17: River System of Bangladesh in 1776 and 2010......ccuecveiniiiiiniiiiiniiicicctcc s 47
Map 1.18: Erosion Characteristics 0of Major RIVEIS ..ot 48
Map 1.19: Erosion-Accretion along the Jamuna during 1973-2018....c..coviviiiiiiniiniinininicecicicicneneseeneennes 49
Map 1.20: Erosion-Accretion along the Ganges River 1973-2018 ......covviiiiiiiiicnienieniiciniciciciciecneese e 50
Map 1.21: Erosion-Accretion along the Padma River 1973-2018......ccviiiciiiininininiiicicicsicennienececscsessennens 51
Map 1.22: Erosion-Accretion along the Meghna River (1973-2012) ... 52
Map 1.23: River Systems Map of Eastern Hill REZION........ccevvviiriiiiiiiiiiiictcc s 56
Map 1.24: Historical Evolution of RIVErs in CHT....ciciiiiiiiiiniiniiiiiiiiicnicnicntcnntnntsne e secssecsssssssssssssasssssssees 57
Map 2.1: Hazard Map of Bangladesh by DiStrict .......cccoovuieiriniiiiiniiiiiicicicctccte s 89
Map 2.2: Barguna DIiStriCt IMAP «eeecueeieeiieiiiieiiciectestectctet ettt ne 96
Map 2.3: Patuakhali DiStrict Map c..ccceceeeeeiniiiiiiiiiiiicnicnieetnitsiesecssiessteetssesaesaesseesstesssssssssssssssssssssassnssones 98
Map 2.4: BOgUra DiStriCt MAD ceueecueeiieieniieiiiiiiieciecicct ettt e s e s e b sae e s e ssnennnenns 100
Map 2.5: FENi DISEFCE MAP weeeuieiieiieiietetetectctctect ettt n e nne 101
L o a0 g = T T 1 = o J T 103
Map 2.7: Bagerhat DiStrict Map .ocuceeeeiieiiiiieiitcccctertc e ae s ne 106
Map 3.1: Groundwater Zoning Maps of Bangladesh, 2004 and 2010.......cuvvieevniieieniiiciniicencicenceeneens 119
Map 3.2: Bio-ecological Zones of Bangladesh...........uviieininieininiiiniiiiciicicssseenesenes 122
Map 3.3: Swatch of No Ground - Bangladesh's First Marine Protected Area........ccoeveeivieininieicinncsncnnnennes 125
Map 3.4: Forest Zones of Bangladesh ...ttt 128
Map 3.5: Protected Areas of Bangladesh.......oiiiniiiiniiicic e 130
Map 4.1: Spatial Extent of Different Types of Floods in Bangladesh..........ccccoviiininivininisininiicniicincnnes 154
Map 9.1: India-Bangladesh Protocol Map ....cccocueinininiiiiiiiiiiiiiniicicicteicsessise st essesscssessessessesssessens 465
Map 10.1: Zoning of Dhaka for Hydrological StUdY ........cuueieueiriiiiiniciiitcttcetcetct e 542

General Economics Division

XXXViii



List of Annex Tables

Table A2. 1: Coastal Zone District Level Poverty and Inequality (%) ..c.ceeeeeeeererereseneseneneneineseeneseeeeseneneens 688
Table A2. 2: Barind and Drought Prone District Level Poverty and Inequality (%) .....cocovereerrcrenuinccnnincncnnen. 688
Table A2. 3: River Systems and Estuaries District Level Poverty and Inequality (%) ....cccooeeeeerererereeeereenen 689
Table A2. 4: Coastal Zone Sub-District Level Poverty and INnequality (%) ....coceeveeeemrerenereresenesenereeeeseseeneens 689
Table A2. 5: Barind and Drought Prone-District Level Poverty and Inequality (%) ....cocovevenricrennsnccnnsncscnens 690
Table A2. 6: River Systems and Estuaries -District Level Poverty and Inequality (%) ...c.cooeeeeerererereeeerenenenne. 691
Table Bs. 1: Key Macroeconomic Indicators BAU Policy Option, FY2016 t0 FY2041 ..cccvirvivsiinicnucnneccnennnes 693
Table Bs. 2: Key Macroeconomic Indicators Delta Plan Policy Option, FY2016 t0 FY2041...c.cccccvevucruerncrnnnne 695
Table Bs. 3: Employment and Poverty Outcomes under Business as Usual (BAU) Option, FY2016- FY2041697
Table Bs. 4: Employment and Poverty Outcomes in the Delta Plan Option, FY2016- FY2041 ......ccceuveueuneeee. 698
Table Bs. 5: Resource Requirements to Mitigation and Adaption Measures in Delta Plan Option, FY2016-

L 10 PN 699
Table Bs. 6: Population Dynamics Delta Plan Policy Options, FY2016 - FY2041....cccvnivinicicnicsicnnennennennnene 700
Table Bs. 7: Population Dynamics BAU Policy Option, FY2016- FY2041 ....covvviiviinininininicicicncnnenneeneennnns 700
Table Bs. 8: Labour Force Dynamics Delta Plan Policy Option, FY2016 - FY2041....cccceeveneneninninsecsecsucnncnnns 701
Table Bs. 9: Labour Force Dynamics BAU Policy Option, FY2016 - FY2041 ....cuiiiiiicniiniiniininnieecicnesiessenens 701
Table Bs. 10: Migration Dynamics Delta Plan Policy Option, FY2016 — FY2041 ....ccccvvviiniininininenicvcnncnncnnens 702
Table Bs5. 11: Migration Dynamics BAU Policy Option, FY2016 — FY2041 .c.ccvvniiiiiniciiiicicenicicenicicnennes 702
Table Bs. 12: Moderate Poverty Dynamics, FY2016 -FY2041..c.uuininuinirniininncnicnicnienniennsseesecssesssesoseenes 703
Table B5. 13: Extreme Poverty DYNamiCS, 20162041 ..ccuceirrierrerireeriiennniereiesiiesenuesseesessessnesessessssesossesssseses 704
Table B5. 14: Nominal GDP per Capita, FY2016 -FY2041 .cccvirniniiniiniiniiiiniinicnientcnecnccsccscssessessessesnes 705
Table Bs. 15: Impact on Capital and Employment due to Environmental Degradation, 2016 -2041............... 706
Table Bs. 16: Income Loss due to Environmental Degradation, 2016 -2041.......cccvueieienvenieneneeeciesneniensennnn 707
Table B5. 17: Net Cultivable Land Area, FY2016 -FY2041 ccccvtrrverererrierenieneeereneeseeeseneesseesessessnesossessssessssasenee 707
Table Bs. 18: Bangladesh: Loss of Flood and Cyclone, FY2016 -FY2041 c...ccovivieviiricniinininicicnicnscssennienennnenns 708
Table Bs. 19: Capital Stock in Bangladesh at Constant Prices (Billions of Taka) ......cccceuvvieiiucvcninncninnccnnnee 712
Table Bs. 20: Historical Threshold Values for Determination of INcOMe Group........cceeeuenerererececsuesuennennens 713
Table Bs. 21: Forecasted Threshold Values for Determination of INncOme Group ......cocccvvverecneenervsecsseensecnnnes 714
Table Bs. 22: Quantification of socio-economic developments - all scenarios (productive, resilient, moderate,

et 4117 OO 715
Table C6.1: Number of readings exceeding 8m (normalised) ... 720
Table C6.2: Percentage (%) of wells in each type category, long term trend (1985 -2010) ....cccoevuruvirrincrcrnnnee 721
Table C6.3: Percentage (%) of wells in each type category; short term trend (2000 = 2010) ..ccceuvueureurucncnnnne. 721
Table C6.4: Sustainable Development GOal 14 ...cuivuiiiiiiiniiniiiiiiiiiiniiic st 725
Table C6.5: Qualitative assessment of sectors in blue @CONOMY .....ceceerrveriierirerireercerreeneeneeneeseteseeeseeeeesanes 728
Table D11.1: Public Sector Allocation to the Water SECTOr.....ccuiiciriieieriiierereereeeee ettt enee 731
Table D11.2: Integrated & Holistic Water Resources Management Approach ........cceveveeevecicicceeneennennen, 732

Bangladesh Delta Plan 2100 XXXiX



Acronyms and Abbreviations

ADIEM Delta Development Integrated Emulator Model

4S Steps for Sustainable Sanitation Services Project of the Water Supply Program of the World Bank
A1B Climate Change Scenario developed by the IPCC

A1FI Climate Change Scenario developed by the IPCC

A2 Climate Change Scenario developed by the IPCC

A2i Access to Information

ADB Asian Development Bank

ADM Adaptive Delta Management

ADP Annual Development Programme

AlS Agriculture Information Service

AOGCM Atmosphere-Ocean Global Circulation Models

AR5 Fifth Assessment Report of IPCC

ASLR Accelerated Sea Level Rise

ATP Adaptation Tipping Points

B1 Climate Change Scenario developed by the IPCC
BADC Bangladesh Agricultural Development Corporation
BAEC Bangladesh Atomic Energy Commission

BAPA Bangladesh Poribesh Andolon

BAPEX Bangladesh Petroleum Exploration & Production Co. Ltd
BARC Bangladesh Agricultural Research Council

BARI Bangladesh Agricultural Research Institute

BAU Business as Usual

BBIN Bangladesh, Bhutan, India and Nepal

BBS Bangladesh Bureau of Statistics

BCAS Bangladesh Centre for Advance Studies

BCCSAP Bangladesh Climate Change Strategy and Action Plan
BCCTF Bangladesh Climate Change Trust Fund

BCM Billion Cubic Meters

BDHS Bangladesh Demographic and Health Survey
BDP2100 Bangladesh Delta Plan 2100

BECA Bangladesh Environment Conservation Act

BEMP Bangladesh Environmental Management Project
BEZA Bangladesh Economic Zone Authority

BFD Bangladesh Forest Department

BFRI Bangladesh Fisheries Research Institute

BFoRI Bangladesh Forest Research Institute

BIDS Bangladesh Institute of Development Studies

BIGD BRAC Institute of Governance and Development
BIMSTEC Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation

General Economics Division



BIP
BIP
BIRDEM
BIWTA
BIWTC
BMD
BMDA
BMDF
BNBC
BoB
BoBLME
BOD
BORI
BOT
BQ

BR
BRRI
BRT
BSCIC
BTM
BUET
BWDB
BWFMS
CA

CAG
CASE
CBA
CBD
CBN
CBOs
CBRMP

ccc
CCNR
CDA
DM
CDMP
CDR
CDSP
CEGIS
CEIP
CEP

Bangladesh Institute of Planners

Barind Irrigation Project

Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic Disorders

Bangladesh Inland Water Transport Authority
Bangladesh Inland Water Transport Corporation
Bangladesh Meteorological Department

Barind Multi-purpose Development Authority
Bangladesh Municipal Development Fund
Bangladesh National Building Code

Bay of Bengal

Bay of Bengal Large Marine Ecosystem Project
Biochemical Oxygen Demand

Bangladesh Oceanographic Research Institute
Built-Operate-Transfer

Blackquarter

Bangladesh Railway

Bangladesh Rice Research Institute

Bus Rapid Transit

Bangladesh Small and Cottage Industries Corporation
Bangladesh Transverse Mercator

Bangladesh University of Engineering and Technology
Bangladesh Water Development Board

Bangladesh Water and Flood Management Strategy
Conservation Agriculture

Comptroller and Auditor General

Clean Air and Sustainable Environemnt

Community Based Adaptation

Convention on Biological Diversity

Cost of Basic Needs

Community Based Organizations

Community-Based Resource Management Project
Copenhagen-Cancun

Chattogram City Corporation

Central Commission for the navigation of the Rhine
Chattogram Development Authority

Clean Development Mechanism

Comprehensive Disaster Management Programme
Crude Death rate

Char Development and Settlement Project

Center for Environmental and Geographic Information Services (CEGIS)
Coastal Embankment Improvement Project

Coastal Embankment Project

Bangladesh Delta Plan 2100

xli



CETP Centralized Effluent Treatment Plant

CFAB Climate Forecast Applications in Bangladesh

CHT Chattogram Hill Tracts

CHTDB Chattogram Hill Tracts Development Board

CIp Country Investment Plan

cis Corrugated Iron Sheet

CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora
CIWTC Central Inland Water Corporation Limited

CcLoO Certificate of Land Ownership

CMS Convention on Migratory Species

Ccob Chemical Oxygen Demand

COP21 Conference on Parties 21

Coz Contiguous Zone

CPA Chattogram Port Authority

CPHEEO Central Public Health and Environmental Engineering Organization
CPI Consumer Price Index

CR Critically Endangered

CREL Climate-Resilient Ecosystems and Livelihoods

CSA Climate-Smart Agriculture

CSICRD Climate Smart Integrated Coastal Resource Database
CSIRO Commonwealth Scientific and Industrial Research Organisation
CSOs Combined Sewer Overflows

Ccus Centre for Urban Studies

CWASA Chattogram Water Supply and Sewerage Authority
CWBMP Coastal and Wetland Biodiversity Management Project
Cwu Canal Water Uplifting

DAE Department of Agriculture Extension

DAM Department of Agriculture Marketing

DANIDA Danish International Development Agency

DAP Detailed Area Plan

DBHWD Directorate of Bangladesh Haor & Wetlands Development
DD Data Deficient

DDM Department of Disaster Management

DEM Digital Elevation Model

DEM Disaster Emergency Management

DEPTC Deck Engine Personnel Training Center

DFID Department for International Development

DGC Delta Governance Council

DHV Daily Hourly Volume

DIEM Delta Dynamic Integrated Emulator Model

DIP Delta Investment Plan

DIS Digital Information System

General Economics Division

xlii



DKRZ
DL
DLDD
DLMS
DLRS
DLS
DMA
DMFRM
DMTCL
DNCC
DND
DO
DoE
DoF
DoS

DP

DPs
DPHE
DRAS
DRF
DScC
DSSAT
DTWs
DWASA
DWT
ECAs
ECNEC
ECNWC
ECNWRC
ECR
EEF
EEZ
EGPP
EH

EKN

EN

EPR
EQS
ERD
ERRRP
ERWR
ESPA

Helmholts Centre and the German Climate Computing Centre
Danger Level

Desertification, Land Degradation and Drought
Digital Land Management System

Directorate of Land Records and Surveys
Department of Livestock Services

Dhaka Metropolitan Area

Digital Marine Fisheries Resource Mapping

Dhaka Mass Transit Company Limited

Dhaka North City Corporation
Dhaka-Narayanganj-Demra

Dissolved Oxygen

Department of Environment

Department of Fisheries

Department of Shipping

Delta Plan

Development Partners

Department of Public Health Engineering

Drought Assessment framework

Development Results Framework

Dhaka South City Corporation

Decision Support System for Agrotechnology Transfer
Deep Tubewells

Dhaka Water Supply & Sewerage Authority
Deadweight Tonnage

Ecologically Critical Areas

Executive Committee of National Economic Council
Executive Committee of the National Water Council
Executive Committee of the National Water Resources Council
Environment Conservation Rules

Equity and Entrepreneurship Fund

Exclusive Economic Zone

Employment Generation Programme for the Poorest
Eastern Hills

Embassy of The Kingdom of the Netherlands
Endangered

Extended Producer Responsibility

Environmental Quality Standard

Economic Relations Division

Earthquake Risk Reduction and Recovery Preparedness Programme
Externally Renewable Water Resources

Ecosystem Services for Poverty Alleviation

Bangladesh Delta Plan 2100

xliii



ETPs Effluent Treatment Plants

EU European Union

EXT Extreme Scenario

EXIM Export-Import

EWS Early Warning Systems

FAO Food and Agriculture Organization

FAP Flood Action Plan

FCD Flood Control and Drainage

FCDI Flood Control, Drainage and Irrigation Projects
FD Forest Department

FDI Foreign Direct Investment

FEWS Flood Early Warning Systems

FGT A Measure of Poverty

FMD Foot and Mouth Disease

FMDI Flood Management, Drainage and Irrigation
FPMU Food Planning and Monitoring Unit
FRERMIP Flood and Riverbank Risk Management Investment Program
FRM Flood Risk Management

FRSS Fisheries Resource Survey System

FSM Faecal Sludge Management

FY Financial Year

FYP Five Year Plan

FW Freshwater

GBM Basins The Ganges, the Brahmaputra and the Meghna Basins

GCF Green Climate Fund

GCM General Circulation Models
GCM Growth Center Markets

GCRI Global Climate Risk Index

GDA Ganges Dependent Area

GDP Gross Domestic Product

GED General Economics Division

GEF Global Environmental Facility
GHG Greenhouse Gas

GIS Geographic Information System
GIZ Gesellschaft fur Internationale Zusammenarbeit
Gm Gram (weight)

GMO Genetically Modified Organism
GNI Gross National Income

GNP Gross National Product

GoB Government of Bangladesh
GoN Government of the Netherlands
GPS Global Positioning System

General Economics Division

xliv



GTF
([QW
Ha
HDRC
HEIS
HH
HIC
HIES
HRA
HRD
HS
HtR
HYSAWA
HYVs
IBA
IBD
ICD
ICDDR,B
ICM
ICOR
ICRD
ICS
ICT
ICTL
1ICZM
ICZMP
IDA
IDCOL
IEDCR
IFI
IHO
IHWRD
IMED
IMME
IMF
INBF
INDC
INGER
IORA
IPCC
IPM
IPNS

Green Transformation Fund

Groundwater

Hectare

Human Development Research Centre

Health Emergent International Services

Household

High Income Country

Household Income and Expenditure Survey

Hard to Reach Area

Human Resources Development

Hemorrhagic Septicaemia

Hard to Reach Area

Hygiene, Sanitation and Water Services
High-yielding Varieties

Important Bird Areas

Infectious Bronchities

Inland Container Depot

International Centre for Diarrhoeal Disease Research, Banglades
Integrated Coastal Management

Incremental Capital Output Ratio

Integrated Coastal Resources Database

Improved Cook Stoves

Information Communication Technology

Inland Container Terminal

Integrated Coastal Zone Management

Integrated Coastal Zone Management Planning
International Development Asspciation
Infrastructure Development Company Limited
Institute of Epidemiology, Disease Control and Research
International Financial Institutions
Intergovernmental Oceanographic Commission
Integrated Haors & Wetlands Resources Database
Implementeation, Monitoring and Evaluation Division
Integrated Management of the Marine Ecosystem
International Monetary Fund

Implementation of the National Biosafety Framework
Intended Nationally Determined Contributions
International Network for Genetic Evaluation of Rice
Indian Ocean Rim Association

Inter-Governmental Panel for Climate Change
Integrated Pest Management

Integrated Plant Nutrient Management System

Bangladesh Delta Plan 2100

xlv



IPPC Integrated Pollution Prevention and Control

IPTT Immovable Property Transfer Tax

IRP Iron Removal Plant

IRRI International Rice Research Institute
IRWR Internal Renewable Water Resources

ISSA Inland Ship Safety Administration

ISWM Integrated Solid Waste Management

ITN International Training Network

ITO International Terminal Operators

IUCN International Union for Conservation of Nature
IWAI Inland Waterways Authority of India

IWFM Institute of Water and Flood Management
IWSM Integrated Water Supply Management
IWM Institute of Water Modeling

IWMI International Water Management Institute
IWP India Water Partnership

IWRM Integrated Water Resources Management
IWT Inland Water Transport

IWTP Inland Water Transport Protocol

JCE Joint Committee of Experts

JICA Japan International Cooperation Agency
JMP Joint Monitoring Programme

JRC Joint Rivers Commission

JTC Joint Technical Committee

JTST Joint Technical Study Team

JWG Joint Working Group

KCC Khulna City Corporation

KJDRP Khulna-Jashore Drainage Rehabilitation Project
km Kilometre

kwWh Kilowatt Hours

LAD Least Available Depth

LcC Lambert Conformal Conic Projection

LDCs Least Developed Countries

LED Light-Emitting Diodes

LFS Labour Force Survey

LGD Local Government Division

LGED Local Government Engineering Department
LGl Local Government Institutions

LGRD Local Government and Rural Development
LIS Land Information System

LLP Low Lift Pumps

LME Large Marine Eco-system

General Economics Division

xlvi



LMI
LNG
LOA
LPCD
LPL
LPG
LUCF
M
M&E
MAC
MACH
MBR
MCSP
MCP
MDGs
MFI
MGC
MHRP
MICCA
MICS
MIE
MIS
MLD
MMT
MoA
MoDMR
MoEF
MoFA
MoFL
MoHFW
MoL
MoLGRD&C
MolJ
MoP
MoSIWT
MoU
MoWR
MPA
MPA
MPO
MRA
MRC

Lower Middle Income

Liquefied natural gas

Length Overall

Litres per Capita per Day

Lower Poverty Line

Liquefied petroleum gas

Land Use Change and Forestry

Metre

Monitoring and Evaluation

Middle-class and Affluent Consumers
Management of Aquatic Ecosystem through Community Husbandry
Madaripur Beel Route

Multi-purpose Cyclone Shelter project
Municipal-Community Partnership
Millennium Development Goals

Micro Finance Institutions
Mongla-Ghashiakhali Channel

Million Hectare Reforestation Program
Mitigation of Climate Change in Agriculture
Multiple Indicator Cluster Survey
Multilateral Implementation Entity
Management Information System

Million Litres per Day

Million Metric Tonnes

Ministry of Agriculture

Ministry of Disaster Management and Relief
Ministry of Environment and Forest
Ministry of Foreign Affairs

Ministry of Fisheries and Livestock

Ministry of Health and Family Welfare
Ministry of Land

Local Government, Rural Development and Cooperatives
Ministry of Law and Justice

Ministry of Planning

Ministry of Shipping and Inland Water Transport
Memorandum of Understanding

Ministry of Water Resources

Mongla Port Authority

Marine Protected Area

Master Planning Organization
Microfinance Regulatory Authority

Mekong River Commission

Bangladesh Delta Plan 2100

xlvii



MRT Mass Rapid Transit

MSL Mean Sea Level

MSP Maritime Spatial Planning

MSY Maximum Sustainable Yield

MT Metropolitan Thana

MtCO,e Mega tonne of Carbon Dioxide equivalent (measure for emissions of GHGs)
N/A Not Applicable

NABAR National Bank for Agriculture and Rural Development
NAP National Action Program

NARS National Agriculture Research System

NBSAP National Biodiversity Strategy and Action Plan
NC North-Central

NCA Net Cultivable Area

NCD Non Communicable Disease

NCS National Conservation Strategy

ND New Castle Disease

NDA National Designated Authority

NDC Nationally Determined Contributions

NE Northeast

NEDECO Netherlands Engineering Consultants

NEMAP National Environment Management Action Plan
NGOs Non-governmental Organization

NIE National Implementation Entity

NILG National Institute for Local Government

NIMTP National Integrated Multimodal Transport Policy
NLUP National Land Use Policy

NMC Nuclear Medicine Centres

NMI Nuclear Medicine Institute

NMTPF National Medium Term Priority Framework
NORAD Norwegian Agency for Development Cooperation
NORI National Oceanographic Research Institute
NRLP National River Linking Project

NSB National Seed Board

NSDS The National Sustainable Development Strategy
NSP Nishorgo Support Project

NW Northwest

NWA National Water Act

NWFP Non-Wood Forest Produce

NWMP National Water Management Plan

NWPo National Water Policy

NWRC National Water Resources Council

NWRD National Water Resources Database

General Economics Division

xlviii



o&M
ocCs
oM
PAs
PCNs
PDO-ICZM
PET
PGA
PGl
PHC
PIWTT
PM
PMU
POPs
PPA
PPP
PPR
PRI
PRIF
PSF
PW
PWD
PWM
PWSS
R&D
RAJUK
RAMSAR
RBM&E
RBOs
RCM
RCP
RE
REB
REDD
RHD
RHF
RMG
ROR
RRI
RSV
RTI
RWH

Operations and Maintenance

Outer Continental Shelf

Organic Matter

Protected Areas

Project Concept Notes

Program Development Office for Integrated Coastal Zone Management
Potential Evapotranspiration

Peak Ground Acceleration

Poverty Gap Index

Primary Health Care

Protocol on Inland Water Transit and Trade
Particulate Matter

Project Management Unit

Persistent Organic Pollutants

Payra Port Authority

Public Private Partnerships

Peste de Petits Ruminants

Policy Research Institute
Pre-Investment Feasibility

Pond Sand Filter

Production Well

Public Works Department

Participatory Water Management
Pourashavas Water Supply Sections
Research and Development

Rajshahi Unnayan Kartripakkha
Convention on Wetlands

Results-Based Monitoring and Evaluation
River Basin Organizations

Regional Climate Models
Representative Concentration Pathway
Rivers and Estuaries

Rural Electrification Board

Reduced Emissions from Deforestation and Degradation
Roads and Highways Department
Relatively Hazard Free

Ready Made Garments

Record of Rights

River Research Institute

River Sea Vessel

Right to Information

Rainwater Harvesting

Bangladesh Delta Plan 2100

xlix



SAARC South Asian Association for Regional Cooperation

SC South-central

SCA Seed Certification Agency

SDGs Sustainable Development Goals

SDP Sector Development Plan

SE Southeast

SEMP Sustainable Environment Management Program
SEZ Special Economic Zone

SHS Solar Home Systems

SIDS Small Island Developing States

SIP Sector Investment Plan

SL Safety Level

SLR Sea Level Rise

SMA Statistical Metropolitan Area

SME Small Medium Enterprise

SoB Survey of Bangladesh

SPGI Square of Poverty Gap Index

SPI Schedule Performance Index

SRDI Soil Resource Development Institute
SREDA Sustainable and Renewable Energy Development Authority
SRES Special Report on Emissions Scenarios
SRF Sundarbans Reserved Forests

SST Sea Surface Temperature

STP Sewage Treatment Plant

STW Shallow Tube-wells

SwW Southwest

SWM Solid Waste Management

SWR Southwestern Region

SWTP Surface Water Treatment Plant

TAR Third Assessment Report 2001

TBF Transboundary Flow

TDS Total Dissolved Solids

TEU Twenty Feet Equivalent Unit

TFR Total Fertility rate

Tk. Taka

TLCCs Three Lower Counties Community Services Inc.
ToR Terms of Reference

TP Treatment Plant

TRM Tidal River Management

TRWR Total Renewable Water Resources
TS Territorial Sea

ubD Urban Development Directorate

General Economics Division



uDDP
UFW
ULBs
UMIC
UN
UNCLOS
UNDP
UNESCO
UNFCCC
UNICEF
UNPCA
UPL
USAID
USP
UT™Mm
VGD
VGF
VTMS
\4Y)
WARPO
WASAs
WASH
WATSAN
WB
WDF
WDI
WEO
WFP
WHC
WHO
WHS
WMC
WMIP
WRG
WRM
WSDP
WSP
WSS

WWTP

Urban Dredging and Demonstration Project
Unaccounted for Water

Urban Local Bodies

Upper Middle Income Country

United Nations

United Nations Convention on the Law of the Sea
United Nations Development Programme

United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
United Nations Children's Emergency Fund

UN Permanent Court of Arbitration

Upper Poverty Line

United States Agency for International Development
Urban Sector Policy

Universal Transverse Mercator

Vulnerable Group Development

Vulnerable Group Feeding

Vessel Tracking and Monitoring System
Vulnerable

Water Resources Planning Organization

Water Supply and Sewerage Authorities

Water Supply, Sanitation and Hygiene

Water Supply and Sanitation

World Bank

Washing, Dyeing, Finishing

World Development Indicators

World Economic Outlook

World Food Programme

World Heritage Convention

World Health Organization

World Heritage Site

Waste Management Cost

West Midlands Institute of Psychotherapy

Water Resources Group

World Rainforest Movement

Water Sector Development Plan

Water and Sanitation Program

Water Supply and Sanitation

Water Treatment Plant

Wastewater Treatment Plant

Bangladesh Delta Plan 2100



Glossary

Adaptation Tipping Point: Threshold conditions under which an action or strategy will no longer
meet a set of predefined policy or strategic goals or standards

Adaptation Pathway: A sequence of measures to achieve a set of predefined goals under changing
external conditions, such as climate, socio-economic factors or other developments

Adaptation (pathways) Map: Visualization of a set of adaptation pathways showing options for
transferring from one pathway to another, and the timing and/or conditions under which an
adaptation tipping point of a policy action occurs.

Delta: A delta is a geo-morphological area, largely defined by its low lying surface form and location
in landscape and coastal area that forms at the mouth of a river. Deltas form from deposition of
sediment carried by a river as the flow leaves its mouth. Over long periods, this deposition builds a
dynamic and characteristic geographic, ecological and social pattern of the delta and its features

Delta Atelier: Delta Ateliers are one or two-day workshops in which the issues at stake are
discussed, ideas and views are generated and presented while interests of the stakeholders are
identified and linked with the discussed issues and are elaborated in visualized and supported
results These results have a certain status as building blocks in de BDP 2100 formulation process.
The Delta Ateliers form an interactive strategy making concept which will be used for important
issues to the BDP2100 formulation process

Flexible or Adaptive Actions: Actions can be adapted (e.g. intensification of the action), abandoned
(switch to a different action) or extended (add an action) at low cost or having small societal
impact. Flexible actions do not result in lock-ins and have little influence on potential future options
(i.0. have less path-dependencies).

Gini Coefficient: Measure of income inequality in a country.

Haor: A haor is a deep flooded area during monsoon, which dries up after monsoon. These wetland
ecosystems are found in the northeastern part of Bangladesh. They are also characterized by one
or more deep area called beel, that retains water throughout the year.

Holistic: ‘Holistic’ refers to viewing and understanding a system and its properties as they happen
as whole, not as a collection of elements. This includes the view that systems cannot be fully
understood solely in terms of their component elements. A delta forms an interesting application
of holism; as a whole it includes e.g. social, biological, physical, chemical, and economic aspects in
agiven area. The complexity grows with the area, so that it is necessary to reduce the characteristic
of the view by studying a) events in the behaviour of the delta, b) behaviour of elements, their
emergence and interconnectedness and c) in other ways, for example studying the system during
a specific episode

Holistic planning: This is a type of planning to address problems of a system in a comprehensive
way, viewing the system as a whole in relation with its interdependent elements. Multiple policy
domains may be involved requiring coherent governance and budget allocation
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Integrated approach: Combination of relevant elements in a comprehending approach to
understand more of the total system

Learning cycle: A learning cycle is a concept of how people learn from experience. A learning cycle
will have a number of stages or phases, the last of which can be followed by the first: 1. Doing
something, having an experience; 2. Reflecting on the experience; 3. Concluding from the
experience, developing a suitable approach; 4. Planning the next steps, to apply or test this
approach

Lock-in: Situation where future action in a pathway can only be implemented against high costs or
high societal impact because of earlier choices and investments.

Measure or action: Individual intervention, which may be infrastructure but also institutional, legal,
economic, knowledge | capacity development and may be at specific spatial, sector- or national-
general level. Measures can be part of one strategy but can also fit in multiple strategies

No Regret and Win-Win actions: No-regret actions are useful and cost-effective on the short term
and under a range of future conditions and do not involve hard trade-offs with other policy
objectives. Win-win actions contribute to a central objective whilst also having other, e.g. social,
economic and environmental, policy impacts and benefits

Path-dependency: Extent to which a policy action (in a pathway) is limited by actions implemented
in the past or by actions planned anterior in the pathway.

Plan: A coherent framework of targets (expected results), approach, methods and resources as
well as actions and time schedule to be worked out beforehand for the accomplishment of one (or
more) objective(s)

Robust actions: Actions that result in acceptable indicator values under a wide variety of futures.
Scenario: Coherent descriptions of alternative hypothetical futures that reflect different
perspectives on past, present and future developments, which can serve as a basis for action (Van

Notten, 2005). In this study, scenario is used for ‘external context’ scenarios that describe
developments that cannot be influenced and are thus policy-free.

Sector: A sub-division within the government, focused on a policy domain with its discourse and
instruments

Sectoral planning: Planning to address problems within a sector or policy domain, e.g. by a ministry
mandated to act on it

Sell-by year of an action or strategy: Point in time, in a given external scenario, when an action or
strategy will no longer meet a set of predefined policy or strategic goals or standards

Showcase: A showcase is an illustrative local scale design exercise. In these exercises the Delta
Ateliers’ participants apply the more conceptual design principles and adaptation measures on the
local scale, which is more tangible

Signposts: Information that should be tracked in order to determine whether implementation of
action or reassessment of the plan is needed.
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Strategy: A from Delta Vision point of view coherent combination of measures that contributes to
reaching the Delta Goals.

Tipping point: A situation when a particular policy or strategy is no longer feasible to change in
circumstances, e.g. increasing embankment height to protect from climate induced sea level rise
no longer possible due to land, costs or other constraints. Also see adaptation tipping point.

Touch Table: ATouch Table is an interactive surface computing platform that — in combination with
specific software — allows for the visualization of different climate and policy maps. The software
combination of several maps helps exploring different developments and effects and allows for
the identification of problem areas and use of arising opportunities. Special drawing and
calculation tools allow for new design plans to be evaluated on the spot.
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Chapter 1: Opportunities and Challenges of the Bangladesh Delta

1.1 Bangladesh Development Prospects and Constraints

Over the past 48 years, since independence, Bangladesh has secured tremendous gains in
development. Annual GDP growth has climbed from less than 4% in the early 1970s to over 7% in
2017; per capita income has surged from less than US$ 100 in 1972 to US$ 1,751 in FY2018; poverty
has fallen from 82% in 1971 to 24.3% in 2016; fertility rate has decelerated from 7.3 in 1974 to 2.1in
2016; life expectancy has increased from 55 years in 1974 to 72 years in 2017; child mortality has
declined from 240 per thousand in 1974 to 31in 2017; and adult literacy has increased from 22% to
72.9% over the same period. Bangladesh has achieved food self-sufficiency and the economy is
transforming from an agrarian base towards a modern manufacturing and services economy. In
2015, Bangladesh crossed over from a World Bank classified low-income economy to a lower
middle income economy. The country has also fulfilled all the criteria of graduating from least
developed country to a developing country.

These indicators of an exceptionally strong development record have inspired the country to aim
even higher. The country now aspires to reach the Upper Middle Income (UMIC) status by 2030.
The development progress accelerated over the past 10 years under the strong political leadership
by Prime Minister Sheikh Hasina combined with many sound development policies and taking
advantage of the hugely abundant supply of labor, a very fertile land and plenty of water and
monsoon rains. The Bangladesh Delta, the largest delta of the world, along with a large and
growing population base presented many advantages that the people and policy makers
converted into opportunities to secure the above development gains.

Yet, the same delta and high population density presents many development challenges. With a
population of about 160 million crammed into a total space of 1,47,570 km? including rivers,
Bangladesh at 1,200 people per km* is the most densely populated country in the world, excluding
some small island economies with less than 2 million people and the city states of Hong Kong and
Singapore. Owing to the deltaic formation of the country, the configuration of the rivers and
climate change, Bangladesh has been ranked as the 5™ most vulnerable country in the world in
terms of risks from natural hazards. Tidal surge, salinity, flooding, river erosion and cyclones are
regular features of the country. These features pose a continuous challenge to food security for
the country and livelihood for a large part of the rural population. Growing risk of sea level rise
threatens to engulf a considerable area of the coastal belt that could displace millions of people
living in the coastal districts. Sea level rise along with drying up of upstream fresh water flows in
rivers in the Southwest is causing problems for agriculture and fresh water supply. Increasing
temperature threatens to increase monsoon rains causing river overflow and higher incidence of
flooding; temperature rise also threatens to damage crops and contribute to health problems. In
parts of the country over-exploitation of groundwater with low rain owing to climate change
threatens to weaken the surface aquifers that could create water-shortage problems for irrigation-
led agriculture in the Northwest dry zone of Bangladesh. In the urban areas, the water tables in
many parts have already fallen very low owing to over-exploitation of groundwater. Arsenic
contamination threatens many rural water supply sources. Assuring adequate water supply to a
growing urban population and expanding industrial and commercial activities will be a major
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challenge. At the same time strengthening the access of the rural population to safe water will be
a major task.

These delta related challenges are just one source of challenges. The country faces other
challenges from growing urbanization, declining land availability, infrastructure shortages, energy
supply constraints and labor skills. The interface of these multiple challenges with limited public
resources and a heavily constrained public sector capacity define the policy and institutional
challenges of an aspiring upper middle income Bangladesh. Past track record gives comfort that
the country has the capability of making concerted efforts to attack these challenges with strong
determination and vigor.

Good planning and strategies are necessary to move coherently and in an organized fashion. Vision
2021, the 10-year perspective plan (2010-2021) and the 7"FYP (FY2016-FY2020) are all parts of the
government’s ongoing national development strategies. In view of the special long term
challenges presented by climate change to the Bangladesh delta, the Government has decided to
develop a long term Bangladesh Delta Plan 2100 (BDP 2100). The BDP 2100 seeks to integrate the
short to medium term aspirations of Bangladesh to achieve Upper Middle Income (UMIC) status
and eliminate extreme poverty by FY2031 with the longer term challenge of sustainable
management of water, ecology, environment and land resources in the context of their interaction
with natural disasters and climate change. In view of the best practice of Dutch delta management
experience, the Government requested technical assistance from the Government of Netherlands
to help Bangladesh develop this BDP 2100.

The formulation of BDP 2100 involved a large volume of baseline studies as special background
papers, large number of stakeholder consultation meetings, and interaction with experts and
government officials. In addition, there exists a large volume of literature on water management
and water analysis based on past technical assistance and national and international research. The
BDP 2100 draws on this rich volume of technical knowledge to develop the Bangladesh Delta Plan.
A full list of consulted research is provided in the bibliography section.

Chapter 1 provides an overview of the delta opportunities and challenges with a view to identifying
the main elements of these opportunities and concerns for fuller development in the remaining
chapters of the report. In order to ground these risks and opportunities to the specific context of
the Bangladesh Delta, the chapter starts by defining an analytical framework for describing the
main delta related constraints in as much specificity as possible that then helps lay the basis to
develop proper strategies, policies, institutions and investment priorities. It describes the
interaction of climate change with development including ecological balance and environmental
protection that is critical for the long term sustainability of development. It then lays out the broad
contours of the analytical framework to provide the basis for detailed analysis of the various delta
challenges in the later chapters.

1.2 Need for a Delta Plan

Management of this delta had always been akey concernin both development and political agenda
since long. Almost all the political movements during pre-independence period invariably included
demand for flood control, disaster management and irrigation measures, it is so because that
those were the major causes of extreme poverty prevailing at that period in this delta. The election
manifesto of the then United Front in 1954 advocated the protection of the country from flood and
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famine by means of digging canals and improving irrigation system. Father of the Nation
Bangabandhu Sheikh Mujibur Rahman was always committed to develop flood control, drainage
and irrigation facilities in the country and repeatedly demanded implementation of the Krug
Mission Report. Immediate after independence of Bangladesh, Bangabandhu established the relief
ministry giving a special attention to building a disaster resilient country through minimizing losses
of lives and properties caused by different natural events including cyclone and floods. He
established Bangladesh Water Development Board (BWDB) in 1972, bifurcating the then East
Pakistan Water and Power Development Board (EPWAPDA) to accelerate the implementation of
the flood control, drainage and irrigation measures. He took keen interest in solving the
transboundary water issues and established Joint Rivers Commission on a permanent basis in 1972.
Bangabandhu had installed earthen forts locally known as Mujib Kella in coastal regions aiming to
provide shelter to coastal flood and cyclone affected people along with their livestocks.

