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MESSAGE

Climate change is now considered to be one of the greatest challenges facing not only nations and regions but the
global community and the integrity of planet earth itself. It is now scientifically proven that global warming is the
direct result of massive and prolonged GHG emissions. This has led to global climatic disorder as natural disasters
of various types occur more frequently and with increasing levels of devastation around the world. Consequently,
the sufferings of humankind have increased remarkably, especially in least developed countries (LDCs) and in small
island developing states (SIDS). All countries which are signatories to the United Nations Framework Convention on
Climate Change (UNFCCC), taking into account their common but differentiated responsibilities and their specific
national and regional development priorities, objectives and circumstances, are required to periodically submit
a National Communication to the Convention. Towards the fulfillment of its obligation under the Convention,
Bangladesh submitted its Initial National Communication (INC) to the UNFCCC Secretariat in 2002 and the Second
National Communication (SNC) in 2012. This Third National Communication reflects the firm commitment of the
Government of Bangladesh to the Convention, its principles and ultimate objective.

Bangladesh’s Third National Communication provides an overview of climate change issues in the country and
their implications for the key stakeholders at local, national, regional and global levels. It explains national
circumstances, details greenhouse gas (GHG) inventory, and highlights programmes of measures for adaptation to
climate change and mitigation actions.

Bangladesh’s Third National Communication Project, the preparation of which has been funded by the Global
Environment Facility (GEF) through UNDP Bangladesh, has been able to create a solid foundation for further work
on scientific and policy issues. It has also been able to clearly define the concerns relevant within the national
context and has identified potential areas for further action. This document alerts policy makers and other key
stakeholders of the urgency of mainstream climate issues in the national development policy and agenda as well
as within a legal framework. The process of its preparation has helped enhance the capacity of the scientific and
research communities of Bangladesh for formulating and planning adaptation and mitigation policies and options.
It highlights the need for a more concerted effort to spread awareness among all stakeholders including the
research community, decision-makers and those involved in implementation activities, and the need to strengthen
the coordination, networking and information flows between ministries, different levels of government and civil
society to have a more efficient integration of climate change issues into poverty reduction and development
strategies.

| would like to take this opportunity to express my gratitude to the officials and experts of the Ministry of
Environment, Forest and Climate Change including the Department of Environment, to other related ministries and
government organizations, involved non-government organizations, and to the consultant team and individuals
for their dedication and commitment in the preparation of this document through a participatory process, which
included a series of workshops, seminars and meetings involving all key stakeholders.

Finally, | would like to request that all officials, experts and stakeholders do their utmost to utilize the information
and knowledge contained in this document to work for national and global benefits.

oL

Anisul Islam Mahmud, MP
Minister
Ministry of Environment, Forest and Climate Change



MESSAGE

Climate change is one of the greatest threats to the sustainable development of Bangladesh. The Government
Climate change is one of the greatest threats to the sustainable development of Bangladesh. The Government
of Bangladesh believes that climate change, if unmitigated, has the potential to undermine many of the positive
advances that the country has made in meeting its own development goals. Escaping poverty is becoming far
harder for the poor, who are worst hit by climate impacts. Extreme weather, flooding and salinity intrusion hamper
the agricultural production sector and threaten long term food security. Ecosystems, biodiversity and infrastructure
are all in danger.

The Paris Agreement, ratified in December 2015, represents an important milestone in the global fight against
climate change. It contains considerable obligations that the international community, including Bangladesh, must
assume under the principle of common but differentiated responsibilities. Parties of developed countries are to
ensure that robust commitments are in place to push forward the mitigation actions and climate financing needed
for adaptation and mitigation efforts, and to shape low-carbon, climate-resilient economies. Bangladesh, for its
part, is working to keep its commitment; our proposals on nationally determined contributions have already been
submitted.

The Third National Communication details the developments that have taken place in Bangladesh in climate change
adaptation, mitigation and reporting levels. The process of preparing this report has been an opportunity for
stakeholders to realize the magnitude of their accomplishments and progress since the publication of Bangladesh’s
Second National Communication in 2012. Through the official submission of this document, we now have the
opportunity to share with the rest of the world our climate change induced vulnerability, challenges, opportunities
for adaptation, and our national climate achievements that tend to be sometimes diluted in the difficult socio-
political context that least developed countries like Bangladesh are faced with. Over the years, considerable efforts
have been deployed in Bangladesh to create synergies between the various national activities in the environmental
and sustainable development fields. Addressing climate change specifically is indeed an umbrella under which a
wide range of stakeholders gather to ensure the streamlining of adaptation and mitigation within the framework
of national policies and plans and to create and enhance existing channels of communications among stakeholders
and relevant organizations.

The work compiled in this national communication is therefore the compilation of the vision, research outcomes,
responsibilities and capacities of all concerned. | would like to take this opportunity to thank the Global Environment
Facility that funded the project and the United Nations Development Programme that effectively managed it.

We remain committed to continuing to improve the quality of our reporting to the UNFCCC. We are also committed
to strengthening national climate action by implementing the adaptation and mitigation targets of our nationally
determined contributions with the help of the international community, by building the capacities of our experts, by
strengthening our institutional arrangements and monitoring, reporting and verifying system, and by incentivizing
non-state actors to mirror the government’s efforts to play our part in combating climate change and managing
its impacts.

N

Abdullah Al Islam Jakob, MP
Deputy Minister
Ministry of Environment, Forest and Climate Change



MESSAGE

As a part of the global obligation under the United Nations Framework Convention on Climate Change (UNFCCC),
the Government of Bangladesh has prepared its Third National Communication in accordance with the guidelines
for non-Annex | Parties adopted by the Conference of the Parties (COP). Bangladesh submitted its Initial National
Communication in 2002 in which the focus was on emission inventory and the impact and vulnerability of climate
change on different sectors and bio-physical systems. In the Second National Communication (SNC), submitted in
2012, emission inventory as well as impact, vulnerability, adaptation and mitigation issues were elaborated on.
This Third National Communication provides an updated status of national circumstances along with greenhouse
gas (GHG) inventory for 2006-2012 of different sectors, and measures to facilitate adequate adaptation and
appropriate mitigation.

Climate change already adversely impacts on overall development prospects. It threatens to undermine
development achievements and can slow down progress towards the achievement of the Sustainable Development
Goals (SDGs), especially those related to hunger and poverty reduction and ensuring environmental sustainability.
The agriculture and forestry sectors are central in this regard because while they are affected by climate change
and contribute to GHG emissions on the one hand, they offer opportunities for cost-effective mitigation options
with additional benefits for development and food security on the other. Given appropriate planning, mitigation
initiatives and climate change adaptation, these sectors can contribute to sustainable development.