A lot of initiatives and plans for water sector and agricultural development have been prepared
and adopted in Bangladesh since 1960. IECO Master plan (1964) for water resources sector,
National Water Plan-1 (1986) followed by National Water Plan-11 (1991), The Flood Action Plan (FAP)
after the devastating floods in 1987 and 1988, etc. have been adopted in the country. The FAP
studies were very elaborate, and one of the outcomes of the study was the Bangladesh Water and
Flood Management Strategy (1995), based on which the National Water Policy (NWPo, 1999) and
National Water Management Plan (NWMP, 2004) were formulated. The National Water Policy
provides a useful basis for the Delta Framework, as it outlines an integrated approach towards
sustainable water resources management. The NWMP is meant as an operationalization of the
NWPo. It is a comprehensive water resources plan in which 13 ministries and more than 30 agencies
are involved. It is primarily a management plan. Within the existing institutional context, however,
the NWMP shows many implementation issues, which are important to analyze and to consider as
“lessons learnt”. The good thing that came out of these various phases of water resources
planning is that the planning approach has undergone many stages and refinement, responding to
the socio-economic needs of the people.

Other ministries and departments of the government have also devised their own plans and
strategies. The Master Plan for Haor areas was prepared for the Northeast region of the country
by Directorate of Bangladesh Haor and Wetland Development (DBHWD) in 2010. The Master Plan
for Agricultural Development in the Southern region of Bangladesh was prepared by the Ministry
of Agriculture (MoA) and FAO in 2013. The National Plan for Disaster Management (2008) was
prepared by the Ministry of Disaster Management & Relief (MoDM&R) to reduce the risk of people,
especially the poor and disadvantaged, from the effects of natural, environmental and human
induced hazards. Most recently, the Local Government Engineering Department (LGED) has
prepared the District Development Plan and Upazilla Development Plan. The Ministry of Local
Government, Rural Development and Cooperatives (MoLGRD&C) has prepared the National Policy
for Safe Water Supply and Sanitation (1998) for providing safe drinking water and sanitation.

Bangladesh is a signatory of the historic Paris Climate Agreement. It is committed to combat
climate change reaffirming the government's readiness to continue to work towards mobilizing
greater international efforts in support of comprehensive implementation of the Paris deal.
Bangladesh has also taken various proactive initiatives, with its own resources and international
cooperation, to adapt to climate change. The Ministry of Environment and Forest (MoEF)
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formulated the National Adaptation Programme of Action (2005) and the Bangladesh Climate
Change Strategy and Action Plan (2009) to address adverse impacts of climate change including
variability and extreme events and to promote sustainable development of the country.

Furthermore, national-level strategic plans such as the Five Year Plans and Perspective Plan have
been formulated by the General Economics Division (GED) of Planning Commission. More recently,
the 17 Sustainable Development Goals with 169 targets, is a new global agenda and Bangladesh is
highly committed to meeting these goals. However, the challenge lies in integrating these sectoral,
national and global targets and plans into long term coherent strategies taking climate change and
future demands into account, as well as in effective implementation of the needed interventions
in a well-coordinated manner.

Notwithstanding this rich historical background, a comprehensive integrated approach to water
managemet in the overall development context of Bangladesh did not emerge until now. First,
typically, the sectoral plans tend to be short term oriented and independently pursued by the
formulating ministries or departments. Whereas, goals and targets are at the national level and
climate change and natural disaster risks present major downside risks and uncertainties that
require long term strategies and multi-sectoral coordinated policy management under uncertainty.
For example, the national challenge to maintain food sufficiency in the face of increasing
population and decreasing agricultural land as well as the threat posed by climate change requires
coordinated policy actions involving MoA, MoEFCC, Ministry of Land (MoL), Ministry of Fisheries
and Livestock (MoFL), Ministry of Water Resources (MoWR), Ministry of Local Governent, Regional
Development and Cooperatives (MoLGRD&C), Ministry of Finance (MoF) and Ministry of Planning
(MoP). Similarly, to meet the higher water demand for achieving a greater standard of living and
to protect the ever increasing level of investment in housing and industry from disasters,
Bangladesh needs a long term vision, planning and implementation involving all government
agencies and ministries that contribute to this objective.

Second, due to the large uncertainties with respect to climate change and socio-economic
development, planning is being enriched with adaptive strategy making in several deltas in the
world. Rather than providing linear recipes, robust and flexible strategies and measures have been
taken, with strong institutions and a good knowledge base that allows policy makers and
stakeholders to anticipate and decide on the most appropriate investments. Learning from these
international experiences, BDP 2100 has been similarly developed in light of the many possible
future paths that are possible, and is designed to be changed over time as new information
becomes available or policy priorities change. So instead of only focusing on short term ‘trial and
error’ actions and projects, the idea is to keep the long term vision in mind while prioritizing short
term ‘no regret’ actions.

Finally, sound manafgement of water resources requires a balanced combination of investments,
policies and institutions. Earlier sectoral plans were mostly investment and proect centric. Policies
and institutions for sustainable management of water resources have been generally overlooked.
Historically, this factor was recognized as early as the First Five Year Plan prepared under the
guidance of Bangabandhu in his capacity as the Chairman of the Planning Commission. The First
Plan put major emphasis on policies and instutions for sustainable management of water
resources. These included decentralized managementof water resources through involvement of
beneficiaries, importance of O&M, the need for cost recovery (beneficiary pays principle) and
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balanced combination of flood control with irrigation schemes. These sound principles of water
management were not well integrated in practice but have been recognized as some of the core
principles of the Bangladesh Delta Plan 2100.

1.3 Bangladesh Delta Definitions, Hydrological Regions and Hotspots

The Bangladesh Delta is variously defined in the literature. The different names include the Ganges
Delta; the Ganges- the Brahmaputra Delta; the Ganges- the Brahmaputra- the Meghna Delta; the
Padma-Jamuna-Meghna Delta; the Sundarbans Delta; or the Bangladesh Delta. The various names
derive from the geographical congregation of the three mighty transboundary rivers (the Ganges,
the Brahmaputra and the Meghna) and name changes that happen once the concerned river
crosses boundary. The flow of three rivers meet together near the Chandpur district of Bangladesh
and then flow into the Bay of Bengal from around the district of Bhola. In the proper sense of the
term, the delta would actually begin with the distributaries flow southwards to the Bay of Bengal;
strictly speaking, the Bangladesh Delta would comprise the lower delta and coastal zone; most
narrowly conceived, the geographic delta forms the combined Sundarbans region of India and
Bangladesh. In terms of location in Bangladesh, this would comprise roughly the three districts of
Satkhira, Khulna and Bagerhat. A more meaningful conception of the Delta Region from a policy
perspective is the districts of the Southern coastal belt of Bangladesh. A third and more inclusive
definition comprises the combined areas of the Southern coastal belt and the areas surrounding
the flows of the three rivers (the Ganges- the Brahmaputra- the Meghna). Finally, the most
expansive definition of the Delta is the Bangladesh Delta that includes all districts that face various
natural hazards owing to the deltaic formation of Bangladesh and the related interface with the
vast river networks, the Bay of Bengal and climate change.

Since natural hazard and climate change risks affect almost the entire Bangladesh owing to its
Deltaic formation and since integrated water resources management in the context of its
interaction with climate change, environment, ecology, biodiversity, agriculture and land
management is an integral part of the BDP 2100, the Plan has adopted the most expansive
definition of the Delta Region. For water resource planning purposes, Bangladesh has been divided
into 8 hydrological regions, which are the Northwest (NW), Northeast (NE), North-central (NC),
Southeast (SE), South-central (SC), Southwest (SW), Eastern Hills (EH) and the main Rivers and
Estuaries (RE). The 8 hydrological regions are shown in Map 1.1. Using the 8 hydrological zones as
the starting point, the BDP 2100 sharpens the focus on the magnitude of the natural hazard
vulnerabilities facing each of the hydrological regions. This has led to a modified grouping of
districts and areas facing similar risks of natural hazards. These groups are called “Hotspots” that
simply define a broad grouping of districts and areas facing similar natural hazard risks. Dictionery
meaning of Hotspot is-a place of significant activity or danger. Hotspots are prototypical areas
where similar hydrological and climate-change vulnerability characteristics and problems converge
(such as sea level rise, river erosion, intensity of flooding, water shortages, siltation constraints,
etc.). This is a broad definition and the intensity of hazard and underlying risks can vary
considerably among districts and sub-districts within the hotspot zone.

The aggregate hotspot grouping provides a convenient analytical tool to summarize certain broad
socio-economic and common risk profile. They are only a first step of analysis. The risk profile and
magnitude of vulnerabilities facing a district within each hotspot and between hotspot districts
vary considerably. In some cases, a further disaggregation to the subdivision/ thana level may be
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necessary to understand in detail the risk profile. Accordingly, a risk profile at the district level, and
where necessary at the sub-district level, is developed and discussed in considerable detail in
Chapter 2, while at same time maintaining the thematic focus on hotspot areas. Needless to say
the hotspots are strongly correlated to the hydrological regions.

The six Hotspots are':

The Coastal Zone. (27,738 sq. km)

The Barind and Drought Prone Areas. (22,848 sq. km)
The Haor and Flash Flood Areas. (16,574 sq. km)

The Chattogram Hill Tracts (CHT). (13,295 sq. km)
The River Systems and Estuaries. (35,204 sq. km)

The Urban Areas. (19,823 sq. km)

oV AW N P

! The urban areas are defined to include the six major urban cities and metropolis only. The Delta-related urban chal-
lenges are well represented by these cities and metropolis and the findings/strategies can apply to other urban centers.
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The logic of hotspot grouping has significant analytical merit. The climate risks on coastal districts
are broadly similar and should be grouped as such rather than distribute them across three regions
that also include non-coastal districts. Similarly, the water and climate change problems of CHT are
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significantly different from Chattogram and Cox’s Bazar. The latter two face the hazards of being
a part of the coastal districts. Furthermore, the urban metropolitan divisional headquarter districts
face common water challenges and it makes sense to group them together.

Needless to say, there is nothing water-tight about the hotspot definition and there is little gain
from applying a microscopic view to this analytical construct. The more important point is to focus
on the associated vulnerabilities, i.e. whether they have been captured adequately, and link these
vulnerabilities to the suggested strategies and policy interventions. The main point is that unless
all delta major vulnerabilities are identified and strategies and policies address these specific
vulnerabilities, the BDP 2100 will be an incomplete plan.

By definition, the hotspots are strongly correlated to the hydrological regions. The interface
between these two classifications is summarized in Table 1.1.

Table 1.1: Relationship between Hotspots and Hydrological Regions

Hotspots Hydrological Zones
Barind and Drought Prone | North West
Areas
Chattogram Hill Tracts Eastern Hills excluding Chattogram and Cox’s Bazar
Coastal Zone The coastal districts of South West, South Central and South East
Haor and Flash Flood Areas | North East
River Systems and Rivers and Estuary; Districts of North Central and South Central that lie
Estuaries along the major rivers.
Urban Areas No Specific Grouping

Source: BDP 2100 Analysis, GED (2015)

While the entire Bangladesh faces some kind of natural disaster risks, there are some six districts
that are geographically located in a way that they are considered relatively safe from the natural
hazard risk point of view (Relatively Hazard Free, RHF). These are: Nilphamari (Northwest);
Sherpur, Mymensingh and Gazipur (North-Central); and Jhenidah and Magura (Southwest Region).
They typically lie outside a major river course and far from the coastal belt. They are also further
away from the drought-prone dry zone of the Northwest or the CHT area of Southeast Region.

The basic characteristics of the Six Hotspots are provided in Table 1.2 below. The district mapping
of hotspots is shown in Table 1.3
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Table 1.2: Bangladesh Delta Hotspots - Basic Socio-Economic Indicators 2011

Hotspots Area Population Literacy Rate (%) Population Density
(km?) (million) | (7 years and above) (person/km?)

Haor and Flash Flood Areas 16,574 15 42.56 906
Coastal Zone 27,738 22.4 42.03 807
Chattogram Hill Tracts (CHT) 13,295 1.7 55.55 128
Urban Areas 19,823 31.5 43.90 1588
Barind & Drought Prone Areas 22,848 22.8 58.40 999
River Systems & Estuaries 3,5204 41.4 48.35 177
Relatively Less Hazard Prone 12,089 1> 47:79 1238
(RLHP) Areas

Total 147,570 149.8 48.37 1015

Source: BDP 2100 Analysis, GED (2015) & Bangladesh Bureau of Statistics (BBS), 2011

Table 1.3: Mapping of Districts to Hotspot Areas

Number of A
Hotspots .. Name of District
Districts

Haor and Flash 7 Brahmanbaria, Habiganj, Kishoreganj, Moulvibazar, Netrokona,

Flood Areas Sunamganj, Sylhet

Coastal Zone 19 Bagerhat, Barguna, Barishal, Bhola, Chandpur, Chattogram, Cox’s
Bazar, Feni, Gopalganj, Jashore, Jhalkati, Khulna, Lakshmipur, Narail,
Noakhali, Patuakhali, Pirojpur, Satkhira and Shariatpur.

Chattogram Hill 3 Bandarban, Khagrachhari, Rangamati

Tracts

Urban Areas 7 Barishal, Chattogram, Dhaka, Khulna, Rajshahi, Rangpur, Sylhet

Barind and 18 Bogura, Chuadanga, Dinajpur, Gaibandha, Joypurhat, Kushtia,

Drought Prone Meherpur, Naogaon, Natore, Nawabganj, Nilphamari, Pabna,

Areas Panchagarh, Rajshahi, Rangpur, Satkhira, Sirajganj, Thakurgaon

River Systems & 29 Barguna, Barishal, Bhola, Bogrua, Chandpur, Cumilla, Faridpur, Feni,

Estuaries Gaibandha, Gopalganj, Jamalpur, Kurigram, Lakshmipur, Lalmonirhat,
Madaripur, Manikganj, Munshiganj, Narayanganj, Natore, Chapai
Nawabganj, Noakhali, Pabna, Potuakhali, Rajshahi, Rajbari, Shariatpur,
Sirajganj, Tangail, Khulna

RLHP Area 6 Gazipur, Jhenaidah, Magura, Mymensingh, Nilphamari, Sherpur

Source: BDP 2100 Analysis, GED (2015) and Coastal Zone Policy 2005

The river and estuaries districts constitute the majority share of Bangladesh’s population. The CHT

area is sparsely populated. The urban areas have the highest population density. They also have
the highest per capita income and highest literacy rates. On average the CHT and Hoar and flash
flood areas tend to have the lowest per capita income and literacy rates, closely followed by the

Barind and drought prone areas. The detailed socio-economic characteristics and poverty profile
of hotspots are described in Chapter 2.
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1.4 Bangladesh Delta Opportunities

The delta opportunities are many. The soil and water combination makes Bangladeshi land highly
fertile with multiple cropping opportunities. Bangladesh has wisely combined this natural
advantage with HYV seed-fertilizer irrigation technology to intensify land cultivation and expand
food production, primarily rice. This has allowed Bangladesh to increase rice production from 12
million tonnes in 1973 to 35.2 million tonnes in 2017. Along with a very successful population control
policy, Bangladesh has now met food self-sufficiency requirements with prospects for rice exports.
This amazing achievement despite the multiple risks posed by the delta and climate change is a
remarkable feather in the hat of the Bangladesh policy makers.

The plentiful of rivers, fresh wetlands, and lakes provide ample scope for fisheries resources. More
recently, Bangladesh has been increasingly exploiting the open access to sea. Marine fishing has
become a potentially important source of fish. Owing to the growing importance of fishing, the
structure of agriculture is slowly changing as the share of crop agriculture is falling and that of
fisheries increasing. Consequently, the value-added and employment shares of fisheries are
increasing. The role, importance and challenges of the agriculture sector including fisheries are
discussed in detail in Chapter 8.

The plentiful of rivers in Bangladesh provide another huge comparative advantage. Almost all
districts of Bangladesh are connected with each other and with the growth centers of Dhaka,
Chattogram and Khulna through river ways. The inland waterways provide an environment friendly
and low-cost transport option for both passengers and cargo for the country as a whole but
especially for the rural poor. Inland water transport is one of the important sources of rural
employment. Unfortunately, this comparative advantage has not been properly exploited by
Bangladesh. More focus on river transport can provide a major opportunity to lower the cost of
production, reduce environmental degradation, conserve budgetary resources and add to
employment prospects for the poor. The inland water transport issues are discussed in depth in
Chapter 9.

The open access to sea is a huge advantage to Bangladesh. In addition to the port facilities that
could serve the needs of the growing internal trade and commerce needs of Bangladesh. With
proper investments, Bangladesh can become a regional hub for sea transportation. Examples of
dynamic port cities like Rotterdam, Singapore and Hong Kong show dramatically how proper
planning and investments can convert this natural advantage to a huge development gain for
Bangladesh. Increasingly, the open access to sea is becoming a major opportunity in another way.
The rapidly growing demand for energy in Bangladesh owing to increasing GDP growth led by the
expansion of manufacturing sector is facing a huge challenge of primary energy shortage. The
rapid depletion of natural gas has led to a search for other primary fuels. The Government has
rightly decided that sole reliance on imported fossil fuel cannot be the answer. In addition to the
fluctuations and uncertainties of global oil prices that cause tremendous fiscal and balance of
payments uncertainties, Bangladesh is acutely aware of the need to adopt cleaner energy option
to oil. This search has led to a strategy of procuring clean imported coal, LNG and LPG. All these
primarily require port facilities to handle these bulky cargoes. Bangladesh is slowly capitalizing this
open access to sea by establishing new ports, in addition to Chattogram and Mongla ports. The
ongoing Payra port construction in Patuakhali is an example of this. There are many other
opportunities that could boost Bangladesh trade and commerce by reducing the cost of trade
logistics through easier and lower cost access to ports in terms of time and money.
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In addition to ports, the prospects for converting the open access to sea to a major source of
growth and development are also being viewed from the point of developing the blue economy of
Bangladesh. Marine fishing is already emerging as one of the major sources of domestic food,
exports, income and employment. There is also an emerging demand for coastal tourism and
alternative areas to the traditional Cox’s Bazar coastal resorts are emerging. An example of such
coastal tourism is Kuakata of Patuakhali. The judicial utilization of the blue economy opportunities
is just emerging and the potential is huge. Other potential areas are exploration of petroleum and
other marine resources, beach mineral sand, renewable energy by wave, land reclamation by
sediment management, etc.

1.5 Bangladesh Delta Challenges
1.5.1 Climate Change

In the Fifth Assessment Report of the International Panel for Climate Change (IPCC), the globally
averaged combined land and ocean surface temperature data, as calculated by a linear trend, show
a warming of 0.85 (0.65 to 1.06) °C, over the period 1880 to 2012. The total increase between the
average of the 1850-1900 period and the 2003-2012 period is 0.78 (0.72 to 0.85) °C. For the longest
period where the calculation of regional trends is sufficiently complete (1901 to 2012), almost the
entire globe has experienced surface warming. In addition to robust multi-decadal warming, global
mean surface temperature exhibits substantial decadal and inter-annual variability. For the future,
the IPCC projected global warming for selected time slices for different Representative
Concentration Pathways (RCPs). For 2046-2065, mean temperature rise projections range from 1.0
to 1.4°C whereas it ranges from 1.0 to 3.7°C for the period 2081-2100 (Table 1.4).

Table 1.4: Projected Global Mean Surface Warming (°C) for Different RCPs

Scenario 2046-2065 2081-2100
RCP2.6 1.0 1.0
RCP4.5 1.4 1.8
RCP6.0 1.3 2.2
RCP8.5 2.0 3.7

Source: International Panel for Climate Change (IPCC), 2013

There is considerable debate and variations in projected future global climate change and
parameters for Bangladesh. However, there is consensus that global warming will increase and so
will be the case for Bangladesh. The IPCC used the RCP instead of previous Special Report on
Emission Scenarios (SRES) to project global warming. But the available impact study results for
Bangladesh are mostly from SRES scenarios. So, in this report, similar characteristics scenario is
used to analyze the possible future conditions. In this report, two future situations are considered.
These are: Business As Usual scenario (BAU) and Extreme scenario (EXT). The BAU considers the
moderate climate change scenario that assumes that the global and national efforts to reduce the
GHG emissions are maintained. The BAU includes the similar scenarios SRES A1B, B1 and RCP 4.5,
which are mostly similar in nature for the end of the century temperature projections. On the other
hand, the EXT considers the extreme climate change scenario with no global and national efforts
to reduce the GHG emissions and assumes continued pursuit of fossil fuel based economic
development. The EXT includes the similar scenarios SRES A1FI, A2 and RCP 8.5, which are mostly
similar in nature.
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The region-wise seasonal changes in temperature and rainfall during 2030 and 2050 under BAU
scenario are presented in Table 1.5 and Table 1.6 respectively. Table 1.5 shows that the temperature
will rise in all regions in future in a similar trend with the global pattern. So, it is projected that due
to climate change annual temperature might rise in the country in the range of 1.4 to 1.7°C for BAU
by 2050. Further rise in temperature is expected in the latter half of the century.

Table 1.5: Projected Seasonal and Annual Surface Warming (°C) for BAU

Seasonal Temperature change ('C) Seasonal Temperature change ('C)
Region for 2030 Annual for 2050 Annual
DJF | MAM | JJAS [ ON DJF | MAM | JAs | ON
Maximum Temperature (°C)
NW 1.5 -0.1 1.3 1.1 1.0 2.3 0.6 1.9 1.9 1.7
NC 1.4 -0.3 1.3 1.0 0.9 2.3 0.5 1.9 1.6 1.6
NE 1.4 0.0 1.3 1.1 1.0 2.2 0.5 1.9 1.6 1.6
SW 1.2 0.0 1.0 0.8 0.8 2.2 0.9 1.6 1.2 1.5
SC 1.1 0.4 1.0 0.8 0.8 2.0 1.1 1.5 1.2 1.5
SE 1.2 -0.1 1.2 0.9 0.8 2.1 0.6 1.7 1.3 1.4
EH 1.0 0.4 1.0 0.8 0.8 1.6 0.9 1.5 1.2 1.4
Minimum Temperature (°C)
NW 1.4 0.6 1.2 1.4 1.1 2.3 1.3 1.7 2.3 1.9
NC 1.5 0.6 1.2 1.4 1.1 2.4 1.2 1.7 2.3 1.8
NE 1.6 0.8 1.2 1.6 1.3 2.4 1.2 1.8 2.4 1.9
SW 1.3 0.6 1.1 1.1 1.0 2.4 1.3 1.6 1.9 1.8
SC 1.3 0.7 1.0 1.0 1.0 2.3 1.3 1.5 1.7 1.7
SE 1.4 0.6 1.1 1.3 1.1 2.4 1.2 1.6 2.0 1.8
EH 1.3 0.9 1.1 1.2 1.1 2.2 1.5 1.7 1.9 1.8

Source: IPCC, 2013

DJF stands for December, January & February; MAM: March, April & May; JJAS: June, July, August & September; ON: October,
November.

The rainfall pattern is going to be more variable and erratic in the future. There is an indication that
pre monsoon and monsoon rainfall will increase under BAU scenario (Table 1.6). On an annual
basis, the rainfall is expected to increase in most regions during 2030. However, during 2050,
southern parts of the country along with the eastern hills might get reductions in rainfall. Under
the EXT scenario, as temperature rise will be higher, more erratic behavior of rainfall along with
changes in rainfall amounts is expected.

Table 1.6: Projected Seasonal and Annual Change in Rainfall for BAU

Seasonal Rainfall change (%) for Seasonal Rainfall change (%) for
Region 2030 Annual 2050 Annual
DJF MAM JJAS ON DJF MAM JJAS ON
NW 134.0 19.9 -6.1 116.1 -0.1 119.3 -18.6 5.6 28.8 4.5
NC 107.6 34.1 14.8 47.7 19.0 31.2 -5.1 20.6 12.6 16.9
NE 32.0 7.1 15.0 8.1 13.1 12.1 -0.9 17.9 9.8 13.2
SW 68.8 1.9 1.4 76.4 6.0 58.2 -20.3 0.7 -7.8 -1.5
SC -6.7 15.7 3.4 45.4 6.3 0.2 -1.5 -2.1 -11.4 -2.5
SE -5.1 26.6 10.9 6.6 12.3 7.2 9.6 5.0 0.6 5.4
EH -32.9 -20.1 1.8 -35.4 -2.8 45.0 2.2 -1.3 -33.7 -1.6

Source: IPCC, 2013

DJF stands for December, January & February; MAM: March, April & May; JJAS: June, July, August & September; ON: October,
November.
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1.5.2 Floods

Flood is a recurrent phenomenon of Bangladesh, occurring almost every year. Three mighty rivers
the Ganges, the Brahmaputra and the Meghna meet together in central Bangladesh forming the
largest delta of the world. As a consequence, most of the country consists of huge flood plain and
delta, of which around 70% of the total area is less than 1 meter above sea level and 10% of the land
area is made up of lakes and rivers. Bangladesh experiences heavy monsoon rains, especially over
the highlands along with frequent tropical storms in coastal zone. All of these phenomena trigger
frequent flood occurrence in Bangladesh. On average, an estimated 20-25% of the country becomes
inundated due to river spilling and drainage congestion. Extreme situation arises when the three
major rivers (the Ganges, the Brahmaputra and the Meghna) reach their flood peak at same time.
In general, 55-60% of the country is inundated during extreme flood events. Recent evidence
reveals that the magnitude and frequency of mega floods is increasing (Figure 1.1) as a
consequence of climate change. Other human causes like construction of dam in upper riparian
countries, unplanned urbanization in illegally encroached floodplains, lack of combination of
structural and non-structural measures etc. are aggravating the situation.
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Figure 1.1: Increased Frequency of Mega Floods due to Climate Change

Source: CEGIS, 2013

Projections suggest that the flood extent will increase for all areas of the country by mid-century
(2050) based on the extreme scenario. Both left and right side of the Brahmaputra- the Jamuna
River will be worst affected in this scenario. On average, 3-9% additional area will be inundated
from the base (1978-2007) on the left side of the Jamuna River. On the other hand, some portion
of the Barind and drought prone areas adjacent to right bank of Jamuna river will be more
inundated (around 30%) from the base by 2050 due to flooding in the extreme scenario. Map 1.2
shows percentage of flooded area for future in different parts of Bangladesh under BAU and EXT
scenarios. Sea facing portion of the coastal zone is mainly prone to coastal flooding.
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The health impacts of flooding have been well documented for a long time (Durkin et al, 1993).
However, Non communicable diseases (NCDs) are emerging as major issues. With children it is
related mainly to the long term effects on brain development, which can be transmitted during
pregnancy and also the pre and post effects of floods on childhood disability (Khan et al 2016).
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Map 1.2: Percentage of Projected Flooded Area in Bangladesh in 2030s and 2050s

Source: CEGIS, 2014
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1.5.3 Drought

The droughts occurring in Bangladesh are not meteorological droughts but mainly agricultural
droughts, which could be also termed as severe moisture stress. In the Bangladesh context,
drought is defined as the period when soil moisture content is less than the required amount for
satisfactory crop-growth during the normal crop-growing season. The mean annual rainfall in
Barind and drought prone area is 1,250-1,750 mm, falling mainly in 4 to 5 wet months (BDP 2100
Water Resources Baseline Study, 2015). The drought situation of the area becomes severe during
April-May due to the cumulative effect of presence of soils with low moisture holding capacity
(<200 mm available moisture), increasing number of dry days (precipitation <0.5 PET) and
occurrence of extreme summer temperature of more than 40°C.

In the drought prone agro-ecological zones of Bangladesh, period of dry days range between 32-
48 days, starting from 24 March to 21 May (BDP 2100 Agriculture and Food Security Baseline Study).
During this period the temperature also rises more than 40°C for 5 to 15 days within the same agro-
ecological zones. In addition, some soils have low moisture holding capacities, which show
different degrees of droughtiness.

Rabi and pre-Kharif drought (January/May) occurs due to the cumulative effect of dry days, higher
temperatures during pre-Kharif (>40°C in March/May) and low soil moisture availability (BDP 2100
Agriculture and Food Security Baseline Study). Kharif drought occurs from June/July to October,
created by sub-humid and dry conditions in the highland and medium highland areas of the country
(in addition to the west/northwest). The Madhupur tract in the central parts of the country is also
drought prone.

The Government’s intervention to address drought with the Barind Region Irrigation Project has
changed the profile of the Barind region with a rapid transformation of the area into an agrarian
green field with a diversified agriculture based on rice, fruits and vegetables. This has contributed
substantially to lowering poverty in the Northwest part of Bangladesh. Yet, the drought risk has
been shifted forward as surface water reduction from the diversion of river water upstream in India
and inadequate rainfall in the dry season continues to lower the water table. So, erratic rainfall in
the wet season and less rainfall in the dry season due climate change will further hurt agriculture
in the Barind tract.

The geographical distribution of drought prone areas for different seasons (shown in Map 1.3 and
Map 1.4)illustrates that the western parts as well as Barind and drought prone areas of the country
will be at greater risk from droughts during both the Kharif and pre-Kharif seasons. It is estimated
that under a moderate climate change scenario, Aus production would decline by 27% while wheat
production would be reduced to 61% (BDP 2100 Agriculture and Food Security Baseline Study).
Under a severe climate change scenario (with 60% moisture stress), yield of Boro might reduce by
55-62%. Moisture stress might force farmers to reduce the area of Boro cultivation. In case of a
severe drought (moisture stress) forced by a change of temperature by +2°C and a reduction in
precipitation by 10%, runoff in the Ganges, the Brahmaputra, and the Meghna rivers would be
reduced by 32%, 25% and 17% respectively (BDP 2100 Climate Change Baseline Study). This would
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limit surface irrigation potential in Barind and drought prone areas and challenge the food self-
sufficiency of the country.
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Map 1.3: Barind and Drought prone (Kharif) areas Map 1.4: Barind and Drought prone (Rabi and

of Bangladesh Pre Kharif) areas of Bangladesh
Source: Soil Resource Development Institute (SRDI, 2013) Source: Soil Resource Development Institute (SRDI, 2013)
1.5.4 River Bank Erosion

Bangladesh is a riverine country. The morphology of the country’s rivers is highly dynamic and river
bank erosion is also a regular phenomenon, particularly along the banks of the main rivers. Erosion
in the three major rivers (the Jamuna, the Padma and the lower Meghna) can be considered as
proxies for riverbank erosion in Bangladesh (Map 1.5). The present rate of the Jamuna bank erosion
is about 1,770 ha per year while bank erosion by the Padma River is about 1,98 ha per year and the
lower Meghna (erodes at a rate of 2,900 ha per year (BDP 2100 Water Resources Baseline Study).
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Map 1.5: River Bank Erosion in Bangladesh
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The Jamuna River is widening over time. This means that the river is eroding its banks. The river has
been widening at an average rate of about 130 m per year, which corresponded to a loss of about
70,000 ha in 23 years, while only 11,000 ha had been accreted (BDP 2100 Water Resources Baseline
Study). Changes in the river flow and sediment transport due to multi-faceted impacts of climate
change are expected to increase the dynamics of these rivers even more. During 1973-2015, a total
52,313 ha land has been accreted due to river bank erosion (BDP 2100 Water Resources Baseline
Study).

A major reason for the erosion is that the discharge in the rivers is increasing. Flow records over 50
years long for the station Bahadurabad (the Brahmaputra/the Jamuna rivers) show that peak
discharge is increasing and is peaking earlier. The average timing of the peak was in the middle of
August but is now in the first week of August (BDP 2100 Water Resources Baseline Study).

At Hardinge Bridge station on the Ganges, peak discharge is increasing but the time of peak is
advancing. The date is advancing by about one day in a decade. If the present trend of advancing
of the peak prevails, the chances of coincidence of the Ganges and the Brahmaputra peaks will be
less, reducing the probability of catastrophic and long duration floods.

At Bhairab Bazar (the Meghna), peak discharge is decreasing and its occurrence is delayed slightly.
The time of peak has moved to the last week of September from mid-July in the late 1970s (BDP
2100 Water Resources Baseline Study).

On balance land accretion is significantly lower than river bank erosion for all three major rivers,
although net erosion is the largest for the Brahmaputra/Jamuna river. Changes in the river flow
and sediment transport due to multi-faceted impacts of climate change are expected to increase
the dynamics of these rivers even more.

1.5.5 Sea Level Rise and Salinity Intrusion

Sea Level Rise (SLR) and consequently, salinity intrusion are the most prominent issues now in the
Bangladesh Delta for its complex geographical position. IPCC (2013) predicts SLR between 0.2 to
1.0 m for low to high emission scenarios in 2100 for the Bay of Bengal. For the future, the IPCC
projections for very high emissions (red, RCP 8.5) and very low emissions (indigo, RCP 4.5) are
shown in Figure 1.2.
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Figure 1.2: SLR Predictions for different RCPs in Bay of Bengal

Source: IPCC, 2013

20 General Economics Division



The overall trend of SLR in the coastal zone is 6-20 mm/year and this trend is much higher in the
Chattogram coastal plain area than the Ganges and the Meghna subzones (BDP 2100 Climate
Change Baseline Study). This uprising water level trend forms possibilities of increased intensity
and extent of coastal flooding, particularly for the sea facing Coastal zone. Map 1.6 and Map 1.7

show coastal flooding situation for BAU and EXT scenarios.
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Analyses indicate that flooding extent might increase up to 6% and 8% from base (2005) in the
central part of the Coastal zone following EXT scenario by 2050 and 2100 respectively, which is
highest among other parts of coastal zone. The west portion of coastal zone will face 5% and 6%
more coastal flooding than the base situation following extreme scenario by 2050 and 2100
respectively. No significant changes have been found in the eastern portion of the coastal zone.

The rising sea level impedes fresh water availability in the coastal zone, expediting intrusion of
salinity front. Both surface water and soil salinity along the coast may increase with the rising sea
level (Map 1.8).
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Source: CEGIS, 2014

Bangladesh Delta Plan 2100 23



The isosaline lines of 1, 5 and 15 ppt have been drawn for base (2005) and 2050 conditions to show
changes in salinity in the coastal zone of Bangladesh. Map 1.8 indicates that in base (2005)
condition about 10% area is under 1 ppt salinity and 16% under 5 ppt salinity; these areas will increase
up to 17.5% (1 ppt) and 24% (5 ppt) by 2050 in the EXT scenario. So, there will be around a 7% increase
in area under 5 ppt salinity levels. The salinity front will move towards inland from the south of
Bangladesh with SLR and it will be further aggravated if the fresh water flows from upstream

declines.
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A soil salinity map for the period of 1973, 2000 and 2009 (Map 1.9) produced by Soil Resources
Development Institute (SRDI) shows that the problem is already increasing and severity of salinity
is also increasing. The map shows that soils of Jashore, Magura, Narail, Faridpur, Gopalganj and
Jhalokati were newly salinized over 24 years. The coastal zone of Bangladesh covers about 20% of
the country and more than 30% of the cultivable land. Out of 2.86 Million Hectare (Mha) of coastal
and offshore lands about 1.056 Mha of lands are affected by different degrees of soil salinity. Of
the 151 upazillas in 19 coastal districts, 93 upazillas under 18 districts are affected by soil salinity
(BDP 2100 Baseline Coast and Polder Issues Baseline Study).

1.5.6 Cyclones and Storm Surges

Low lying areas of coastal zone are highly vulnerable to cyclones, which pose serious threat to lives
and properties of the region. Nearly every year, cyclones hit the country’s coastal zone and a severe
cyclone strikes the country every three years, on average. Intensity of cyclonic storm surges as well
as depth and extent of storm surge induced coastal inundation are likely to increase in changing
climate through rising Sea Surface Temperature (SST) and sea level. The IPCC further indicates that
future cyclonic storm surges and related coastal floods in Bangladesh will likely become more
severe as future tropical cyclones increase in intensity.

Recurvature of tropical cyclones in the Bay of Bengal, the wide, shallow continental shelf,
especially in the eastern part of the country and the high tidal range are the major reasons for this
disproportionately large impact of cyclones. Low lying topography like nearly sea-level geography
of the coastal land, high-density population and inadequate coastal protection system are
aggravating the situation. Furthermore, triangular shape at the head of the Bay of Bengal, which
helps to funnel sea water pushed by the wind towards the coast, causing further surge
amplification; Meghna-estuarine region is facing the most surge amplifications.

In general, it has been observed that the frequency of a 10 m high wave (surge plus tide) along the
Bangladesh coast occurs about once every 20 years, while a wave with a 7 m height occurs about
once in 5 years (BDP 2100 Baseline Coast and Polder Issues Baseline Study).
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Previous records indicate that the greatest damage during cyclones has resulted from the
inundation caused by cyclone-induced storm surges. Table 1.7 shows the relationship between
wind velocity, strong surge height and the inundation span from coastline. Though time-series
records of storm-surge height are scarce, existing literature indicates a 1.5 m to 9 m height range
during various severe cyclones.

Table 1.7: Typical Storm Surge Inundation Characteristics for Cyclones of Varying Strength in
Bangladesh

Wind Velocity (km/hr) Storm Surge Height (m)

85 1.5

115 2.5

135 3.0

165 3-5

195 4.8

225 6.0

235 6.5
260 7.8

Source: Multi-purpose Cyclone Shelter project (MCSP), 1993

Map 1.11: High-risk Storm Surge Inundation Area for 2050 EXT Scenario

Source: Adopted from IWM, 2014
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Table 1.8: Vulnerable Areas in Bangladesh due to Storm Surge Induced Inundation

Inundation depth (m) Baseline scenario (km?) Climate change scenario (km?) Change (%)
>1 20,876 23,764 +14
3 10,163 17,193 +69

Source: IWM, 2014

Summary of major vulnerabilities from climate change: Bangladesh faces major climate change

challenges. The key vulnerabilities from climate change are summarized in Table 1.9.