It gives me great pleasure that the Third National Communication document is ready for dissemination. This is a
notable achievement. | would like to express my sincere thanks and gratitude to the Global Environmental Facility
(GEF) and UNDP Bangladesh for their financial and technical assistance in preparing the document. | would also like
to thank all the experts and members of different ministries, government agencies, non-government and private
organizations, technical committees, consultantteam, peerreviewers, lead reviewer Dr. Qazi Kholiquzzaman Ahmad,
Mr. Arif Mohammad Faisal and Mr. Alamgir Hossain of UNDP Bangladesh, former Director General, Department of
Environment & National Project Director Md. Raisul Alam Mondal and Project Manager Sheikh Moazzem Hossain
of the TNC project for their valuable contribution and inputs for making this endeavour a success.

ol

Abdullah Al Mohsin Chowdhury
Secretary
Ministry of Environment, Forest and Climate Change



FOREWORD

High vulnerability due to climate change is a major concern for Bangladesh. Analysis of Bangladesh’s climate change
projection has indicated that Bangladesh is among the most vulnerable regions in the world caused by sea level
rise, drought, extreme weather and other climate-related events. Responding to the challenge of climate change
is a part of priority policies for Bangladesh and that decisive actions are needed. Bangladesh has carried out a
number of measures and actions at the national level, consistent with our commitments under UNFCCC. Following
up the adoption of Paris Agreement, Bangladesh has deposited its instrument of ratification on 21 September
2016. Bangladesh also submitted the ‘Nationally Determined Contribution’ (NDC) in due time. Consistent with the
COP-UNFCCC mandate, Bangladesh has prepared Third National Communication (TNC). Ministry of Environment,
Forest and Climate Change of Bangladesh is currently engaged in preparing the National Adaptation plan (NAP).

The process of developing the TNC report was as important as the final report itself. It involved all national
stakeholders and experts in a two year effort supported by GEF and UNDP and using the best available guidelines.
The TNC was produced through the use of national expertise, with international support in the area of climate
projection downscaling. The capacity building components of the TNC have helped to increase national capacity to
produce national reports in a sustainable manner. The knowledge created and generated within the TNC process
will drive further research and enhance the information base for all stakeholders for years to come.

Bangladesh is undergoing a rapid and effective process of enhancing its institutional and policy relevant framework
for addressing climate change challenges. After developing a milestone document in the field of climate change
known as Bangladesh Climate Change Strategy and Action Plan, Bangladesh created a special ‘Climate Change
Trust Fund’ forimplementing adaptation and mitigation activities from its own resources. Recently Climate Change
Wing has been established at the Ministry to act as a coordinating platform for all climate change activities in the
country. Despite being a most vulnerable country of the world, we are doing our best. We expect that enhanced
global response to climate action would be taken by the countries that are in a position to do so.

My appreciation and wishes are for all the national experts and actors who have participated in producing this
report through their relentless efforts and positive passionate attitudes. This effort was supported by both GEF and
UNDP that enhances the strategic partnership between the Ministry of Environment, Forest and Climate Change
and GEF-UNDP in the implementation of global environmental conventions.

Bangladesh is hereby providing its climate change document to the international community and is committed to
participate in a comprehensive and fair global effort to address the challenge of climate change in parallel with the
challenges of sustainable development and human well-being.

o

Dr. Nurul Quadir

Additional Secretary

Climate Change Wing

Ministry of Environment, Forest and Climate Change
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MESSAGE FROM UNDP, BANGLADSH

| am pleased to know that the Ministry of Environment, Forest and Climate Change has completed the preparation
of the Third National Communication (TNC) of Bangladesh to the United Nations Framework Convention on
Climate Change (UNFCCC) and we are happy that Global Environment Facility (GEF) and UNDP have been able to
provide financial and technical support in preparing this nationally important document to fulfill the commitment
of Bangladesh to the Conference of the Parties (COP).

We are aware that this report has been prepared through a series of consultations and meetings where officials
from various government ministries, line agencies, NGOs, researchers, academicians from different universities,
representative from private sectors participated. Besides, training programmes were also organized to develop
capacity for managing the greenhouse gas (GHG) inventory and for preparing a high quality GHG inventory for the
TNC following IPCC guidelines and good practices. We do believe that interactions with the stakeholders through
the rigorous consultations process have guided the government to formulate mitigation and adaptation plans for
coping climate change impacts of Bangladesh. Thus, the partnerships between the government, non-government
and private sectors have been developed and strengthened through data and information sharing, technology
transfer ideas, information and institutional capacity building activities. The TNC project has generated baseline
data required for the assessment of climate change risks and vulnerability and impacts and adaptation options. It
has also resulted in a comprehensive vulnerability and risks assessment for various sectors, in particular agriculture,
water resources, forestry, fisheries, livestock, industries and infrastructure sectors.

It is praiseworthy that Bangladesh has registered a significant stability over the last 17 years in macro-economy,
productivity in agricultural sector, job creation through expansion in the manufacturing, industry and the service
sector and increased inward remittances. This boosted employment, food security and household income,
leading to substantial alleviations in poverty in Bangladesh, primary school enrolment, gender parity in primary
and secondary level education, lowering the infant and under-five mortality rate and maternal mortality ratio.
Moreover, there has been a robust growth in GDP accompanied by structural transformation of the economy with
greater share of manufacturing and services sectors; and declining share of agriculture.

We hope that adaptation and mitigation measures proposed in this report will be useful for government and
development partners to promote resilient development and green growth and hope that the words will be turned
into concrete implementation action.

| would like to extend my heartiest thanks to all those who contributed their knowledge, expertise, experience,
and provided substantive inputs toward preparation of this Third National Communication.

Sudipto Mukerjee
Country Director
UNDP Bangladesh
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Executive Summary

A National Communication is a reflection of aggregate adaptation and mitigation actions taken by a country
to address climate change. The preparation of a National Communication by Non-Annex | country parties is
not mandatory. Bangladesh submitted its Initial National Communication in 2002 and the Second National
Communication in 2012, and prepared its Third National Communication (TNC) in June 2018 for submission to the
UNFCCC.

The Government of Bangladesh (GoB), represented by the Ministry of Environment, Forest and Climate Change
(MoEFCC), and its operational arm, the Department of Environment (DoE), engaged several climate experts to
prepare five chapters on national circumstances, greenhouse gas (GHG) inventory, programmes containing
measures to mitigate climate change, programmes analysing vulnerability to climate change and identifying
measures to facilitate adaptation to climate change, and other information considered relevant to the achievement
of the objectives of the UNFCCC.

National Circumstances

Location and Physical Characteristics of Bangladesh

Bangladesh is a small country in terms of its territory with an area of about 147,570 sq. km. It is located in the
tropics between 20234" to 26238 north and 88201 to 92241 east in South Asia and is bordered by India on the
west, the north and the north-east and Myanmar on the south-east. The Bay of Bengal demarcates the southern
border with a long coastline and the Himalayas are close to the northern border of Bangladesh. The country
consists of low and flat land, with the exception of a small proportion of hilly regions in the north-east and the
south-east and some areas of highlands in the north and north-west. Floodplains occupy about 80% of the country.

The geographical characteristics of Bangladesh are heavily dependent on local and regional hydrological
characteristics. These hydrological conditions again rely on climatic processes, including on the dimensions of
seasonality. Flooding, cyclones and drought conditions are some phenomena resulting from the prevalent hydro-
meteorological processes. Land morphology, soil conditions and river systems also play contributory roles in
defining the geographical characteristics of Bangladesh.

Bangladesh is the largest deltaic region in the world with most of the country at low elevations. It is a riverine
country traversed by innumerable rivers, rivulets and their tributaries. The country is divided into three major
physiographic units - floodplains (occupying an area of 79% of surface land), uplifted terraces (9%) and hills (12%).
The landscapes, hydrological conditions and soil characteristics are different in these physiographic regions of the
country. The land is classified into six categories according to the depth of flooding that occurs: highland, medium
highland, medium lowland, lowland, very lowland and bottomland.