Table 1.9: Key Vulnerabilities from Climate Change and Impacts

Climate
Change Impact

Current State

Expected Change

Consequences under a BAU
scenario

1. Accelerated

2.0 mm/year SLR

1 m or more by 2100;

Inundation of between 17-21% (up

°C between 1948 - 2011;
maximum
temperatures
increased by 0.5 °C

2.0 °C or more

Sea Level Rise increase in tidal | to 30,000 km?) of total area;

(ASLR) flooding; with | increased saline land area; loss of
monsoonal rainfall and | farmland; loss of livelihoods; out-
river discharge | migration; destruction of
increase in flooded | infrastructure;  destruction of
area mangroves

2. Increase in minimum | Increases in | Reduced rice yields; increase in

Temperatures | temperatures by 0.85 | temperatures of up to | pests and insects; extinction of

some species

3. Dry periods /
drought

Long
consecutive dry days

period of

Increase in number of
dry days and drought

Further reduction in groundwater
table; water scarcity for irrigation
and household consumption, land

rainfall by 10% between
1948-2011

mm in southeast to
800 mm in northwest
with

intensity

increase in

degradation and impeded
ecosystem functioning.
4. Precipitation | Increase in total annual | Increase between 300 | Increases in  mean  annual

discharge in the the Ganges- the
Brahmaputra- the Meghna rivers;
may cause flash floods, extensive
area under flooding, damage to
infrastructure, destruction of

crops

5. Cyclones

Number of cyclones

decreasing but

intensity increasing

Increased intensity of
with  high
wind speeds up to and

cyclones

over 250 km per hour

Devastating effects on
homesteads, crops, livestock; salt

water intrusion; water logging;

6. Storm surge

Current storm surge
heights are  over
topping polder
embankments  (Sidr

and Aila cyclones)

Future storm surge
heights will increase
due to higher wind

speeds

All current polders will be flooded
with prolonged water logging

Note: BAU = business as usual (i.e. no concerted adaptation or mitigation investments)

Source: BDP 2100 Technical Team Analysis, GED, 2015

28 General Economics Division




Knowledge gap: 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 analysis. Climate scenarios have to be used for an integrated
climate change impact assessment and there is a need to analyze changes in water demand,
availability, salt-intrusion and flood risks. To further quantify the possible changes in extreme
rainfall events and 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. There is 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
detailed knowledge of climate change at national and local level.

1.6 Maintaining the Ecosystems: Forests, Wetlands, Coastal, Marine and Biodiversity
1.6.1 Ecosystem Diversity

A tremendous natural asset for Bangladesh is its rich and diverse ecosystem that not only provides
it with the many advantages noted before, it also provides for a high quality of life in terms of the
eco balance. This ecosystem has come under stress from climate change as well as human
interventions from settlements and unsustained exploitation of the natural resources. Preserving
this ecosystem is a major development challenge moving forward.

The ecosystems of Bangladesh can be categorized into two major groups (i) Terrestrial and (ii)
Aquatic. The terrestrial ecosystems include homestead, forest, and crop field; while seasonal and
perennial wetlands, rivers, lakes, coastal mangroves, coastal mudflats and chars, and marine fall
into the aquatic category. Each of the ecosystems has many sub-units with distinct characteristics
as well.

Terrestrial ecosystem: According to National Forest and Tree Resources Assessment 2005-07,
homesteads cover about 20% (2.767 million ha) of the total land, of which 10% is covered with trees
and therest is covered with homestead vegetation, which is important for its wild shrubs and herbs
as well as locally cultivated plants and as wildlife refuge. The site lower than homesteads but a little
higher than the adjoining agricultural fields is locally called ‘kanda’. Long ago, the kandas were
occupied by swamp forest, reed swamps and grass. The village roads, highways and embankments
provide a good habitat for woody and fruits yielding plants. Coastal embankment plantation has
long been in practice in southern Bangladesh.

In Bangladesh, forests are distributed on the eastern hills, central and northwestern terraces and
the mangroves facing the Bay of Bengal. In addition to embankment/roadside plantations, there
are rubber plantations. The Madhupur Sal Tract, extending across the districts of Gazipur, Tangail
and Mymensingh, contains important timber species; however, 70% of the sal forest area is either
already degraded or encroached. The southeastern hill-range in the Chattogram Hills and the
Chattogram Tracts is composed of tropical evergreen and semi-evergreen forests. The majority of
the species in the lower canopy are evergreen, and the upper canopy of the forest is deciduous
type. Tropical evergreen forest is found in the valleys of this zone. This zone possesses the richest
avifauna population of the country. While the hills are not very high, generally about 600 m, they
are ragged and often steep; these hill forests are the most important watershed areas of the
country. The tropical evergreen and semi-evergreen forests are not very distinct, and are often
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intermingled and merged into one another in this zone. The undergrowth is usually a tangle of
shrubs, in which cane, bamboo and wild banana are the prominent species. In comparison, the
Sylhet hillocks average round 40-60 m, with the highest peak around 170 m. Tropical semi
evergreen forest is found in this zone, particularly in the valleys. The Lalmai-Tipperah hills enjoy
tropical semi-evergreen forests. This expanse remains largely evergreen with various species. The
diversity of bird and mammal species is still considerably high but these species are increasingly
under threat of extinction due to unhindered loss of habitats.

Aquatic ecosystem: These consist of seasonal and perennial wetlands, rivers, lakes, coastal
mangroves, coastal mudflats and chars, and marine areas are important habitats for aquatic plants,
birds, mammals, fish and animals.” The majority of the natural ecosystems of Bangladesh are
wetlands (Haors). Intricate networks of rivers that drain into and inundate Bangladesh have
created many riverine ecosystems in the country. Bangladesh is a land of many small and large
rivers densely crisscrossing like a net covering almost the entire country. The Tanguar Haor, Aila
Beel, Hakaluki Haor and Hail Haor are considered as Important Bird Areas (IBA). Remnant swamp
forest patches are now restricted to sloping areas, helping to protect homesteads from wave
erosion, while some are recently replanted areas. The Chalan beel is an extensive low land area at
the lower Atrai basin in the northwestern region of Bangladesh spread across the districts of
Natore, Pabna and Sirajganj. It consists of a series of beels connected to one another by various
channels to form more or less a continuous water body during the rainy season. As long as the
Jamuna remains flooded during the monsoon months, the beel area expands into a vast water
body with dense aquatic vegetation. It, however, dries out in the winter leaving only patches of
‘water-holes’ in the central part of this zone. The area of Chalan Beel has been reduced and land
use has been changing.

The rivers are the most important component for any ecosystem sustainability. Many species of
fish, invertebrates, algae and birds depend on riverine ecosystem. The floodplains (the Teesta, the
Ganges, the Brahmaputra-the Jamuna, the Surma-the Kushiari, and the Meghna floodplains) are
landforms, which are inundated in each monsoon. Except for the Barind Tract, Hill Tracts,
Madhupur Shal Tract, and Akhaura Terrace, the rest of Bangladesh is under the floodplain
ecosystem. The composition of plant and wildlife is almost same in the floodplain ecosystem.
Vegetation of the floodplains changes with fluctuation of water levels; this type of seasonal
wetland is dominated by grass and rooted floating plants. In the dry season, floodplains are
converted into agricultural fields. The floodplains, situated close to the coasts, are more influenced
by the saline waters of the Bay of Bengal. The Gopalganj-Khulna Peatlands occupy a number of
low-lying areas between the Ganges river floodplain and the Ganges tidal floodplain in the south
of Faridpur region and the adjoining parts of Khulna and Jashore districts. Thick deposits of peat
occupy perennially wet basins, but they are covered by clay around the edges and by calcareous
silty sediments along the Ganges tributaries crossing the zone. Most of the layers harden
irreversibly into coal-like lumps when dry. The soil, in this zone, is potentially strongly acidic and
low in essential plant nutrients. The basins are deeply flooded by rainwater during the monsoon
season. However, in the basin area close to Khulna, the flooded water is somewhat brackish.
Understandably then, the floral diversity in this zone is quite limited.
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Theriver channel is continuously shifting within its active floodplains, eroding and depositing large
areas of new char lands in each flooding season. A good succession of plants and animals in new
char lands has been observed. Chars are good habitats for some of the avian fauna and amphibians
because of noise and disturbance-free condition. Char lands support a good number of avifauna
like cisticola, prinia, warblers, grassbirds, larks, pipits and munias. Char lands also support
numerous mollusks, which are the feed for water birds, fishes and other aquatic faunal species.
The pattern of succession depends on how long the char land has been permanent. A major part
of these char lands are seasonally inundated in monsoon and deposit more sand on land surface.
During dry season, large portions of the land are used for paddy, maize, sugarcane and groundnut
cultivation.

Mangroves are a unique ecosystem hosting incredible biodiversity: migratory birds, marine
creatures and reptiles; in addition to associated species of flora function as natural water
treatment system, as spawning grounds for fish, and provide several resources to local
communities who directly or indirectly depend upon them for their livelihoods and sustenance.
The Sundarbans, a national treasure shared with India, is of global importance as the largest
mangrove forest in the world. Intact mangroves form a natural coastline buffer against floods,
storms or other natural disasters such as tsunamis and hurricanes protecting the coasts from
erosion. The Bangladesh part of the Sundarban extends over an area of about 6,017 km?, of which
4,142 km?is island and 1,875 km? is water. About 62% of the forest lies in the administrative districts
of Bagerhat, Khulna and Satkhira. This mangrove tract constitutes 44% of the total forest area in
Bangladesh and contributes about 50% of the total revenue derived from the forestry sub-sector.
This area was declared as Reserved Forests in 1875 and handed over to the Forest Department (FD)
for management; the FD manages this area as the Sundarbans Reserved Forests (SRF). A part of
the Bangladesh Sundarbans (about 139,700 ha) is under three wildlife sanctuaries, designated as a
World Heritage Site (WHS) by UNESCO in 1997 and classified as a natural heritage. The floristic
composition of the Sundarbans is rich compared to many other mangrove areas of the world. The
Sundarbans is the habitat of the Royal Bengal Tigers and according to the Tiger Census 2015, there
are 106 tigers residing in the Sundarbans of Bangladesh whereas in 2004 the population was 44o0.
Wildlife poaching and illegal trade of wildlife and their organs remain a challenge.

Bangladesh is situated at the head of the Bay of Bengal. The coast is characterized by a vast
network of rivers covering an area of 9,380 km?, a large number of islands between channels, a
submarine canyon (Swatch of No Ground), the funnel shaped part of the northern Bay of Bengal.
The area of the sea that makes up the Bangladesh Exclusive Economic Zone (EEZ) is estimated to
be about 118,813 km? and spreads up to 200 nautical miles (370 km). A huge number of offshore
islands are scattered in the Bay of Bengal. The Saint Martin’s Island (Narikel Jinjira) is the only coral
bearing island of Bangladesh, and therefore it is of significance in the context of coastal and marine
ecosystems. Estuarine flood plains, sand dunes and beaches characterize the coastal ecosystems
of Bangladesh. The Meghna flood plains of Noakhali and Lakshmipur districts are inundated
seasonally attracting a wide variety of birds, including the migratory ones. Rare species of birds
including the Globally Critically Endangered Spoon-bill Sandpiper and Indian skimmer (Rhynchops
albicollis) visit this ecosystem including Sonadia Island, which is a global hotspot of Spoon-billed
Sandpiper. The beaches and sand dunes also attract sea turtles.
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This extensive open water ecosystem extends southwards into the Bay of Bengal. The coastline of
Bangladesh is 580 km long and can be broadly divided into three regions: the eastern region
(Pacific type), the active delta of the central region, and the stable deltaic western region (Atlantic
type). The shallower part of southern continental shelf off the coast of the Sundarbans, Patuakhali
and Noakhali is covered by silt and clay; and extensive muddy tidal flats have developed along the
shoreline. Some of the shoals and sand ridges present on this part of the continental shelf, show
an elongation pattern pointed towards the Swatch of No Ground.

1.6.2 Major Challenges to the Ecosystems from Climate Change

The major challenges emerge from pressures that bring changes in land use in both terrestrial and
aquatic environments. These include demand for increased agricultural lands, collection of fuel
wood, and non-timber forest products by the local communities, natural habitats converted into
human habitations, ecosystem fragmentation and loss of habitat. Additionally, there is
degradation of habitats in all ecosystems and landscapes, change in hydrological regimes,
pollution, poorly managed and unsustainable tourism (St. Martin's Island, Lawachara National
Park, Ratargul Swamp Forest, Madhabkundu Eco-park and Sundarban), unsustainable agricultural
practices, urban expansion, invasive alien species, and impacts of climate change including SLR.
Unchecked challenges will cause irreparable losses of ecosystem services relating to: (a)
provisioning services such as food and water; (b) regulating services such as flood and disease
control; (¢) cultural services such as spiritual, recreational, and cultural benefits; and (d) supporting
services, such as nutrient cycling, that maintain the conditions for life on Earth. Climate change
would cause shifting in composition of agro-ecological zones as well as species in ecosystems.

The predicted rise in sea level may inundate up to 75% of the Sundarbans; highly specialized plants
and animals will migrate to the north or disappear while less specialized organisms may be in a
position to adapt in the newly created environment. Higher future CO; levels could benefit forests
with fertile soils in the Northeast. However, increased CO, may not be as effective in promoting
growth in the West and Southeast, where water is limited. Warming temperatures could also
increase the length of the growing season as well shift the geographic ranges of some tree species.
Habitats of some types of trees are likely to move northward or to higher altitudes. Other species
may be at risk locally or regionally if conditions in their current geographic range are no longer
suitable. For example, species that currently exist only on mountaintops in some regions may die
out as the climate warms since they cannot shift to a higher altitude. Climate change will likely
increase the risk of drought in some areas and the risk of extreme precipitation and flooding in
others. Increased temperatures would alter the timing of snowmelt, affecting the seasonal
availability of water. Although many trees are resilient to some degree of drought, increases in
temperature could make future droughts more damaging than those experienced in the past. In
addition, drought increases wildfire risk, since dry trees and shrubs provide fuel to fires. Drought
also reduces trees' ability to produce sap, which protects them from destructive insects such as
pine beetles.

Preservation of the ecosystem from the adverse impacts of climate change is very important to
reduce the negative consequences of natural disasters on human welfare. Forests and trees can
reduce wind velocity and storm surges; thick vegetation diminishes the tidal height, thus arresting
the magnitude of devastation. Not only mangrove afforestation, social forestry can also be
important in cyclone mitigation. It may be advisable to create a green belt of 3 to 4 km width
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depending on the position and configuration of the coast for protective purpose. The current
height of the embankment is not consistent with the maximum height attainable by storm surges.
Coastal embankment can be raised and planted with mangrove and mesophytic species (suitable
to the coastal zone) on both sides of the embankment to prevent sea water intrusion. The
Sundarbans with a width of 80-100 km from the sea is very effective in minimizing the intensity of
cyclone speed before it reaches human habitation. Unfortunately, the Chokoria Sundarbans in the
East has been completely cleared for shrimp farming. In 1991, more than 1,35,000 people were
killed due to the cyclone. Had there been a vegetation barrier, the loss could be much lower. The
cyclone ravaged the Chattogram coastal belt but the people of Mirsrai and Sitakunda suffered least
casualties primarily due to protection provided by 1-2 km wide plantation buffer along the shore.
In coastal zone, foreshore afforestation is a proven cost-effective method to dissipate wave energy
and reduce floods on embankments during storm surges. This was also evident during the 2007
Sidr and 2009 Aila cyclones. Even scattered and unplanned afforestation on the embankments
affected by the cyclone Sidr substantially broke the storm surge velocity, reducing damages and

losses.
1.7 Natural Hazard Risks and Challenges by Hotspots
1.7.1 Coastal Zone Hotspot

The Coastal Zone of Bangladesh is covered under the existing Coastal Zone Policy and Coastal
Development Strategy. Three hydrological indicators characterize the Coastal Zone Hotspot:
salinity intrusion, tidal fluctuation, and risk of cyclones and storm surges. The prospects of climate
change impacts such as sea level rise further exacerbates these problems adversely affecting
habitation, economic activity and livelihoods of the poor and vulnerable. Across the coastal zone
tidal amplitude ranges from approximately 1.5 m in the west to over 4 min the east and up to 8 m
at spring tide near Sandwip. The coastal zone can be subdivided into four areas because of the
diversity of conditions (Map 1.12). Each of the four areas has a distinct typical set of conditions and
problems: i) South West (Ganges Tidal Floodplain- West); i) South Central (Ganges Tidal Floodplain-
East); iii) South East (Young Meghna Estuarine Floodplain); and iv) East and Hill (Chattogram
Coastal Plains). (Table 1.10)
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the Coastal Area

Legend

I Ganges Tidal Plain (West)

I Ganges Tidal Plain (East)
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I Chittagong coastal plain

Co-ordinte system
WGS 84

Map 1.12: Morphological Zones of Coastal Area of Bangladesh
Source: Bangladesh Water Development Board(BWDB), 2000

Ganges Tidal Floodplain (West): This covers the Sunderbans (mangrove) forest covers the first 60
to 80 km inland from the coastline, thus providing the hinterland to the north with a considerable
degree of protection from cyclonic surges. This area has long drainage routes of low gradient and
very little fresh water flow from the parent river (the Ganges). Except for Jashore and Narail, all
other districts are at risk from cyclone and storm surges. There is salinity in all districts and all
districts have tidal fluctuations.

Ganges Tidal Plain (East): The area is characterized by a younger stage of estuary development; the
land is intersected by a number of rivers receiving water from the Lower Meghna river and from
the Padma river via the Arial Khan river. There is no substantial forest area, and polders extend
about 60 km inland from the coastline. Those facing the sea are subject to erosion and migration
of rivers is eroding some polder embankments. Siltation of some rivers is causing navigation
problems. River floods are not a major problem in this area, most of which is primarily subject to
tidal effects. This zone is vulnerable to cyclonic storm surges and eventual damages of
infrastructures, agriculture and aquaculture.

Meghna Deltaic (Estuary) Plain: Most of the islands are vulnerable to cyclone storm surges and
erosion. The land accretion is higher than erosion. New land is being formed at a rate faster than
the erosion of older land in this area. The newly accreted areas are initially too low and vulnerable
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for human settlement and agricultural use. Population pressure and urgent need for land is,
nevertheless, leading people to settle on these recent deposits, and sometimes people demand to
empolder them before the natural deposition process has built them high enough for adequate
drainage. The northeast and east sides of Bhola island, north and west sides of Hatia, west side of
Manpura, and west side of Sandwip islands have been experiencing severe erosion. Some areas
are also increasingly subject to prolonged water-logging due to encroachment and land
reclamation by closing the tidal channels. River floods are severe in some parts of the mainland
near the Meghna estuary, especially in the districts of Chandpur, Lakshmipur, Noakhali and Feni.

Chattogram Coastal Plain: This is directly exposed to vulnerable cyclone and storm surges. A
problem that is not seen in the other three areas is flash floods from the hills immediately to the
east: the steep gradients, and the usual tendency of hills to generate intense rainfall, produce rapid
increases in discharge, which the rivers and other drainage channels across the flat coastal plain
cannot convey safely.

Coastal polders built by Bangladesh Water Development Board (BWDB) enabled bringing 1.2
million ha of land under agriculture or aquaculture and provided protection of lives and properties
of coastal communities against flood, storm surge and salinity intrusion. However, there have been
unintended consequences such as river sedimentation and water-logging that has become
increasingly problematic in the last three decades in certain parts of the coastal zone.

SLR is likely to cause significant changes in river salinity in the southwest coastal zone of
Bangladesh during the dry season (October to May) by 2050, which will likely lead to significant
shortages of drinking water in the coastal urban areas, scarcity of water for irrigation for dry-
season agriculture and significant changes in the coastal aquatic ecosystems. Changes in river
salinity and the availability of freshwater may affect the fish habitat and productive freshwater
fisheries.
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Salinity challenge: Simulation of salinity intrusion with SLR of 52 ¢cm in 2050 shows that the
freshwater zones in Bagerhat, Barguna, Barishal, Bhola, are likely to be lost. Khulna, Jhalokati,
Pirojpur, and Satkhira districts will also be most adversely affected by the increase in river salinity
(BDP 2100 Climate Change Baseline Study). An area of 7,000 km? is likely to be affected by more
than 1 ppt and about 8,400 km* would be affected by more than 2 ppt salinity in the southwest and
south central zones by 2050 with a 52 cm sea level rise. The 2 ppt salinity front moves about 65 km
into Barishal division as shown inMap 1.13. As a consequence, many farmers have to choose a new
farming strategy. The number of people in the southwest coastal zone affected by salinity is likely
to increase from 2.9 to 5.2 million mainly the poor. Salinity may thus become the biggest problem
in the coastal zone for the next 50 to 100 years, due to Accelerated Sea Level Rise (ASLR) and
uncertainty in river flows.
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Map 1.13: Effect of Sea Level on 2 ppt Salinity contour (A1B, 2050)

Source: IWM, 2014

Land use loss due to sea level rise and flooding: As noted earlier, the projected land loss from a 1
meter increase in SLR ranges from a low of 3% (4,400 km?) to a high of 21% (30,000 km?). Additional
problems for land use will be created by growing risk of flooding from higher rainfall and river
overflows.

Water logging will become a major problem. The combined effect of SLR and increased
precipitation in the changing climate, subsidence inside polders and sedimentation of peripheral
rivers will deteriorate the drainage condition. Restoration of tidal plain for tidal inundation in
increasing the tidal prism of the tidal river, sediment management allowing free movement of tide
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into polders for certain periods of the year to raise the low lying land are very likely measures for
solving water logging problems. In order to obtain faster drainage in times of climate change,
pumping might be required in addition to gravity drainage of polders. It is important to assess
where this tipping point lies.

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 likely to continue. Polders
were overtopped in the recent cyclone Sidr and Aila. The estimated cost of damage of Sidr is at
US$ 1.7 billion (World Bank, 2010).

In summary, the Coastal Zone Hotspot is most vulnerable to Accelerated Sea Level Rise (ASLR),
increasing salinity and water logging, tidal fluctuation, and increasing intensity of cyclones and
storm surges which will ultimately lead to huge losses of farming land, homesteads, livelihoods
accompanied by severe health impacts (due to scarce freshwater and salinity in drinking water)
and out-migration of people from coastal zone into urban centers. The key vulnerabilities are
summarized in Table 1.10.

Table 1.10: Key vulnerabilities of the Coastal Zone Hotspots

Vulnerability

¢ Current State Expected Change Consequences under a BAU scenario

rom

1. Tidal ranges from | Tidal height | Will affect at least 50% of coastal zone

fluctuation approximately 1.5 m in | expected to | andincreased salinity and destruction
the west to over 4 min | increase with ASLR | of polder embankments.

the east and up to 8 m
at spring tide near
Sandwip

2. Accelerated
Sea Level Rise
(ASLR)

2.0 mmjyear sea level
rise.

1m or more by 2100;
likely  to
significant changes

cause

in river salinity in the
southwest coastal

zone of Bangladesh

Inundation of between 17-21% of total
area; significant shortages of drinking
water in the coastal urban areas,
scarcity of water for irrigation for dry-
season agriculture and significant
the coastal

changes in aquatic

intrusion with
sea levelrise

coastal and offshore
lands about 1.0 million
ha (SRDI 2000) of
arable lands
affected by

degrees of salinity.

are
varying

increase with SLR of
52 cmin 2050

during the  dry | ecosystems; loss of farmland; loss of
season (October to | livelihoods; out-migration;
May) by 2050 destruction of infrastructure; change
in mangrove pattern; will affect fish
habitat and productive freshwater
fisheries.
3. Salinity Out of 2.86 million ha of | salinity intrusion | 7,000-8,400 km? likely to be affected;

Loss of freshwater zones in Bagerhat,
Barguna, Barishal, Bhola; salinity will
affect 2.9 to 5.2 million people
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Vulnerability

intensity increasing

high wind speeds up

from Current State Expected Change | Consequences under a BAU scenario
4. Cyclones Number of cyclones | Increased intensity | Devastating effects on homesteads,
decreasing but | of cyclones with | crops, livestock; salt water intrusion;

water logging.

to and over 250 km

per hour
5.Storm surge | Current storm surge | Future storm surge | All current polders will be flooded
heights are topping | heights will increase | with prolonged water logging;
over polder | due to higher wind | damages to infrastructure,
embankments (Sidrand | speeds. agriculture and aquaculture.
Aila cyclones);
estimated cost of

damage of Sidr alone
was at US$ 1.7 billion
(World Bank, 2010).

Note: BAU Scendrio (i.e. no concerted adaptation or mitigation investments)

Source: BDP 2100 Technical Team Analysis, GED, 2015

1.7.2 Barind and Drought Prone Areas Hotspot

Most characteristically, the Barind Tract at the west side of Rajshahi Division makes the area
elevated, and the elevated riverbanks of the Jamuna and the Ganges make the region basin-shaped
where Chalan Beel is located. Most of the rivers of this area come from the Ganges River and Barind
Tract and outfall into the Brahmaputra-the Jamuna River. During the last few decades, there were
a number of human interventions such as the Teesta Barrage in India (at Gazaldoba in 1985) and in
Bangladesh (at Dalia in 1990), which have severe consequences on the availability of water during
the dry season.

The greater part of the Barind Tract is almost plain and is crisscrossed by only a few minor rivers.
This tract is considered an ecologically fragile ecosystem with extremely low vegetation cover.
Though the zone was rich with faunal diversity in the past, it has now noticeably reduced mostly
due to various pressures like expansion of human habitat, agricultural extension, unwise use of
agrochemicals, and illegal hunting.
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Upstream human intervention and natural events, like the Teesta avulsion or shifting due to heavy
rainfall in 1787, have had profound impact on the river system changes and development in the
Northwest Region (Map 1.15). In the Northwest Region, intensive agriculture is being practiced,
especially boro crops, for which intensive irrigation is required. On the other hand, westward
migration of right bank of the Jamuna River since 1830 was about 8 km, which caused the net loss
of about 2,000 km? of floodplain. Erosion often breaches flood embankment causing widespread
flooding in the adjacent floodplain. The barrages do not permit enough water to flow through it
during the dry season. As a result, water scarcity for irrigation recurs. Water level analysis indicates
that more water is being stored in the dry season at the upstream of the Teesta barrage on the
Indian side but during monsoon flood, the gate of the barrage remains open. In spite of many
erosion protection structures along the river bank, erosion remains a major problem and sand
carpeting in this river due to flood is very harmful for the cultivation of land in the floodplain. High
temperature, low and erratic rainfall appeared to be a major challenge for crop production. Heavy
dependency on groundwater for irrigation causes lowering of groundwater table and land
degradation, adverse impacts on human health, animal and plant production.

Long term challenges: The socio-economic prospects of the Barind and Drought Prone Areas have
improved dramatically in the last few years owing to the large-scale adoption of mechanized tube
well based irrigation. The program was introduced by the government as a part of its Barind and
Drought Prone Areas development strategy, but private irrigation took over and expanded the
availability of water that revolutionized food and other farm production including fruits and
vegetables. However, this improvement has come at a large future cost. This region is
characterized by the tendency of high extraction of groundwater and diversion of river water for
irrigation purpose. Groundwater extraction occurs at high rate particularly in the Barind Tract area.
The reduction of the Ganges water during the dry period and inadequate surface water is further
creating problems as underground aquifers do not get adequately recharged. In the northwest
region the existing water scarcity may be intensified due to effects of climate change. There will
be longer dry season and shorter wet season and discharge will increase only in the wet season.
This could seriously affect the lives of nearly 39 million (2011) people living in the Barind and
Drought Prone Areas Hotspot with farmland being affected by water scarcity. High temperature,
low and erratic rainfall appeared to be a major challenge for crop production. Heavy dependency
on groundwater for irrigation causes lowering of groundwater table and land degradation, adverse
impacts on human health, animal and plant production. Fluctuation in diurnal temperatures, low
humidity and wind speed will cause changes in flowering phenology of agronomic and forest crops
that may lead to decline in yield reduction.

In summary, the vulnerabilities affect the Barind and Drought Prone Areas Hotspot are contained
in Table 1.11. This hotspot poses a major challenge for managing water availability during the dry
season. Continued reliance on groundwater based mechanized irrigation without efforts to aug-
ment the supply of surface water in the dry season is not sustainable and presents a major risk to
food security.
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Table 1.11: Key vulnerabilities of the Barind and Drought Prone Areas Hotspot

Vulnerability Current State Expected Change Consequences u-n dera BAU
from scenario
1. Temperatures | Increase in  minimum | Increases in | Reduced crops and livestock
temperatures by 0.85 °C | temperatures of up to | production; increase in
between 1948 - 2011; | 2.0 °Cor more disease and pest infestation;
maximum temperatures extinction of some flora and
increased by 0.5 °C fauna.
2. Dry periods / | Long period of | Increase in number of | Further reduction in
drought consecutive dry days dry days and drought groundwater table; water
scarcity for irrigation and
household consumption; up
to 39 million people could be
affected; landuse pattern,
plan species composition in
the Barind ecosystem may
change and also increase in
top soil erosion
3. Reduced Uncontrolled abstraction | Falling groundwater | Crop  failures,  reduced
groundwater of groundwater for | tables; poor re-charging | agricultural output; water
levels irrigation and | of groundwater due to | scarcity; increase in water,
consumption prolonged dry spellsand | sanitation and  hygiene
drought problems and related
diseases
Reduce water availability for
domestic and irrigation
Number of water bodies, | Low  water  holding purpose, rise in temperature
4. Reduced their area and water | capacity, reduction in due . to. low evapo-
. . transpiration, affect food
wetlands holding capacity | ecosystem goods and i -
reducing services sgcurlty and  nutrition,
disease and pests outbreak,
land degradation and loss of
biodiversity.

Source: BDP 2100 Technical Team Analysis, GED, 2015
1.7.3 Haor and Flash Flood Areas Hotspot (Northeast Region): Freshwater Wetlands

Haors are important bowl or saucer-shaped depressions or natural reservoirs of freshwater
wetlands with renewable and non-renewable natural resources in the Sylhet Basin in the
northeastern region of Bangladesh. They are the back swamps or bowl shaped depressions
between the natural levees of rivers. They are flooded to a depth of as much as 4-6 m during the
rainy season, and in most cases during monsoon two or more Haors become linked and form large
water bodies. During the dry season most of the water drains out except some shallow lakes locally
called Beels. Surface water is likely to be the most severely impacted natural resource in
Bangladesh due to climate change; an increase in the risk of extreme precipitation and flooding is
likely; warming temperatures could also increase the length of the growing season as well as shift
the geographic range of some tree species.

Geographically, Haor and Flash Flood Areas is located in between two major ecosystems of
Bangladesh and Northeastern India (Map 1.16). One is Meghalaya-Assam-Tarap hill ranges in India
and the other is Brahmaputra-Meghna river systems in Bangladesh. These hill ranges are covered
with mixed evergreen forests from where Haors receive most of its freshwater through thousands
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of hill streams locally known as Charas. The Haors in the northeastern parts of Bangladesh are
probably the most complex of seasonally inundated wetlands. They switch between a vast basin
of water during the monsoon and a well-networked system of smaller wetlands including beels

and canals in the summer.
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Map 1.16: River System Map of Northeast Region

Source: CEGIS, 2015

September 2016

The Sylhet Basin contains many large, semi-natural wetlands like haors, baors (Ox Bow lakes), and
beels and waterfalls. This basin is close to Cherrapuniji in India, which generates the highest rainfall
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in the world. The basin drains through an outlet at the south. The Sylhet Basin is tectonically active
and subject to gradual subsidence. Subsidence is further exacerbated by the westward avulsion
(movement) of the Brahmaputra, which, in turn, has decreased the sediment supply to the basin.

Farming and fisher folk households in the Haor Hotspot are dependent for their livelihoods on
haors, beels and rivers in the northeast region, which provide a key source of livelihood for many
rural poor in the country. The haors and beels (freshwater wetlands) provide key environmental
services such as habitats for fish spawning, assimilation of wastes, flood attenuation, navigation
and recharge to groundwater. These Haors and beels support major subsistence and commercial
fisheries while the seasonally flooded lake shores support major rice-growing activities, and
abundant aquatic vegetation provides ideal grazing for domestic livestock and a source of fuel and
fertilizers for the local inhabitants.

The Haor basin is an internationally important wetland ecosystem providing habitats for various
types of aquatic species of plants and animals. The Tanguar Haor, Aila Beel, Hakaluki Haor and Hail
Haor are considered as Important Bird Areas (IBA). A large number of these birds use the aquatic
vegetation for shelter, food and nesting. Every winter, the Haor and flash flood area is home to
about 200 species of migratory waterfowls, including 100,000 to 150,000 ducks and other species.
The largest Haor in the country is the Hakaluki Haor, which extends over 18,000 ha. During the rainy
season, the haor consists of more than 80 inter-connected beels. The rich fish resources of Hakaluki
support one of the largest inland fisheries in the country. Tanguar is an important “mother fisheries
area”, where many species breed during the rainy season. Haor swamps and marshes are
particularly rich in aquatic plants with enormous diversity. Biomass productivity of these
submerged plants is observed to be too high. Agriculture, fisheries and animal husbandry are three
pillars of Haor economy.

Keeping in mind all these ecological benefits, the Tanguar Haor has been declared a Ramsar site as
well as an Ecologically Critical Area (ECA). The Haor basin is the only region in Bangladesh where
remnant patches of freshwater swamp and reed lands still exist. Hence, a wide variety of flora and
fauna fall under the protection of international treaties and national legislation.

The Haor is also the habitat of fresh water swamp forest with flood-tolerant evergreen trees. A
fully developed stand exhibits a closed canopy with mature trees standing ten to twelve meters
tall. These trees mostly produce their seeds in the monsoon period and disperse them through
water; seedlings grow in great quantities. In addition, woody shrubs and climbers are found.
Swamp forest is adapted to monsoon flooding for three to four months, to depths of 0.5 to 2.5 m.
Remnant swamp forest patches are now restricted to sloping areas, helping to protect
homesteads from wave erosion, while some are recently replanted areas. These patches vary from
a few plants to several hectares of more than a thousand trees. Depending on local conditions,
particularly the extent of human disturbance, the luxuriance of the vegetation varies, from sparse
low trees with undergrowth grasses to dense closed canopy with poor undergrowth. Freshwater
swamp forest emerges due to flat low lying land becoming inundated due to rainfall runoff and
inflow from surrounding river system. In swamp forest, the water table is typically very close to
the surface.
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Wetlands are extremely productive ecosystems, which provide crucial habitat and feeding and
breeding grounds for many species of reptiles and amphibians. Many reptiles make their homes in
the swampy wetlands. A study of National Conservation Strategy Implementation Plan claimed a
total of 35 reptile species were recorded in Tanguar Haor area

Wetlands, both in terms of their extent (area and volume) and biodiversity are in serious decline.
Out of Bangladesh’s 260 freshwater fish species, more than 40% are now threatened with
extinction. Land filling, encroachment, and land use change are the main reasons for shrinking of
wetlands. Moreover, the Sylhet hilly tracts with small hillocks, locally known as “Tilla” having an
average height of 40-60 m, with the highest peak around 170 m host tropical semi evergreen forest,
particularly in the valleys. Bamboo is the most dominant vegetation type with at least seven
different species. Diversity of other floral species is also very high.

It will be important to maintain forested areas in the Sylhet hilly tracts as well as the swamp forests.
For the past several decades, forestlands have been under mounting pressure as more areas are
converted to croplands and grasslands to meet the demand for food and raw materials. In addition,
forestlands have been affected by increasing temperature, heat stress, and drought, with
consequent loss of tree species and degradation of forests. The region’s forests hold the key to
the success of climate change mitigation efforts, and have great potential to sequester carbon
through Reduced Emissions from Deforestation and Degradation (REDD), afforestation and
reforestation, and forest management. In turn, deforestation releases CO, and reduces the
potential for its sequestration.

The hilly forests assist in absorbing rainwater and reducing run-off and providing a cooling effect
of temperatures. Both hilly and swamp forests can mitigate impacts of increasing number of dry
days (dry periods) which are expected to be caused by increasing global temperatures or flash
floods from intensive rainfall (extreme climate events) can be mitigated by hill and swamp forest
areas through water retention, groundwater recharging, and slowing down rate of erosion (and
mudslides) from hilly areas. It will be important to retain wetlands and forests in the Haor and Flash
Flood Areas Hotspot to prepare for mitigating impacts of climate change projected over the
century.

Long term challenges: Serious challenges in the Haor and Flash Flood Areas Hotspot are posed by:
shrinking wetlands, reduced flushing of pollutants because of declining water throughput from the
rivers, increasing subsidence of the Sylhet Basin due to decline in sediment deposits from rivers,
and reduced flood holding areas, and receding groundwater table. There is a great concern for this
swamp forest habitat due to over logging, and suspected seepage from upstream reservoirs
resulting in significantly changed circumstances for many swamp forest species. Haors and beels
are mostly inhabited by the poor and disadvantaged people who lack access to basic services
including drinking water and sanitation. Due to absence of suitable water source and collection
system, hoar people are affected by many water-borne diseases. Securing and maintaining
freshwater wetlands as sources of vital ecosystem services, livelihoods and drinking water remain
long term challenges.
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Table 1.12: Key Vulnerabilities of the Haor and Flash Flood Areas Hotspot

Vulnerability Consequences under a BAU

Current State Expected Change

from scenario
1. Precipitation Highest rainfall in Sylhet | Increase between | Increases in mean annual
Basin due to its proximity | 300mm in southeast to | discharge rivers; may cause
to Cherapungi, India, | 80omm in northwest | flash floods, extensive area
highest rainfall are in the | with increase in | under flooding, damage to
world intensity infrastructure, destruction
of crops
2. Subsidence Tectonically active and | Further subsidence and | Vital source for fisheries,
and decreased subject to gradual | river avulsion due to | irrigation water, ecosystem
sediment supply | subsidence and westward | seismically active area | functioning and navigation
avulsion of Brahmaputra | (high magnitude | may be disturbed affecting

(Assam earthquake 1950) | earthquake probable) 1.9 million ha of the hotspot
3. Land filling, | Shrinkage in wetlands | Continuing land filling, | Reduced flood holding

encroachment, (area and volume); 40% | encroachment, land use | areas; reduced re-charging

land use change | out of 260 species of | change of groundwater; loss of
freshwater fish crucial habitat and breeding
threatened with grounds, and livelihoods of
extinction (JUCN) poor

Source: BDP 2100 Technical Team Analysis, GED 2015
1.7.4 River Systems and Estuaries Hotspot

Majorrivers, including the Ganges, the Brahmaputra-Jamuna, the Padma and the Meghna and their
numerous tributaries and distributaries make Bangladesh a land of rivers, building the Bengal
Delta, one of the largest of its kind. The catchment area of these rivers is about 1.72 million km?* of
which only 7% lies within the borders of Bangladesh. This catchment generates 120 million ha-m of
runoff annually, of which only 10% is generated within Bangladesh. In addition to the vast quantities
of water, these rivers carry about 1.1 billion tonnes of sediment every year. These rivers are dynamic
in nature, as the land mass is composed of recent deltaic deposits and the major rivers originate in
young mountains across the country’s borders, such as the Himalayas, the Meghalaya and the
Tripura Hills in India, China, Nepal and Bhutan. These young mountains yield huge quantities of
sediment due to their active tectonic movements, wind and rain activities in the regions, and snow
melting.

The Bengal Basin has been filled by sediments derived from erosion of the highland boundaries on
all three landward sides. However, the main source of the sediment has been the Himalayas due
to their alpine nature. Recently deposited, alluvial and deltaic sediments form about 90% of the
land area of Bangladesh. The Ganges has, together with the Brahmaputra, delivered enormous
quantities of sediment to the Bengal Basin. These sediments have formed the world’s largest river
delta with an area of about 100,000 km?.

In line with the evolution of the river system, the rivers during the last 250 years have changed their
respective courses several times (Map 1.17). The rivers abandoned their courses and subsequently,
occupied several other new courses. In most of the cases, delta-building processes, together with
tectonics and natural hazards, like earthquake played the main role for frequent avulsion and
shifting processes of the rivers. Erosion and accretion dominate the morphological process in the
Bengal Delta.
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Table 1.13: Width, Length and Discharge of Major Rivers

Average width Low discharge | Peak discharge
Name (Em) Length (km) (@) 8 (@) 8 Type
Jamuna 12 230 3430 102535 Braided
Ganges 5 269 530 70868 Braided
Padma 10 121 3040 14200 Braided
Upper Meghna 3.4 156 2 19900 Anastomosing
Lower Meghna 1.1 65 Anastomosing

Source: Rivers of Bangladesh, 2010
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Map 1.17: River System of Bangladesh in 1776 and 2010

Source: CEGIS, 2010

River bank erosion is a serious hazard that directly or indirectly causes the suffering of about one
million people annually (Table 1.14 and Map 1.18). While there is some accretion, on net river bank
erosion dominates. A large number of people living in both rural and urban areas become the
victims of flooding annually. These two hazards - flooding and river erosion — are major
contributors to loss of life and property and damage to public goods and infrastructure. Sediments
from river bank erosion combined with sediment deposits from the mountains create major
difficulties for the navigability of the rivers.

Table 1.14: Erosion & Accretion in three Major Rivers of Bangladesh (1973-2018)

Name of River Erosion (ha) Accretion (ha)
Ganges 31,421 27,026
Jamuna 93,302 16,603
Padma 37,296 14,246
Total 162,019 57,875

Source: CEGIS, 2018
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Map 1.18: Erosion Characteristics of Major Rivers

Source: CEGIS, 2016
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Jamuna River Erosion and Accretion: The Jamuna river is particularly prone to river erosion with
most land loses concentrated in Kurigram and Sirajganj (Map 1.19). Some limited land accretion
happens in Jamalpur, Bogura and Sirajganj. Yet, net losses are substantial. The adverse impact on
the river-erosion affected districts is enormous.
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Map 1.19: Erosion-Accretion along the Jamuna during 1973-2018
Source: CEGIS, 2014

Table 1.15: Bank Erosion and Accretion along the Jamuna River 1973- 2018

District Eroded area (ha) Accreted area (ha)
Bogra 11456 5094
Gaibandha 10215 1589
Jamalpur 10864 4993
Kurigram 19584 312
Manikganj 6568 34
Pabna 2738 14
Sirajganj 23697 4540
Tangail 8180 25
Grand Total 93302 16603

Source: CEGIS, 2018

The Ganges River: The total length of the Ganges is about 2,200 km but only the lower 220 km are
in the territory of Bangladesh, meandering with alternating expansions and contractions. After the
commencement of the Farakka Barrage in India, the drastic reduction of annual dry season flow
and discharge in the mid-1970s have been observed mainly due to the flow diversion by the
barrage. The sediment load of the river is about half a billion tonnes per year. Erosion-accretion
pattern and amounts are shown in Map 1.20 and Table 1.16. In the 1980s and 1990s, the annual rate
of riverbank erosion was very high as the large meandering bends were in the development phase
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at that time. In the recent past, chute cut-off had occurred at these bends, which facilitated to
intervene in the system without providing much effort. During the period of 1973-2014, the total
erosion of the Ganges River was 31,421 ha and total accretion of land was 27,026 ha.
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Map 1.20: Erosion-Accretion along the Ganges River 1973-2018

Source: CEGIS, 2018

Table 1.16: Bank Erosion and Accretion along the Ganges River 1973 - 2018

District Eroded area (ha) Accreted area (ha)

Kushtia 11834 1617
Natore 2047 148
Nawabganj 4997 10735
Pabna 8044 10001
Rajbari 7845 2698
Rajshahi 2160 1828
Grand Total 31421 27026

Source: CEGIS, 2018

The Padma River: The Padma River is the combined flow of the Jamuna and the Ganges rivers
stretching from Aricha to its confluence with the Meghna River near Chandpur. Like the Jamuna
and the Ganges, the Padma is also highly dynamic. The river shows braided and straight patterns
through intermediate meandering state, both spatially and temporarily. During the last few
decades, the Padma River has changed its plan form causing erosion and accretion (Table 1.17 and
Map 1.21). The annual maximum erosion rate may exceed 1,000 metre/ year in case of highly
erodible bank materials, whereas the maximum erosion rate may be limited within a few meters
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per year in the case of less erodible bank materials. During the period of 1973-2014, the bank
erosion and accretion was 37,296 ha and 14,246 ha respectively.
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Map 1.21: Erosion-Accretion along the Padma River 1973-2018
Source: CEGIS, 2014

Table 1.17: Bank Erosion and Accretion along the Padma River 1973 -2018

District Eroded area (ha) Accreted area (ha)
Dhaka 2564 15
Faridpur 8763 4525
Madaripur 2592 3107
Manikganj 7139 36
Munshiganj 5971 29
Rajbari 640 55
Shariatpur 9627 6478
Grand Total 37296 14246

Source: CEGIS, 2018

The Meghna River: Originating from Surma-Kushiyara river system, the Meghna River flows
through the eastern part of Bangladesh and discharges into the Bay of Bengal. The part of the river
up to the confluence with the Padma River is known as Upper Meghna whereas the remaining part
is known as the Lower Meghna. The Upper Meghna is an important river of Bangladesh, being a
drainage outlet for the North-Central, Northeast and the Southeast regions. It is one of the rivers,
jointly building the Bengal Delta. Upper Meghna River can be better classified as an Anastomosing

Bangladesh Delta Plan 2100 51



(multi-threaded low energy) river and its plan form is quite stable. The Upper Meghna River is
flowing on the previous bed of the Old Brahmaputra, but with much smaller discharges. Unlike
other major rivers, process of erosion and accretion in this river is slow. The Upper Meghna River
is declining and this process will continue in future. Moreover, with sea level rise due to climate
change, the bed level of the Meghna River will not rise due to less sediment supply from upstream.
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Map 1.22: Erosion-Accretion along the Meghna River (1973-2012)
Source: CEGIS, 2014

Table 1.18: Bank Erosion and Accretion along the Lower Meghna River 1973-2012

District Eroded area (ha) Accreted area (ha)
Barishal 8,953 10,470
Bhola 4,112 1,234
Chandpur 7,608 4,463
Lakshmipur 3,595 3,702
Shariatpur 1,553 2,396
Total 25,820 22,265

Source: CEGIS, 2104
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On the other hand, the Lower Meghna River is very dynamic. In terms of water flow volume, the
lower Meghna River is ranked third in the world. Almost the total flow of the Ganges- the
Brahmaputra- the Meghna basins runs through this river and carries a huge amount of sediment.
Bank erosion and frequent char development are the main problems of this river (Map 1.22 and
Table 1.18). The river erodes its bank when any char develops and creates obstruction to the flow.
Thus, riverine chars dominate the morphology of this river.

River Systems and the Economy: In the rural areas, people are mainly dependent on the agricultural
land resources for livelihood and agricultural sector is dependent on river system for irrigation and
drainage purposes. Bangladesh comprises of 30 agro-ecological zones which have developed
based on physiography, soil properties, soil salinity, depth and duration of flooding which are
relevant for land use and for the assessment of agricultural potential. A large number of rural
people are dependent on rivers for their livelihood as fishermen, boatmen and by other business
activities. Moreover, the river system also plays an important role in the urban areas as the water
supply and the industrial sector are heavily dependent on the river resources. Navigation is a very
important aspect of economic activities of the country.

The process of riverine erosion in the River Systems and Estuaries Hotspot is a major challenge that
calls for long term strategic planning and response. Moreover, unplanned industrialization along
the banks causes deterioration of water quality and ecosystem affecting the whole environment.
In most of the countries, large rivers are well trained and countries are benefiting through using
river resources. In Bangladesh this needs to be given careful thought and understanding the river
systems is necessary to ensure proper river management.

In northwest region, the Barind Tract and the Atrai basin, a part of the Chalan Beel avulsion and
westward shifting of the Brahmaputra River and construction of Teesta Barrage have caused
significant changes in this region. Erosion, navigation during dry season, high extraction of
groundwater, flood and water scarcity for irrigation are the major problems of this region.
Controlling groundwater mining will be a challenging issue especially in the Barind Tract.
Controlling the upstream intervention at international and local levels will be another challenge for
this region.

In northcentral region, enormous sediment supply from upstream through Jamuna and its avulsion
attributes to the off-take sedimentation of major rivers of this region. Maintaining navigation
facilities is a major problem for this region as many rivers have become morphologically inactive.
Discharged effluence and waste materials from industries have caused deterioration of water
quality significantly. It would be challenging to maintain regulated flow, which can facilitate in
improving water quality without making the banks of the rivers erosion prone.

The northeast region is a tectonically active basin the central part of which is subsiding. This
increased subsidence rate is mainly caused by sediment starvation due to the avulsion of the
Brahmaputra River. Moreover, the northern part of the region being most depressed, the rivers
showed a tendency of shifting towards the north. Proper sediment management is for the
necessity of this region to compensate the subsidence and other effects of climate change and at
the same time to maintain the ecosystem. Maintaining proper sediment balance will be very
challenging in northeast region as different sectors are related to it.
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Table 1.19: Key vulnerabilities of the River Systems and Estuaries Hotspot

theLower Meghna
recorded at 179,258 ha
while accretion only 75,263
ha

discharge of rivers
over the the Ganges-
the Brahmaputra- the
Meghna floodplains,
riverine erosion could
increase

Vulnerability Current State Expected Change Consequences u!'lder a BAU
from scenario
1. Riverine By 2013, riverine erosion | With 13% increase in | Loss of farmland, crops,
erosion and along the Ganges, the | precipitation homesteads and livelihoods
accretion Jamuna, the Padma and | projected and annual | affecting thousands of

hectares along major rivers;
damage to infrastructure

2. Drought / dry
periods and

Upstream reduction of
flows on transboundary

Aggravation of
current problems

Loss of agricultural production,
water  scarcity, disturbed

sedimentation

facilities, rivers becoming

detrimental effects

reduced riverine | rivers; difficulty of navigation in the Northwest
flows navigation  during dry Region, reduced groundwater
season, high abstraction of recharge
groundwater; water
scarcity for irrigation
3. River avulsion, | Maintaining navigation | Increasing Reduced / blocked navigation,

deterioration of water quality

SLR

arsenic and subsidence of
polders

loss of polders to
storm surges, water

off-take, morphologically inactive, from discharged effluence and
subsidence banks become erosion waste materials from industries
prone in wet season in the North-Central Region;
maintaining sediment balance
in the Northeast Region will be

difficult
4. Tidal Lack of fresh water, | LossoflandfromSLR, | In the Southwest and South-
fluctuations and | salinity, groundwater | increase in salinity, | Central increase in vulnerability

and losses in agricultural
production, possible negative

problems

logging, SLR health impacts from salinity,
and out-migration due to loss

of livelihoods
5. Flash floods in | Land degradation, | Increasing soil | Increasing water scarcity in dry
hill terrain and | deforestation, land wuse | erosion, sanding of | periods; flash floods, loss of life
dry periods change, drying up of | rivers, bank erosion, | and crops, increased river
springs flash floods, drainage | sedimentation; river navigation

increasingly difficult in the

Eastern Hill Region

Source: BDP 2100 Technical Team Analysis, GED, 2015

More than half of the southwest and southcentral regions are influenced by tide and salinity
intrusions which are common features for several kilometers inland from the Bay of Bengal. This is
a complex region of inter-linked ecosystems in the delta of the Ganges-the Brahmaputra Rivers.
Delta progradation or delta building process is the most eminent feature of this region which is
influenced by tectonic and seismic activities. This active delta building process has impact on
accelerating the dynamics of rivers and Meghna Estuary of this region. This region is severely
vulnerable in terms of climate change and SLR. Lack of fresh water, salinity, groundwater arsenic
and subsidence of polders are the major problems of this region. Maintaining fresh water flow and
sediment management in polder areas of the southwest have been identified to be the major
challenges.
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The topography of the Eastern Hill Region being different from the rest of the country, the rivers
of the southeast region are different as well. These rivers did not change the same way as did rivers
of the other regions. Rivers in the hilly region mainly follow the terrain of the hills. Most of the
rivers of this region are flashy in nature and bank erosion occurs along the banks. Sedimentation
due to deforestation and hilly cultivation practices causes navigation problem impeding
commercial activities. The main challenge will be to deal with drainage congestion in the southeast
region.

In summary, the vulnerabilities affecting the River Systems and Estuaries Hotspots are shown in
Table 1.19 below. To address these concerns, policy attention needs to focus on several areas:
preparing a sustainable and adaptable long term plan; optimizing resources, maintaining
connectivity of the river system, climate change and upstream intervention both within country
and also beyond the international border. Integrated water management is needed to capture
multiple benefits, including flood prevention and efficient use of water supply. Future projects
involving water harvesting and storage structure with earth embankment spillways, outlet works,
and canal facilities might have to be considered. The main challenge will be to link interventions
adapting to climate change impacts with the country’s strategy for higher growth with minimal
impact on the environment.

1.7.5 Chattogram Hill Tracts Hotspot

The Chattogram Hill Tracts (CHT) area, covering three districts Rangamati, Khagrachhari and
Bandarban, is the only extensive hill area in Bangladesh bordering Myanmar on the southeast, the
Indian state of Tripura on the north, Mizoram on the east, and Chattogram district on the west.
The hills in the CHT rise steeply, thus looking far more impressive than their height would imply.
Most of the ranges have scarps in the west, with cliffs and waterfalls. The CHT contains a man-
made lake called Kaptai Lake, which has been created for the Karnafuli Hydro-Electric Project. Loss
of forest and vegetation cover and unsustainable farming practices will intensify impacts of
increased water runoff, soil erosion, landslides, and drying up of water springs and streams in this
hotspot as a result of climate change.
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The region is characterized by a huge network of trellis and dendritic drainage consisting of some
major rivers draining into the Bay of Bengal. The major rivers are the Karnafuli, the Sangu, the
Matamuhuri and the Feni. The Karnafuli River has several important tributaries: Chengi, Kasalong
and Rainkhiang. Presently, the region is separated from Myanmar by the Tuilanpui River. The
topography of the region being different from the rest of the country, the rivers of the region do
not change the same way as the rivers in the flood plains. Rivers in the hilly region mainly follow
the terrain of the hills. The folds of the region’s hills being north-south aligned the rivers also flow
in north-south direction. The Kasalong, the Mainy and the Chengy rivers originating from the hill
slopes, flow due south from the north and drain into the Kaptai Lake. The elevations of these river
catchments are above 500 m. The three border-rivers, the Sangu, the Matamuhuri and the Naf,
common with Myanmar, are situated in the southernmost extremity of the country.
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Map 1.24: Historical Evolution of Rivers in CHT
Source: CEGIS, 2015

The main river of the region, the Karnafuli, originates from the Lushai hills in Mizoram (India). The
river is flashy in nature and around 131 km long. Rainkhiang, Kasalong, Thega, Ichamati and Halda
are its main tributaries and Saylok and Bakkhali are its major distributaries. Many streamlets are
also connected with the rivers. The flow of the river is dependent on the rainfall at the upper hilly
catchment areas. The river made the most significant change of its course from Kalurghat
downwards. Normally, the river had a western and southwestern course. From the extreme corner
of the Chattogram port it moves to the southwest to fall into the Bay of Bengal. The main problem
of the river is bank erosion around Rangunia in Chattogram Coastal Plains. The river is now facing
increasing sedimentation due to deforestation and hill cultivation practices. The upper reaches of
the river are shallow and not navigable round the year.
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The transboundary, perennial river Sangu (length 294 km) originates from the Arakan mountain of
Myanmar (BDP 2100 Water Resources Baseline Study). The river enters Bangladesh from the
Bandarbans district and outfalls into the Bay of Bengal. The river has tidal effect at the downstream
and its average width is 120 m at Dohazari. The upstream reaches flow through a hilly region and it
has less freedom to change its plan form. It is a flashy and meandering river and some erosion-
accretion occurs in this river. The Bakkhali River (length 70 km) originates from the hilly area of the
Naikhanchhari Upazilla of Bandarban district, flowing through Ramu and Cox’s Bazaar Upazillas
and finally outfalls into the Moheshkhali Channel (BDP 2100 Water Resources Baseline Study). In
the downstream reach, its average width is 130 m. The Bakkhali, being a flashy river in nature,
shows some common features such as flash floods and floodplain inundations. Erosion and
accretion occurs in this river on a very small scale. Recently, the rate of erosion was seen to be
decreasing, which could be the effect of dams on this river. The Matamuhuri River (length 146 km)
is a transboundary river originating from the Lushai hills on the boundary of Bangladesh and
Myanmar at Alikadam Upazilla of the Bandarban District (BDP 2100 Water Resources Baseline
Study). The river has an average width of 154 m, bifurcates into two channels, which have tidal
effects, and falls into the Maheshkhali Channel. Tributaries of the Matamuhuri River are Bamu Khal,
Lama Chara and Popa Chara. A number of rubber dams have been constructed on this river which
may have affected the river morphology. The Matamuhri also has flash floods and floodplain
inundations, and steep slopes from the hilly regions. In general, most of the rivers of this region
are flashy in nature, and erosion occurs along the banks. Sedimentation due to deforestation and
hill cultivation practices causes navigation problems.

Wet evergreen and semi-evergreen forests occur in hilly areas of Bangladesh. Hilly forest extends
from Teknaf peninsula, north along the Myanmar border to Chattogram Hills and CHT, and low hills
in the district of Habiganj, Moulvibazar and Sylhet. The wet evergreen forests of the CHT are
magnificent dense forests that support a diversified and rich biodiversity. The trees in the top
canopy attain a height of about 45-60 m (BDP 2100 Ecological Settings Baseline Study). A few semi-
evergreen species may occur but they do not affect the evergreen nature of the forests. The floral
diversity is rich with epiphytes, orchids, and woody and non-woody climbers, ferns, mosses, aroids
and palms particularly in shady moist places. Herbs and grasses are abundant and the undergrowth
is a tangle mass of shrubs, bamboo and rattans. About 700 species of flowering plants grow in this
forest type (Pasha 2005). Bamboo is abundant throughout the hilly areas and 18 bamboo species
have been recorded from Bangladesh. The Semi-evergreen forests in the CHT in more exposed dry
areas; trees in the top canopy reach a height of about 25-55 m with evergreen species
predominating but having many deciduous species. In winter the semi-evergreen forests are
distinguishable from evergreen forests. Over 800 species of flowering plants have been recorded
in this forest type (BDP 2100 Ecological Settings Baseline Study).

Jhum cultivation (shifting cultivation) is the most common form of farming practiced by the Ethnic
Groups' (11 ethnic groups) people for growing food in the hilly areas (BDP 2100 Socio-Economic
Characteristics of Chattogram Hill Tracts Baseline Study). As the fallow period is getting shorter
due to population pressure, Jhum is causing denudation of vegetation, loss of top soil and a
degraded environment as a whole. However, proponents of Jhum claim that burning of the shrubs
during the process of jhum cultivation increases minerals in the top soil. Also, the burning drives
away harmful insects and makes the ground warm, thus accelerating the emergence of naturally
fallen seeds of forest plants. Notwithstanding the pros and cons, jhum cultivation will remain to
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meet food security of the hilly areas. In such a situation, modified hill farming systems applying
agro forestry are needed to minimize soil disturbance.

Unsustainable farming practices by settled farmers from the lowlands and deforestation has
added to the degradation. Erratic rainfall due to climate change and deforestation has made the
search for water increasingly difficult for the Ethnic Group population of the CHT, especially for
women. As the water bodies diminish, the search for water takes ever longer, and as women and
children are assigned the task, they suffer most.

Landslides are becoming a growing hazard, which occur following intense and protracted periods
of rain along with removal of top soil and vegetation. Sometimes, landslides are triggered by light
rainfall, because people have cut away mud from steep slopes, increasing the likelihood of
landslides. Though the rainfall is the main trigger, development and deforestation in the hills also
contribute to the growing number of landslides. Nearly half a million people live in areas at high
risk of landslides in the hilly region of Bangladesh (BDP 2100 Disaster Management Baseline Study).
With a tropical monsoon climate, 90% of rain falls between June and October, often triggering
landslides. A landslide early warning system in hilly areas of Bangladesh has potentially saved
hundreds of lives in a region where weather stations monitor rainfall and send text messages to
warn people of impending landslides hours before the disaster takes place. The text messages are
sent to the mobile phones of 10 officials in different government agencies, who can take immediate
action and evacuate people from danger areas. The stations also send local rainfall data at regular
intervals to an online database so patterns can be analyzed to improve the warning system and
flood forecasting.

Table 1.20: Key Vulnerabilities of the Chattogram Hill Tracts Hotspot

Vulnerabilit Consequences under a BAU
E Current State Expected Change g -
from scenario
1. Loss of forest | Increased water runoff, | Increasing Loss of fertile soils, farmland,
and vegetation | soil erosion, and drying | sedimentation of | crops, homesteads and

cover up of water springs and | Karnaphuli river livelihoods; longer treks in

streams as a result of
climate change

search of water (especially for
women and children)

2. Flash floods in

Land degradation,

Increasing soil erosion,

Flash floods, loss of life and

hilly terrain deforestation, land use | sanding of rivers, bank | crops, increased river
change. erosion in coastal plains, | sedimentation; river
flash floods, drainage | navigation increasingly
problems difficult in the Eastern Hill
Region

Source: BDP 2100 Technical Team Analysis, GED, 2015

Long term challenge: The major long term challenges are: maintaining forest cover to reduce run
off, increase water retention capacity of the soil and vegetation, maintain water sources, springs
and waterfalls in the hills, and increase fallow periods in areas of jhum cultivation or alternatively
achieve high rates of adoption of agro forestry and environment friendly agricultural practices.
Economic development programs have to be specifically focused on the needs of hill peoples and
the ethnic groups; governance and administrative structures need to strictly implement land
management practices conducive to forest and landscape conservation with mitigation steps (e.g.
REDD) positively impacting climate change as well as benefiting local people and stewards of the
forests.
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1.7.6 Urban Areas Hotspot

The urban population base has expanded rapidly from 9% to nearly 28% between 1974 and 2011,
which makes Bangladesh a ‘rapidly urbanizing country’. With a population of 42 million in 2011 and
increasing on a daily basis due to in-migration from rural areas, the urban area is the most densely
populated area in Bangladesh averaging about 1590 people per km?*. Population concentration in
urban areas together with climate change induced negative impacts such as increasing SLR,
salinity, water logging, prolonged dry periods, intensive rainfall, increased river discharges,
receding groundwater table, and contamination of surface waters will compound matters and
increase strains and stress on service providers and disaster risk managers in urban centres.

Table 1.21: Urbanization Overview

Decadal Annual
Total Growth rate . . .
. . Total urban Level of increase in exponential
Census national of national . L.
) ) population | Urbanization urban growth rate of
year population population - .
- (million) (%) population urban
(million) (%) ]
(%) population (%)
1951 44.17 0.5 1.82 4.33 18.38 1.69
1961 55.22 2.26 2.64 5.19 45.11 3.72
1974 76.37 2.48 6.27 8.87 137.57 6.66
1981 89.91 2.32 13.23 15.18 110.68 10.66
1991 111.45 2.17 20.87 19.63 57.79 4.56
2001 123.1 1.47 28.61 23.1 37.05 3.15
2011 150.4 1.37 42.11 28.4 47.19 4.12

Source: Bangladesh Bureau of Statistics (BBS), 2012

The most significant urban population growth in Bangladesh occurred during the 1961-74 inter-
census period; over 6 million people were living in urban areas constituting roughly 8.8% of the
total population. Thus the percentage increase of the urban population during these 13 years was
striking. That accelerated growth is to a great extent the result of the very recent influx from rural
villages. The growth rate of the urban population was 5.4% during 1981-1991. By 2001 the total urban
population stood at 28.6 million.> In 1974 people living in urban areas accounted for only 8.8% of
the population whereas in 2011 this urban population was 28% of total population.

The annual exponential growth rate of urban population is approximately 4% and the level of
urbanization is estimated at 28% with a decadal increase in urban population at 47%. As a result of
this rapid urban growth, Bangladesh’s urban areas have the fastest growing number of people
living in slums. For example, the annual growth rate of slums in Dhaka is approximately 7%.

2 BBS, Household Income and Expenditure Survey 2010; World Bank WDI, 2015
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Figure 1.3: Level of Urbanization and Rural - Urban Population Trends
Source: BBS, 2012

The push factors driving people from rural to urban areas are the socio-economic, demographic
and cultural issues, which include unemployment, poverty, cyclones, floods, sea level rise,
droughts, river erosion, social discrimination and disputes at the district level, the pattern of
migration also shows a net outmigration from several districts to the urban centers of several
prosperous districts, especially Dhaka. Thus, evidence shows that the population of Barishal,
Jhalokathi, Pirojpur, Khulna and Bagerhat districts have actually declined between 2001 and 2011
due to out-migration. In an environment of a fairly robustly growing population of Bangladesh (1.3%
per year between 2001and 2011), the combined population of the g lower Delta region districts has
actually declined.

This may be attributed to loss of livelihoods from cyclonic damage, salinity and sea level rise
pushing people into out-migration to escape the miseries and uncertainties of climate change and
natural disasters. 29% of Barishal division’s arable land was classified as “salt-affected” in 2010, up
from 20% in 1973. Rising sea levels have contributed to the trend, aggravating the effects of
intensive agriculture. Furthermore, cyclones Sidr (2007) and Aila (2009) destroyed embankments
and left coastal zone submerged under saltwater for months.

The pull factors attracting people to urban areas include the concentration of resources,
employment opportunities, better living and educational facilities, etc. in the urban areas. For
example, according to World Bank assessment, approximately 80% of the garments industry in
Bangladesh, accounting for the overwhelming majority of the country’s exports, is located in
Dhaka city. Between 2040 and 2050, the country’s population is projected to become
predominantly urban. The rural-urban migration is putting stress on urban resources;
overcrowding in urban areas —particularly in city slums - and the absence of sanitation and
sewerage systems cause waterborne and airborne diseases to become prevalent. High population
density in urban centres is, hence, a key issue that requires urgent attention. Urban sprawl,
settlements and development in challenging and hazardous areas is increasing such as in high flood
risk areas, riverbeds, coastal flood plains, cyclone and storm surge risk areas, and eroding areas
along the rivers and coasts. Informal growth causes cities and settlements to grow in a haphazard
way. Its magnitude brings problems in supplying basic services, employment, transport and waste
disposal, especially for slum dwellers and the urban poor. Especially, Dhaka has been growing at
an enormous rate. From 1991-2001 the population increased by 2 million and from 2001-2011 by 9
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million. These have resulted in rapid urban growth. The area of the city expanded from 510 km?* in
1981 to 1,528 km? in 2011. The city is growing denser at a rapid pace and low-lying wetlands are
converted into urbanized settlement. Thus, agriculture, wetlands and flood zones have
disappeared. Growing pace of urbanization as well as increased population is putting pressure on
the already stressed water supply and sanitation systems. Due to further lowering of groundwater
(GW) levels and seasonal variation, the shallow tube wells cannot yield water especially in dry
season, causing a serious threat. Adjacent rivers are heavily polluted from municipal and industrial
sources, and may further deteriorate and clean ups are required.

There is inadequate infrastructure and institutions for dealing with faecal sludge from households
and commercial institutions. Sustainable groundwater abstraction, allocation of scarce water
resources, restoration of water quality, wastewater management, treatment of effluents — all
these issues present an enormous challenge to make urban areas safe and livable. The effluent
discharges from the washing, dyeing, finishing (WDF) factories, in particular, are heavily polluted
with high levels of dissolved solids and chemicals. Estimates of the number of factories with
Effluent Treatment Plants (ETPs) vary from 40 to 80% although it is widely acknowledged that
many of the installed plants are poorly designed or not operated in an appropriate and responsible
manner. Water demand for most of the textile manufacturing processing and dying industries is
extensive. The high demand can put pressure on domestic consumption of water supply by
DWASA. The private deep tube wells (DTW) abstraction in Dhaka (both by industries, communities
and households) represents a substantial percentage of the total groundwater abstraction.

Apart from textile industries, the leather industry is of significance to the urban water cycle; there
are reportedly around 155 tanneries operating in Bangladesh. Over 90% of the tanneries were
located in the Hazaribagh area in Dhaka in a highly congested area of less than 30 ha of land. Now
all of them have been shifted to Savar, Dhaka. It is estimated that approximately 40 m3 of water
are required to process a tonne of wet salted hides. For comparison, modern processes utilized in
Europe are able to reduce the water use to 20 m3 or less. In addition to the water use, more than
450 kg of chemicals are used in the process. As only a fraction of the chemicals are retained in and
on the leather, the majority is discharged to the environment in various forms including
wastewater discharges. The total volume of effluent discharged from tanneries is estimated at
20,000 m? per day, which is in line with the capacity of the new Centralized Effluent Treatment
Plant (CETP) currently being constructed in Savar. The industry yet contributes significantly to poor
river water quality and the associated environmental and health impacts.

Domestic, industrial and agricultural pollution put surface water under increasing strain for
maintaining drinking water quality. Especially in the direct vicinity of Dhaka and Chattogram rivers
suffer from deteriorating qualities. Overall, surface water quality in Bangladesh’s rivers is
deteriorating. Untreated sewage and sullage water often ends up in the storm water drainage
system. Due to polluting industries, poor sewers and waste collection systems and the rapid
(informal growth), environmental pollution is increasing. Not only groundwater and streets get
polluted; there is also air and noise pollution. Due to lack of wastewater treatment and poor
drainage system there is water logging as black water is not always collected in a closed system
but ends up directly and untreated in the surface water.

62 General Economics Division



Table 1.22: Pollution Overview in Hotspots

Pollution Type Hotspots
Air Pollution Major cities such as Dhaka, Chattogram, Khulna, Sylhet, Rajshahi, Barishal, Gazipur
and Narayanganj
Water Pollution Major rivers such as Padma, Ganga, Jamuna and Meghna; also rivers around the
major cities

Rivers around Dhaka and Narayanganj — Buriganga, Shitalakhya, Turag, Balu
Rivers near Chattogram city — Karnafuli, Halda

Rivers besides Barishal city — Kirtonnekhola

River besides Sylhet city — Surma

Rivers besides Khulna city - Moyuri, Rupsa, Bhoirab

Rivers across the Sundarbans and Mongla Port — Rupsa and Passur

Soil Pollution Ship breaking waste contaminated area — Chattogram coast
Industrial polluted area — Dhaka, Gazipur, Narsinghdi, Narayangonj
Waste Major cities: Dhaka, Chattogram, Khulna, Barishal, Sylhet, Gazipur, Narayanganj
Management
Noise Major cities

Source: BDP 2100 Technical Team Analysis, GED, 2015

Rapid and uncontrolled urbanization has caused the development of formal urban extensions and
informal urban fringe development within naturally vulnerable locations such as floodplains,
wetlands and other low-lying areas. Additionally, erosion from areas under development produces
sedimentation, which obstructs (natural) drainage capacities and development in floodplains limits
natural floodwater storage. Under a 1-meter sea level rise scenario, the inundated area (808 km?
or 0.58%) would be greatest in Khulna while the temporarily inundated area (20,089 km? or 14%)
would be greatest in Dhaka. Dhaka‘s population would face the highest risks.

Long term challenges for urban area hotspot from climate change are: sea level rise causing rivers
backing up and blocking receding waters from inundated areas in the dry season which creates risk
of water logging; land reclamation by filling up natural wetlands and water bodies thus reducing
water absorption, storage and flood water holding basins in and around urban areas; sinking
groundwater table because of intensive groundwater abstraction leading to insufficient supply of
freshwater for growing population in urban areas in dry periods; increasing precipitation with
intense and extreme rainfall/storm events and river discharge creating flash floods in urban areas;
increasing effluents and pollution of land and water bodies leading to contamination of ground
and surface water and sources of urban areas; and increasing strain and stress of city services and
disaster risk management institutions, which will be unable to cope with ever growing in-migration
of rural population into urban areas, increasing water borne diseases, flash flood disasters, and a
breakdown of infrastructure and communications. Addressing these complex challenges in urban
areas require concerted and well planned investments in infrastructure and administrative reforms
to tackle urban planning, settlements and a long term plan to cope with in-migration into urban
areas from rural villages. The urban water supply issues are discussed in depth in Chapter 10.
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In summary, the vulnerabilities affecting urban areas hotspots are:

Table 1.23: Key vulnerabilities of the Urban Areas Hotspot

Vulnerability

Consequences under a BAU

Current State Expected Change -
from scenario
1. Urban Settlements in hazardous | increasing risk of floods in | Loss of life and property; rescue
sprawl, areas such as high flood risk | inner city areas; breakdown | and relief efforts increasingly
unplanned areas, riverbeds, coastal | of basic services — water | hampered and difficult;

settlements
and
development

flood plains, cyclone and
storm surge risk areas, and
eroding areas along the
rivers and coasts; slum
growth in Dhaka City at 7%
per annum

supply, sanitation, waste
disposal; increase in water
borne diseases;
contamination of surface
waters; reduced re-
charging of groundwater
sources

vulnerable and poorin slums will
suffer most

2. Lowering
of
groundwater
levels

Less freshwater available
for industrial and domestic
consumption; drying up of
shallow tubewells in dry
season

Increasing water shortages

Decline of industrial output;
social unrest due to water
shortages; water borne diseases
due to use of contaminated
water for drinking

3. Untreated
sullage /
faecal sludge
and

Surface | groundwater
contamination from
dissolved solids and
chemicals

Increasing  pollution  of
surface water and
groundwater sources

Environmental and  health
hazards for all sections of the
urban population; agricultural
output [ horticultural products

industrial grown close to urban areas

effluents irrigated with contaminated
surface and groundwater

4. Air and Increasing traffic and traffic | Further increase in traffic, | Increase in respiratory illnesses;

noise jams; increasing emissions | noise and emissions loss of time sitting in log jams;

pollution and noise pollution decline in economic productivity
and increasing health costs

5. Sea level Higher tides and blocking of | Risk of permanent inundation; | Loss of life and property; reduction

rise and receding monsoonal rains (e.g. | increasing flood risks; | in economic output and loss of GDP

increasing Chattogram) breakdown of disaster-risk

precipitation

management structures

Source: BDP 2100 Technical Team Analysis, 2015

1.8

1.8.1

Aggregative Economic Costs

Economic Impacts of Climate Change

Climate change and its ramifications are central to the vision of sustained development of the
Bangladesh Delta. It raises critical issues for long term planning in addressing resource constraints
and gaps across regions and across time. According to Nicholas Stern (Stern Review, 2007), climate
change presents a unique challenge for economics: it is the greatest and widest-ranging market
failure ever seen.3 The science of climate change means that it is a very different form of externality
from the types commonly analyzed in economics. Climate change has special features that,
together, pose particular challenges for the standard theory of externalities owing to the
following: (a) climate change is an externality that is global in both its causes and consequences;

3 Stern, N. 2006. Stern Review: The Economics of Climate Change. Government of UK. London
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(b) the impacts of climate change are persistent and develop over time; once in the atmosphere,
some GHGs stay there for hundreds of years; (c) the uncertainties are considerable, about size,
type, and timing of impacts; so the framework of analyses used must be able to handle risk and
uncertainty; and (d) the impacts are likely to have a significant effect on the global economy if
action is not taken to address climate change.

Economists describe human-induced (anthropogenic) climate change as an “externality”, with
largely negative implications for economies and societies. Economic losses from climate change
have to be posited against costs of adaptation or mitigation. The Stern Review finds convincingly
that the costs of adaptation and mitigation are way below the estimated GDP losses and other
human costs associated with climate change. At this point there may not be a clear idea of what it
would cost to do a proactive adaptation and mitigation programme. A rough estimate of the kind
of costs involved in adaptation and mitigation can be gathered from a South Asian study (ADB,
2014). Also, the Bangladesh Climate Change Strategy and Action Plan (BCCSAP, 2009) provides a
list of programmes that need to be undertaken. Table 1.24 presents annual average cost between
2010 and 2050 and the range of estimates within the 90% confidence interval, both in terms of
absolute monetary values and as a percentage of GDP.

Table 1.24: Annual Average Climate Change Adaptation Cost for South Asia (2010 - 2050)

Policy $ Billion GDP (%)
Scenario Adaptation Target Annual Average Range Annual Range
Cost Average Cost
BAU; 2100 worst case 110.9 51.2-198.0 1.32 0.64-2.29
(6.9°C,1.1m SLR)

BAU- 2100 72.6 33.1-127.8 0.86 0.42-1.46
(4.5°C, 0.70 m SLR)

BAU; 2050 40.2 18.3-71.5 0.48 0.23-0.81
(2.5°C, 0.30 m) SLR)

-G 2100 40.0 18.8-71.4 0.48 0.24-0.82
(2.5°C, 0.55 m SLR)

G 2050 31.0 14.2-54.5 0.36 0.18-0.62
(1.9°C, 0.30 m SLR)

BAU= business as usual, C-C=Copenhagen-Canoun, GDP=gross domestic product, SLR=sea
level rise

Source: ADB: Assessing the Costs of Climate Change and Adaptation in South Asia, 2014

To summarize, climate change impacts are aggravatingly increasing year-on-year; under BAU-1
scenario, which refers to a 6.9°C temperature rise and a 1.1 meter sea level rise by 2100 (worst case
scenario), the cost of damage from sea level rise, drought and dry periods, increasing night
temperatures, and extreme events such as intensive precipitation, extremely high wind speeds
during cyclones, and storm surges could rise upto 2.0% of GDP per annum taking in account climate
uncertainties. To avoid BAU, at the COP21 meeting in Paris in December 2015, the global community
committed to strong actions to reduce greenhouse gas emissions and cap global warming to 2°C.
Adapting to a lower temperature under the Copenhagen-Cancun (and now Paris) scenario (C-C-2)
by 2050 could bring the cost of adaptation down to US$ 31 billion per annum.

In Bangladesh case, annual GDP loss could range from 1.1% for moderate climate change to 2% of
GDP for extreme climate change. Bangladesh, a signatory to the COP21 declaration, is also
committed to do its share in restraining GHG emissions and adopting strategies for spread of green
energy. With good policies the costs of action to mitigate environmental impacts of climate change
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need not be prohibitive and would be much smaller, which provides the logical inference for
Bangladesh that the benefits of strong, early action on climate change outweigh the costs.

1.8.2 Sectoral Effects

Agriculture: A rise of 1°C-2°C in combination with lower solar radiation causes sterility in the rice
spikelet. High temperature reduces yields of high-yielding varieties of aus, aman, and boro rice.
Climate change, especially in temperature, humidity, and radiation, increases the incidence of
insect pests, diseases, and microorganisms. Simulation studies predict about 17% decline in overall
rice production and as high as 61% decline in wheat production compared with the baseline
situation. The highest impact would be on wheat followed by rice (aus variety). By 2050, this could
lead to a reduction in 4.5 million tonnes of rice output at the 2002 level of production. Of the three
varieties of rice grown in Bangladesh, aus rice seems to be the most vulnerable. Simulations using
a Canadian climate model, projecting existing cropping patterns into the future, a temperature
increase of 4°C would cause significant decrease in production: some 28% for rice and 68% for
wheat. An apparent fertilization effect due to doubling of atmospheric concentration of CO, may
result in an overall 20% increase in rice production; however, a 60% moisture stress on top of other
effects might cause a decline in boro yield as high as 32%. It is feared that moisture stress would be
more intense during the dry season, which might force farmers to reduce the area under boro
cultivation. The associated shortfall in food grain production would severely threaten food
security.