Climatic Conditions

Bangladesh is situated in the sub-tropical regions but displays a tropical monsoon climate characterized by heavy
summer rainfall and high summer temperatures. The reason for these climatic conditions is Bangladesh’s geographic
location; the Himalayan mountain range acts as a barrier to moisture-laden monsoon winds in the summer season
which cause intense rainfall, and helps protect the country from extreme cold wind blowing towards it from the
north. Hilly terrains in the eastern parts of the country cause the country to receive huge amounts of water as
surface runoff during the monsoon season from June to September.

There are four distinct seasons: the cool dry winter from December to February; the hot pre-monsoon summer
from March to May; the hot and humid rainy monsoon season from June to September; and the hot and humid
but drier autumn from October to November, when the south-west wind retreats.
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Executive Summary

The mean annual temperature in the country is about 25°C. The mean monthly temperature ranges between 18°C
in January and 30°C from April to May. The highest temperatures throughout the year range between 38°C and
41°C. The average annual rainfall in the country is about 2,200 mm. About 80% of the total rainfall occurs from
May to September.

Natural Resources

Water plays a vital role in the environment and in the economy and is critical in agriculture (crops, forestry, fisheries
and livestock) and in sustaining life and livelihoods.

Availability of fresh water in Bangladesh is highly seasonal and depends on monsoon rainfall both inside and
outside of Bangladesh in the GBM (Ganges-Brahmaputra-Meghna) catchments. Monsoon accounts for 70 — 85%
of annual rainfall, and about 92% of the annual run-off; 8% is generated by rainfall within the country. The entire
water ecosystem of Bangladesh, comprised of the GBM Rivers, their tributaries and distributaries, and perennial
and seasonal water bodies like haors, baors and beels, is characterized by this seasonality of rain and its variability.
All three river systems originate outside Bangladesh. Of the 230 rivers in the country 57 are trans-boundary rivers
and Bangladesh is situated at their lowest points. Of the 57, 54 come down from India and 3 from Myanmar.

The same pattern of seasonality in rainfall is applicable to river flows as well, as river flows greatly depend
on monsoon rainfall and the summer snow melt in the upper Himalayas. The table below shows the peak
discharge for mean and 20-year return period floods for the Ganges, Brahmaputra and Meghna, with 1994 as the
reference year.

River Mean Peak 20-year Return % difference bet. mean peak &
Discharge Period 20-yr return period

Ganges 51,050 66,354 30.0

Brahmaputra 67,200 89,025 325

Meghna 14,080 19,016 35.0

Agriculture and Forest Resources

Agriculture includes crops, fisheries, forestry and livestock. The sectors are inter-dependent and when one
is impacted there will be a spill-over effect on to another. Understanding and identifying these cause-and-
consequence links is a challenge, and links often go unnoticed.

The irrigated area available for crop cultivation in Bangladesh has increased manifold over the years and the
increase in crops has led to increased demands for water. Deep tube wells, shallow tube wells and low lift pumps
are widely used to extract ground water, and drought conditions have forced farmers to draw more water from
groundwater aquifers. Unsustainable ground water irrigation has already caused the water table in many parts
of the country to dip very low. Floods, cyclones, storm surges, river bank erosion, and salinity intrusion all affect
crop production, livestock and fisheries. As a result, people become more vulnerable and turn to the extraction of
natural resources including forest resources for survival. Forest resources function as a carbon sink, a safe haven
for thriving biodiversity, a source of food and fuel for local people and a shield against natural disasters such as
cyclone and tidal floods, but forest land now only covers 17.08% of the land.

Natural Disasters

Flood

Flooding isa common yearly phenomenon in Bangladesh that happens in the rainy season as a result of overtopping
of the runoff from the rivers and canals and spreads over vast areas of floodplains. A normal flood that covers 22-
30% of the country serves a useful purpose as it carries useful soil nutrients which contribute to good crop yields.
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Catastrophic floods destroy or damage houses, infrastructure and livelihoods. The major forces causing floods in
Bangladesh are: monsoon rainfall patterns (both within Bangladesh and upstream in India. Nepal and elsewhere);
simultaneously peaking water levels in the Ganges, the Brahmaputra, and the Meghna rivers; tidal conditions
(including wind) in the Bay of Bengal; and human interventions in floodplain areas. Climate change influences
all of these forces and major floods are occurring with increasing frequency and with increasingly devastating
consequences.

In Bangladesh rivers show markedly seasonal flows. The Brahmaputra and the Meghna rivers often begin to rise
in March and April as a result of heavy pre-monsoon rainfall in north-eastern India and north-eastern Bangladesh.
Conversely, the Ganges usually starts to rise in May because pre-monsoon rains start later in the Ganges basin. In
June, monsoon rainfall causes all three rivers to start rising. Usually, the Brahmaputra river reaches its peak flow in
July-August and the Ganges in August-September but, all three rivers may and occasionally do peak together with
devastating results. Even, two peaking together spells a major disaster. It is important to note that the river levels,
rainfall patterns and river flows vary from year to year meaning floods may occur when people least expect them.

Cyclonic disturbances

Depressions, storm surges and tropical cyclones are natural hazards that occur in the Bay of Bengal as a result
of temperature increase causing a drop in wind pressure. Bangladesh Bureau of Statistics (BBS). in its Statistical
Yearbook of Bangladesh 2014. reports that altogether 21 tropical cyclones (wind speed >117 km/hr) and severe
cyclones (wind speed between 87 to 117 km/hr) struck the Bangladesh coast between 1960 and 2010. Of these
cyclonic disturbances, 33.33% happened in pre-monsoon seasons, while the remaining 66.66% occurred in post-
MoNsoon seasons.

Sea level rise and associated risks

The coastal areas of Bangladesh have witnessed changing sea levels for at least the last 11,000 years. A third
of sediments carried by the three major rivers is deposited in floodplains and in the channels of the delta, and
waves and tides deliver a small portion of sediment to the inactive, tidal portion of the delta at a rate about of
10mm (highest) per year. This active delta coupled with the coastal zone’s low elevation (one to three metres in
the south-western and central part of the country and four to seven metres in the south-eastern part) make the
coastal zone vulnerable to storm surges and submergence of land by sea water.

Salinity intrusion

One of the most immediate and long-term threats of climate change is the salinity intrusion which occurs as a
result of sea level rise and affects surface (i.e. river) as well as ground water systems and the soil. The nature of
salinity intrusion in the coastal areas depends on a number of factors such as a reduction of fresh water flows from
the Ganges, siltation in the tributaries of the Ganges and siltation in other rivers due to the impacts of polders.
It was observed that between 1962 and 2008 salinity increased from 2ppt to 20ppt in the Passur river in Mongla
in the south-western coastal. Study findings suggest that total soil salinity has increased to about 1.056 million
hectares from 0.8333 million hectares in about four decades.

GHG Inventory

GHG Inventory is a large part of the Third National Communication (TNC) and includes the whole of Bangladesh.
The inventory covers five major activities: energy (electricity generation including biomass burning, transport
and energy consumed by the industrial sector); industrial processes and other product use (IPPU) (cement
manufacturing and fertilizer); agriculture (ruminant livestock, livestock management and rice cultivation); land use
change and forestry (changes in forest cover and woody biomass, changes in forest land use and forest resources
removal); and waste and refuge management (municipal waste, domestic and industrial waste water treatment/
management).
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CO; Emission from Energy Sector

In the energy sector, the fuels used in Bangladesh include natural gas, crude oil, diesel, kerosene, gasoline, jet fuel,
furnace oil, LPG, natural gas liquids, coal and biomass. All energy consuming sectors in Bangladesh were identified
and data on fuel consumption by each sector and the different fuels in use was collected from relevant sources.
This was then reorganized into sub-sectors under the energy sector as specified in the IPCC 2006 Guidelines. Not
all combustion activities and sectoral splits in the guidelines are relevant for Bangladesh, so the important step
here was to select the appropriate ones. Emissions of CO,, N,O and CH4 were then calculated using the default
heating values and emission factors for each type of fuel. For cross-checking purposes a reference approach was
used. This involved estimating the total consumption only of each fuel, not by sector.