Under a moderate climate change scenario the crop loss due to salinity intrusion could be about
0.2 million tonnes. The loss of production due to such effects may be higher than that under floods.
Bangladesh is projected to be vulnerable to increasing temperature and CO, level, which could
result in a decline in rice yield of as much as 23% by 2080. Simulations show that under the BAU
scenario, due to the reduction in yield, paddy production would fall by 1.60% in 2050 and 5.05% in
2100. The decline in paddy yield due to climate change will bring a negative impact on real GDP of
Bangladesh by 0.67% in 2050 and 0.93% in 2100 under the BAU scenario. Given the high prevalence
of poverty, food security in the country is closely linked to “rice security”. A fall in rice production
would increase its price, which would then place upward pressure on the overall consumer price
index (CPI) of the economy (i.e. resulting in a decrease in household real consumption). This would
put additional pressure on the government in ensuring the country’s long term food security.

Health: In Bangladesh, additional morbidity per year from dengue due to climate change by 2090
under the B1 scenario could reach 23,876 persons and dengue fatalities 314, and higher under the
other two scenarios. The number of cases would be slightly higher during the monsoon months
than in winter. The annual morbidity from malaria by 2090 could increase to 440,000 persons and
fatalities could reach 2,525 with the A2 scenario though less under the other scenarios. Water-
borne diseases, such as diarrhea and dysentery, and vector-borne diseases, such as malaria and
dengue, are climate sensitive. Climatic factors like temperature and precipitation are considered
to be the key determinants of the distribution of many disease-carrying vectors.

Sea level rise and permanent inundation: At 1m SLR a significant part of dryland in Bangladesh will
be permanently inundated; the fall in production in all sectors in the economy due to the land
quantity shock would lead to a fall in real GDP.

66 General Economics Division



Impact on infrastructure: Climate change and the resultant floods and cyclones will have a
significant impact on infrastructure in Bangladesh. In the absence of any exact estimates of the
projected loss on infrastructure, it is assumed in the CGE model used in the projections underlying
the macroeconomic framework in Chapter 5that due to the impact of climate change, the capital
stock in the construction sector would be depleted by 0.05% annually until 2100. Simulation shows
that the infrastructure shock would have a negative impact on all sectors in the economy. In
general, larger impacts would be observed in the industrial and services sectors and the magnitude
of these negative effects would intensify beyond the end of the century. A negative shock on
infrastructure as a result of climate change would have serious negative impacts on the overall
economy of Bangladesh. The sectors closely linked to the construction sector, such as forestry,
cement, metals, and mining, would experience large falls in production. Real GDP would continue
to fall in 2030 and in 2100. Currently, the poor status of infrastructural development is already a
serious binding constraint to realizing growth targets.

Energy: Every 1% of GDP growth is estimated to lead to a growth of 1.4% in electricity demand in a
typical developing country (Ahmad and Suphachalasai 2014). For a 5%-6% typical annual economic
growth rate, this would imply a need for close to 7%-8% growth in electricity supply. Per capita
power generation is about 433 kilowatt hours (kWh) (as of 2015). Close to 40% of the population
do not have access to gas and electricity (BDP 2100 Socio-Economic and Demographic Condition
Baseline Study). Projected climate change can affect both energy generation (especially
hydropower and thermal) and energy demand during hot summer seasons (especially during peak
hours). Further, regular cyclones and floods cause power supply failures and infrastructure
damages. Energy demand for rural irrigation is an important component in Bangladesh. An
increase in drought conditions can have severe impacts on energy demand, as pumping load rises
with falling water tables. Currently, the energy demand-supply gap worsens during irrigation
periods, when the system is already suffering from "load shedding". This can produce a negative
feedback loop where poor farmers, who are economically hit hard due to both the reduced harvest
and energy supply shortages. Climate-induced energy demand for space heating or cooling
depends mostly on already existing air- conditioning or heating infrastructure. With 70% of the
population rurally based, the quantifiable impact on energy demand may be less than in other
countries. However, this means that living conditions of poor people may worsen, as they may
have to tolerate excessive heat or cold due to climate change as supply will lag behind.

Forest and other ecosystems: Forests provide materials like timber, pulp, pole, fuel wood, food, and
medicine; habitat for wildlife; and a primary base for biodiversity. They also provide oxygen, control
or reduce the intensity of the cyclones and tidal surges in the coastal zone of Bangladesh, and
influence rainfall and water yield in the river systems. Of the total area of Bangladesh, agricultural
land makes up 65% of its geographic surface, forest lands (2.52 million ha) account for almost 17%,
and urban areas are 8% (BDP 2010 Forest and Biodiversity Baseline Study). Water and other land
uses account for the remaining 10%. Many of the anticipated adverse effects of climate change,
such as SLR, higher temperatures, and an increase in cyclone intensity, will damage the forest
resources of the country, put pressure on many climate-sensitive species, and cause increased
erosion and deterioration of soil quality in many upland forested areas. The world’s largest
mangrove forest, the Sundarbans, is extremely vulnerable to climate change. SLR will increase
saltwater intrusion and negatively affect the forest. Loucks et al. (2010) predict a 96% decline in
tiger habitat in Bangladesh’s Sundarbans mangroves with a 28 cm sea level rise if sedimentation
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does not increase surface elevations. Considering that the salinity regime inside the forest will
significantly change as a consequence of climate change, it has been argued that increased salinity
would have discernible adverse impacts on forest regeneration and succession (Khan et al. 2008).

1.9 Concluding Remarks

A summary of the sectoral impacts is provided in Table 1.25. The evidence on aggregative and
sectoral losses makes clear that Bangladesh faces serious climate change challenges that have
serious welfare implications if unaddressed. These implications partly related to the quality of life
by degrading the environment and damaging the ecological balance. But they also concern
reduction of welfare from adverse consequences for loss of production, assets and livelihoods. The
nature and origins of the possible adverse consequences have been discussed in this Chapter. The
quantitative effects of climate change for long term socio-economic outcomes measured in terms
of GDP growth, employment and poverty are discussed in detail in Chapter 5 in the context of the
various Delta scenarios and policy options. A more detailed description of the socio-economic

characteristics of the Delta is provided in the next chapter.

Table 1.25: Possible Sectoral Impacts of Climate Change

Sector [ Asset

Climate Change

Impact

Possible Consequences under
BAU scenario

1. Agriculture

Rise in
temperature  of
1°C-2°C in
combination with

sterility in the rice spikelet;
reduces yields of high-yielding
varieties of aus, aman, and
boro rice; incidence of insect

about 17% decline in overall rice
production and as high as 61%
decline in wheat production

compared with the baseline; By

lower solar | pests, diseases, and | 2050, a reduction in 4.5 million

radiation microorganisms tonnes of rice output at the 2002
level of production.

Temperature apparent fertilization effect | decrease in production by some

increase of 4°C

due to doubling of
atmospheric concentration of
CO: may result in an overall 20%
increase in rice production;
however, a 60% moisture stress
on top of other effects might

cause a decline in boro yield as

28% for rice and 68% for wheat;
decline in paddy production by
1.60% in 2050 and 5.05% in 2100;
negative impact on real GDP by
0.67%in 2050 and 0.93% in 2100

high as 32%.
Salinity intrusion | Crop loss about 0.2 million tonnes or more
under moderate
SLR

Temperature and

Increasing dengue and malaria

By 2090 increase in Dengue cases

2. Health precipitation risk; water-borne diseases like | by 24,000 with fatalities 314;
increase diarrhea and dysentery; | malaria cases by 440,000 and
congestion in urban areas; | fatalities could reach over 2,500;
increase in emissions respiratory illnesses; and
increasing health costs

3. Land 1m sea level rise; Inundation permanent and | 17-21%area loss (up to 30,000 km?
Increased seasonal inundated; additional 16% land

precipitation
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Possible Consequences under

Sector [ Asset Climate Change Impact i
BAU scenario
inundated due to increased
rainfall (5,500 km?)
4. Floods; cyclones; | Permanent and reparable | capital stock depletion in the
Infrastructure | sealevelrise damage construction sector by 0.05%
annually until 2100; sectors
closely related to construction
would experience larger falls in
real GDP
5. Energy Cyclones, floods, | Affecting hydropower and | Increased load shedding;
dry periods thermal generation; energy | increase in energy demand-
infrastructure damage; loss of | supply gap; fall of production;
energy in irrigation sub-sector | GDP losses in agriculture and
industry
6.Forestand | Sea level rise; | Impact on species composition | 40% mangrove loss; 96% decline
other increase in | and extinction in tiger habitat
ecosystems temperatures; salt
water intrusion
7. GDP N/A Deacrease in GDP By 2050, annual GDP losses are

projected to be 2.0% per annum

Source: BDP 2100 Technical Team Analysis, GED, 2015
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Chapter 2: Socio-economic Characteristics of the Bangladesh Delta

2.1 Background

As noted in Chapter 1, despite considerable development progress, Bangladesh faces substantial
risks and vulnerabilities that are intimately linked with the geography of the country. While the
Delta widely encompasses much of Bangladesh and the risks to natural disasters extend to most
of the country, the magnitude of the risks and associated vulnerabilities vary significantly by
regions. The hotspot classification also showed that the nature of these risks and vulnerabilities
are multiple and affect different districts differently. There are variations even within districts at
the sub-district (Upazilla) level. In order to understand how nature and human beings interact and
how livelihood and welfare are impacted by geography and climate change, it is important look at
the socio-economic characteristics of the different delta areas. This analysis has provided useful
background for developing the BDP 2100.

The guiding principle of the strategy would be to develop a baseline of socio-economic
characteristics of the Delta using the available information, understand the specifics of the
downside risks and vulnerabilities posed by geography and climate change in relation to the
baseline, and develop strategies, policies, programmes and institutions that provide necessary
support to minimizing these risks and vulnerabilities. With limited financial and administrative
capacities, interventions that make the best contribution in terms of improving the welfare of the
population and safeguarding the population from the downside risks of the Delta will need to be
given priority. So, a good understanding of the population's welfare based on observed socio-
economic characteristics is an essential pre-requisite to developing sound delta strategies.

This Chapter provides in detail the major socio-economic characteristics of the Delta region.
Section 2 provides a description of the data and methodology used for the analysis. Summary
features at the aggregate hotspot level are discussed in section 3. Against the main results of this
aggregative analysis, section 4 provides a deeper district level and sub-district level analysis of
specific risks and vulnerabilities and how they impact on human welfare measured in terms of
poverty and income. The section develops a simple analytical framework for classifying districts by
the intensity of climate change and natural hazard risks and discusses how these are correlated to
poverty and income. Section 5 deepens this analysis further by picking up specific experiences of
districts that have adapted to the various natural hazards to secure better poverty and income
outcomes.

2.2 Data and Methodology

Data: Proper understanding of the risks and vulnerabilities requires zeroing in to as much specificity
as possible based on available data. Fortunately, the Bangladesh Bureau of Statistics (BBS)
conducts detailed periodic reviews of different socio-economic aspects of Bangladesh. These data
are based on special-purpose surveys and provide a wealth of information about how people are
faring in terms of different socioeconomic indicators. These include population, household size,
literacy, education, income, employment and poverty. The surveys are at the household level and
cover all the upazillas of Bangladesh. Although the definition of the administrative divisions
including the number of upazillas have changed over time and the measurement of income is
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fraught with estimation problems, the data nevertheless provide major insights on the welfare of
the Bangladeshi population over time and spatially. The population and poverty data are
particularly telling and constitute important indicators about how the country is adjusting to
various opportunities and risks related to geography and climate change.

The analysis of the Chapter is based on the unit record data of four major sample surveys
conducted by BBS. They include: Household Income and Expenditure Survey (HIES) 2000 and 2010;
and Labour Force Surveys (LFS) 2000 and 2013. The choice of years of the surveys depended on
two considerations- (i) to track at least the decadal trends beginning in 2000 and (i) use the most
recent information where available. In additional to these surveys, information of Population
Census 2001 and 2011 are also used. Brief descriptions of the four sample surveys are provided
below.

Box 2.1: Description of Sample Surveys

Household Income and Expenditure Survey (HIES) is one of the core activities of the BBS. It contains a
broad collection of socio-economic information at the household level. The HIES is composed of 9
sections. This survey provides valuable data on household income, expenditure, consumption, savings,
housing condition, education, employment, health and sanitation, water supply and electricity, etc. The
survey data can also be used for compilation of national accounts of the household sectors, analysis of
poverty circumstances and other information on household related characteristics. It also provides the
weights for computation of consumer price index (CPI). It has become an important data source for the
preparation of Five Year Plans (FYP). It is also used for monitoring the progress of poverty reduction and
the Millennium Development Goals (MDGs) indicators. HIES has been conducted at five year intervals. The
most recent HIES in Bangladesh are HIES 2000, HIES 2005 and HIES 2010.

Labour Force Survey (LFS) is a comprehensive data based on current activity status of the population
aged 15 years and over. It has been conducted to: estimate the size of the labour force (economically
active population) by age, gender, education and locality; estimate the number of employed persons by
occupation, industry and status of employment; assess the demographic and socio-economic
characteristics of current labour force; assess the average hours worked, earnings, etc. of employed
persons; assess the extent of unemployment/underemployment; and estimate the number of educated
unemployed by age, gender and locality. LFS has been conducted on a regular basis with more or less
three years interval since 1980. The most recent LFS’s in Bangladesh are LFS 2002-03, LFS 2005-06, LFS
2010 and LFS 2013.

Methodology: One of the objectives of the Chapter is to derive the socio-economic characteristics
of the six Delta Hotspots using the available survey information. Data contained in the surveys are
associated with the highest administrative unit (Divisions) to the third administrative unit
(Upazillas/Thanas). Assigning data to the six Delta Hotspots involves extensive mapping exercises
using the administrative units of the surveys and definitions/maps of the six Delta Hotspots.
Specifically, the steps include:

a) Identifying the lowest administrative units with description and code (i.e. as defined in the
respective surveys).
b) Assigning codes to the six Hotspots. These are:
* The Haor and Flash Flood Areas (Code 06)
» The Coastal Zone (Code 03)
» The River Systems and Estuaries (Code 02)
* The Barind and Drought Prone Areas (Code 04)
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* The Urban Areas (Code 01)
*  The Chattogram Hill Tracts (Code 05)
¢) Recoding all lowest survey administrative units to the six Delta Hotspots codes. The lowest
administrative units which are not mapped to the six Delta Hotspots have default code 00 and
named as “Relatively Less Hazard Prone Area (RLHP)”. STATA software has been used for
recoding and socio-economic information generation.
d) The distribution of lowest administrative units according to the six Delta Hotspots for HIES
2010 is provided in Figure 2.1 as an example.
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Figure 2.1: Distribution of Upazillas by Hotspots
Source: BDP 2100 Estimates, GED, 2015

Note: In the case of urban areas, the lowest administrative unit considered is Thana.

2.3 Basic Hotspot Indicators

Population distribution: Basic indicators related to area and population are provided in Table 2.1.
The River Systems and Estuaries constitute the majority share of Bangladesh’s population,
followed by urban areas. The urban areas have the highest population density. Barind and Drought
Prone Areas and River Systems and Estuaries also have high population density with more than
1,000 person per km* The Chattogram Hill Tracts (CHT) area has a small share of the country's
population and has low population density.
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Table 2.1: Basic Indicators - Population and Area

Area Share Popfjlfxtion Share Density Popfjl.ation Share Density
Hotspots s ) (million) ) (Per km?) (million) ) (per km?)

(km?) (%) 2001 (%) 2001 2011 (%) 2011
Haor and 16,574 1.2 12.9 9.9 779 15 10 906
Flash Flood
Areas
Coastal 27,738 18.8 20.4 15.6 735 22.4 15 807
Zone
Chattogram | 13,295 9 1.4 1.1 105 1.7 1.1 128
Hill Tracts
Urban 19,823 13.4 26.2 20.1 1,320 31.5 21 1,588
Areas
Barind and 22,848 15.5 20.4 15.6 894 22.8 15.2 999
Drought
Prone Areas
River 35,204 23.8 37 28.4 1,052 41.4 27.6 1,177
Systems &
Estuaries
RLHP Areas 12,089 8.2 12.3 9.4 1,016 15 10 1,238
Total 147,570 100 130.5 100 884 149.8 100 1,015

Source: BDP 2100 Estimates (GED 2015) based on Bangladesh Population Census 2001 and 2011.

An interesting population dynamic is the variable growth of population by hotspots (Figure 2.2).
Not surprisingly, the urban population has grown the fastest between 2001 and 2011. It grew 70%
faster than the national population. Interestingly, the population growth rate in the coastal zone
has been almost 50% lower than the national average. Similarly, population in river systems and
estuaries and in the Barind and drought prone areas have grown slower than the national average.
The areas not mapped to Delta hotspots, because locationally they are relatively less vulnerable to
natural disasters than the hotspot regions, has also grown faster than the national average. These
population movements suggest that there have been a net out-migration from the relatively more
disaster-prone region to the relatively less disaster prone region. This has been an important
coping mechanism of the disaster affected population. This result will be explored in greater detail
later in the chapter.

Population Growth (%)

CHT messsssssssssssammmmmmmmmmmsmmmsmm—— | 96
Urban Areas NS D 33
Barind and Drought Prone Areas meesssssssssssss———— | ]2
River Systems and Estuaries —m—— | ] |
Coastal Zone meee————— (.76
Haor and Flash Flood Areas meeesssssssssssssssssssssmmm—m" | 52
RLHP Areas e | .90
LA —— | 30

Banglades
0.00 0.50 1.00 1.50 2.00 2.50

Figure 2.2: Population Growth by Hotspot (2001-2011)

Source: BDP 2100 Estimates (GED 2015) based on Bangladesh Population Census 2001 and 2011.
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Literacy: Significant variations are observed for literacy rate — a basic education indicator (see
Figure 2.3). Urban areas have the highest literacy rates both in 2001 and 2011 compared to all other
hotspots. The coastal zone also out-performs other hotspots on literacy rates. Surprisingly, the
lowest literacy rate has been found for Haor and Flash Flood Areas in both periods. Even CHT
districts outperform the Haor districts in literacy on average.
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Figure 2.3: Literacy Rates across Hotspots
Source: BDP 2100 Estimates (GED 2015) based on Bangladesh Population Census 2001 and 2011

Housing Condition: Housing condition is an important non-income welfare measure. Two well
accepted criteria for assessing the housing condition are the roof and wall materials, which have
been summarized across various hotspots of Bangladesh in Table 2.2 and Error! Reference source
not found.. Roof and walls of houses built with brick/cement represents most superior quality
followed by houses constructed with corrugated iron sheet (CIS)/brick/wood materials. The lowest
quality houses are made of materials such as straw/hay/ bamboo/others.

Housing conditions have improved substantially in Bangladesh between 2000 and 2010. In 2000,
only 5.4% roofs of the houses in Bangladesh were made of brick/cement. In 2010, this percentage
increased to about 10.4%. Roof of houses constructed with CIS/brick/wood materials ranged
between 75% in 2000 and 84% in 2010. However, most significant improvement has been reported
for the third or lowest category of roof materials. House roofs built with straw/ hay/ bamboo/
others materials (i.e. lowest quality) have reduced from 19.4% in 2000 to only about 5.8% in 2010.

Table 2.2: Housing Structure - Roof Materials (% of Households)

2000 2010
Sl Hotspots Brick/ | CIS/Brick/ Straw/Hay/ Brick/ | CIS/Brick/ Straw/Hay/
Cement Wood Bamboo/Others | Cement Wood | Bamboo/Others
1 | Haor and Flash Flood Areas 3.29 74.21 22.5 4.13 88.29 7.59
2 | Coastal Zone 4.29 71.45 24.26 7.01 82.02 10.97
3 | Chattogram Hill Tracts 5.37 63.4 31.23 1.14 64.45 34.42
4 | Urban Areas 13.23 68.56 18.21 29.37 67.69 2.94
5 | Barind and Drought Prone 3.12 70.41 26.47 7.18 88.82 4.00
Areas
6 | River Systems and Estuaries 4.09 86.63 9.28 6.64 91.52 1.84
7 | RLHP Areas 9.13 63.72 27.15 8.07 87.27 4.66
8 | Bangladesh 5.36 75.27 19.37 10.37 83.88 5.75

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

Bangladesh Delta Plan 2100 77



The changes in roofing condition, however, vary across the Hotspots. Percent of roofs built with
brick/cement reduced in 2010 compared to 2000 in only CHT. In all other Hotspots the houses with
roofs built with brick/cement have increased in 2010 compared to 2000. Except for the urban areas,
percentage roof constructed with CIS/brick/wood materials increased between 2000 and 2010
across other Hotspots. Percentages roof made of the lowest quality materials such as
straw/hay/bamboo/others have reduced across all Hotspot.

In 2000, around 14.2% walls of the houses in Bangladesh were made of brick/cement. In 2010, this
percentage increased to more than 25%. Percentage of house walls constructed with CIS/ brick/
wood materials increased from 44.3% in 2000 to about 55.2% in 2010. However, most significant
improvement has been reported for the third or lowest category of wall materials. House walls
built with straw/hay/bamboo/others materials (i.e. lowest quality) have reduced from 41.5%in 2000
to about 19.7% in 2010.

However, similar to the roofing condition, the changes in wall condition vary across the hotspots.
Only CHT reported reduction in walls built with brick/cement in 2010 compared to 2000. In all other
hotspot the percentages have increased in 2010 compared to 2000. Except for the urban areas and
Barind and Drought prone areas, percentage of walls constructed with CIS/brick/wood materials
increased between 2000 and 2010 in all other hotspots. Percentages of wall made of the lowest
quality materials such as straw/hay/bamboo/others have reduced across all hotspots.

Table 2.3: Housing Structure- Wall Materials (% of Households)

2000 2010
Sl Hotspots Brick/ | CIS/Brick/ Straw/Hay/ Brick/ | CIS/Brick/ Straw/Hay/
Cement Wood Bamboo/Others | Cement Wood Bamboo/Others

1 | Haor and Flash 9.88 39.02 51.1 14.78 60.51 24.71
Flood Areas
Coastal Zone 14.42 48.69 36.89 20.59 61.45 17.96
Chattogram Hill 10.56 21.23 68.21 9.47 31.70 58.82
Tracts

4 | Urban Areas 26.89 35.01 38.1 49.98 33.57 16.45

5 | Barind and 13.34 56.86 29.81 24.34 53.04 22.62
Drought Prone
Areas

6 | River Systems and 11.42 43.28 45.31 17.31 66.34 16.34
Estuaries

7 | RLHP Areas 16.85 37.63 45.52 25.85 57.22 16.93

8 | Bangladesh 14.23 44.33 41.45 25.12 55.18 19.70

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

Trends in housing conditions as typified by materials used for roofs and walls during the decade of
2000 suggest improvements for most hotspots in Bangladesh. This finding is in line with the
perception that rising income levels in Bangladesh led to the improved housing condition.
However, the reductions in the percentage of superior quality houses in hotspots such as CHT are
cause of concern and perhaps suggest lack of willingness to invest in quality houses under
deteriorating environment.

Water and Sanitation: Access to clean drinking water and sanitation facilities are also important
non-income measures of a household’s wellbeing. Three types of drinking water sources are
reported in the HIES: piped water; tube well and others. Quality of sanitation is also categorized by
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three types: sanitary/pucca; kutcha and open/others. Household’s access to sources of drinking
water across various hotspots of Bangladesh is shown in Table 2.4, while Table 2.5 reports
sanitation conditions across hotspots.

Dominant source of drinking water in Bangladesh in 2000 was tube well with more than 92% of
households using this source. Only 4.3% households had access to piped water and 3.4% households
had to use other sources. For the Urban areas, despite the access to pipe water, tube well was
their main source of drinking water with more than 75% of the household using this source. Some
17% had access to pipe water.

Although tube well has remained the main source of the drinking water in Bangladesh, the
percentage of household with tube well dropped to 85.4% in 2010. Percentage of households with
piped water increased to 10.6% in 2010. The others category shows slight increase to 4%. The other
categories emerged as important sources for CHT as coverage of tube well reduced. The other
category also increased for coastal zone. This may be due to increased salinity in the case of Coastal
Zone and lowering of surface water level in the case of CHT (as discussed in Chapter 1).

Table 2.4: Sources of Drinking Water (% of Households)

2000 2010
S| Hotspots Piped Tubewells | Others Piped Tube Others
Supply Supply well

1 Haor and Flash Flood Areas 2.29 93.65 4.06 3.09 94.36 2.55
2 Coastal Zone 2.53 92.35 5.12 3.68 88.93 7.40
3 Chattogram Hill Tracts 10.74 84.44 4.81 9.96 55.80 34.24
4 Urban Areas 17.42 75.68 6.9 38.12 61.27 0.61
5 Barind and Drought Prone Areas 0.41 97.47 2.12 3.06 96.24 0.71
6 River Systems and Estuaries 2.48 96.29 1.23 4.13 90.95 4.92
7 RLHP Areas 7.61 88.1 4.29 12.24 87.58 0.18
8 Bangladesh 4.26 92.4 3.34 10.62 85.37 4.01

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

Significant improvements happened with respect to sanitation facilities in Bangladesh between
2000 and 2010. Percent of households with sanitary or pucca facilities almost doubled between
2000 and 2010. In 2000, percent of Bangladesh households with sanitary, kutcha and open toilets
were 29.3%, 51.3% and 19.4% respectively. The corresponding percentages for 2010 respectively
were 51.1%, 44.5% and 4.4% suggesting significant improvement over the decade.

There are important differences in sanitation facilities by hotspots and some of the differences
widened between 2000 and 2010. Thus, for example, the sanitation facility deteriorated for Haor
and Flash Flood Areas where households with sanitary/pucca toilets dropped to 27.1% in 2010 from
38.3%in 2000. At the same time Haor households with kutcha toilets increased from 48.7% in 2000
to over 64% in 2010. Increase in the percent of households with open toilets in CHT (i.e. from 0% in
2000 to 8.4% in 2010) is a cause of concern. Sanitation facilities in all other hotspots experienced
marked improvement in 2010 compared to 2000.

Bangladesh Delta Plan 2100 79



Table 2.5: Use of Different Kinds of Sanitation Facilities (% of Households)

2000 2010
&l Hotspots Sa;:::;yl Kutcha (())tiee:/s SaPr::::;y/ Kutcha Open/Others
1 |Haor and Flash Flood Areas 38.27 48.66 13.07 27.09 64.28 8.63
2 | Coastal Zone 33.43 61.66 4.91 66.02 32.53 1.45
3 |Chattogram Hill Tracts 22.35 77.65 0.0 22.36 69.25 8.38
4 |Urban Areas 37.28 50.74 11.98 63.80 34.46 1.74
5 | Barind and Drought Prone Areas| 13.42 41.39 45.19 35.73 56.52 7.76
6 | River Systems and Estuaries 30.76 52.71 16.53 56.87 38.24 4.89
7 | RLHP Areas 25.53 45.7 28.77 44.27 52.78 2.94
8 | Bangladesh 29.27 51.34 19.39 51.06 44.54 4.40

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

Power and Communication: Electricity situation has improved significantly between 2000 and 2010
(Table 2.6). Percent of household with electricity connections, which was 30.1% in 2000, increased
to over 55% in 2010. More than 80% of urban households had electricity connections in 2010.
However, electricity connection is still low for CHT hotspot with 37% coverage, followed by the
Haor and Flash Flood Areas with 45% coverage.

Bangladesh has experienced a tremendous expansion in mobile phone coverage between 2000
and 2010. Nationwide, households with cell phone, which was only 1.3% in 2000, jumped to 63.7% in
2010. As expected, the increase in coverage was highest for the urban households (i.e. from 3% in
2000 to 81% in 2010). Households with mobile phone in all other hotspots are also impressive with
more than 50% of household coverage.

Table 2.6: Electricity, Internet and Mobile Phone Connections (% of Households)

2000 2010
S| Hotspots .. Mobile . Mobile
Electricity | Internet Electricity | Internet

Phone Phone
1 Haor and Flash Flood Areas 31.11 NA 0.79 45.44 0.42 55.36
2 Coastal Zone 24.46 NA 1.26 49.38 1.02 63.91
3 Chattogram Hill Tracts 49.88 NA 1.79 37.04 0.48 49.42
4 Urban Areas 49.69 NA 2.98 81.36 5.82 81.02
5 Barind and Drought Prone Areas 19.71 NA 0.49 47.22 0.43 55.27
6 River Systems and Estuaries 32.10 NA 1.24 54.97 0.34 64.60
7 RHLP Areas 28.57 NA 1.95 50.94 0.29 59.10
8 Bangladesh 30.10 NA 1.33 55.25 1.38 63.73

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

Occupation: In order to assess the pattern of occupation structure, two types of activities have
been considered- agriculture and non-agriculture. Although wider classifications are desirable, it
could not be implemented due to problems in definition and coverage between the surveys. Table
2.7 shows the changing patterns in occupation across hotspots in Bangladesh.
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Table 2.7: Structure of Main Occupation (% of Households)

2000 2010 Period Growth Rate (%)
| Hotspots , Non- . Non- , Non-
P Agriculture Agriculture Agriculture Agriculture Agriculture Agriculture

1 | Haor and Flash 43.5 56.5 40.7 59.3 -0.63 0.49
Flood Areas

2 | Coastal Zone 411 58.9 32.7 67.3 -2.04 1.43

3 | Chattogram 14.9 85.1 47.9 52.1 22.20 -3.88
Hill Tracts

4 | Urban Areas 28.4 71.6 25.7 74.3 -0.94 0.37

5 | Barind and 54.0 46.0 44.6 55.4 -1.74 2.04
Drought Prone
Areas

6 | River Systems 43.7 56.3 36.6 63.4 -1.61 1.25
and Estuaries

7 | RLHP Areas 49.4 50.6 36.5 63.5 -2.61 2.54

8 | Bangladesh 43.5 56.5 36.2 63.8 -1.67 1.28

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

In 2000, more than 43% of households reported agriculture as their main occupation while 57% were
engaged in non-agricultural activities. In 2010, 63.8% household reported non-agriculture as their
main occupation and only 36.2% of households were engaged in agricultural activity. This trend
suggests 16% drop in agriculture as main occupation and 12% increase in non-agricultural
occupation. The greater diversification of sources of income has been a major contributor to
poverty reduction in Bangladesh.

There are some important differences in occupation sources by hotspots. The urban areas have
the most diversified occupation sources with low reliance on agriculture. This is also true for CHT.
But there are two major differences. First, urban areas have substantial manufacturing activities,
especially the dynamic ready-made garments (RMG) sector. In contrast, the CHT hardly has any
organized manufacturing. So, the bulk of non-agricultural activities in CHT are informal services.
Secondly, while the dependence of urban areas on agriculture has fallen, it has increased in CHT.
Unlike in other parts of Bangladesh, in CHT there has been a reversal in the pattern of occupation
with people moving away from informal services to agriculture.

Similarly to urban areas, the occupational reliance on agriculture has fallen in other hotspots as
well. The progress has been stronger in the coastal belt compared to other hotspot areas.
However, much of the large scale manufacturing and organized services that offer the best paid
jobs and self-employment prospects are concentrated in urban areas,

Income: Trends in per capita income are shown in Table 2.8. According to HIES data, per capita
income has increased by 2.7 times between 2000 and 2010 due to expansion of economic activities
and reduced population growth rate, which amounts to an annual average growth of 10.5% in
nominal terms. Allowing for the annual inflation rate of 7.5% per year, average per capita real
incomes grew by 3% per year in Bangladesh. This is a major factor for the reduction in poverty levels
over this period. Except for the CHT and the Haor and Flash Flood Areas, average real income grew
substantially in all Delta hotspots and also in the RHF areas. Importantly, the Barind and Drought
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Prone Areas hotspot experienced the fastest growth in average real per capita incomes, which
explains the fastest reduction in poverty in this hotspot.

Table 2.8: Per Capita Income Pattern (BDT current prices)

Average FY2011
Sl Hotspots 2000 (HIES) | 2010 (HIES) | Income growth (National

(HIES) (%) Accounts)
1 | Haor and Flash Flood Areas 12,971.5 22,946.0 5.9 23,148
2 | Coastal Zone 11,601.6 30,186.2 11.0 27,238
3 | Chattogram Hill Tracts 20,801.9 28,754.3 3.3 30,305
4 | Urban Areas 16,579.9 53,822.3 1.3 54,714
5 | Barind and Drought Prone Areas 8,026.4 31,305.1 14.6 20,453
6 | River Systems and Estuaries 12,400.4 38,383.8 12.0 22,582
7 | RLHP Areas 9,297.8 42,481.6 16.4 31,787
8 | Bangladesh 13,097.1 35,411.3 10.5 37,859

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010; FY2011 District Level GDP

Under-reporting of income by the upper income group is well known. There are other problems of
coverage as well. An indication of this mis-reporting problem is provided by the district-level per
capita GDP estimates derived from national accounts for FY2011. The HIES income includes transfer
payments from foreign remittances that are about 7-8% of GDP. Even so, HIES per capita income
inclusive of remittances falls short of per capita income measured in terms of GDP. The distribution
by hotspots is also quite different.

Labour Force Participation and Employment: Creating decent employment opportunities for the
new entrants into the labour market is a major challenge in Bangladesh. 6™ FYP and 7" FYP have
further elaborated this challenge by categorizing them into their quantitative and qualitative
dimensions. First challenge is to create sufficient employment opportunities for rapidly increasing
growing labour force (3% per annum or 1.8 million new jobs per year). Second challenge is to create
more jobs in the manufacturing and organized service sectors relative to agriculture and informal
economy since research shows that labor productivity and real wages are higher in manufacturing
and organized services sectors.

Labour force participation rate has been increasing in Bangladesh — primarily due to two factors -
(i) rising share of the working population in total population; (ii) growing participation of female in
the labour market (see Table 2.9). Total participation has increased from 54.9% in 2000 to over 57%
in 2013. The picture is however mixed across the hotspot regions. More specifically, participation
rate has increased for Urban areas, Haor and Flash Flood areas, Barind and Drought Prone areas
and the RHF areas. However, participation rate has fallen in Coastal Zone, River Systems and
Estuaries and CHT. The above trend perhaps captures the migration of working age population due
to both push and pull factors.

Female labour force participation experienced an increase of around 10 percentage points over the
13 year period. During the same period, male participation rate experienced slight decline of about
2 percentage points. Female labour force participation increased for all hotspots although the
participation rate is more pronounced for the urban areas compared to other hotspots.
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Table 2.9: Labour Force Participation Rate (%)

2000 2013
Hotspots
Male Female Total Male Female Total

Haor and Flash Flood Areas 77.5 19.2 48.4 82.7 31.4 56.5
Coastal Zone 85.1 27.1 56.1 79.7 30.3 54.1
Chattogram Hill Tracts (CHT) 85.2 52.3 68.8 83.9 53.2 68.5
Urban Areas 85.0 16.1 50.5 82.3 42.7 62.3
Barind and Drought Prone Areas 83.7 30.6 57.1 81.8 32.9 57.3
River Systems and Estuaries 85.8 26.8 56.3 80.9 29.6 54.5
RLHP Areas 86.7 25.3 56.0 84.2 34.7 58.9
Bangladesh 84.1 23.9 54.9 81.7 33.7 57.2

Source: BDP 2100 Estimates (GED 2015) based on LFS 2000 and 2013

Trends in employment, unemployment and underemployment have been captured in Table 2.10.
On the whole, employment has increased substantially economy wide. Open unemployment is low
and steady. Importantly, underemployment (less than 35 hours of work per week) has fallen
substantially economy wide and across all hotspot areas. Consistent with the observed pattern of
population growth rate, the employment rate has fallen in the coastal zone, barind and drought
prone area and the river systems and estuaries but increased in urban and other three areas. As
expected, the employment rate has expanded most in urban areas.

Table 2.10: Employment and Unemployment Rate (%)

2000 2013
Hotspots Employed Une:ciiploy Unc(i;reedmpl Employed | Unemployed Um:;reedmpl

Haor and Flash Flood 47.3 1.5 19.2 53.9 2.5 5.1
Areas

Coastal Zone 58.8 1.3 20.4 51.4 2.8 4.4
Chattogram Hill Tracts 50.4 0.9 23.1 65.8 2.6 10.7
(CHT)

Urban Areas 45.8 2.3 1.9 59.2 3.0 2.4
Barind and Drought Prone 63.2 1.2 16.4 55.6 1.6 1.9
Areas

River Systems and 55.5 1.7 17.5 52.2 2.2 3.7
Estuaries

RLHP Areas 53.9 2.9 17.9 55.7 3.1 4.3
Bangladesh 51.1 2.3 16.7 54.6 2.5 4.2

Source: BDP 2100 Estimates (GED 2015) based on LFS 2000 and 2013

Distribution of employed population by broad activities such as agriculture, industry and services
is shown in Table 2.11. The results suggest a clear pattern of falling agricultural employment in
favour of industry. For the entire Bangladesh, employment in agricultural activity reduced by about
6 percentage points between 2000 (i.e. 51.3%) and 2010 (i.e. 45.7%). During the same period,
employment in services activity also experienced a reduction of 1.5 percentage points. The trends
across the regions are however mixed, with four regions that experienced a reduction in services
employment while the remaining three reported increase in services employment. The above trend
of rising industry employment at the expense of agriculture clearly suggests the growth of higher
income employment.

Bangladesh Delta Plan 2100 83



Table 2.11: Distribution of Employed Persons (%)

Hotspots 2000 2013
Agriculture | Industry | Services | Agriculture | Industry | Services
Haor and Flash Flood Areas 70.1 5.2 24.7 52.3 15.2 32.5
Coastal Zone 58.2 8.3 33.5 49.7 17.6 32.8
Chattogram Hill Tracts (CHT) 60.3 3.7 36.0 65.2 7.7 27.1
Urban Areas 30.9 20.5 48.6 22.0 31.8 46.1
Barind and Drought Prone Areas 65.1 14.0 20.9 58.5 15.2 26.2
River Systems and Estuaries 56.2 12.0 31.8 46.7 18.8 34.5
RLHP Areas 60.0 7.6 32.3 44.6 26.6 28.8
Bangladesh 51.3 13.1 35.6 45.1 20.8 34.1

Source: BDP 2100 Estimates (GED 2015) based on LFS 2000 and 2013

The distribution of employment by major sectors throws important light on the diversification of
economic opportunities by hotspots. The urban areas are most diversified in terms of a growing
industrial sector employment. The share of industrial employment grew substantially from 21% in
2000 to 32% in 2013. Except for CHT, the economies of other hotspots have also changed
significantly. Yet, compared with the urban areas, the employment share of manufacturing is
between 8-19%. In particular, all other Delta hotspots continue to rely between 47-65% of
employment in agriculture. This continued heavy reliance on agriculture for livelihood makes the
work force more vulnerable to climate change and natural hazards.

2.3.1 Poverty and Inequality

Bangladesh has made impressive progress in reducing poverty. Nevertheless, further poverty
alleviation remains a major policy challenge. For example according to the projections of 7" FYP,
almost a quarter of the population was poor as measured by the upper poverty line. Given the
pervasive nature of poverty in Bangladesh, the reduction of poverty and extreme poverty is
considered as the most important indicator of development. In this sub-section, an assessment of
poverty, inequality and vulnerability is provided using well accepted measures such as FGT* and
Gini coefficients®.

Table 2.12 below shows the trends in head count poverty along with poverty gap, poverty severity
and inequality across all hotspots. Between 2000 and 2010, annualized percentage point reduction
in head count poverty as measured by the upper poverty line® has been 1.7 for Bangladesh as a

4 This is composed of three measures: (i) the simplest measure of the prevalence of poverty, headcount ratio, is the
proportion of population with a per capita income below the poverty line. (ii) The depth of poverty is measured by the
poverty gap index (PGl). The poverty gap measures the average short fall in consumption relative to the poverty line and
thus overcome the first limitation of the head count ratio. (iii) The average of the squared poverty gap for each poor

person is the SPGI. This is a dispersion measure of the severity of poverty. Severity measure is sensitive to the consump-
tion distribution among the poor. That is, it weights the deficit in consumption relative to the poverty line more heavily
the poorer the person is.

5 The Gini index on the other hand is more sensitive to consumption differences in the middle of the distribution. The
values of all three indices lie between zero and one with higher value implying greater inequality.

6 Bangladesh uses a cost of basic needs (CBN) methodology to calculate two national poverty lines - the lower poverty
line and the upper poverty line — which estimate the incidence of extreme poverty and total poverty rates, respectively.
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whole. There is substantial variation in poverty rate among the hotspots. In 2010, the lowest
poverty rate happened in the urban hotspot (20.7 %). On the other hand the River Systems and
Estuaries Hotspot shows the highest poverty incidence of 38.3%, which is 22% higher than the
national average and 85% higher than the average poverty rate for the urban areas. The coastal
belt also exhibits higher than national average poverty rate.

Two hotspot regions reported higher rates of poverty reduction than the national average. These
are Barind and Drought Prone Areas (2.6 percentage points); and Haor and Flash Flood Areas (2.0
percentage points). Poverty reduction rate of the RHF region has been found similar to the national
average of 1.7 percentage point. Lowest reduction rate happened for CHT (1.37 percentage points)
followed surprisingly by Urban areas (1.42 percentage points) and River and Estuary (1.54
percentage points).

Table 2.12: Poverty and Inequality (%)

Percentage Change
2000 2010 (Head count
Sl Hotspots poverty)
:)eua:t Gap | Severity Coe?flir:ien ¢ :::,a:t Gap | Severity Coe(f:;ilz:lien t Decade | Annualized
1 |Haor and 48.45 | 13.7 4.9 0.30 28.8 | 6.4 1.9 0.30 19.7 2.0
Flash Flood
Areas
2 |Coastal Zone | 48.51 | 14.6 5.4 0.32 32.1 | 6.9 2.3 0.33 16.4 1.6
3 | Chattogram 42.31 | 3.2 0.8 0.36 28.6 | 3.9 1.1 0.24 13.7 1.4
Hill Tracts
4 | Urban Areas 34.85| 9.4 3.2 0.38 20.67 | 2.7 0.7 0.35 14.2 1.4
5 |Barind and 52.80 | 23.0 9.8 0.29 27.25 | 6.6 2.1 0.33 25.6 2.6
Drought
Prone Areas
6 | River Systems | 53.72 | 16.1 6.4 0.33 38.32 | 8.4 2.6 0.31 15.4 1.5
and Estuaries
7 | RLHP Areas 54.08 | 19.6 8.0 0.33 36.82 | 7.2 2.1 0.38 17.3 1.7
8 |Bangladesh 48.9 | 12.9 4.5 0.33 31.5 | 6.5 1.8 0.32 17.4 1.8

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

Above variations in poverty reduction rates requires one qualification. The lower poverty reduction
rate for Urban areas is to a large extent due to the migration of people (especially poor people)
from the environmentally vulnerable regions of coastal belt and river and estuary regions.
Regarding the RLHP areas, the continued high average poverty rate despite being relatively safe
from natural hazards is owing to the dominance of Mymensingh District in this group. Mymensingh
and also Sherpur Upazillas, although relatively less prone to natural hazards, have large share of
low-income agriculture, substantial landless labor and low rates of literacy. These suggest that the

Upper and lower poverty lines are calculated for 16 areas (including adjustments made for urban and rural areas) to take
account of regional variation in prices. Both poverty lines take both food and non-food expenditures into account. Upper
poverty lines vary from 1,311 BDT per month in rural Sylhet to 2,038 BDT in Dhaka and between 1,192 BDT in rural Khulna
to 1,495 BDT in urban Chattogram (BBS, HIES 2010 Survey Report, Dhaka, BBS, 2010).
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exposure to natural hazards is an important risk for poverty, but there are other socio-economic
factors that also affect poverty.

Regarding consumption inequality, estimated Gini coefficient has remained more or less stable at
around 0.3. No significant variations in Gini values have been found across the hotspots between
2000 and 2010. A part of the reason for stable consumption inequality is the growing role of
remittances that have helped smooth consumption for the poor. Similarly, the availability of micro-
credit and safety net spending of the government has helped protect consumption.

In order to get further insights into the distribution patterns, income distribution by quintile has
also been estimated for all hotspots for 2000 and 2010. The results are summarised in Figure 2.4.
The results suggest a mixed trend in income distribution between 2000 and 2010. For instance, the
income shares of bottom quintile and top quintile were 8.7% and 42.2% respectively in 2000, while
the corresponding shares for 2010 were 9.1% and 41.6% suggesting an improvement at the national
level. Similarly improvements in income distribution have been found in CHT (share of bottom and
top quintiles - 8.1% and 44.4% respectively in 2000; the corresponding shares for 2010 were 11.1% and
35.7%); Urban areas (shares of bottom and top quintiles - 7.5% and 46.2% in 2000; the corresponding
shares for 2010 were 8.2% and 43.2%) and River and Estuary (share of bottom and top quintiles -
8.6% and 42.1% in 2000; the corresponding shares for 2010 were 9.2% and 40.5%). On the other hand,
income distribution deteriorated for the other four hotspots.

Panel A. Distribution of Income for 2000
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Panel B: Distribution of Income for 2010
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Figure 2.4: Income Distribution Pattern by Quintiles
Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010

To test for the vulnerability of the poor to shocks, the Upper Poverty Line (UPL) was increased by 25%
(i.e. UPL x 1.25). Although there is no accepted threshold for the near poor or the vulnerable population,
an individual whose per capita consumption is less than the UPL x 1.25 is considered vulnerable. The
results are shown in Table 2.13. Accordingly, in 2000 almost 60% of the population may be considered
vulnerable to various shocks (i.e. environment and covariates). This proportion dropped by about 22
percentage points in 2010; some 38% of the population was vulnerable in 2010 under the UPL x 1.25
criteria. Between 2000 and 2010, annualized percentage point reduction in head count vulnerability as
measured by the near poor poverty line (UPL x 1.25) has been 2.2. However, similar to trends observed
for the moderate poverty, noticeable variations in poverty reduction rate across hotspots have been
found in the case of vulnerability. In particular, the Coastal Zone and the River Systems and Estuaries
Hotspots are most vulnerable to natural hazard shocks. Not surprisingly, the Urban Areas are much
more resilient.

Table 2.13: Poverty Vulnerability (%)

Percentage Point Change
2000 2010
(Head count poverty)
Sl Hotspots
Head Gap | Severity Head Gap Severity Decade Annualized
count count
1 Haor and Flash 60.6 23.1 9.9 36.0 13.6 4.9 24.6 2.5
Flood Areas
2 Coastal Zone 60.6 24.0 10.5 40.1 14.0 5.3 20.5 2.1
Chattogram Hill 52.9 9.3 2.8 35.6 10.2 3.2 17.1 1.7
Tracts
4 Urban Areas 43.6 17.3 6.9 25.8 7.2 2.2 17.7 1.8
5 Barind and 66.0 33.6 16.6 34.1 13.2 4.9 31.9 3.2
Drought Prone
Areas
6 River Systems 67.2 25.3 1.6 47.9 16.6 6.2 19.2 1.9
and Estuaries
7 RLHP Area 67.6 29.1 14.0 46.0 14.9 5.3 21.6 2.7
8 Bangladesh 59.8 23.1 10.3 38.0 12.8 4.6 21.8 2.2

Source: BDP 2100 Estimates (GED 2015) based on HIES 2000 and 2010
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2.3.2 Socio-economic Analysis of Hotspots

The socio-economic analysis at the hotspot level provides some important messages. They also
provide indications about where deeper probing is needed to paint an adequate picture of the
socio-economic vulnerability of the Bangladesh Delta population to geography and climate
change. This analysis is needed to develop an appropriate response mechanism. The deeper
analysis will also provide useful insights about the effectiveness of past and ongoing policies,
programmes and institutions in the context of fighting the natural vulnerabilities and improving
the welfare of the citizens.

e Since independence Bangladesh has made substantial progress in increasing incomes, creating
jobs, diversifying the economic activity base of the population, reducing poverty, increasing
education and literacy levels and improving the quality of life as reflected in various non-
income measures of welfare such as housing, safe water supply, sanitation and access to
electricity and mobile phones. This progress has been particularly impressive after 2000.

e The progress with citizen welfare has been fairly broad-based when measured against the
various delta hotspot zones. All areas have been benefited.

¢ Nevertheless, some hotspot areas have done better than others. In general, the urban areas
have out-performed other delta hotspots. Among these other hotspots, the River Systems and
Estuaries and the Coastal Zone have made relatively lower progress in terms of poverty
reduction. The Haor and Flash Flood Areas and the CHT are lagging behind in terms of non-
income welfare indicators.

e Population dynamics show that there has been net out-migration from the Coastal Zone and
from the River Systems and Estuaries primarily to the Urban Areas.

e An important policy question is what explains the differential socio-economic performance
across the Delta regions? In particular, to what extent is higher poverty incidence and its
severity in the coastal belt, River Systems and and Estuaries and Haor and Flash Flood Areas
arelinked to  natural vulnerabilities?

e The Barind and Drought Prone Areas have made the most impressive progress in reducing the
incidence of poverty between 2000 and 2010. What explains this progress, especially in light of
the risks presented by vulnerability to droughts?

e What explains the observed pattern of outmigration from the Coastal Zone and River Systems
and Estuaries to the Urban Areas? Is this pattern linked to the incidence of natural
vulnerabilities?

The CHT area has low poverty incidence. However, it has experienced relatively low progress with
non-income indicators of welfare. Also, it has the lowest income per capita and it has experienced
an increase in the dependence on agriculture for livelihood. How does geography and climate
change impact on the income prospects and welfare of CHT? These are important policy questions.
Aggregation at the hotspot level does not allow a fuller analysis of these issues because poverty
and income vary considerably within each hotspot. Also, natural disasters affect areas differently
within each hotspot. A more disaggregated analysis of poverty and natural disasters at the district
and sub-district (Upazilla) levels are necessary to address these questions more convincingly.

2.4 Vulnerability to Natural Disasters
2.4.1 District Level Vulnerability

Although almost all of Bangladesh Delta is vulnerable to some kind of natural disaster, the nature
and magnitude of these vulnerabilities vary substantially by districts. In some instances, the
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vulnerabilities also vary by sub-districts. One useful way of visualizing these vulnerabilities is to look
at the hazard map of Bangladesh (Map 2.1). As is clear, most of the coastal belt and parts of river
and estuary districts fall under the highest disaster risk. Both regions face multiple risks, although
arguably the Coastal Zone faces more risks on average than any other hotspot. For example,
Coastal Zone districts face as many as five types of natural disasters including flooding, salinity,
cyclone, river erosion and water-logging. Additional risk is posed by land loss to sea owing to sea
level rise. The risk is long term but could be devastating. In the River Systems and Estuaries, the
main risks are those of flooding and river erosion. In some districts, flooding may be overwhelming
causing serious economic damages on a regular cycle.

Hazard Class Map
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Low (1.00-209)

B Very Low ( below 1.00)
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Map 2.1: Hazard Map of Bangladesh by District
Source: BDP 2100 Disaster Management Baseline Study, GED 2015

Table 2.14 provides a summary of districts that face serious natural hazard risks. Within these
hazard-prone districts the intensity and spread of hazard cover varies. To identify the intensity of
hazards, arisk ranking of the districts is also provided in Table 2.14. The ranking is based on a simple
methodology whereby districts facing the most number of hazard risks are ranked as most hazard-
prone. More specifically, districts that face 4 or more types of hazards are rated as the most hazard-
prone districts and are given a rating of 1. Districts that face 3 types of hazards are rated as next
most hazard-prone and given a rating of 2. Some districts that face 2 types of hazard but the
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intensity and potential economic damage is large’ are also rated as 2. Finally, districts that face 2
hazards but the intensity is relatively lower than those included under category 2 are rated as 3.
The methodology does not seek precision but is intended as indicative to enable an assessment of
the relationship with welfare indicators, especially poverty and income.

Table 2.14: District Level Natural Hazard Ranking

District Haza.rd sea L evel Flood | Cyclone | Salinity | Drought | River Erosion Wat.er
Ranking Rise Logging
Bagerhat 1 X X X
Barishal
Barguna
Bhola
Chandpur
Bogura
Cox's Bazar
Faridpur
Feni
Gaibandha
Jamalpur
Jashore
Jhalokati
Lalmonirhat
Khulna
Kurigram
Lakshmipur
Magura
Manikganj
Munshiganj
Natore
Nawabganj
Nilphamari
Noakhali
Pabna
Patuakhali
Pirojpur
Rajbari
Rajshahi
Rangpur
Satkhira
Shariatpur
Sirajganj
Sylhet
Sunamganj
Tangail
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Source: BDP 2100 Technical Team Analysis, GED, 2015

7 This mainly involves the floodplain districts and the potential intensity is assessed on the basis of historical record of
damage from floods.
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The hazard ratings show that 16 districts are most hazard prone in the Bangladesh Delta. These
are: Bagerhat, Barguna, Bhola, Chandpur, Cox's Bazar, Feni, Gaibandha, Jamalpur, Khulna,
Kurigram, Lakshmipur, Noakhali, Patuakhali, Pirojpur, Sirajganj and Satkhira. Most of these are a
part of the Bangladesh coastal belt. The common challenges they face include seal-level rise,
coastal flooding, cyclones and salinity. Some also face problems from river erosion and water-
logging. Additionally, this highest vulnerability group includes five districts belonging to the rivers
and estuary category (Chandpur, Gaibandha, Jamalpur, Kurigram and Sirajganj). These districts
face severe river flooding and river erosion challenges on a fairly recurring cycle causing
considerable economic losses and hardships to the population.

Next in hazard vulnerability ranking are some 15 districts comprising of: Barishal, Bogura, Faridpur,
Jashore, Jhalokati, Lalmonirhat, Munshiganj, Nawabganj, Natore, Pabna, Rajbari, Rajshahi,
Rangpur, Shariatpur and Tangail. These mostly belong to River Systems and Estuaries group or the
inner part of the coastal belt. Some are also a part of the Barind and Drought Prone Areas Hotspot.
Flood risk and river erosion are the main types of hazards, although districts in the Barind and
Drought Prone Areas Hotspot face drought problems in addition to river flooding and river erosion.

In the category 3 there are 5 districts: Magura, Manikganj, Nilphamari, Sylhet and Sunamganj. They
face a mixture of flooding and drought related hazards. The intensity of flooding is relatively lower
than found in districts under category 2.

Recently, two hazards, namely lighting-thunderstorms and landslides have become intensified but
information on their ranking according to districts are yet to be available.

Table 2.15: Correlation between District Level Natural Hazards and Welfare

L. Hazard Per capita income
District ) UPL2010 (%) | LPL2010 (%) | UPL2000 (%)
Ranking FY2010/11 (BDT)
Bagerhat 1 48,696 42.2 24.0 32.8
Satkhira 1 37,083 46.3 29.7 59.7
Noakhali 1 29,565 9.6 3.4 49.5
Bhola 1 37,023 33.2 20.4 68.5
Cox's Bazar 1 35,225 32.7 16.2 40.6
Patuakhali 1 38,582 25.8 14.7 39.9
Pirojpur 1 33,453 441 30.9 51.1
Chandpur 1 31,998 51.0 30.3 52.2
Barguna 1 40,225 19.0 9.8 54.2
Feni 1 26,225 25.9 14.6 44.8
Khulna 1 58,346 38.8 21.2 37.9
Lakshmipur 1 30,862 31.2 18.1 57.8
Jamalpur 1 32,922 51.1 34.2 56.5
Gaibandha 1 29090 48.0 30.3 70.5
Sirajganj 1 29,088 38.7 22.7 59.7
Kurigram 1 35,107 63.7 44.3 57.8
Munshiganj 2 29,713 28.7 15.6 49.4
Pabna 2 38,938 31.5 16.7 49.5
Jashore 2 39,242 39.0 18.0 32.4
Rangpur 2 32,232 46.2 30.1 69.0
Tangail 2 30,957 49.7 18.0 65.6
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L. Hazard Per capita income
District . UPL2010 (%) | LPL2010 (%) | UPL2000 (%)
Ranking FY2010/11 (BDT)
Faridpur 2 30,405 36.3 19.8 65.5
Shariatpur 2 30,277 52.6 34.4 73.3
Rajbari 2 32,615 43.4 25.7 63.4
Barishal 2 37,934 54.8 39.9 55.1
Natore 2 37,940 35.1 21.3 42.8
Rajshahi 2 40,008 31.4 16.5 49.6
Bogura 2 34,396 16.6 6.7 45.7
Jhalokati 2 30,407 40.5 26.7 33.8
Lalmonirhat 2 32,528 34.5 16.7 55.3
Nawabganj 2 28,442 25.3 12.1 47.4
Magura 3 35,171 45.4 25.9 60.2
Manikganj 3 35,347 18.5 8.0 57.0
Nilphamari 3 27870 34.8 18.8 65.5
Sunamganj 3 25872 26.0 20.6 57.7
Sylhet 3 31,966 24.1 19.5 38.2
Bangladesh Average 37,859 31.5 17.6 49.8

Source: Poverty data from HIES 2010 and 2000; Per capita income from BBS

An important analytical question is how the hazard profile of districts is correlated with economic
outcomes. Table 2.15 shows the results in terms of per capita income and poverty profile. Table
2.15 is @ powerful summary of some very interesting economic results:
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Consistent with the expected impact of natural hazards on welfare, there is a strong positive
correlation between incidence of poverty and the intensity of natural hazards. Some 70% of the
16 districts ranked as most exposed to natural disasters (intense risk category with ranking of
1) also show poverty rates that are higher than the national average using the upper poverty
line for 2010. The important exceptions are Noakhali, Barguna, Bogura, Feni and Patuakhali.
Interestingly, except Bogura, these are all coastal belt districts. A deeper analysis of how these
5 districts have succeeded in securing better welfare outcomes for the residents despite facing
intense natural hazard pressure will have important insights for developing the Delta Plan.
There is a similar highly positive correlation between high-risk districts (risk ranking of 2) and
poverty. Some 67% of these districts have poverty rates that are higher than the national
average and 13% have poverty rates same as the national average.

At the national level, of the 15 most poverty-stricken districts, almost 90% of the districts belong
to natural hazard risk categories 1 or 2 (Figure 2.5). The 2 exceptions are Mymensingh and
Sherpur that are relatively less hazard prone.

When it comes to per capita income, some 80% of the most-intense hazard-prone districts (risk
ratings of 1) had per capitaincome below the national average. The corresponding percentages
were: 67% for districts in risk category 2 and 100% for risk category 3. In risk category 1, the
exceptions are Khulna, Bagerhat, Barguna and Patuakhali. Khulna and Bagerhat in particular
have done very well in securing substantially better than average per capitaincome (54% higher
than the national average for Khulna and 29% higher in Bagerhat). However, Patuakhali is close
to the national average while Barguna is 6.2% higher. In the case of risk category 2, although
there are 5 districts that have average per capita income higher than the national average, only
one district (Rajshahi) has significantly higher than national average per capita income (5.7%
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higher). Others are bordering around the national average. The positive experiences of
Khulna, Bagerhat and Barguna to secure significantly larger-than-national average per capita
income despite the large risks posed by the intense natural disasters in these districts deserves
closer look to understand how these districts have countered the adverse effects of natural
disasters.

e Thelink between exposure to natural hazards and per capita income is complicated by the fact
that the two industrial-commercial urbanized districts of Dhaka and Chattogram alone account
for at least a quarter of total national GDP. The income share of agriculture, which is the most
vulnerable economic activity in terms of exposure to natural hazards, is small in these two
districts. A more meaningful link between natural disaster and income requires district level
data on income share of agriculture, which unfortunately is not available. Yet, as noted, the
experiences of Khulna, Bagerhat and Barguna will throw useful insights about how they have
succeeded in fighting against the exposure of their per capita income to natural disasters.
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Figure 2.5: Most Poverty Stricken Districts, UPL 2010 (%)
Source: HIES, 2010
2.4.2 Insights from Sub-district Poverty Profile

Further insights on the relationship between poverty and vulnerability to natural hazards can be
gauged by looking at the poverty level at the sub-district level. Detailed analysis of poverty profile
shows that the incidence of extreme poverty is much higher in the rural areas, which are heavily
dominated by traditional agriculture as the main means of livelihood. Figure 2.6 shows the poverty
incidence for the extreme poor (lower poverty line) for the 15-poorest of the poor sub-districts
(upazilla). The results are very striking. Some 90% of these upazillas belong to risk-category 1. More
specifically, these are: Bhurangumari, Char Rajibpur, Chilmari, Nageshwari, Phulbari, Rajarhat, and
Ulipur (Kurigram district with risk rating of 1); Bakerganj, Hizla, Mehndiganj and Muladi (Barishal
district with a risk rating of 1); Haim Char (Chandpur district with a risk rating of 1); Dewanganj
(Jamalpur district with a risk rating of 1). One poorest of the poor upazilla (Gowainghat) belongs
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to the district of Sylhet (risk rating of 3). Only one upazilla (Nandail) is in the low-risk district of
Mymensingh.

The situation in Kurigram is most telling. Located on the mouth of the mighty river Brahmaputra's
entrance in Bangladesh, all upazillas of this district are very poor, to a large part due to heavy
exposure to natural disasters caused by a combination of substantial flooding and river erosion.
The population is heavily dependent on traditional agriculture for livelihood. A large part of the
population lives on the char areas that frequently get inundated due to river flooding causing
immense hardships to the population. Even the urban area, Kurigram sadar Upazilla, suffers from
high incidence of poverty (extreme poverty rate of 40.5%in 2010). There is very little manufacturing
base and private sector activities are primarily informal in nature concentrated in trading and
transport. Significant economic diversification is yet to happen. The access to international
migration is also very limited.
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Figure 2.6: Poorest of the Poor Upazillas

Source: HIES, 2010
2.5 Understanding the Positive Adaptive Experiences

As noted, there are several positive experiences where districts facing severe natural hazards have
nevertheless succeeded in either overcoming poverty or securing notable income outcomes.
These examples are: Barguna, Bagerhat, Bogura, Feni, Khulna, Noakhali and Patuakhali. Except
Bogura, these are all coastal districts with signifcant exposure to all kinds of natural disasters.
Bogura, although not a coastal district, nevertheless faces several sources of natural hazards
including flooding, river erosion and droughts. Although detailed district level data on income and
employment sources are not available, a reasonable storyline can be developed by piecing
together the available information. To assist this analysis, the available information is put together
in Table 2.16. Within the group there are three types of experiences: Barguna, Bogura and
Patuakhali that have experienced positive growth in income and reducing poverty; Noakhali and
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Feni that have experienced substantial reduction in poverty but average per capita income is
considerably below the national average; and the third group comprising of Khulna and Bagerhat
that have experienced very good progress with increase in income but have not done well with
poverty reduction in comparison with the national averages. Each of these experiences has
important policy implications.

Table 2.16: Profile of Districts with Positive Adaptation

Populati
- Density ; gr::v th caPpei:a Poverty | Poverty I-\rg;rz;‘ultfu Remittanc rel:::irtetgnce
District (populz:tl rate (%) GDPin (upPL (LPL HH e (% of HH (% of HH
G (2001- Tk. (2011) A1) A1) income) lnzams) income)
2011)
Bagerhat 387 -0.97 48,696 42.2 24.0 42.8 7.4 1.3
Barguna 507 0.90 40, 225 19.0 9.8 25.0 4.9 2.5
Bogura 1212 1.62 34,396 16.6 6.7 23.5 9.1 5.5
Feni 1612 1.89 26,225 25.9 14.6 7.4 44.5 40.1
Khulna 548 1.21 58,346 38.8 21.2 30.1 3.4 1.6
Noakhali 897 2.29 29,565 9.6 3.4 24.0 17.7 14.0
Patuakhali 496 0.89 38,582 25.8 14.7 12.3 4.3 0.2
National 1016 1.88 37,859 31.5 17.6 20.0 9.3 7.5
average

Source: HIES, 2010 and National Accounts, BBS

2.5.1 Barguna District

Barguna Experience: Barguna is located of the southern coastal belt, right on the edge of the Bay
of Bengal (Map 2.2). Geographically, it is exposed to all the hazards of the Coastal Zone hotspot.
Yet it has achieved considerable progress with poverty reduction unlike many other coastal belt
districts. It also enjoys per capita income that is higher than the national average. Looking at the
sub-district profile, all the upazillas have performed well in terms of both upper and lower poverty
levels (Table 2.17).

Table 2.17: Poverty Level by Upazilla in Barguna District

Upazilla UPL 2010 LPL 2010
Amtali 22.8 12.0
Bamna 17.1 8.9
Barguna sadar 19.2 9.9
Betagi 19.6 10.3
Patharghata 12.9 6.1

Source: HIES, 2010 and 2000
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Map 2.2: Barguna District Map
Source: LGED, Local Government Division, Ministry of Local Government, Rural Development & Cooperatives

Both Amtali and Patharghata are openly exposed to the sea. While Amtali has the highest poverty
rate within Barguna, Patharghata has the lowest poverty rate in the district. Barguna has a fairly
diversified economy with agriculture accounting for about a third of its income. It has also
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succeeded in diversifying agriculture with an export-oriented fishing component that has
contributed to its income growth. A major favorable factor for Barguna is its population density.
At 507 per km?, its density is 50% lower than the national average. Population growth rate is also
nearly half the national rate owing to net out-migration. This has reduced the population pressure.
Rice productivity is very low owing to salinity and other hazards. But agricultural diversification and
low population pressure have all helped real agricultural wages grow, which has been an important
contributor to reducing poverty. The Patharghata Upazilla has benefitted particularly from higher
incomes from the thriving fishing industry. In contrast, the Amtali Upazilla’s agriculture is primarily
crop dependent. This major differential in income sources explains the weaker poverty
performance of Amtali relative to Patharghata.

Barguna made substantial progress in reducing poverty between 2000 and 2010, cutting the
poverty rate by more than 50%. The headcount poverty rate fell from 47% in 2000 to below 20% in
2010. This progress has been broad-based with all Upazillas benefitting. Income growth based on
agricultural diversification and a range of non-agricultural services has contributed to this progress
with poverty reduction. A part of the adjustment has happened through the out-migration of
population to other parts of Bangladesh. Barguna did not benefit much from international
migration.

2.5.2 Patuakhali District

Patuakhali Experience: Like Barguna, Patuakhali is a coastal district with open access to the Bay of
Bengal. It is exposed to all the coastal hazards. Additionally, it faces severe river flooding and
erosion problems. Notwithstanding these risks, Patuakhali has achieved per capita income that
exceeds the national average and poverty levels are below the national average. Poverty level has
also fallen substantially between 2000 and 2010, from 39.9% to 25.8%. Poverty performance by
Upazilla level shows that the performance is fairly broad-based except for the urban area of
Patuakhali Sadar. An interesting result is that the Upazilla of Kalapara, which is exposed to the
open sea, has relatively lower rate of poverty than the District average and substantially lower than
the district town.

Table 2.18: Poverty Distribution by Upazilla in Patuakhali District

Upazilla UPL (%) 2010 LPL (%) 2010
Bauphal 24.0 13.9
Dashmina 21.8 1.3
Dumki 22.0 13.1
Galachipa 26.0 14.4
Kalapara 20.3 9.7
Mirzaganj 17.8 9.6
Patuakhali Sadar 36.9 23.3

Source: HIES 2010 and 2000.
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Map 2.3: Patuakhali District Map
Source: LGED, Local Government Division, Ministry of Local Government, Rural Development & Cooperatives

In terms of income source, Patuakhali has substantially diversified the economy with agriculture
accounting for only 13% of income. There is a thriving sea-based fishing industry that has helped
diversify incomes. Tourism is growing based on the famous Kuakata beach area. Patuakhali city is
also diversifying into a center of trade and commerce. The development of the Payra port will
further help diversify the Patuakhali economy. On the natural front, low population density and
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net out-migration has reduced the population pressure on agriculture and employment. Patuakhali
is also opening up to converting its coastal location to its advantage through the Payra port and
the Kuakata beach resort developments.

While these positive factors have contributed to Patuakhali's efforts to adapting to the high
incidence of natural disasters, its ability to improve crop productivity is still lagging behind owing
to the continued adverse effects of the high incidence of flooding and salinity. At only 0.72 tonnes
per acre, average rice productivity is the lowest in Bangladesh (41% lower than the national average
and 55% lower than the best performer Naogaon). Importantly, the incidence of poverty is highest
in the Patuakhali urban area of Patuakhali sadar. This is very telling. The three Upazillas that are
most exposed to natural disasters are Kalapara, Galachipa and Dashmina. Kalapara is exposed to
the sea while Galachipa and Dashmina suffer from river erosion and flooding. Galachipa also has
several large char areas that frequently get inundated. Yet, the poverty rates in these three
upazillas are lower than the relative upland Upazilla Patuakhali Sadar, the District headquarter.

Kalapara has converted its sea exposure into a resource base through the Kuakata tourism resort,
through commercial deep sea fishing and now through the establishment of the ongoing Payra
port. Both Galachipa and Dashmina are dominated by agricultural activities. However, they are
relatively sparsely populated and have diversified into fisheries and trading that has helped fight
the heavy exposure to natural disasters. Net out-migration has also helped lower the pressure in
the labor market. Agricultural productivity is low but income from fishing and trading has helped
protect rural incomes. In contrast, the Patuakhali Sadar has a substantially higher population
density and growing population pressure from in-migration from the disaster prone areas. The
growing labor force has not found adequate employment because of a weakly diversifying urban
economy. Trading and informal services dominate urban economic activity. Employment in
manufacturing and formal services is small.

2.5.3 Bogura District

Bogura Experience: The Bogura District is an upland location relative to the sea level but parts of
the District are heavily exposed to river flooding and erosion from the Jamuna river (Map 2.4).
Parts of Bogura also are drought prone. Notwithstanding these risks, in recent years Bogura is
slowly transforming into a dynamic economy. Its per capita income in 2010 was 6% lower than the
national average but substantially higher than other Northern rice belt area. In addition to the
significant role of a strong agriculture that contributes to 24% to household income, Bogura has a
sizeable manufacturing sector. Organized trade and commerce is also gaining significance owing
to the Jamuna Bridge that has facilitated trade and commerce with the capital city of Dhaka. This
growing and transforming District economy has contributed substantially to the rapid reduction in
poverty, with the incidence of extreme poverty falling to single digit. Despite per capita GDP that
is nearly half that of the capital city Dhaka, Bogura boasts of a substantially lower poverty incidence
than Dhaka notwithstanding much higher incidence of natural disasters. Its economic strength has
allowed it to retain its population.
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Map 2.4: Bogura District Map
Source: LGED, Local Government Division, Ministry of Local Government, Rural Development & Cooperatives

The poverty progress is broad-based and shared by all Upazillas (Table 2.19). Nevertheless, there
are some important variations. The Upazillas of Saraikandi and Sonatola that are most exposed to
river flooding and erosion also have relatively higher poverty levels.

Table 2.19: Upazilla Level Poverty in Bogura District

Subdivisions (Upazillas) UPL 2010 (%) LPL 2010 (%)
Adamdighi 13.1 5.1
Bogura Sadar 17.6 9.1
Dhunat 19.8 7.3
Dhupchanchia 13.2 5.1
Gabtali 15.6 5.7
Kahaloo 1.7 4.0
Nandigram 16.1 6.3
Sariakandi 21.6 8.7
Shajahanpur 12.5 5.0
Sherpur 15.7 5.6
Shibganj 16.9 6.3
Sonatola 23.7 10.3

Source: HIES, 2010
2.5.4 Feni District

Feni Experience: Owing to geography, the district of Feni faces all the hazards of a coastal District
(Map 2.5). It is densely populated, with the population density that is 40% higher than the national
average. Population growth rate is also high unlike other coastal Districts. Its per capita income is

100 General Economics Division



low, almost 40% lower than the national average in 2010. Yet, remarkably, its poverty level in 2010
was below the national poverty level.
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Map 2.5: Feni District Map
Source: LGED, Local Government Division, Ministry of Local Government, Rural Development & Cooperatives

What explains this poverty reduction performance despite low per capita income and large
vulnerability to natural disasters? The most important factor is the heavy inflow of foreign
remittances. Feni is a large contributor to the Bangladeshi migrant work force that sends in
significant amount of money to their families. According to HIES 2010 data, as much as 44% of
household income in the Feni District came from remittances and 90% of which came from foreign
remittances. The remittances in turn finance a considerable amount of non-agricultural activities,
primarily services including construction, trade, education and transport. Accordingly, much of the
Feni population’s household income and consumption is protected from the adverse effects of
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natural disasters. Feni also has an important locational advantage; it is close to the vibrant
economy of the port city of Chattogram, which is the main trade and commerce hub for
Bangladesh.

Nevertheless, there are visible differences in terms of welfare among the 4 Upazillas of Feni (Table
2.20). The most populous Upazilla, Sonagazi, located on the sea front and most exposed to the
risks of natural disasters, especially sea-level rise, salinity and inundation, has substantially higher
poverty than the other three upazillas. The poverty rates in Sonagazi (both upper and lower
poverty rates) exceed the national average.

Table 2.20: Feni Upazilla Level Poverty

Upazilla UPL 2010 LPL 2010
Chhagalnaiya 25.9 14.4
Daganbhuiyan 16.3 7.5
Feni sadar 18.6 9.4
Fulgazi 31.8 17.8
Parshuram 30.6 18.6
Sonagazi 44.5 28.5

Source: HIES, 2010
2.5.5 Khulna District

Experience of Khulna: The District of Khulna is the Divisional headquarters of the Khulna Division.
It is an important industrial belt and is also in close proximity to the second port of Bangladesh,
Mongla Port. Located on the extreme southwest of the Bangladesh coast, Khulna shares a
considerbale part of Bangladesh’s largest mangrove forest cover the Sundarbans (Map 2.6). The
Sundarbans provide a substantial natural protection to the district against the impacts of sea level
rise and ravages of cyclone, but salinity has emerged as a serious problem and constraint on crop
agriculture owing to sea water encroachment through the river systems. The problem is
exacerbated by the drying up of upstream fresh water flows in the rivers.
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Map 2.6: Khulna District Map

Source: LGED, Local Government Division, Ministry of Local Government, Rural Development & Cooperatives
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Despite being a divisional head quarter and a hub for many industrial and commercial activities
owing to its strategic location close to the second sea port of Bangladesh, Khulna District exhibits
high levels of poverty. This poverty problem is pervasive including in the 4 of the 5 thanas under
the Khulna city metropolitan areas. The only exception is Sonadanga metropolitan thana (Table
2.21). Like other districts Khulna also experienced a significant reduction in poverty between 2005
and 2010 (by nearly 35%). Yet, the poverty rate remains substantially higher than the national
average® suggesting that there are serious income distribution problems. Indeed the lopsided
poverty differential between the affluent Sonadanga metropolitan town and the rest of the
District is indicative of this income inequality. One important qualifier is that while by income
measure the Khulna District shows high rates of poverty, non-income measures of welfare show
much better soio-economic outcomes.

Table 2.21: Upazilla Level Poverty Distribution in Khulna District

Upazillas/ Metropolitan thana UPL 2010 (%) LPL 2010 (%)
Batiaghata 40.5 22.7
Dacope 44.5 24.9
Daulatpur 34.5 17.4
Dumuria 37.2 19.6
Dighalia 39.3 21.9
Khalishpur 411 23.5
Khan Jahan Ali 31.9 16.8
Khulna Sadar 35.5 18.8
Koyra 49.1 29.1
Paikgachha 42.4 23.3
Phultala 33.7 17.0
Rupsa 36.9 20.2
Sonadanga 19.3 7.3
Terokhada 49.6 30.0

Source: HIES 2010

While income poverty progress has not been as positive as in the neighboring Barguna district,
Khulna has done remarkably well in increasing per capita income. In FY2011, the per capita District
income of Khulna was estimated as the second largest (Tk. 58, 396) after the capital city of Dhaka
and some 54% higher than the national average. This is remarkable given the serious nature of
natural disasters facing the District. This also indicates the potential for better welfare results in
terms of income poverty reduction based on a resolution of the distribution challenges. Several
factors explain the strong per capita income performance. First, Khulna has substantial
manufacturing and organized commercial activities. The Mongla port is in close proximity making
it an important trading destination from nearby cities. Average income from these sources tend
to be much higher than informal trading, small scale manufacturing and crop agriculture that
characterizes most other high-risk coastal districts. Second, Khulna has converted the salinity
problem facing crop agriculture to an opportunity by investing heavily in commercial shrimp

8 For Khulna the comparison is made with 2005 as the 2000 district poverty estimate is considered less reliable.
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cultivation for exports. It is the third largest producer of shrimp in Bangladesh accounting for 19%
of total shrimp production in FY2014. Third, it has been able to protect rice productivity relatively
better than other coastal districts owing to the natural protection against sea level flooding
provided by the Sunderbans as well as from investments in polderization.

Animportant policy question is why poverty incidence is so high, despite having the second highest
per capita income? This is related to large income inequality. Upazillas like Koyra and Dacope are
the most poor because they are located around the Sundarban forest with very limited economic
options and are engaged in very low income activities. Other primarily rural Upazillas are heavily
dependent upon crop agriculture. Shrimp farming is done though large scale commercial
operations and have not percolated to the farmers except through wage employment. Income in
the urban areas generally tends to be unequally divided. Much of the income is concentrated in the
top 5-10% of the population. The urban areas are densely populated. The slump in the jute industry
hurt Khulna employment prospects (Uddin et al 2014). There is considerable informal low income
employment in the metropolitan areas. Limited good income opportunities for the working class
and high population density explain much of the high concentration of urban poverty in Khulna.

2.5.6 Bagerhat District

Experience of Bagerhat: The district of Bagerhat is a coastal district located in the Khulna Division.
Parts of the Sundarbans forest are located in Bagerhat. The second largest sea port of Bangladesh,
the Mongla Port, is located in Bagerhat. It is also the largest commercial producer of shrimps in
Bangladesh destined mostly for the export markets.