The table below shows the total estimated CO, emissions in the energy sector from reference and sectoral
approaches for the years 2006 to 2012. It can be seen that the differences between these two approaches are
within acceptable limits.

Summary of Energy Sector CO, Emission (Gigagrams)

Year (2006 -2012) 2006 2007 2008 2009 2010 2011 2012
Sectoral 45,411 48,224 51,915 57,547 64,476 65,510 69,867
Reference 50,061 52,371 55,608 58,612 63,853 68,242 74,249
Difference 4,650 4,147 3,693 1,065 (623) 2,732 4,381
% difference 10.24% 8.60% 5.96% 1.85% -0.97% 4.17% 6.27%

Emission from Industrial Processes and Product Use

Total carbon dioxide emission from one cement factory and six fertilizer factories in the assessed inventory years
was 1535,1683,1591,1311,1237,1390 and 1121 Gg respectively.

Emission from Agriculture Sector
The estimated GHG emissions from the agriculture sector are shown in the following table (Gg CO,eq)

Source of Emission 2006 2007 2008 2009 2010 2011 2012
CHa emission from rice field 13583 13814 14357 14702 14686 14924 15089
Direct Nitrous Oxide (N20) from
- . . 5375 5567 5631 5465 5563 4966 5251
Fertilizer application
Indirect Nitrous Oxide (N20)
. . - 1746 1809 1831 1776 1808 1614 1707
emissions from N based fertilizer
Total Enteric CHs Emissions 12389 12562 12717 12888 13064 13233 13421
Total Manure CHas Emissions 2938 2963 2981 3005 3029 3051 3076
Total Direct N2O Emissions from
4794 4847 4892 4945 5000 5050 5109
Manure System
Total Indirect N2O Emissions —
e e 1599 1623 1640 1662 1683 1703 1726
Volatilization
Total Indirect N2O Emissions -
: 450 349 465 473 481 489 498
Leaching/Runoff
Total 42874 43534 44514 44916 45314 45030 45877

Emission from Land Use Change and Forest

In Bangladesh there are dispersed forests, some uplands, plains and wetlands and diverse flora and fauna. Villages
of Bangladesh have a long heritage of growing trees along with other perennial shrubs and herbs. Land is also used
for homesteads on which crops are grown alongside trees and share land with livestock or poultry, mainly for the
purpose of meeting farmers’ basic needs.
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Bangladesh Forest Department prepared a National Forest and Tree Resources Assessment 2005-2007, which
acted as the base report for most of the carbon related assessment conducted in this sector. The changes in
bio-mass carbon stocks in the inventory period were estimated and are shown in the LULUCF chapter. The total
estimated CO, emission from LULUCF sector was 8,177 Gg in the year 2012.

Emission from Waste Sector

Methane (CH,4) emission from waste sector: Landfill sites in Bangladesh are usually unmanaged and open dumps
can be optimal for landfill gas emission. Huge amounts of municipal solid waste (MSW) are dumped at the dumping
sites daily, producing significant amounts of CH, which is then emitted into the atmosphere. A considerable amount
of the generated waste remains scattered and because of aerobic conditions, the scattered waste produces little or
no methane. To measure methane emission, two methodologies —that of IPCC guidelines and a Bangladesh specific
methodology - were applied and the results compared. The IPCC methodology put the total annual methane (CH,)
generation from waste in six city corporation areas (Dhaka. Chittagong, Khulna, Rajshahi, Barisal and Sylhet) at
about 15.513 Gg/ year. Municipalities were not included in this calculation because in most cases waste dumping
is unorganized and the correction factor is taken to be zero.

Maximum average emission of CH, per Kg MSW under prevailing conditions in Bangladesh is 0.0276 m3 under
anaerobic conditions. In the open dumping site, as measured in Dhaka, the average CH4 production is 0.0179 m3
per Kg of MSW. Based on this emission factor, the total emission from MSW of the six city corporation areas in the
assessed inventory years was 80, 84, 87, 90, 92, 95 and 97 Gg respectively. Total CH4 emission from domestic waste
water in the assessed inventory years was 695, 706, 717, 729, 740, 752 and 764 Gg respectively. Nitrous Oxide
emission from domestic wastewater in the assessed inventory years was 5.0843, 5.1668, 5.2499, 5.3336, 5.4175,
5.5026 and 5.5898 Gg/year respectively and methane emission from industrial wastewater in some selected
industries in the assessed inventory years was 4.14, 11.60, 14.33, 17.45, 21.55, 22.76 and 24.21 Gg respectively.

Summary of Bangladesh GHG emissions in 2012
@@ ] Emissions (Gg)

CO2 CH4 N20 Emission
Total National Emissions and Removals
A-Energy | 6986727 93.18 3.69
| LA-Fuel Combustion Activities  69867.27 93.18 3.69
| A-Electricity Generation | 2913001 0.57 0.08
- B-Manufacturing Industries and Construction ~ 20018.41 135 0.20
| Camsport | 844199 89.87 335
. D-OtherSectors 1227685 1.40 0.06
2-Industrial Processes and Product Use 112113
| 2A-Minerallndustry 67461
| ACementproduction | 6746l
- 2B-ChemicalIndusty 44651
~ A-AmmoniaProduction 44651
3-Agriculture
~ A-EntericFermentation 536.86
~ B-Manure Management 123.04 17.14
 C-RiceCultivaton 603.55
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CO2 CH4 N20 Emission

Emissions (Gg) Emission
- F-Total Indirect N,O Emissions ~ Volatilization 5.79
- G-Total Indirect N,0 Emissions - Leaching/Runoff 167
A COjemission fromsoil 3247
- B-Conversion of forest land to other landuse 56153
- A-sSolid Waste Disposal 97
- B-Methane emission from domestic waste water 764
- Nitrous Oxide Emission from Domestic wastewater 5.59
- D-Methane emission from Industrial waste water 24.31
International Bunkers 60105 0.006 0.017
~ A-International Aviation (International Bunkers) ~ 577.68 0.004 0.017
€O, from Biomass burning for Energy purpose  53837.92
Total CO.e emission from all sources in Gigagrams 152269
Total CO,e emission from all sourcesin Million Tons ~ 152.27
In 2012 per capita emission from all sectors is 0.98 tons CO, eq and 0.27 tons Carbon eq

Mitigation Measures

Bangladesh is a country with a low level of absolute, per capita, per GDP unit of GHG emission, compared to other
developing countries. As a least developed country (LDC), Bangladesh is exempt from climate change mitigation;
according to the 2015 Paris Agreement mitigation should be based on nationally determined contributions (NDC)
and national circumstances.

The mitigation sectors in Bangladesh include energy, industry, land use, land use change and forestry (LULUCF),
waste and some others. Primary energy consumption in Bangladesh is one of the lowest in the world. In 2008, the
country’s per capita annual energy consumption was about 182 kgoe and per capita electricity generation was 236
kWh. Following intensive efforts to increase coverage, about 80% of the population now has access to electricity.
The country’s power generation installed capacity was 15000 MW as of November, 2016 and the maximum
generation was 9,036 MW.

To estimate the long-term power demand and taking into consideration the future change of the daily load curve,
a daily load curve up to 2041 estimated was superimposed on the maximum power demand with consideration
given to the potential demand up to 2041. The transition of power demand at intervals of five years from 2015
shows a rising trend in power demand from 2015 to 2041. The maximum power demand could be 8921, 12949,
19191, 27434, 36634 and 49034 MW at five-year intervals from 2015. The government plan is that the installed
capacity will be increased to around 60,000 MW by 2041. The scenario indicates that increasing amounts of GHGs
will be emitted from the power sector. A strategic plan is therefore required to mitigate the emission and keep it
at a level consistent with the policy of pursuing a low carbon development pathway.
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A rapidly growing country like Bangladesh needs a huge amount of energy to achieve its development targets. In
the past decade, primary energy consumption has increased over 100% and this trend will no doubt continue in
the coming years. It is also evident in the latest sector-wise energy consumption (industrial, residential, transport,
agriculture and commercial) prospects estimated in the Energy Efficiency Master Plan and recently adopted by the
Power Division under the Ministry of Power, Energy and Mineral Resources. Industry is responsible for the biggest
share at 47.8%, followed by residence and transportation at 30.5% and 11.5%, respectively. From the macro point
of view, the amount of national energy production stands at 27,187 ktoe, while the amount of primary energy use
was 33,550 ktoe, including imported fuel.

Bangladesh is developing fast, and rapid industrialization is taking place. It is expected that there will be a shift or
an expansion in the industrial sector from labour-intensive industries like that of the ready-made garment (RMG)
industry to energy-intensive industries. As a result, energy consumption in the industrial sector is expected to
increase more rapidly. Also, as growth in GDP per capita is expected to facilitate more and more vehicle ownership
and transport development in various modes, it is estimated that energy consumption in the transport sectors will
increase significantly.

The business-as-usual (BAU) scenarios for all sectors were analysed during the preparation of the INDC. GHG
emissions are expected to increase by 150% by 2030 from their 2011 levels, an increase from 136.14 MtCOje
in 2011 to 339.69 MtCOye in 2030. The outcomes of the data analyses for the TNC for 2011 and 2012 are more
or less the same. In the INDC, the LULUCF sector was not considered. The estimated BAU emissions for power,
transport, and industry together are expected to increase by 264% between 2011 and 2030 or from 64.20MtCO5e
to 233.76MtCO,e. Bangladesh has the potential to address mitigation actions in a number of areas but mitigation
will depend on the availability of funding from national and international sources. Potential areas are: power
generation, transmission and distribution; transport — road, rail, water and aviation; energy intensive industries
— public and private; residential/commercial — lighting, cooling, motors, cooking and buildings; cross-sectoral
options (boilers; hollow bricks; DSM); and renewable energy (solar PV, biomass and wind).

Climate Change Vulnerability and Adaptation

Bangladesh is one of the most climate vulnerable countries in the world (German Watch, 2016) and the challenges
posed by climate change make the lives and livelihoods of millions of people increasingly complex and vulnerable.
Historically, Bangladesh has faced the adverse impacts of climate variability and change that threaten its economic
growth and sustainable development. The country is at risk of natural disasters such as riverine floods, recurrent
and flash floods, tropical cyclones and storm surges, droughts, salinity intrusion, sea-level rise, and riverbank
and coastal erosions. Climate change is causing the duration, magnitude and frequency of such natural disasters
to increase, making poor communities increasingly vulnerable. Despite being the ground zero of the impacts
of climate change, Bangladesh has been working persistently to tackle its high level of vulnerability and at the
same time, has been pursuing development objectives to improve the socio-economic conditions of its vulnerable
communities. Over the last decade, Bangladesh has played a significant leadership role in the context of adaptations
to climate change; it has not only introduced innovative approaches to adaptation in vulnerable communities, but
has also actively mobilized resources as far as possible to tackle the challenges of climate change.

Over the last three decades, the GoB has invested over $10 billion (at 2007 constant prices) to make the country
more climate resilient and less vulnerable to natural disasters. Flood management embankments, coastal polders
and cyclone shelters have been built, and important lessons have been learnt on how to implement such projects
successfully with the active participation of communities.

Sectoral Impacts, Vulnerability and Adaptation to Climate Change

Impacts on agriculture and food security

In Bangladesh, crops are highly vulnerable to three types of hazards: floods, droughts and cyclonic storms and
associated storm surges. Annually 22-30% of the country is usually inundated. A major flood event may inundate
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two-thirds or more of the country. Thus, for example, the 1998 flood inundated about 70% of the country. Every
year, droughts of different magnitudes affect three to four million hectares of crop land. In the drought season
(usually the dry months) rainfall is sparse during the critical growth stages of crops which as a consequence suffer
from soil moisture deficits. Floods cause crop losses through inundation for prolonged periods and losses may be
exacerbated by the timing, magnitude and duration of the flood.. For example, a very severe drought can devastate
up to 70-90% of the T.aman crop. The Rajshahi and Nawabgonj districts are prone to very severe droughts; the
1978-1979 drought affected 42% of the cultivated land and crop loss was estimated to be two million tons. Crop
losses from the 1997 drought amounted to one million tons valued at $500 million (Selvaraju, 2006). The 1998
floods stayed 67 days above the danger levels at different locations in the country and caused considerable damage
to agriculture. In November 2007, Cyclone Sidr affected nearly ready for harvest crops in 0.9 million hectares in the
south-west region of Bangladesh (IFRC, 2010). Many households also lost their food stocks because their homes
were damaged. Two years later in 2009, Cyclone Aila destroyed 0.186 million hectares of crops fully and partially
destroyed 0.49 million hectares of crop (DMB, 2010).

Potential Impacts of Climate Change on Agriculture in Bangladesh

Climate Variables

Potential Impacts on the Agriculture Sector

Temperature changes
Increases in very hot days | Modification in crop suitability and productivity (heat stress)
and heat waves Increase in weeds, crop pests and disease outbreaks

Changes in crop water requirements.

The quantity and quality of yield depend on the number of days that a crop is exposed to
temperatures exceeding specific thresholds during critical growth stages
(i.e., flowering, pollination, fruiting, or grain filling)

Fewer cold days and nights| Increased yields in colder environments

Reduction in the risk of frosts and subsequent crop failure

Increase in intense Damages to crops

precipitation events Increased water-logging, inability to cultivate lands

Damage to drainage systems due to flooding

Increased extent and intensity of erosion and water-logging.

Increased pest incidence

Increase in drought Lower yields from crop damage, stress, and/or failure

conditions Loss of arable land as a result of land degradation

Loss of arable lands

Increased competition for water

Increased risk of food insecurity

Increase in the frequency |Crop failure and damage to crops due to flooding

of floods Yield decreases
Increased risk of health hazard due to lack of nutrition
More frequent strong Damages to crops and rural infrastructure
tropical cyclones Frequent occurrence of cyclonic hazard de-motivates farmers to continue farming
Sea level rise and storm Damage to crops and rural infrastructure due to flooding
surges Seawater intrusion, loss of arable land, salinization of water supply (groundwater in particular)
Increase in CO> Increased biomass production and increased physiological efficiency of water use in crops and
concentration weeds

Increased efficiency of water used by crops.
Potentially increased weed to compete with crops

Projected Impact on Water Sector

An increase in greenhouse gases will increase net radiation on the earth’s surface which will cause increases
in temperature, evaporation and precipitation. Increasing temperature leads to increasing evaporation on both
the land and in the ocean. Due to increased evaporation, more water vapor will be available in the atmosphere.
Increased global temperature reduces moisture content in the soil. Eventually this process will affect surface runoff
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and groundwater recharge. The water sector in Bangladesh is highly vulnerable to changes in climatic parameters,
temperature and precipitation; to the frequency, intensity and magnitude of extreme events; and to rising sea
level. Human interventions in the large shared river basins may lead to further complexity. The following are the
key vulnerabilities in the water sector due to climate change in Bangladesh.