Bagerhat has converted its access to sea to its advantage with the location of the Mongla Port and
the establishment of the largest export oriented shrimp industry. As a resulted, average per capita
income in FY2011 was BDT 48,696 which was 29% higher than the national average and 6™ highest
among the 64 districts. However, despite high per capita income, Bagerhat has a large incidence
of poverty. At 43%, the level of poverty in 2010 was 33% higher than the national average. The
distribution of poverty shows that while there is substantial variance, poverty rates in all Upazillas
exceed the national average. The poverty rate is particularly high in Chitalmari, Sarankhola,
Morrelganj and Mollahat. Although the poverty rate is somewhat lower in the shrimp production
centers of Fakirhat and Rampal, the rates are still very high.
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Map 2.7: Bagerhat District Map

Source: LGED, Local Government Division, Ministry of Local Government, Rural Development & Cooperatives
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Table 2.22: Upazilla Level Poverty Distribution in Bagerhat District

Upazilla UPL 2010 (%) LPL 2010 (%)
Bagerhat Sadar 35.9 18.6
Chitalmari 50.0 30.0
Fakirhat 36.4 19.2
Kachua 42.5 23.6
Mollahat 46.1 26.7
Mongla 41.9 22.7
Morelganj 46.5 27.0
Rampal 41.1 22.5
Sarankhola 48.0 28.2

Source: HIES, 2010

A part of the reason for high poverty is the continued strong reliance of many parts of Bagerhat to
traditional agriculture. Sarankhola, located near the Sundarbans, has very limited economic
opportunities. Overall, at the District level, average rice productivity is very low owing to the high
incidence of salinity and water logging. The expansion of shrimp production as an adaptation to
salinity has given Bagerhat considerable income but the distribution of the benefits has been very
lop-sided. Both Khulna and Bagerhat have responded to salinity problem by adopting large scale
commercially oriented shrimp farming. However, the distribution of benefits to the poor has not
happened. This is an important lesson for future adaptation strategies. Owing to high incidence
of poverty and low income opportunities, Bagerhat has lost population to other districts.
Remittance inflows as a source of household income are modest partly because most of the
outmigration has happened to other districts within Bangladesh. The share of foreign remittances
is very small.

2.6 Concluding Remarks

This chapter sets the stage for developing Delta scenarios, macroeconomic projections and
investment priorities by providing lessons of past experience with the Bangladesh Delta in terms
of socio-economic outcomes. The chapter provides strong evidence about the adverse effects of
natural disasters and climate change on welfare. It identifies the most vulnerable Hotspots and
Districts where policy and investment interventions are most needed. It shows that progress has
been made in adjusting to the vulnerabilities of the Delta. Most progress has been made in
addressing the drought prone hazard risks based on heavy public and private investment in
mechanized irrigation. Indeed, the large gap in average rice productivity between Barind and
Drought Prone District (Naogaon) and the saline plus flood-prone district of Patuakhali strikingly
illustrate the adaptation success (drought prone) as well as the adaptation challenges (coastal
belt). Thus, while Naogaon produces on average of about 1.59 tonnes of rice per acre, Patuakhali
produces a mere 0.72 tonne, which is 55% lower.

The Chapter alsoillustrates some other highly positive adaptation experiences that have important
implications for strategy formulation and policy design. The importance of economic
diversification for employment and income is indicated from the experiences of Barguna,
Bagerhat, Bogura, Patuakhali and all the urban hotspot Districts. Of particular mention is the
experience of the Chattogram District that faces many of the risks as in other coastal Districts, but
has achieved both high per capita income and low poverty by adapting to many of these risks
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through industrialization, port development, commercial activities and investments in health,
education, power and transport. The importance of adaptation within agriculture from primarily
crops-based to crops plus fisheries and other higher value-added activities is indicated by the
positive experiences in Barguna, Patuakhali, Khulna and Bagerhat. The positive role of foreign
remittances is indicated by the experiences of Noakhali and Feni.

The experience of districts in the southwest coastal belt and the river and estuary region show the
role of out-migration to other districts as a natural adaptation option facing the affected
population. This provides some relief to the out-migration district but creates challenges in the
urban cities of Dhaka and Chattogram who receive this population. The urbanization challenge is
already acute in these two metropolitan areas. Other urban cities including Khulna, Barishal, and
Patuakhali are facing similar urbanization pressures with high incidence of urban poverty. While
this is partly the result of spatial inequality in the distribution of economic development and over
time urban concentration and urbanization will continue to increase, the out-migration owing to
natural disasters can be slowed substantially through proper policies and investments aimed at
lowering the adverse effects of natural disasters and climate change.
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Chapter 3
Climate Change, Environment
and Ecological Issues
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Chapter 3: Climate Change, Environment and Ecological Issues

3.1 Overview

Bangladesh is a sub-tropical country and its climate, environment and ecology is enriched with
much diversified flora and fauna. Due to its geographic setting, mostly low lying deltaic landforms
and close proximity to the Bay of Bengal, the country is one of the most vulnerable countries to
climate change impacts. As noted in Chapter 1, due to climate change, Bangladesh is already
experiencing increased temperatures, erratic rainfall pattern and distribution, sea level rise and
salinity intrusion at an accelerated rate as well as increased disaster intensity. These will become
even more pressing issues in the future. Furthermore, the environmental and ecological setting is
facing additional pressure from rapid, unplanned urban and industrial development without
sufficient environmental protective measures. With the growing economy, these issues will also
become more intense in the future, if adequate policy measures are not taken.

While long term goals of achieving UMIC status, elimination of extreme poverty and job creation
are a part of long term development strategy of the Bangladesh Delta, the protection of the
environment and ecological balance are important elements of sustainable development and
better quality of life. These objectives will have to go hand-in-hand and are also correlated. Long
term income growth and extreme poverty elimination are an important component of a long term
strategy to preserve the environment and the ecological balance. Unsustainable use of water, land
and forest resources and destruction of the biodiversity are partly caused by poverty as the search
for livelihood often creates tensions and conflicts between these two sets of objectives.
Unsustainable use of natural resources and non-protection of the environment, ecological balance
and biodiversity will reduce agricultural productivity and intensify the impact of natural disasters,
thereby reducing the productivity of capital and GDP growth. This also identified some of the
critical environmental, ecological and biodiversity issues. This Chapter builds on that discussion and
provides in greater detail the nature of these major environmental concerns and ecological issues
and also the nature of climate change risks. Therefore, this chapter focuses on what are the
implications of those climate change factors for environment, biodiversity and ecology.

3.2 Climate Change: Challenges, Opportunities and Response Actions

Bangladesh is a disaster-prone country owing to its hydrological and geo-morphological realities.
The remarkable development gained over the last few decades are being gradually eroded due to
negative impacts of climate change. Given the evolving nature of climate change, the country has
been facing extreme climatic events more frequently. These climatic events cause adverse socio-
economic consequences to the affected people and therefore are a major concern for national
socio-economic growth. Climate change will exacerbate many of the current problems and natural
hazards the country faces. Fifth Assessment Report (AR5) of IPCC (Intergovernmental Panel on
Climate Change) states that Bangladesh is among the countries that will be most at risk from
extreme events. The Global Climate Risk Index 2016 analysed to what extent countries have been
affected by the impacts of weather-related loss events (storms, floods, heat waves, etc.). This
index ranked Bangladesh at 6th position among the most at risk countries from extreme events
due to climate change.
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The IPCC (AR5) warns that if global society continues to emit greenhouse gases at current rates
and in the absence of robust climate mitigation policies, the average global temperature could rise
by 2.6-4.8°C by 2100 (according to the IPCC’s high emissions scenario). It also warns that global
warming at the end of the 21st century is likely to be at least 1.5°C in all except the low-emissions
scenario. Over the period 1901 to 2010, global MSL rose by 0.17 to 0.21 meter. Global MSL will
continue to rise during the 21st century and it will rise by 26 cm-98 cm by the end of the 21st
century. This will have consequences for South Asia’s coastal settlements, as well as for coastal
economies, cultures and ecosystems. Low lying, densely populated coastal areas in South Asia,
including in Bangladesh, will be at increased risk of storm surges. Accordingly, approximately 40
million people of 70 Upazillas under 19 coastal districts of Bangladesh are under the direct threat
of displacement being homeless. A recent study conducted by the DoE reveals that the overall
trend of sea level rise in the coastal zone of Bangladesh in the last 30 years has been 6-21 mm/year
(IWM 2008).

The major challenges of climate change are:

e increasingly frequent and severe tropical cyclones, with higher wind speeds and storm
surges leading to more damage in the coastal region;

¢ heavier and more erratic rainfall in the Ganges-Brahmaputra-Meghna basins, including
Bangladesh, during the monsoon season resulting in:

* higher river flows, causing over-topping and breaching of embankments and
widespread flooding in rural and urban areas as well as drainage congestion,

* river bank erosion resulting in loss of homes and agricultural land to the rivers;

* increased sedimentation in riverbeds leading to drainage congestion and water
logging;

¢ melting of the Himalayan glaciers, leading to higher river flows in the warmer months of
the year, followed by lower river flows and increased saline intrusion after the glaciers have
shrunk or disappeared;

e lower and more erratic rainfall, resulting in increasing droughts, especially in drier
northern and western regions of the country;

e sealevelrise leading to submergence of low-lying coastal areas and saline water intrusion
up coastal rivers and into groundwater aquifers, reducing freshwater availability; damage
to the Sundarbans mangrove forest, a World Heritage site with rich biodiversity; and
drainage congestion inside coastal polders, which will adversely affect agriculture.

e warmer and more humid weather leading to increased prevalence of disease and
infections.

Over the last decades, the GoB with the support of development partners, has invested over $10
billion to make the country less vulnerable to natural disasters. These investments include flood
management schemes, coastal polders, cyclone and flood shelters, and the raising of roads and
highways above flood levels. In addition, the Government of Bangladesh has developed state-of-
the-art warning systems for floods, cyclones and storm surges, and is expanding community-based
disaster preparedness. Climate resilient varieties of rice and other crops have also been developed.
The challenge Bangladesh now faces is to scale up these investments to create a suitable
environment for the economic and social development of the country and to secure the well-being
of the people, especially the poorest and most vulnerable groups, including women and children.
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3.2.1 Observed Impacts of Climate Change in Bangladesh

Extreme temperatures, erratic rainfall, floods and droughts, more intense tropical cyclones, rising
sea levels, and ocean acidification are causing serious negative impacts on lives and livelihoods of
millions of people of Bangladesh, and gradually outweighing the remarkable socio-economic
development gained over the past years. The Global Climate Risk Index (GCRI) 2010, covering the
period 1990-2008, estimated that, on an average, 8,241 people died each year in Bangladesh while
the cost of damage was around US $ 1.2 billion per year and loss of GDP was 1.81% during the period
(MOEF, 2012). According to a study conducted by ADB, Bangladesh is projected to face 2.0% loss of
annual GDP by 2050 and more than 9% of GDP by 2100 under the BAU scenario (Ahmed and
Suphachalasai, 2014). IPCC (AR5) states that Bangladesh would experience a net increase in
poverty of approximately 15% by 2030 (IPCC, 2014) due to the impacts of climate change.

Due to climate change, Bangladesh has been facing extreme climatic events like cyclones and
storm surges with higher intensity and frequency. For example, mega cyclones Sidr in 2007 and
Aila in 2009 caused huge losses and damages affecting a large number of people and consumed
noteworthy budgetary resources in relief and rehabilitation, thereby constraining the country’s
development prospects by reducing resource availability for development activities. Cyclone Sidr
caused thousands of deaths and damages to agriculture, estimated to be around US$3 billion
(Hasegawa, 2008). The cyclone Sidr and Aila affected people have been fighting till today to
recover the losses and damages incurred due to these extreme climatic events.

Floods are one of the major causes of crop devastation in Bangladesh almost every year.
Devastating floods of 1987, 1988, and 1998 inundated more than 60% of the country (Ahmed and
Suphachalasai, 2014). The 1988 flood inundated 61% of the country, estimated damage $1.2 billion,
caused more than 45 million homeless (BCCSAP, 2009) . The 1998 flood alone caused 1,100 deaths,
inundated nearly 100,000 square kilometers, rendered 30 million people homeless, damaged
500,000 homes (Ahmed and Suphachalasai, 2014), caused heavy losses to infrastructure, caused
estimated damage $2.8 billion (BCCSAP, 2009) In 2004, floods inundated 38% of the country
(Ahmed and Suphachalasai, 2014) and affected nearly 3.8 million people, caused 700 deaths, and
estimated damage over $2 billion (BCCSAP, 2009). The 2007 flood inundated 32000 square
kilometer, caused 640 deaths, destroyed over 85,000 houses and damaged almost 1 million
houses, destroyed or partially damaged approximately 1.2 million acres of crops (BCCSAP, 2009).
This flood caused damages of an estimated over $1billion. Every year, climate-induced natural
disasters cause either partial or total loss of crops in different areas of Bangladesh.

Climate change is likely to have serious affect on agriculture (crops, livestock and fisheries) due to
variability of meteorological parameters (precipitation, temperature), extreme events (floods,
cyclones, and storm surges) and slow onset events (salinity intrusion, drought). The higher
temperature and changing rainfall patterns, coupled with increased flooding, rising salinity in the
coastal belt and droughts are likely to reduce crop yields and crop production, and expected to
negatively impact food security and livelihoods in the country. Past droughts have typically
affected about 47% of the area of the country and 53% of the population (Ahmed and
Suphachalasai, 2014). About 5.46 million ha of land have been estimated as drought affected area
in Bangladesh (DoE, 2005) while 1.06 million ha are salinity affected (SRDI, 2013).
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The coastline of Bangladesh is 710 km long. The zone has diverse natural resources and contains
several ecosystems that have important conservation value. It is known as a zone of vulnerabilities
as well as opportunities. It is prone to natural disasters like cyclones, storm surges, floods and
water logging. The coastal population is projected to grow to about 43.9 million in 2015 and 60.8
million in 2050 (Ahmed and Suphachalasai, 2014). If sea level rise is higher than currently expected
and coastal polders are not strengthened and/or new ones built, millions of people could be
displaced by 2050.

All of these changes threaten the food security, livelihoods, health and education of the poor.
People living on river islands (Chars), along the coastline and floodplains and wetlands (baor) are
among the poorest people in the country. Extremely poor households, including many female-
headed households, will suffer most from climate change. Bangladesh government has been
working hard to reduce the poverty level. The Government typically spends around 6% to 7% (MoP,
2012) of its annual budget on climate change sensitive activity which equates to around US$ 1
billion. Climate change impacts are seriously affecting Government’s efforts in reducing the
poverty level.

3.2.2 Major National Responses to Tackle Climate Change Risks
(a) Constitutional Provision of Bangladesh

Bangladesh Constitution was amended in 2011 to include a constitutional directive to the State to
protect the environment and natural resources for current and future generations, and thus
creating the path to achieve climate resilience sustainable development.

Article 18A: The State shall endeavor to protect and improve the environment and to preserve
and safeguard the natural resources, biodiversity, wetlands, forests and wild lives for the
present and future citizens.

(b) Bangladesh Climate Change Strategy and Action Plan (BCCSAP)

Bangladesh Climate Change Strategy and Action Plan (BCCSAP, MoEF 2009) is a 10 year strategy
for addressing climate change in Bangladesh. It was formulated under the direct guidance of Prime
Minister Sheikh Hasina in 2009. This was one of the most credible initiatives of any developing
country to address climate change in a comprehensive manner. Bangladesh Government adopted
BCCSAP with the vision to eradicate poverty and achieve economic and social wellbeing through a
pro-poor climate change resilience strategy. The BCCSAP 2009 was built on six themes/pillars,
(Theme 1: Food security, social protection and health; Theme 2: Comprehensive disaster
management; Theme 3: Infrastructure; Theme 4: Research and knowledge management; Theme
5: Mitigation and low carbon development; Theme 6: Capacity building and institutional
strengthening) with 44 programmes. The current BCCSAP will expire in 2018. The MoEF is in the
process of updating the BCCSAP.

(c) Bangladesh Climate Change Trust Fund

To implement the programmes and projects under BCCSAP, in the fiscal year 2009-10 the
Government established Bangladesh Climate Change Trust Fund (BCCTF). Bangladesh is the first
country to set up its own Climate Change Trust Fund from its own resources. The Government has
allocated nearly $ 400 million (BD Tk. 3,100 crore) to the BCCTF. The following outputs have been
achieved in the water resources sector:
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= 16.4 kilometers of coastal sea dykes have been constructed;

= 352.12 kilometers of embankments have been constructed and 156.792 kilometers of river
bank protective works completed;

= 872.19 kilometers of canals have been excavated/re-excavated and

= 65 water control infrastructures have been constructed.

(d) Nationally Determined Contributions (NDC)

In pursuant of Article 4 of the Paris Agreement, Bangladesh submitted its NDC on 25 September,
2015 and ratified the Paris Agreement on 21 September 2016.

Bangladesh NDC consists of 4 major elements;

1) Mitigation Contribution

2) Adaptation Component

3) NDC Development and Implementation; and
4) Support for NDC Implementation

Table 3.1 shows Bangladesh’s determined contribution for reducing GHG emissions.

Table 3.1: Bangladesh’s Determined Contributions for Reducing GHG Emissions

Contribution Type Reduction in GHG Emissions
Unconditional contribution | Bangladesh will reduce its GHG emissions in the power, transport, and
(assuming no additional | industry sectors by 12 MtCO.e by 2030 or 5% below BAU emissions for
international support) those sectors.
Conditional contribution | Bangladesh will reduce its GHG emissions in the power, transport, and
(assuming additional | industry sectors by 36 MtCO.e by 2030 or 15% below BAU emissions for
international support) those sectors.

Source: MoEFCC, 2017
(e) Initiatives on Renewables

Solar Power: Around 4.4 million solar home systems (SHSs) across the country have been installed,
meaning that almost 18 million beneficiaries are getting solar electricity which is around 11% of the
total population of Bangladesh. According to Renewable Energy Policy of Bangladesh,
government has a target to supply of 10% energy from renewable sources by 2020. Furthermore,
the Government has exempted all taxes from the devices and equipments used for the utilization
of renewable energy, in particular solar energy.

Improved Cook Stoves: In order to reduce emissions from biomass burning, more than 1.5 million
Improved Cook Stoves (ICSs) have already been distributed to rural households.

Improved Rice Parboiling System: Government has taken initiatives to promote improved rice
parboiling system in order to reduce carbon emissions and ensure energy efficiency. With the
support of GlZ, initial survey and assessment of technology requirements have been assessed. DoE
is in the process of preparing future investment project onrice parboiling.
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3.3 Environmental Challenges in Bangladesh

There are many environmental challenges facing Bangladesh including water shortages, land
degradation, deforestation, air pollution, as well as surface water and groundwater pollution.
Water shortages and land issues are discussed in Chapter 4, Chapter 6 and Chapter 7. The issues
of surface water quality, groundwater quantity and quality and air pollution are discussed in this
section. Forest issues are discussed along with other ecological factors in the next section.

3.3.1 Surface Water Pollution

Different parts of Bangladesh have distinct environmental features and are susceptible to different
levels of environmental pollution and degradation. Those are mostly due to the establishment of
different patterns of industries and population densities in different areas. The major causes of
surface water pollution are related to land based activities, including industrial effluents,
agrochemical usage, faecal pollution as well as oil and lube spillages. Since the rivers are frequently
used as dumps, overall inland surface water quality drops below the permissible limit of
Department of Environment (DoE) standards in the dry season whereas it improves in the
wet/monsoon season due to dilution by rain and flood waters.

Industrialization has developed in the vicinity of the major rivers due to the facility of availability of
water source, river navigation and easy dumping of effluents. Industrialization boom began in the
early 1980s with the beginning of investments in the garments sector. However, most of the
industries were unaware of the dangers of dumping effluents into rivers without any treatment.
This has led to a serious degradation of river water quality over the years and it still continues
today.

The main surface water parameters considered are the acidic level of water (pH), Dissolved Oxygen
(DO), Biochemical Oxygen Demand (BOD), and Chemical Oxygen Demand (COD). The analysis is
based on river water quality data of 2012 and 2011 published by DoE (2012 and 2013). The pollution
levels of the major rivers located besides the major cities of Bangladesh are shown in Table 3.2. By
and large, the pollution level of rivers exceeds the safe levels for many of the indicators.

Bogura is one of the districts of Barind area where industries are rapidly growing due to
government initiative to establish an economic zone. Besides, there are many medium size agro-
equipment industry and brick kilns. The brick kilns are major point source of air pollution in the
area. Bogura is situated beside Karatoa River and this river is heavily polluted by industrial and
municipal effluents from the city. The pH of this river is over 7 and the DO is around 0.4 mg/l (Zakir
et al., 2013). Jamuna is one of the major rivers of Barind and Drought Prone Areas. In wet season,
it has pH of around 8.5 (Uddin et al., 2014), which is well above the standard value of 7.
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Table 3.2: Water Quality Indicators of Selected Rivers

Parameters

SI. No. | Rivers pH DO (mg/L) BODs (mg/L) COD (mg/L)
1 Buriganga 6.58-7.98 0-5.7 0.6-35 4.83-124.3
2 Shitalakhya 6.66-7.97 0-5.5 2-16 0.8-18
3 Turag 6.14-8.79 0-5.9 1.86 17-233
4 Meghna 6.5-7.47 4.7-8.1 1.0-7.0 3.8-58
5 Jamuna 6.5-7.84 5.0-7.6 0.3-5.2 11-15
6 Padma 7.25-7.69 5.8-8.5 2.1-3.3 163.5-1569.5
7 Kirtonkhola 7.1-7.5 6.5-7.1 1.1-2.5 2.0-4.75
8 Passur 7.54-8.2 5.0-6.8 0.8-1.2 <200
9 Rupsha 7.72-8.5 5.1-6.7 0.7-1.2 20-22
10 Moyuri 7.52-8.0 0.4-3.8 6-20 46-676
1 Karnaphuli 7.0-8.2 5.1-5.8 9.0-144.5 109-489
12 Halda 6.92-7.9 5.3-7.2 0.2-0.45 8.0-105
13 Surma 6.4-7.6 5.2-6.7 1.6-32 32-138

Typical reference values: pH: 7; DO: >3.5; BOD5: <1; COD: >200

Note: Reference values of pH, DO & BOD of inland surface water for fisheries according to Environmental Quality Standards
(EQS) of Environmental Conservation Rules 1997. Environmental Quality Standards (EQS) of COD is for wastewater after
treatment from industrial units.

Source: DoE, 2012 and 2013

As a result of continuous pollution, environment of the Barind and Drought Prone Areas is under
stress. The water of this hotspot is seriously affected by contamination of heavy metals (Cd, Cr, Cu,
Fe, Pb, Ni, Zn, etc). If the pollution continues at this rate, in future it will cause a great harm to the
people and aquatic life dependent on these rivers. This pollution is concentrated around the
industrially developed and urban areas. In the rural areas, the rivers have much better water
quality. However, with the increasing industries and urban population, such polluting trends will
result in severe disastrous situations.

The Urban Areas Hotspot is becoming heavily industrialized with most of the existing industries
located in Dhaka, Narayanganj, Narsingdi and Chattogram. Buriganga and Turag River are the two
major rivers of Dhaka. They are most susceptible to water pollution as tannery (24 nos.), fabric
dying and chemical processing (34 nos.), fabric washing (68 nos.), garments (1,621 nos.), plastic
products (50 nos.) industries are located on the banks of these two rivers (CEGIS, 2015). Dumping
of untreated effluent has caused major degradation of water quality of these rivers. In many places
sewerage lines end up in this river carrying sewage and municipal solid wastes. The pH of Buriganga
river is around 7 (Saifullah et al, 2011) and Turag river is between 6.18 and 7.46 (Mobin et al., 2013).
The DO varies along the stream of Buriganga. In wet season DO is around 4.9 mg/L and in dry
season around almost 0 mg/L. The BOD of Buriganga River is over 25 mg/l in most places and it can
go up to 38 mg/l (Saifullah et al., 2011). Also, the COD level is very high indicating severely
contaminated water.

Mymensingh and Netrokona Districts are beside the Old Brahmaputra River. There are 712
industries in Mymensingh. The pH of surface water of Mymensingh is over 6 in most of the
locations and DO is around 4.5 mg/l (Ferdous et al., 2015).
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Haor and Flash Flood Area of Bangladesh has the highest annual average rainfall. Of this hotspot,
Sylhet is one of the rapidly developing urban areas in the hilly region of the country. Gas based
industries have boomed in Sylhet region. Surma and Khushiara are the two main rivers of this
Hotspot. The unplanned urbanization of Sylhet city is a threat for the environmental quality and
economic gains of the city dwellers. The pH of river water in this region varies between 6.5 and 8.5,
DO value varies between 5.28 mg/l to 6.88 mg/l and BOD ranges from 27.33 mg/l to 44.33 mg|/I
(Rahman et al., 2013).

The main cities of west part of Coastal Zone are Kushtia, Jashore, and Khulna. Khulna is a port city
and it has a direct navigation route to Bay of Bengal. This hotspot has various natural resources
including marine fisheries and shrimp, forest, salt, minerals and potential onshore and offshore
natural gas. Shrimp industries have boomed in this Hotspot due to the abundance of shrimp fry in
the Bay of Bengal and creeks and rivers near the coast (Haque et al., 2010). The major rivers of this
hotspot are Padma, Gorai-Madhumati, Chitra, Rupsha, Kaliganga, etc. Shrimp culture is the
common practice in this area. Usually the water has higher salinity in the areas where shrimp farms
are located. The pH of surface water varies from 7.29-7.46 in summer season which is higher than
the groundwater pH (6.46-6.71). However, pH of both surface and groundwater was found to be
slightly lower during the rainy season. The salinity of the groundwater was higher than the surface
water both in the summer and in the rainy seasons. The average groundwater quality of the area
is not good (Haque et al., 2010). Most of the shallow aquifers in this hotspot are found to be saline.
People can get fresh water where deep tube well technology is available.

The eastern part of Coastal Zone is comprised of some of the biggest industrial cities of the
country. The major industrialized cities in this hotspot are Chattogram and Cumilla. Meghna is one
of the major rivers of this region. The other rivers of this region are the Gumti, the Titas the
Karnaphuli and the Dakatia. Chattogram is industrially developed due to its large sea port. Ship
breaking industry plays a significant role in this region’s environmental quality. Ship dismantling is
areason of concern due to its economic values and environmental hazards. Annually, up to 2.2-2.5
M tonnes of national steel production comes from the ship breaking industry (Talukder et al., 2015).
The DO of the rivers in this region is between 4-6 mg/l and pH is around 7 (Ahmed et al., 2010). The
ship breaking yard has profound effect inits surrounding area. In the perimeter of the ship breaking
yard area, DO level is low (1-5 mg/l) at some points and the pH is around 7. As ship breaking industry
has a significant impact on the economy ,it is important to mitigate the adverse environmental
effect of this industry by taking sustainable measures. Salinity is also a problem of central part of
Coastal Zone as like the southwest region. As a result, shrimp culture has intensified in some of the
southern districts.

3.3.2 Groundwater Quantity and Quality Issues

Groundwater is the major source of water supply and irrigation in Bangladesh. Some 80% of
irrigation originates from groundwater (FAO Aquastat, 2011), particularly for the cultivation of Boro
rice. Groundwater quality exhibits both seasonal and spatial patterns. Generally water quality
degrades from wet to dry season and spatially from the North to South and South Western parts
of Bangladesh. Bangladesh is underlain by a deep aquifer system with both deep and shallow
groundwater resources (CSIRO, 2014). Groundwater levels are at or near ground level during the
period August-October and lowest in April-May. Groundwater rises as a result of recharge starting
fom May and usually reaches its highest in late August each year. Between September and October
groundwater levels are constant and maintain a balance between surface water levels and the fully
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recharged aquifers. Groundwater levels fall from October in response to rapid drainage of surface
water and changes in base levels. The rate of fall is highest in October-November but equally large
changes may take place after January when withdrawal of groundwater for irrigation starts. During
the dry season most of the minor rivers are sustained by groundwater outflows. The groundwater
zoning map of Bangladesh is shown in Map 3.1.
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Map 3.1: Groundwater Zoning Maps of Bangladesh, 2004 and 2010
Source: Bangladesh Agricultural Development Corporation (BADC), 2011

Dhaka city extracts large amount of groundwater for urban water supply. Therefore Dhaka has
lower groundwater levels both in the pre- and post-monsoon seasons than other regions. The
groundwater table in Barind is also relatively low compared to other regions due to excessive
irrigation abstractions. Nation-wide comparison of the water tables from the 2004 and 2010
groundwater zoning, carried out by BADC, shows an increase of deep groundwater levels, as
illustrated in Table 3.3 and Map 3.1. A good indication can also be derived from the analysis carried
out as part of the recent Integrated Water Resource Assessment (CSIRO, 2014) showing that both
pre-and post-monsoon levels show declining trends. Although further detailed research is needed,
at the present rate of abstraction and recharge, groundwater use in many areas is not sustainable.
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Table 3.3: Areawise Comparison of Groundwater Tables 2004-10

GW Level (m) Area in 2004 (km?) Area in 2010 (km?) Difference Percentage %
0.1-5.3 41,958 35,769 6,189 14.75
5.3-7.6 31,778 34,671 2,893 9.10
7.6-9.8 14,441 13,691 750 -5.19
9.8-11.3 5,503 6,849 1,345 24.44
11.3-15.0 4,812 5,099 287 5.96
15.0-20.5 1,464 3,787 2,323 158.73
20.5-26.0 200 452 251 125.47
26.0-35.5 112 209 96 85.77
35.5-60+ 76 91 15 19.80
River 10,856 10,856 0] 0
RHF 31,836 31,836 0 0
Char Land 4,260 4,260 o] 0

Source: BADC, 2011

Due to high spatial and temporal variability in surface water availability and quality, groundwater
is increasingly used to meet domestic, industrial and irrigation purposes. The quality of
groundwater resources is a serious concern in Bangladesh. In absence of required quantities of
surface water, farmers overexploit groundwater for irrigation and other uses, resulting in
exposure of arsenic in groundwater. Use of arsenic contaminated groundwater is a serious public
health issue in some areas. Although the most important quality concern is arsenic, but iron,
manganese, boron, barium, uranium, bacterial contamination and nitrate and other trace metals
also pose serious challenges in different parts of Bangladesh (Khan and Siddique 2000; BGS and
DPHE, 2001).

The groundwater of Bangladesh is heavily contaminated with Arsenic. Some 61 of 64 districts in
Bangladesh have arsenic levels above 0.05 mg/L (NWMP, 2004). The people in 59 out of 64 districts
comprising 126,134 km?* of Bangladesh are suffering due to the arsenic contamination in drinking
water. An overview of arsenic contamination in the groundwater of Bangladesh (Hossain, 2006) is
represented in the Figure 3.1.
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Figure 3.1: District-wise Incidence of Arsenic Poisoning

Source: Hossain, 2006
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Among the hydrologic regions, the south east (SE) and south central (SC) regions are worst
affected by arsenic. The groundwater of Cumilla (1.7 mg/L), Chandpur (1.3 mg/L), Feni (1 mg/L) are
well above the standard for Bangladesh which is 0.05 mg/L. Among the districts of central part of
coastal zone, Faridpur (0.16 mg/L), Madaripur (0.12 mg/L), Barishal (0.18 mg/L) are heavily
contaminated with arsenic. Though the southwest region is in a relatively better state than the
other two regions. Khulna has an arsenic contamination of 0.31 mg/L. The arsenic contamination in
Haor and Flash Flood Area is in the range between 0.022 mg/L to 0.09 mg/L. Dhaka’s groundwater
has arsenic contamination of around 0.035 mg/L where as Narayanganj has up to 1.76 mg/L of
arsenic in the groundwater. The eastern portion of coastal zone has overall good quality of
groundwater in terms of arsenic within ranges between 0.013 mg/L to 0.02 mg/L (Hossain, 2006).

As evident, arsenic poisoning presents a serious health threat to a large segment of the population.
Flanagan et al. (2012) reports that over the next 20 years arsenic-related mortality in Bangladesh (1
of every 18 deaths) could lead to a loss of US$ 12.5 billion assuming a steady economic growth and
an unchanged population exposure to arsenic contamination.

3.3.3 Air Quality

Air quality is an important parameter for overall environmental condition of an area. Air pollution
in Bangladesh is mainly happening due to emission of black carbon from vehicular emission, brick
kilns and industries as well as dust pollution due to constructions and vehicular movement. The
two major air quality parameters are PM (particulate matter) 2.5 and PM10. The national ambient
air quality standard for these two parameters are 65 and 150 pg/m? (24 hour average), respectively.
There are 11 continuous air quality measuring stations in 8 cities in Bangladesh. All of them show
that the PM2.5 and PM 10 concentrations are higher than the standard value during dry season,
which is dangerous for the environment and public health. Only Haor and Flash Flood Area is
comparatively safer than the other hotspots. However, other air quality parameters like CO, SOx,
NOx, Osare within national standard almost round the year.

Urban Areas Hotspot is most affected by air pollution. Air quality of Dhaka is deteriorating because
of high concentration of particulate matter. Dhaka has been densely populated over the years with
unplanned urbanization and industrialization. Many industries do not follow any guideline while
emitting gases and smoke into the environment that has led to a degradation of the air quality.
Chattogram has highest amount of steel industries, which emit a significant percentage of black
carbon. There are several hundreds brick kilns around Dhaka city and a huge number of kilns are
located in the western side adjoining the Turag River. Brick kilns are a major point source of air
pollution in the region.

Haor and Flash Flood Areas have overall better air quality. It may be because of lack of industries
and also for having greater number of trees compare to other regions. Chattogram Hill Tracts have
also better air quality compared to the Urban Areas.

3.4 Ecology

Bangladesh is located in the complex interface of the Himalayan and the Southeast Asian Bio-
geographical region. This country has different types of ecosystems, which support rich
biodiversity. Torrential rains, regular flow from upper Himalayan, Meghalaya hilly terrain and
regular tidal flow from the Bay of Bengal created an exceptional diversified ecosystem. The major
rivers and the surrounding areas comprise different landforms like floodplain, char land, swamp
forest, homestead, canal, baor, haor, beels, etc. The landforms have varied vegetation patterns
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which create diverse habitats for different wildlife. As a result, Bangladesh has several
internationally recognized biodiversity hotspots like the Sundarbans, Tanguar Haor, and Sonadia
Island.
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Map 3.2: Bio-ecological Zones of Bangladesh

Source: CEGIS, 2014
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On the basis of physiographical, hydrological, meteorological, and ecological features, the IUCN
(2002) has delineated 25 bio-ecological zones for Bangladesh: i) Himalayan Piedmont Plain; ii)
Barind Tract; iii) Madhupur Sal Tract; iv) Teesta Floodplain; v) Ganges Floodplain; vi) Brahmaputra-
Jamuna Floodplain; vii) Surma-Kushiara Floodplain; viii) Meghna Floodplain; ix) The Haor Basin; x)
Chalan Beel; xi) Kaptai Lake; xii) Gopalganj-Khulna Peatland; xiii) The Sundarbans; xiv) Chakaria
Sundarbans; xv) The Coastal Plains; xvi) Offshore Islands; xvii) Narikel Jinjira Coral Island; xviii)
Sandy Beach/Sand Dunes; xix) Chattogram and the CHT; xx) Sylhet Hills; xxi) The Lalmai-Tipperah
Hills; xxii) The Saline Tidal Floodplain; xxiii) Major Rivers; xxiv) Coastal Marine, and xxv) Meghna
Estuarine Floodplains. The Bio-ecological zones of Bangladesh are shown in Map 3.2.

For analytical purposes, the ecosystem of the country can broadly be divided into 2 categories;
aquatic ecosystem (coastal and marine water, river, haor, baor, beels, floodplain, canal, mangrove
and freshwater swamp, estuary, marine, etc.) and terrestrial ecosystem (homestead, forest,
roadside, crop field, etc.).

3.4.1 Aquatic Ecosystem

As a part of a deltaic region, aquatic ecosystem is the prime feature of the country’s ecological
settings. The aquatic ecosystem of the country is derived from river hydrology and water
characteristics (freshwater and saline water). Hence, the aquatic ecosystem can be divided as fresh
water and saline water ecosystems. Except Coastal Zone, Bangladesh has a vast freshwater
riverine area including perennial channels, floodplains, char lands, backwater swamps (Haor), etc.

Fresh water riverine system: More than two thirds of the country may be classified as wetlands
according to the definition enunciated in the Ramsar Convention (IUCN, 2005). On the basis of
salinity, the wetlands of Bangladesh can be broadly classified into the inland freshwater and tidal
brackish water wetlands (Table 3.4). Floodplains, beels, haors and baors are the parts of the inland
freshwater wetlands category. These wetlands support a diverse category of flora and fauna and
millions of people depend upon them for their subsistence and income. However, these aquatic
resources have been subjected to rapid degradation due to the increasing population pressure,
habitat destruction and other anthropogenic as well as natural causes. The Government
formulated the National Environment Management Action Plan (NEMAP) to reverse this degrading
trend. It was a cost-effective process and tries to ensure people’s participation in national planning.

Rivers are the major type of natural wetlands in Bangladesh. Intricate networks of rivers contribute
to drainage as well as flooding its surrounding areas and performs ecosystem sustainability. Many
species of fish, invertebrate, algae and birds depend on the riverine ecosystem. For example, the
riverine ecosystem supports the complete life cycle of different species of tern, skimmer, ducks,
otter and Ganges River Dolphin. Rivers are the major breeding habitats of inland fisheries. The
Halda River is the only natural source for Carp breeding in Bangladesh.

Table 3.4: Types of Wetlands and their Estimated Area during the Wet Season

Wetland types Area (‘000 ha)

Permanent rivers and streams 480
Estuarine and mangrove swamps 610
Shallow lakes and marshes 120-290
Large water storage reservoirs 90
Small tanks and fish ponds 150-180
Shrimp ponds 90-115
Seasonally-flooded flood plains 5,770

Source: A directory of Asian wetlands, 1989
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Floodplains are the landforms which are inundated in each monsoon and cover a large portion of
the country. Vegetation of the floodplains is changing its forms with fluctuation of water level and
supports numerous species of fishes, molluscks and birds. This type of seasonal wetland is
dominated by grasses and rooted floating plants. Floodplains are the main location for agriculture
in Bangladesh and are highly variable in nature and depth of flooding. Floodplains contain some
depressions as well as beel area, which hold water for whole of the year. In Bangladesh, beels are
the common forms of wetlands over the country. Chalan Beel is one of the largest in the country
and comprises a series of depressions interconnected by various channels to form more or less one
continuous sheet of water in the rainy season when it covers an area of about 368 km?. The Chalan
Beel is rapidly silting up. During the last century and a half, it has shrunk at least 19.32 km from the
southern side due to annual deposits of silt from the Ganges. Deterioration of its other feeder
rivers like the Gur and the Baral are also major contributory factors in reducing the size of the beel.