Glaciers will continue to shrink in almost all parts of the world (IPCC, 2014). Accelerating melting of the Himalayan
glaciers is a concern for Bangladesh’s water flows, especially in the dry season. Due to the high variability of
seasonal water flows, dry season water is vital to support the ecosystem, agriculture, fisheries and navigation.
While glacier melting will lead to an initial increase in water flows, they will later decrease due to a shrinkage of
the glacier mass. Sediment supply in the Ganges and Brahmaputra rivers could increase in the dry season which
may result in increased siltation and, hence, reduced water carrying capacity of the channels.

Rate of evaporation from the soil, open water and plants would increase as temperature rises. Soil storage systems
would therefore capture the larger amount of infiltrated water resulting in a reduction in deep percolation to
shallow aquifers as the upper limit of infiltration is limited by soil type. As a result, groundwater recharge is likely
to be reduced. In the dry season, groundwater storage is the source of base flow in the rivers in Bangladesh.
Therefore, any reduction in groundwater storage would adversely affect dry season river flows.

All models and all scenarios project an increase in both the mean and extreme precipitation in the summer
monsoon period due to increase in supply of moisture from the ocean to the land despite a weakening of monsoon
winds (IPCC AR5 WGI, 2013). The onset of monsoon could be earlier and its withdrawal, later. This implies a longer
flooding season in Bangladesh. Increased temperature and higher rates of soil moisture loss could lead to longer
and high impact droughts in the country.

Impacts on Health Sector

Climatic activity has a significant influence on human health. A changing climate impacts health and well-being,
but it is difficult to determine the degree of complexity, scale and directness to which it does so. Consequently,
given geographical and environmental realities and the vulnerability of the local population, particularly in rural
areas of Bangladesh, impacts would also vary. In view of interactions between ecological and social processes, it is
difficult to determine the contribution of environmental and biological influences of climate change on health. The
changes in exposure to heat waves, winter cold, increases in floods, cyclones, storm surges, droughts, increased air
pollutants and aeroallergens like spores and molds are all considered to have direct impacts on the health sector
of this country in terms of lives lost, injuries, and disease outbreaks (Michael, 2003).

Impacts on Fisheries sector

Climate change is likely to adversely affect fish production and diversity; fish habitat; fish physiology; fish
reproduction systems, growth, and migration; fishery and aquaculture related infrastructure; and the lives and
livelihoods of people dependent on fishing. Some effects such as prolonged high floods may be beneficial to
certain aspects of fishery; increased area and depth of inland open waters with sufficient nutrients may stimulate
breeding, growth and migration.

Impacts on livestock sector

Effects of air temperature, humidity, rainfall, heat and cold waves, wind speed and other climatic factors have a
direct influence on animal growth, milk and wool production and reproduction. Indirect effects include climatic
influences on the quantity and quality of feed such as fodder, grain and pasture and the outbreak and on the
severity of livestock diseases and parasites. Global climate change is expected to alter temperature, precipitation,
atmospheric carbon dioxide levels and water availability in ways that will affect crop yields and livestock
productivity. Like human beings, livestock and poultry may suffer due to natural disasters, higher temperatures,
salinity intrusions and floods. As compared to other sectors, there are very few economic analyses available on the
climatic effects on the livestock sector worldwide.

The most important impacts of climate change on the livestock sector are reduced grazing areas, fodder crises,
reduced growth and decreases in the production of milk, meat and eggs. The livestock sector of Bangladesh is
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dominated by homestead rearing and vulnerable to natural hazards such as cyclones, storm surge, and floods.
Animals and poultry, ill-protected in their habitats, are often the first victims of natural disasters.

Impacts on Livelihood

As noted earlier, because of its geographic location, geomorphological conditions, demographic and socio-
economic features, Bangladesh is highly vulnerable to climate change. Both rapid onset and slow onset climatic
hazards and disasters cause serious havoc to the socio-economic fabric of the country. Climate change induced
vulnerabilities are likely to be exacerbated further in the future with heightened changes in the climate. Given
that different climatic events are likely to be more frequent and more severe in the future, the increasing adverse
impacts thereof will increasingly jeopardize livelihoods, especially of the poor who are mostly dependent on
natural resources. There is also a threat to the consolidation of the socio-economic achievements Bangladesh has
made in relation to poverty reduction and improvement in the population’s living standards.

Impacts on the Coast of Bangladesh

Around one-third of the total population (over 150 million) of Bangladesh live in the coastal districts. The coastal
population increased from 35.1 million in 2001 to about 50 million in 2011. The coast of Bangladesh, comprising 19
of 64 districts, while extremely fertile, is exposed to multiple vulnerabilities. Rich with natural and mineral resources,
including gas and oil, the coastal zone accounts for 1.95 million ha or 41% of the total national agricultural land.
However, it is particularly exposed to cyclone, storm surge, tidal flood, coastal erosion, water logging, variations in
temperature and rainfall, salinity intrusion and sea level rise. People living in these low-lying coastal areas often
suffer the impacts of the above mentioned natural disasters and the poverty rate in the coastal zone is higher than
the national average (World Bank, 2014).

The IPCC has reported that increases of 2°C and 4.5°C of sea surface temperature (SST) would cause an increase
of 10% and 25% in the wind speed of cyclones, respectively (IPCC, 2007). This means that the intensity of cyclones
will increase with an increase in temperature. A total of 149 cyclones hit Bangladesh’s coasts between 1891
and 1998. There are a recorded 38 cyclonic events that struck the south-western coast of the country between
1877 and 2010. (Islam and Peterson, 2008). With regard to the frequency of cyclonic events in the last 200 years,
available evidence indicates that only three major cyclones hit the coasts of the country in the first and second
fifty years (1795-1845 and 1846-1896), while 13 and 51 major cyclones affected the coasts in the third (1897-
1945) and fourth fifty year (1948-1998) periods respectively (BBS, 1993; BBS, 2002d). World Bank reports (2010)
that Bangladesh is located at the receiving end of at least 40% of the impacts of total storm surges in the world
because of a number of geographical factors including its funnel shaped structure, shallow continental shelf, low
elevation and location in a high tidal zone. Cyclones and storms are deadly (and their victims are often women and
children) and have devastating effects on ecosystmes such as that of the fragile Sundarbans. The severe cyclone
that struck Bangladesh in 1991 killed about 140,000 people, mostly from the Chittagong, Noakhali and Cox’s Bazar
districts, destroyed 1.75 million houses and damaged 6,500 schools and embankments of about 470 km. Salt water
intrusion occupied rice crops of about 72,000 ha. Cyclones Sidr (2007) and Cyclone Aila (2009) were accompanied
by 3-5.5 metre high storm surges, which brought saline water into agricultural lands and inundated the dwellings
of many coastal communities. Cyclone induced saline intrusion in surface water and soil resources has become a
serious challenge and the World Bank estimates that the adaptation deficit of Bangladesh in relation to cyclones
is $25 billion.

Bangladesh has however made significant advancements in cyclone impact management, substantially reducing
both impact risks and actual impacts through timely warning, evacuation of people, and improved relief and
rehabilitation. Compared to the 1991 cyclone, the number of human lives lost due to cyclones is now a fraction of
what it was.

Impacts on Urban Areas

The urban population of Bangladesh will exceed 50% of its projected total population by 2050. The annual growth
rate of the urban population in Bangladesh during the last decade of population census (2001-2011) was 3.5%,
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while for the greater Dhaka area it was 4.7%. Rapid population growth and mass urbanization are putting severe
pressure on agricultural lands, water bodies, forest, wetlands and municipal services (drinking water and sanitation
facilities, drainage, education, health). The pressure is greater in larger cities as more and more people, lured
by employment prospects, move to them. As demand for land has increased, encroachment on and changes in
land usage have been rampant. The urbanization impact, compounded by unplanned industrialization, unplanned
settlement formations such as slums, haphazard transportation and infrastructural development and climate
change pose tremendous challenges in the context of developing and implementing planned and sustainable
urban development.

The potential impacts of climate change on urban cities and their populations were identified by examining the
cities’ vulnerabilities and capacity for adaptation. City dwellers face high levels of risk with regard to damages to
and loss of property and in terms of consequences for their health.

Priority Areas for Climate Change Adaptation

The Government of Bangladesh has identified the following areas of intervention to address the adverse impacts
of climate change.

Key areas of intervention to address adverse impacts of climate change
1 Food security, livelihood and health protection (including water security)
2 Comprehensive disaster management
3 Coastal zone management including salinity intrusion control
4 Flood control and erosion protection
5 Building climate resilient infrastructure
6 Increased rural electricity
7 Enhanced urban resilience
8 Increasing resilience of vulnerable groups
9 Development of climate resilient cropping systems
10 Development of surveillance systems for existing and new disease risks
11 Ecosystem based adaptation (including forestry co-management)
12 Community based conservation of wetlands and coastal areas
13 Implementing drinking water and sanitation programmes in areas (e.g., coastal areas, flood- and drought-
prone areas) move at risk from climate change
14 Policy and institutional capacity building

Based on the above-mentioned areas, the following adaptation actions are priorities for Bangladesh.

Adaptation priorities for Bangladesh

1 | Improved early warning systems for tropical cyclones, floods, flash floods and drought

Disaster preparedness and construction of flood and cyclone shelters

Protection against tropical cyclones and storm surge

Inland monsoon flood-proofing and protection

Climate resilient infrastructure and communication

Climate resilient housing

N[(o|u | bW (N

Repair and rehabilitate existing infrastructure (including coastal embankments, river embankments and drainage
systems, urban drainage systems)

8 | Plan, design and construction of urgently needed new infrastructure (various types of shelters, low cost disaster
resilient housing, protection schemes, water management structures, etc.)

9 | Improvement of urban resilience through improvement of drainage systems to address urban flooding
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10 | River training and dredging (including excavation of water bodies, canals and drains)

11 | Development and dissemination of stress tolerant (salinity, drought and flood) varieties of rice; improved varieties of
livestock and fisheries

12 | Research and knowledge management

13 | Adaptation based on local-level perspectives

14 | Adaptation to climate change impacts on health

15 | Biodiversity and ecosystem conservation

16 | Capacity building at individual and institutional level to plan and implement adaptation programmes and projects in
Bangladesh

Economy-Wide Damages and Losses

An ADB study (2014) conducted an economy-wide climate change impact assessment based on the Integrated
Assessment Models for the South Asia region. The assessment shows that the average temperature could rise
by 2°C by 2050. By 2100, the average temperature is expected to rise by around 4°C under the business as usual
scenario. The rise in temperature will cause significant damages and losses to the economy. Bangladesh would
face an annual GDP loss of around 2% by 2050. There is a 10% chance that losses will be over 4%.

In the long term, if no action is taken to adapt to or mitigate global climate change, the average total economic
losses are projected to be 9.4% by 2100. The projected average losses do not include impacts of extreme events
such as cyclones, storms, floods and droughts. The GDP losses would be lower at around 1.5% by 2050 and roughly
2.5% by 2100 if GHG emission and consequent temperature rise is kept below 2°C.

Tropical Cyclone and Storm Surges

A World Bank Study (EACC, 2010) estimates that under the baseline scenario, the damages and losses stand at $4.6
billion from a single cyclone/storm surge of a ten year return period. With climate change, the damages and losses
would increase to $9.16 billion, including $4.5 billion attributable to climate change.

The housing sector would suffer the worst damages and losses due to cyclonic storms accounting for 43% of the
total damages and losses. Industry, commerce and tourism combined come next with 26%, followed by agriculture
with 20% of the damages and losses due to climate change induced storm surges. Damages and losses due to
tropical cyclones and storm surges that accounted for 0.3% of the GDP under the baseline scenario would rise to
0.06% of GDP in 2050.

Inland Flooding

Bangladesh historically incurs substantial damages and losses due to devastating inland flooding. However,
relatively speaking, damages and losses have decreased over the years as a result of improved macroeconomic
management, increased resilience of the poor, improvement in disaster management and flood protection
infrastructure. The 1974 flood, a 1-in-99-year event, resulted in damages of 7.5% of the GDP. The 1998 flood, a
1-in-99-year event, caused damages equivalent to 4.5% of the GDP. In absolute terms, the damages of major floods
were $0.9 billion in 1974, $1.4 billion in 1988, $2.2 billion in 1998, $1.8 billion in 2004 and $1.1 billion in 2007.

Agriculture

The EACCA study by the World Bank provides estimated damages and losses in agriculture, especially in rice and
wheat production due to climate change. The study estimates the change in production of three seasonal rice
varieties (aus, aman and boro) as well as wheat due to climate change (CO2, temperature and precipitation only
are considered). It was found that the production of aus and aman would increase by 2% and 4% by 2030 and
2050 respectively. Wheat production would also increase by 4% by 2050. Boro production, however, would decline
annually by 8% by 2080.
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Production changes due to flood damages as estimated by the study show that aus and aman would fall
by 2.4% and 4% respectively by 2050. Boro and wheat are assumed to be unaffected by floods. However, boro can
be affected by flash floods in areas like haor.

Considering all climate change impacts (CO, fertilization, temperature and precipitation changes, flood changes,
and sea level rise), the median of all rice crop shows a declining production. Boro will undergo the worst decline
with median loss of 3% in 2030 and 5% in 2050 (ECCA, 2010). The losses in aus and aman production would range
between 0.6 to 1.5%.

The study estimates that cumulative production will be reduced by 80 million tons in the 45-year period between
2005-2050 as the negative impacts of climate change will significantly outweigh any positive effects.

It is further projected that agricultural GDP will be 3.1 percent lower each year as a result of climate change. This
will cost Bangladesh $129 billion in total GDP equivalent to a $2.9 billion overall loss each year. The annual loss may
increase to $5.1 billion with the worst climate scenario.

The ADB 2014 study on costs of climate change and adaptation in South Asia shows that climate change would lead
to a substantial yield reduction in rice crop in Bangladesh. Among the different climatic regions, maximum yield
reduction will happen in the south-eastern and south-western regions of Bangladesh. Rice yield would decline by
5.3% for aus, 4.9% for aman and 4.6% for boro in the south-eastern regions by 2030. Further deterioration of rice
yield would occur beyond 2030. Rice yield in the south-eastern region would decline by 10.3% for aus, 9.5% for
aman and 5.5% for boro by 2050. The decline in rice yield in the south-west region is projected at 6.2% for aus,
5.6% for aman and 4.9% for boro by 2050.