Haor is another type of ecosystem that depends on seasonal inundation and variation of land
elevation. This is an important reservoir of natural resources in the northeast region of Bangladesh.
Haor and Flash Flood Areas is located in between two major ecosystems/biomes like foothills and
plain lands. Haor is the habitat of fresh water swamp forest with flood-tolerant evergreen trees.
The total area of haor-type wetland ecosystem in Bangladesh is 80,000 km? (IUCN Bangladesh,
2007). Tanguar Haor and Hakaluki Haor are the two important and major wetland systems in the
country, which were declared as Ecologically Critical Area (ECA) by the Government in 1999. These
two haors are located in the greater Sylhet region.

Kaptai Lake: This is an artificial waterbody created by a dam, which was constructed in 1962 and
has since flooded over 68,800 ha of forest valleys and arable land in Chattogram and the
Chattogram Hill Tracts (CHT) Districts. This wetland is surrounded by evergreen forests. However,
the aquatic diversity of this lake is not well known. Aside from the immediate ecological damages
such as inundating croplands, villages and forest, the lake has had far reaching ecological
consequences since its creation. This includes loss in natural habitats for native flora and fauna as
well as downstream salinity issues along the Karnafuli River.

Char lands: The river channel is continuously shifting within its active floodplains, eroding and
depositing large areas of new char lands in each flooding season. A good succession of plants and
animals in new char lands has been observed. Chars are good habitats for some of the avian fauna
and amphibians because of noise and disturbance-free conditions. Char lands support a good
number of avifauna like cisticola, prinia, warblers, grassbirds, larks, pipits and munias. Char lands
also support numerous mollusks, which are the feed for water birds, fishes and other aquatic
faunal species. The pattern of succession depends on how long the char land has been permanent.
A major part of these char lands are seasonally inundated in monsoon and deposit more sand on
the land surface. During dry season, large portions of the land are used for paddy, maize, sugarcane
and groundnut cultivation.

Saline water ecosystem: Among the saline water area, mangroves, tidal rivers and marine estuaries
are the major phenomena of aquatic ecosystems.

Mangroves: Mangrove ecosystems exist along intertidal areas of southwest and south-central
parts of the country. Sundarbans Reserve forest is the largest mangrove forest of the world that
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extends over an area of about 6,017 Km®. A part of the Bangladesh Sundarbans, an area of about
1,39,700 ha under three wildlife sanctuaries, was designated as the 798th World Heritage Site
(WHS) by UNESCO in 1997 and classified as natural heritage.

The floristic composition of the Sundarbans is rich compared to many other mangrove areas of the
world. Historically, the existence of 334 plant species belonging to 245 genera of 37 families from
the then Sundarbans and its surroundings has been reported. Of these, not fewer than 123 are
available in the present reserved forest of the Bangladesh Sundarbans. Among the plants found in
the mangroves of the Sundarbans, 28 out of 70 are true mangroves. The Sundarbans mangroves
of Bangladesh are dominated by the Sterculiaceae and Euphorbiaceae. Sundari (Heritiera fomes),
Gewa (Excoecaria agollocha) and Goran (Ceriops decandra) are the three most important
commercial species in the Sundarbans. Sundari constitutes about 65% of the total merchantable
timber. The loss and degradation of faunal diversity are also serious. Sundarbans is the habitat for
Royal Bengal Tiger and according to Tiger Census 2005, there are 116 tigers residing in the
Sundarbans of Bangladesh. Tiger preservation is a major challenge.

Bangladesh declared its first Marine Protected Area (MPA), Swatch of No Ground, located in the
Bay of Bengal at the head of a submarine canyon. It spans approximately 672 square miles (1,738
km?) and depth to the seafloor topography varies from 900 to 1459 m with 100-150 m thick levee
sediments deposited on both the edges of the canyon as seafloor swells spreading over a distance
of 10-20 km.
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The Swatch of No Ground is a highly biologically productive area created by upwelling currents and
supports large groups of Indo-Pacific bottlenose dolphins (Tursiops aduncus), pantropical spotted
dolphins (Stenella attenuata) and spinner dolphins (Stenell alongirostris), as well as a possible
resident population of Brydes whales (Balaenopter aedeni). It is a key breeding and spawning
ground for dolphins, whales, sharks and turtles. The marine protected area was established for the
long term protection of cetaceans that inhabit waters offshore of Bangladesh

The Sundarbans and its southern face up to the Swatch of No Ground in the Bay of Bengal is
Bangladesh’s dolphin-whale gold mine. Ganges River Dolphin (Platanista gangetica), Indo-Pacific
hump-backed Dolphin (Sousa chinensis), Irrawaddy Dolphin (Orcaella brevirostris) and Finless
porpoise (Neophocaena phocaenoides) have made Sundarbans as their home. The Bangladesh
Sundarbans is the only place in the world where both Ganges River Dolphin and Irrawaddy Dolphins
species live together. In Bangladesh, possibly the largest population of Ganges River Dolphin lives
in the Sundarbans and the world’s largest population (about 6,000) of Irrawaddy Dolphins lives in
the Sundarbans and adjacent coastal waters.

Coastal and marine ecosystems: Bangladesh is best known for its extensive coastal and marine
ecosystems. A huge number of offshore islands are scattered in the Bay of Bengal. Saint Martin’s
Island is the only coral bearing island of the country, and therefore it is of significance in the context
of coastal and marine ecosystems. Estuarine flood plains, sand dunes and beaches characterize the
coastal ecosystems of Bangladesh. The Meghna flood plains of Noakhali and Lakshmipur districts
are inundated by saltwater, seasonally, which attracts a wide variety of birds, including migratory
ones. Rare species of birds including the globally critically endangered Spoon-bill Sandpiper and
Indian skimmer (Rhynchops albicollis) visit this ecosystem. The beaches and sand dunes also attract
sea turtles. This extensive open water ecosystem extends southwards into the Bay of Bengal. The
coastline of Bangladesh is 714 km long and can be broadly divided into three regions: the eastern
region (Pacific type), the active delta of the central region, and the stable deltaic western region
(Atlantic type). The Bay of Bengal occupies an area of about 2.2 million km? and the average depth
is 2,600m with a maximum depth of 5,258 m.

Sonadia is a small crescent shaped island located in the far southeastern corner of Bangladesh at
21°N and 91° E and its area is 9 km?. This island lies a few kilometres north of Teknaf Peninsula, 7 km
northwest of Cox’s Bazar town. The island is a wildlife paradise, with beauty waiting around every
corner, proving that sometimes there is more to a destination than meets the eye. The western
part of this Island is sandy and different types of shells including window pane oysters are found
on the beach. Sonadia Island and the majority of the adjacent Ghotivanga mouza were declared an
ECA under the Bangladesh Environment Conservation Act (BECA) (1995). Bird Life International has
declared the island its 20th Important Bird Area (IBA). This island is an important wintering ground
for Critically Endangered Spoon-billed Sandpipers that fly over 8,000 km from their breeding
ground in Eastern Russia. Experts think there are fewer than 400 mature Spoon-billed Sandpipers
left in the wild, and nearly 10% of them can be found at Sonadia Island in the winter. Beside this,
globally Endangered Nordmann’s Greenshank, as well as other threatened birds such as Great
Knot, Asian Dowitcher, Eurasian Curlew and Black-tailed Godwit, several marine turtles and
dolphins have habitat in this island.
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3.4.2 Terrestrial Eco-systems

A large area of the country is occupied with settlements, forests and agricultural lands represent
the terrestrial ecosystems. Ecologically, Bangladesh delta is represented by five broad natural
forest types: (1) tropical wet evergreen on eastern and northeastern hills (2) tropical semi-
evergreen on eastern hills, (3) tropical moist deciduous/ sal forests on central and north western
terraces, (4) mangrove forests facing the sea and (5) freshwater swamp forests in low lying areas
of Sylhet. In addition, there are planted homestead forests, rubber plantation, and
embankment/roadside plantations. In Bangladesh, the forests are distributed on the eastern hills,
central and north western terraces and the mangroves facing the Bay of Bengal (Map 3.4).

In Bangladesh, homesteads cover about 20% (2.767 million ha) of the total land, of which 10% is
covered with trees (National Forest and Tree Resources Assessment 2005-07) and the rest is
covered with homestead vegetation, which is important for its wild shrubs and herbs as well as
locally cultivated plants and as wildlife refuge. The site lower than homesteads but a little higher
than the adjoining agricultural fields is locally called ‘kanda’. Long ago, the kandas were occupied
by swamp forest, reed swamps and grass. The village roads, highways and embankments provide
a good habitat for woody and fruit yielding plants. Coastal embankment plantation has long been
in practice in southern Bangladesh.

Forests: In Bangladesh, forests are distributed on the eastern hills, central and northwestern
terraces and the mangroves facing the Bay of Bengal (Map 3.4). In addition to
embankment/roadside plantations, there are rubber plantations. The Madhupur Sal Tract
extending across the districts of Gazipur, Tangail and Mymensingh contains important timber
species. However, 70% of the Sal forest area is either already degraded or encroached. Records
show that the Bengal Tiger (Panthera tigris) and One-horned Rhinoceros (Rhinoceros unicornis),
both of which have become extinct from this zone now, had healthy populations in the past. The
Bengal monitor (Varanus bengalensis) and other common lizards inhabit in scattered patches of
jungle throughout this zone. Among snakes, Madhupur Sal tract is a suitable habitat for cobras. In
terms of diversity of bird species, this zone is still relatively rich.

The Chattogram Hill Tracts is composed of Tropical Evergreen and Semi Evergreen forests. The
lower canopy consist mainly of evergreen species, and the upper canopy of the forest is Deciduous
type (IUCN 2002). Tropical Evergreen Forest is found in the valleys of this zone. Knowledge on the
diversity of Reptiles and Amphibians of this zone is rather rudimentary, as few surveys of these
animals have been done. This zone possesses the richest Avian population of the country.
Generally the hills are ragged, with steep slopes and about 600 m high (IUCN 2002). The tropical
evergreen and semi-evergreen forests are not very distinct, and are often intermingled and
merged into one another in this zone. The undergrowth is usually a tangle of shrubs, in which cane,
bamboo and wild banana are the prominent species. Out of 66 families of birds existing in the
country, as many as 55 are represented in this zone. Mammalian species is represented by Asian
elephant (Elephas maximus), Smabar (Cervus unicolor), Slow loris (Nycticebus coucang), Leopard
(Panthera pardus) and Asiatic Wild Dog (Cuon alpinus). In comparison, the Sylhet hillocks average
40-60 meter high. with the highest peak around 170 m (IUCN 2002). Tropical Semi Evergreen forest
is found in this zone, particularly in the valleys. The Lalmai-Tipperah hills enjoy tropical semi-
evergreen forests. This expanse remains largely evergreen with various species. The diversity of
bird and mammal species is still considerably high but these species are increasingly under threat
of extinction due to unhindered loss of habitats.
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Map 3.4: Forest Zones of Bangladesh
Source: Banglapeida, 2015
3.4.3 Present Status of Eco-system Balance

Bangladesh possesses rich species diversity particularly for Angiosperms and Avian. There are total
of 3,611 species of Angiosperm available in Bangladesh (Table 3.5). Out of which, 2,623 species
under 158 families belong to Dicotyledons and 988 species under 41 families belong to
Monocotyledons. As no systematic and complete survey has been recently conducted, it is very
likely that the total number of Angiosperm species might have reached up to 5,000. A total of 653
fish species are recorded, of which 251 are freshwater fishes belonging to 61 families and 402 are
estuarine and marine finishes including sharks and rays (Table 3.6). A total of 650 bird species have
been reliably recorded in the country. The country is also inhabited by 34 amphibian and 154 reptile
species. The mammalian species diversity in Bangladesh is represented by 121 species of mammals,
however many of which are now endangered.
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Table 3.5: Identified Groups of Plants (Number of Species)

Plants Group World Sub-continent Bangladesh
Virus/Bacteria 8,050 850 470
Algae 40,000 7,175 1988+
Fungi 72,00 14,500 275
Lichen 13,500 2,223 data not available
Bryophytes 14,500 25,00 248
Pteridophytes 10,000 12,00 195
Gymnosperms 650 67 7
Angiosperms 2,50,000 17,527 3,611

Source: Encyclopedia of Flora and Fauna of Bangladesh, 2007

Table 3.6: Diversity of Faunal Species in Bangladesh compared to World and Subcontinent in
Numbers

Taxonomic group World Sub-continent Bangladesh
Protozoa 31,250 2,577 175
Porifera (Sponge) 4,562 500 29
Cnidaria (Coral, Jely Fish) 9,916 842 102
Ctenophora (marine animals) 100 12 10
Rotifera 2,500 330 76
(microscopic aquatic animals)
Gastrotricha (Nematodes) 3,000 100 4
Platyhelminthes 17,500 1,622 126
Nematoda 30,000 2,850 176
Mollusca 66,535 5,072 479
Echinodermata 6,000 765 46+
Arthopoda 987,949 68,389 5000+
Fish 21,723 2,546 653
Amphibians 5,150 248 34
Reptiles 5,817 460 154
Birds 9,026 1,232 650
Mammals 4,629 397 121

Source: Encyclopedia of Flora and Fauna of Bangladesh, 2007.

In order to preserve ecosystem balance in the country, several types of protected areas have been
established. For example, there are two RAMSAR sites, 13 Ecologically Critically Areas (ECA), 17
National Parks, 20 Wildlife Sanctuaries, 8 Eco Parks and 2 Botanical Gardens in Bangladesh (Map
3.5). Also, the International Ornithological Organization-Birdlife International identified 20
Important Bird Areas (IBA) in Bangladesh.

Human interference in the rivers and other wetlands has been damaging the fragile ecosystem and
destroying the long term sustainability of the aquatic ecosystems. Rivers in the urban and sub-
urban areas are severely polluted by different industrial effluents, human sewage and household
garbage. lllegal encroachment is another issue for deterioration of river area and its ecosystems.
Consequential siltation of major rivers and their tributaries due to loss of upstream flow has caused
degradation of habitat suitability for fishes, dolphins and numerous aquatic creatures. For
instance, in the southwest brackish water coastal plains of Bangladesh, the farmers used to have
a single paddy crop during monsoon when surface water salinity depletes due to heavy rainfall and
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during rest of the months the fields are left for grazing. The practice evolved and was enriched by
local knowledge for centuries. However, in the last two decades, this practice has been abandoned
to provide space for more profitable shrimp farming. As a result, local ecosystems have been
changed, in addition to rapid siltation of the channels and continuous inundation of land with saline
water.
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In Haor and Flash Flood Areas, large scale settlement was initiated in the mid-20th century from
surrounding densely populated regions and since then the resources of the Haor basins are being
exploited. Continuous exploitation of aquatic vegetation and plants like Makhna, Singara, Lotus,
Waterlily, Hogla has been seen which are required for the habitat for fish and migratory birds in
Haor and Flash Flood Areas. Similarly, embankments constructed for FCDI projects reduced
floodplains and made obstacles to fish movement and migration from rivers and beels to the
remaining floodplains for feeding and breeding. As a result, many fishers have lost their livelihood.
Table 3.7 shows the threat status of various vertebrates of Bangladesh.

Table 3.7: National Status of Inland and Resident Vertebrates of Bangladesh

Threat category (National)
Extinctin | Critically Data
Group Species Endangered | Vulnerable Deficient
Bangladesh | Endangered Total
(EN) (VU) (DD)
(CR)
Fishes 653 o] 12 28 14 54 66
Amphibians 34 0 0 3 5 8 7
Reptiles 154 1 12 24 22 58 39
Birds 650 30 19 18 4 41 158
Mammals 120 10 21 13 6 40 53
Total (2000) 1611 41 64 86 51 201 323
Total (2015) 1619 31 56 181 153 390 278

Source: International Union for Conservation of Nature (IUCN), Bangladesh, 2000 & 2015

The area of settlement and consequently homestead vegetation is growing gradually for the last
few decades with population growth, resulting in loss of other ecosystems. However, the quality
of the homestead ecosystem has declined rapidly, because of the commercialization of the land.
Species diversity reduces drastically with rapid increase of commercially valuable species. Loss of
plant species diversity also reduces the quality of wildlife habitat by reducing food sources and
other microhabitats essential for supporting the integrity of the food chain.

3.4.4 Knowledge Gaps

There is substantial knowledge gap in the area of biodiversity. Regarding biological resources and
its conservation, following gaps have been identified in Bangladesh:

e lack of a complete inventory of species.

e Lack of institutional arrangement for regular environmental monitoring

o Little knowledge for causes of extinction of wild species

e Thereis no data available for the harvest quantity of mollusks and turtles.

Addressing these knowledge gaps and establishing a proper monitoring and evaluation system for
biodiversity and the environment are important agendas for BDP 2100.

3.5 Impact of Climate Change on Environment and Ecology

The social and economic implications of climate change, environment and ecological issues are
widespread for Bangladesh. The society and economy are closely connected to the climate,
environment and ecology. Due to climate change, disasters are going to pose serious threats to
the people and economy in coming days. The changes in seasonal pattern and erratic climate
behavior can heavily damage agriculture and livelihoods of people. The economically less
developed areas in Bangladesh are mostly the disaster prone areas where people could not fight
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back with the recurrent natural disasters like, erosion, salinity, cyclones and floods. So, migration
from these areas is a common trend. This might further increase in the future under climate change
induced more frequent disasters.

As many poor people of Bangladesh depend chiefly on various natural resources for centuries for
livelihood, so there is a strong linkage between ecosystem services, livelihoods and the socio-
economic structure. Actually, biological resources and biological diversity form the basis of both
the ecology and economy of Bangladesh. The country’s agriculture, fisheries and livelihood, along
with a number of other sectors are heavily dependent directly or indirectly on its biological
resources. Thus, even a small alteration in its natural settings would have great impacts on socio-
economic condition of the country.

Being an over populated country, conservation of biological environment and economic
development tend to be in conflict in Bangladesh. For conserving wildlife, sufficient vegetation
coverage is needed. On the other hand, more land is needed for food production, settlements and
other developments for a rapidly growing population. As a result, existing vegetation coverage as
well as habitat for wildlife is being encroached regularly. Over-exploitation of natural resources has
caused habitat fragmentation and reduced floral and faunal diversity that have adversely impacted
ecosystem services. Monoculture of plants and fish for achieving high productivity and economic
value is also a major cause of biodiversity loss. Infrastructural development like land filling,
construction of civil structures, industrialization is causing biological habitat conversion. In this way
the country looses its wetland area and gross production of indigenous fish have been reduced.

Services from different ecosystems are not clearly assessed in Bangladesh. However, habitat
degradation and conversion have an influence to perform services of different ecosystems. As a
result local livelihood would be impacted. Proper guidance for accumulation of ecological services
can help establish the optimum use of natural resources and ensure sustainability of those
ecosystems. Legal instruments for conservation of biological environment are essential for wise
utilization of natural resources. Regarding conservation, legal bindings may conflict with
livelihoods and thus impact on the socio-economic aspects of an area.

Major issues regarding biological environment are as follows:

e Biological diversity and population of different species: Biological diversity and population size
of different flora and faunal communities/species is changing in Bangladesh delta due to
change of landuse and land type (erosion and accretions), over harvesting, illegal poaching and
lack of knowledge regarding biodiversity conservation.

e Habitat suitability and their sustainability: Suitability of wildlife and plant habitats is changing
with landuse, environmental pollutions, change of river hydrology, climate change,
deforestation, urbanization etc. This issue needs to be given more importance in the context
of Bangladesh as a highly populated country and consequential growth of land demand for
agricultural extension, settlement expansion and other infrastructural developments.

e Habitat conversion: Biological habitats are frequently converted agricultural extension, human
habitation and industrialization. Cumulative pressure on land and waterbodies caused by
habitat conversion should be addressed on a priority basis.
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e Utilization of ecosystem services: Proper utilization of ecosystem services is not ensured for
monoculture, lack of knowledge, over exploration etc. Proper plan should be prepared for
sustainable utilization of ecosystem services.

e Existing policies, law and institutional arrangements for conserving biological resources: To
protect biological resources against different negative effects, appropriate policies and laws
need to be adopted and enforced. Government of Bangladesh has promulgated several
important laws/policies, strategies for the protection and conservation of renewable natural
resources and ecosystems. All the policies give special attention towards conservation and
wise use of wetlands and its vast biological resources. The Government has also prepared
National Biodiversity Strategy and Action Plans where wetlands conservation is given a priority
for sustainable development. In addition, existing environmental institutions like Forestry
Department (FD), Department of Environment (DoE), Bangladesh Water Development Board
(BWDB) and related NGOs need to enhance their capacities and coordination. A positive trend
in the past decade has been mainstraining of climate change issues in these institutions. This
process needs to continue and be updated with the latest knowledge and understanding of
climate change issues.

3.6 Review of Strategies, Policies and Institutions
3.6.1 Strategies and Policies

Over the past few decades biodiversity has become a global concern due to its rapid reduction
worldwide and Bangladesh is no exception. Due to the country’s tremendous population pressure,
rural poverty and unemployment problem, the natural resources base have been decreasing
alarmingly. To alter this situation and to preserve ecosystem and biological diversity, various
strategies, policies and institutional initiatives have been taken by different government and non-
government agencies. Bangladesh is a signatory to many international treaties, laws, legislations
and policies related to conserving its biological diversity. Bangladesh has signed the five major
conventions and agreements related to biodiversity conservation (i.e. CBD, CITES, CMS, RAMSAR
and WHC). As a signatory to these conventions, the government has undertaken various initiatives
to conserve the biodiversity in both the ecosystem and at the species level.

Till now, various initiatives have been taken by the government to conserve biodiversity. These can
be broadly regarded in two major ways namely ex-situ conservation and in-situ conservation. In-
situ conservation has been carried out in few protected areas like National Parks, Wildlife
Sanctuaries, and Game Reserve Areas, etc. as well as in World Heritage Site (The Sundarbans) and
in RAMSAR site (Sundarbans and Tanguar haor). There are some eco parks and safari parks that
are managed and conserved by both ex-situ conservation and in-situ conservation practices.
Government has established and declared these eco parks and safari parks to conserve biodiversity
and genetic materials mainly for research and other purposes. The government has also declared
some ECA affected adversely by the changes brought through human activities. In this country, ex-
situ conservation efforts are mainly limited to Bangladesh Forest Research Institute (BFoRI) and
some areas like Botanical gardens (Mirpur, Baldha Gardens, etc).

There are several legislative policies and initiatives that provide provisions for regulating,
harvesting and protecting plants and wildlife in Bangladesh.
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Bangladesh Wildlife (Preservation) (Amendment) Act, 1974

Bangladesh Wildlife (Preservation) Order, 1973 was promulgated under Presidential Order No. 23
in 1973 and was subsequently enacted and amended as the Bangladesh Wildlife (Preservation)
(Amendment) Act, 1974. The law provides for the preservation, conservation and management of
wildlife in Bangladesh. According to the Act the term wildlife or ‘wild animals’ means ‘any
vertebrate creature, other than humans beings and animals of usually domesticated species or fish,
and include the eggs of birds and reptiles’ only. The law itself is not sufficient to provide legal
protections to the significant aquatic biodiversity component of the ecosystem. For example, by
this definition, the important components of the coral species in the St. Martin’s Island, and also
fishes and mollusks, remain outside the legal protection of this Act.

Bangladesh Forest Act, 1927 and Subsequent Amendments

The law provides for protection and development of forests. The government may assign a
reserved forest to any forestland or wasteland, or any land suitable for afforestation, which is the
property of the government, over which the government is entitled. Subsequently, the Forest Law
has been amended and updated a number of times in response to changing needs. The Forest Act,
1927, the Forest (Amendment) Act 1990 and the amendment in 2000 may be mentioned in this
regard. These contribute to the conservation of biodiversity, although not enough, and much more
remains to be done.

Forest Policy and Forestry Sector Master Plan

The government first formulated the National Forest Policy in 1979. But as the situation began to
change with demand for forestry products and consequent depletion of forest resources and
degradation of the overall environment, the Government had to update it and formulate a revised
policy which is known as the Forest Policy 1994. The biodiversity issue has been given increased
importance in the latest policy. The policy stated that attempts will be made to bring about 20% of
the country’s land under the afforestation programs of the government and the private sector by
2015. In order to achieve self-reliance in forest products and maintenance of ecological balance,
the government will work hand in hand with the NGO’s and people’s participation will be
encouraged. The policy further stated that the priority protection areas are the habitats that
encompass representative samples of flora and fauna in the core areas of National Parks, Wildlife
Sanctuaries and Game Reserves. A target to increase the extent of these protected areas by 10% of
the reserved forest area by 2015 as also made. To achieve the objectives and targets as stated in
the policy, the government has also formulated the Forestry Sector Master Plan (1995-2015). The
financial requirements to implement the plan have been estimated to be about Tk. 80,000 million.

National Environment Management Action Plan (NEMAP), 1995

Ministry of Environment and Forests (MoEF) prepared the NEMAP, which is based on a
comprehensive participatory planning process ranging from grassroots up to national level. Inputs
were provided from local communities, government agencies, NGOs, professional groups,
academics, parliamentarians, lawyers and journalists. Together, this cross-section of concerned
stakeholders identified key institutional, sectoral, location-specific and long term issues and
actions. The NEMAP thus constitutes a synthesis of perceptions of the government, NGO’s and the
people of environmental problems and the actions required to address them. The NEMAP provides
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the policy framework and action plan for Department of Environment in combination with a set of
broad sectoral guidelines that emphasise, inter alia, the following:

e Maintenance of the ecological balance and overall progress and development of the country
through protection and improvement of the environment

e Protection of the country against natural disasters

¢ Identification and control of all types of activities related to the pollution and degradation of
the environment

e Undertaking environmentally sound development program in all sectors

e Sustainable and environmentally congenial utilization of all natural resources

e Activities in association with all environmental-related national and environmental initiatives

National Conservation Strategy (NCS)

The need for a National Conservation Strategy first emerged in September 1986. Its primary goal
was to provide a national strategy for conservation of all concerned sectors. It provides specific
strategies for sustainable use of natural resources as well as sustainable development in 18
different sectors. The National Conservation Strategy Implementation Project Phase-I (1994-1999)
was a five-year project implemented by the MoEF, with financial and technical support from
NORAD and IUCN. Through this NCS Phase 1, one major program was implemented in four distinct
ecosystems—tropical and mangrove forest areas, St. Martin’s Island, Tanguar Haor and Barind
Tract. The main objective of all these activities was conservation of biodiversity.

The Bangladesh Environment Conservation Act, 1995 and Environment Conservation Rules 1997

The Bangladesh Environment Conservation Act (BECA) of 1995 was enacted for environmental
conservation, environmental standard development and environmental pollution control and
mitigation. BECA 1995 is currently the main legislative framework relating to environmental
protection in Bangladesh. The Environment Conservation Rules, 1997 (ECR 1997), are the first set
of rules which have been promulgated under the BECA 1995. The major aspects covered by ECR
1997 are the National Environmental Quality Standard; requirements and procedures to get
environmental clearance; requirement of Initial Environmental Examination and Environmental
Impact Assessment for selected categoried of projects. However, the protection environment and
declaration of the ECAs are the most important applications of BECA 1995.

Sustainable Environment Management Program (SEMP)

Sustainable Environment Management Program, supported by the UNDP and implemented by
MoEF for a five-year period (1998-2002), was a response to the concerns, needs and actions
identified through the National Environment Management Action Plan (NEMAP) process. It
focused on community-based resource management in wetlands. In the NEMAP several major
priority areas of environmental concern were identified and the SEMP was designed to address
these priorities. The program consisted of 26 components on five major themes and was
implemented by 22 organizations from the government, NGO’s and private sector. The community-
based “Haor and Floodplain Resource Management Project” was implemented by the ITUCN with
the MoEF, in two well-defined degraded areas of haor and floodplain ecosystems. The major focus
of the program was to involve community people in the planning and implementation of activities
for the management of natural resources that maintain biodiversity and human well-being.
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National Biodiversity Strategy and Action Plan (NBSAP), 2014

National Biodiversity Strategy and Action Plan (NBSAP), 2004 was updated and published in 2014
as NBSAP 2016-2021 taking into account of Aichi Biodiversity Targets. NBSAP included 20 targets to
be complied by 2021, conservation and sustainable use of Biological Diversity. The main objective
of NBSAP included:

Formulate strategies and action plans for conservation and sustainable use of country’s
biological diversity.

Identify the current pressure on the biological resources, and options and priority actions for
the conservation and sustainable use of national biodiversity by the stakeholders.
Complement and build on the NCS (National Conservation Strategy) as well as the NEMAP
(National Environmental Management Action Plan) and other sectoral plans, through
participatory processes involving representativeness from different sectors of the society.
Raise community awareness of the sustainable use of biodiversity

Sixteen strategies were developed to shape and direct actions towards achieving the goals and
objectives of the NBSAP. Out of these strategies, Strategy-10 emphasized the wise use of
wetland resources.

As Ministry of Disaster Management & Relief (MoDMR) will be a key implementing partner of BDP
2100, Disaster Management Act, 2012 and National Disaster Management Policy, 2015 need to be
revised considering the emerging climate change scenarios.

Bangladesh Biological Diversity Act 2017

Bangladesh Biological Diversity Act 2017 was enacted towards ensuring conservation and
sustainable use of Biological Diversity as well as ensuring fair and equitable sharing of benefits
arising out of use of genetic resources.

Environmentally Critical Area Management Rules, 2016

Environmentally Critical Area Management Rules, 2016 come under the purview of Bangladesh
Environment Conservation Act, 1995. The rules aim to protect the ecology of any area that is
critical or likely to be critical.

Bangladesh National Action Program for Combating Desertification, Land Degradation and
Drought, 2015-2024

Bangladesh National Action Program (NAP) for combating Desertification, Land Degradation
and Drought (DLDD, 2015-2024) has been formulated to support and enhance the
implementation of UNCCD strategy 2008-2018. Its vision is ‘to forge a global partnership to
reverse and prevent desertification/land degradation and to mitigate the effect of droughts in
the affected areas in order to support poverty and environmental sustainability’.

Investment Plan on Environment, Climate Change and Forests (2016-2021)

MoEF has formulated an Investment Plan on Environment, Climate Change and Forest for a five
year period. This strategy will address the sustainable development and management of natural
resources as well as the resilience towards climate change impacts.
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Integrated Coastal Zone Management (ICZM)

In December 2000, the Government developed an ICZM policy. Among other objectives, the ICZM
policy attempted to rationalize and coordinate more effectively a number of environmental and
development initiatives taking place in the coastal zone. A number of donors, including the World
Bank and the Netherlands Government, have expressed interest in supporting the development of
the policy over the coming years.

3.6.2 Programme/Projects for Biodiversity Conservation

The Government of Bangladesh has undertaken and implemented several biodiversity related
programs and projects aided by various international donor countries and organizations. Some of
the noteworthy ones are described below:

Nishorgo Support Project (NSP)

This pilot protected area management program was a Forest Department’s Project and was
financed by USAID under a Strategic Objective Grant Agreement. This was a five year project (2005-
2010) and primarily implemented in five national parks of the country (Lawachara National Park,
Rema-Kalenga Wildlife Sanctuary, Satchari National Park, Chunati Wildlife Sanctuary and Teknaf
Game Reserve). The overall objective of this project was conservation of biodiversity within the
national parks. The project worked to achieve six separate but closely related objectives in support
of this overall objective:

e Develop a functional model for formalized collaboration in the management of Protected
Areas.

e C(reate alternative income generation opportunities for key local stakeholders in and around
national parks..

e Develop policies conductive to improved national park management and build constituencies
to further these policy goals.

e Strengthen the institutional system and capacity of the Forest Department and key
stakeholders so that improvements under the project can be made permanent.

e Build or reinforce the infrastructure within national parks that will enable better management,
and provide limited visitor services.

e Design and implement a program of habitat management and restoration for national parks.

Coastal and Wetland Biodiversity Management Project

Bangladesh completed a Pre-investment Feasibility (PRIF) study funded by the Global
Environmental Facility (GEF). It was a preparatory initiative to develop a project proposal to
implement a reserve, and a multiple-use management program for the protection, sustainable
management, and integration of at least three priority biodiversity sites in Bangladesh. The primary
focus was to integrate conservation and development in order to protect and manage the priority
areas in a sustainable way. The Project Brief and the outcome of the said PRIF study project have
already been approved by the Project Steering Committee, and subsequently accepted by the GEF.
The product of the follow-up project entitled “Coastal and Wetland Biodiversity Management in
Cox’s Bazaar and Hakaluki Haor” has also been prepared, and approved by the GEF council for
funding. This project is currently under process of execution by the Government of Bangladesh.
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Management of Aquatic Ecosystem through Community Husbandry (MACH)

The natural resources in the floodplains and wetlands throughout Bangladesh are in decline. Thus,
to conserve these resources the Government of Bangladesh and the United States of America have
jointly developed a program called MACH. An agreement to implement this program was signed in
May 1998. Its goal was to ensure the sustainable productivity of all wetland resources such as
water, fish, plant and wildlife over an entire wetland ecosystem.

Sundarbans Biodiversity Conservation Programme

The Asian Development Bank funded the project in 1998. The objective of the project was to
establish an effective system for the participatory and sustainable management of the ecosystem
of the Sundarbans Reserved Forest. The scope of the project included biodiversity conservation,
sustainable resource management, community development, participatory resources
management program, development of ecotourism infrastructure, and establishing a new multi-
sectoral management agency that would work for an integrated conservation and development
approach.

Biodiversity Surveys in Different Protected Areas

A biological study was conducted in 13 protected areas by the Bangladesh Centre for Advanced
Studies, in collaboration with the Forest Department. The survey was conducted to assess the
biological resources available in the designated areas. The potential value of each protected area
was evaluated through determination of the species present, the relative abundance of the species
and the species diversity. The critical habitats in each of the protected areas were identified for
protecting the threatened species, and also for developing protective area management plans.

Conservation and Management of Medicinal Plants

A project on the conservation and management of biodiversity of medicinal plants for their
sustainable utilization will be executed in Rangamati Hill district. This project is in the process of
final approval by the GEF. The specific objectives of the project are:

e Development of an inventory of medicinal plants in the project area;

e Documentation of traditional uses by the local people;

e Conservation of medicinal plants and their ecosystem;

e Capacity building of concerned agencies in the sustainable use of the medicinal plants.

Implementation of the National Biosafety Framework (INBF)

Bangladesh, as signatory of the Cartagena Protocol on Biosafety to the Convention on Biological
Diversity, is committed to conserve its indigenous biodiversity, the traditional knowledge and
practices. Thus, Bangladesh is internationally committed to develop and implement the Biosafety
regulatory regimes. Bangladesh has developed Biosafety Rules, 2012, Biosafety Guidelines, 2008,
National Biosafety Framework, 2007 and other documents to support the biosafety regulatory
system. Still Bangladesh has lack of biosafety infrastructure and statutory regulations to protect
the potential adverse effects of modern biotechnology. The main constraints to implement
Biosafety regulatory regime in Bangladesh are the absence of statutory rules-regulations, well-
managed infrastructures, adequate laboratories, and insufficient trained manpower on risk
assessment and management of GMOs.
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The Community Based Adaptation in the Ecologically Critical Areas through Biodiversity
Conservation and Social Protection Project (CBA-ECA Project)

This project has been implemented in three ECAs namely, Teknaf Peninsula (Cox’s Bazar-Teknaf
Sea Beach), Sonadia Island and Hakaluki Haor for the period of 2010-2015 with financial support
from Bangladesh Climate Change Trust (BCCT), UNDP Bangladesh and the Embassy of the Kingdom
of the Netherlands (EKN). Through these projects an institutional mechanism for Ecologically
Critical Area (ECA) management has been established.

Multilateral Environmental Agreements

Bangladesh has signed different environmental agreements to protect the country’s biodiversity.
Some of the important agreements are:

e Convention on Biological Diversity, 1992

e RAMSAR Convention on Wetlands came into force for Bangladesh on 21 September 1992
e Convention Concerning the Protection of the World Cultural and Natural Heritage, 1992
e United Nations Conventions to Combat Desertification, 1994

e Convention on International Trade in Endangered Species, 1981

e East Asian Australasian Flyway Partnership, 2010

e Asia Pacific Network for Sustainable Forest Management, 2010

e Nagoya Protocol, 2010

e Mangrove for Future, 2010

e South Asia Wildlife Enforcement Network, 2013

e Asia Protected Area Partnership, 2014

3.7 Strategies and Policies for Moving Forward

The review of past policies suggests that there is a growing awareness of the environmental and
biodiversity concerns related to development. This sensitivity is being increasingly translated into
policies and programmes to address these concerns. Yet, the record of merging issues and
challenges relating to protection of the environment and biodiversity suggests that
implementation of past and ongoing policies will need to be strengthened with stronger
monitoring and research. Additionally, new initiatives will be necessary as a part of the BDP 2100
implementation.

In order to ensure environmental sustainability, disaster and climate change resilience, protection
of the ecosystem, biodiversity and wise use of wetlands, initiation of strategic options on
ecosystem, biodiversity conservation and sustainable environmental management is needed. To
ensure these, the following strategies could be applied.

3.7.1 Strategies

e Establishment of zoning of the region on the basis of ecological attributes distribution of
biological resources and the land use patterns. These new land use zone may be established
by considering the historical biophysical changes and present scenario. Special attention is
necessary for wise use of wetlands resources and conservation of aquatic resources genomes.
Swamp and reeds natural regeneration and protection are significant issues. Against this
backdrop, the ongoing over exploitation trends of the swamps has to be stopped by any
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means. Secondly to determine the sustainable resource harvesting quota. And finally,
plantation of indigenous species of aquatic and wetlands plants.

Development of Management Plan and implementation of that plan at identified ecosystem
regarding global significance.

Immediate protection of important mother fisheries and their migration routes between rivers
and beels.

Implementation of threatened species wild flora and fauna recovery programme.
Establishment of wetland protected areas and network nationally and globally.

Assessment of degradation of wetlands ecological values and functions at regional level.
Establishment of Sundarbans Research Center for research, education, conservation,
awareness, networking, recreation, monitoring and evaluation.

Strengthening local institutions for wetland and biodiversity management.

Implementation of biodiversity enhancement and sustainable management programme.
Identification of ecologically important area within the region to protect the biodiversity and
mitigate conflicts over resource exploitation and providing legal arrangement.

Establishment of a national monitoring programme to recognize wetlands’ changing ecology,
i.e. changes of flora and fauna, hydrology or chemistry, in response to climate change,
pollution and other long term impacts. Habitat/land use studies on a national or regional scale
should be initiated for evaluation of the success of direct conservation initiatives and allow to
identify wetland loss still occurring or not and the reason behind it.

Development of a structured approach to implementing coordinated national wetland
programmes that will foster effective wetland projects to ensure proper maintenance and
management of protected wetlands after designation, acquisition and/or retention.
Promotion of effective wetland science; establishment of national priorities for scientific
research on wetland with regular review of comprehensive national inventory.

Creation of wetland data management system for comprehensive national inventory to
achieving the wise use of wetlands, documentation of wetland losses, and identification of
wetlands with potential for restoration.

Coordination and rationalization of government development programmes to minimize their
adverse effects on wetlands and to encourage watershed conservation. Create incentives
programme that will encourage the landowner and conservation agencies to maintain
wetlands.

Adoption of flood and erosion protection along the Brahmaputra/Jamuna River reach to
protect communities and their livelihoods. This is an important task under increasing disaster
event