Infrastructure

The 2014 ADB study also highlights that climate change and the resultant more frequent and devastating floods
and cyclones will have a significant adverse impact on the infrastructure sector of Bangladesh. It is projected that
due to the impact of climate change, the capital stock in the construction sector would be depleted by 0.05%
annually until 2100. The magnitude of these negative impacts would intensify beyond the end of the century. The
study points out that a negative stock on infrastructure as a result of climate change will have serious adverse
effects on the overall economy of Bangladesh. Different economic sectors linked to infrastructure services would
experience large falls in production. It is projected that real GDP would continue to fall by 0.62% by 2030 and
1.07% by 2100. The poor status of infrastructure is a serious constraint to the country’s development efforts.
Improving the country’s infrastructure system will be essential for achieving a higher ratio of economic growth.

Cost of Adaptation

Adaptation and improving climate resilience are important to reduce damages and losses from climatic disasters
to address climate change. Therefore, more investments would be required in early warning systems, improved
irrigation and water management, improved operation and maintenance upgrading of coastal embankments and
polders and upgrading of flood protection embankments/drainage systems. Adaptation cost estimates for all
key economic sectors have not been made for Bangladesh but the World Bank (2010) estimated that, by 2050,
adaptation costs in relation to tropical cyclones and storm surges will be $5,516 million with an annual recurrent
cost of $112 million, while for inland monsoon flooding the cost will be $2,671 million with an annual recurrent
cost of $54 million. Adaptation costs in respect of climate related diseases: diarrhea, kalazar, filariasis, dengue/
malaria, chikungunya and chronic obstructive pulmonary diseases would be $4.01 billion for the 15-year period
(1915-2030) which is equivalent to $272.1 million per annum.

Implementation of identified priority adaptation measures is critical to increase the resilience of the country to
climate change and Bangladesh has already implemented or is implementing some key adaptation activities as
urgent and immediate. It is estimated that an investment of $44 billion will be needed from 2015 to 2030 in order
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to implement identified adaptation measures to address the adverse impacts of climate change from tropical
cyclones, monsoon flooding and climate related diseases.

Mainstreaming Climate Change

The Outline of the Perspective Plan: Vision 2021 is a strategic document which includes mitigation of the impact
of climate change as one of the strategic cornerstones towards ensuring sustainable development. The 2009
Bangladesh Climate Change Strategy and Action Plan (BCCSAP) proposes 44 programmes under six thematic pillars
related to adaptation and mitigation to be implemented within a ten year period. Bangladesh achieved significant
successes with regard to goal 7 of the Millennium Development Goals (MDGs) which was to ensure environmental
sustainability.

Bangladesh’s Sixth Five Year Plan (2011-2015) emphasizes the importance of managing climate change and
indicates the priorities for implementing the BCCSAP, 2009. Additionally, a National Plan for Disaster Management
has been adopted, which addresses key natural disaster-related issues such as risk reduction, capacity building,
climate change adaptation, livelihood security, gender mainstreaming, community empowerment, and response
and recovery management. In May 2010, with the support of its development partners, Bangladesh established a
Climate Change Resilient Fund. To date, $130 million has been disbursed through this fund to implement some of
the programmes under BCCSAP. Moreover, the Government of Bangladesh (GoB) has allocated about $400 million
from its annual national budget to the Bangladesh Climate Change Trust Fund to implement the BCCSAP.

Climate Change Research and Systematic Observation

The Bangladesh Meteorological Department (BMD) is the forerunner in generating, acquiring and handling
meteorological data as it collects data from its 37 climate data stations all over the country. This climatic data
includes evaporation, humidity, solar radiation, rainfall, sunshine hours, temperature and wind speed. The
Bangladesh Water Development Board (BWDB) collects hydrologic information such as water level and discharge
data as well as meteorological information. The Bangladesh Inland Water Transport Authority (BIWTA) collects
water level data from its 43 tidal stations. The Flood Forecast and Warning Centre (FFWC) is an organization under
BWDB that generates and provides flood forecast and warning information to enhance the disaster management
capacity of national agencies and communities, using best scientific principles, real time data, weather forecast
information and mathematical models. It functions as a centre of emergency response through Flood Forecasting
and Warning Services (FFWS) to minimize or mitigate loss of life and damages to properties in the most effective
manner possible within the framework of the national policy of disaster risk reduction. Currently, FFWC provides
forecasts through its 54 forecast stations throughout the country.

Research Initiatives on Climate Change Scenario Generation and Physical Processes

Many research programmes on the climate change issues faced by Bangladesh have been conducted by a number
of national and international organizations in recent years. Gobeshona, a knowledge sharing platform for climate
change research in Bangladesh, shares information about completed publications, ongoing research, upcoming
events and research opportunities relevant to climate change in Bangladesh through its web portal. As of October
2016, some 1,360 publications based on research works conducted since the 1970s, with direct or indirect links to
climate change issues in Bangladesh had been published in this web portal, and of these, around 900 publications
were published between 2012 and 2016.

Education, Training and Public Awareness

The formal education system, under the Ministry of Education and Ministry of Primary and Mass Education,
has adopted a syllabus accommodating the study of climate change at primary, secondary and tertiary levels. A
number of public and private universities have introduced undergraduate, postgraduate, and/or diploma courses
on climate change related subjects including adaptation to climate change-induced disasters and risk reduction.
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The Institute of Water and Flood Management (IWFM) at the Bangladesh University of Engineering and Technology
(BUET) provides both diploma and master’s courses on climate change, climate hazard and disaster risk management
and climate change adaptation. The Dhaka School of Economics (DScE), a constituent institution of the University
of Dhaka, teaches environmental and resources economics at undergraduate, diploma, and master’s levels. The
Institute of Disaster Management and Vulnerability Studies at the University of Dhaka (DU) is an academic and
research institute that shares disaster and vulnerability related experiences and knowledge through training and
regular curricula. The Bangladesh Public Administration Training Centre (BPATC) has initiated training programmes
on climate change for public service cadres.

In addition, some of the universities in Bangladesh have joint progammes with foreign universities to introduce
climate change intensive research and training at the post-graduate level.

Efforts to Facilitate Information Sharing

Several web-based networks have been developed in the country forinformation sharing. The Disaster Management
Information Network (DMIN) Portal has been established under the Ministry of Disaster Management and Relief
to share, coordinate and disseminate disaster management information, programmes and guidelines. The Water
Resources Planning Organization (WARPO) has developed a National Water Resources Database (NWRD) to meet
the demand for authentic data and information related to the water sector. As part of its mandated functions,
WARPO maintains, updates and disseminates the NWRD continuously. An Integrated Coastal Resources Database
(ICRD) has been set up to formulate and implement the Integrated Coastal Zone Management Plan (ICZMP) of
Bangladesh. Initial tasks of the database were: to perform needs assessments; to prepare existing data inventory
and interim reports; to co-ordinate with the NWRD; to install hardware and software; and to implement a database
structure.
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Chapter 1

Third National Communication: Rationale, Process
and Structure

1.1 National Communication

Bangladesh became party to the United Nations Framework Convention on Climate Change (UNFCCC) after its
ratification in March 1994. Upon ratification, Bangladesh decisively committed itself to pursuing coordinated
efforts to reduce climate change impacts on the most vulnerable of its population, and to take appropriate actions
on mitigation while continuing to advance national economic development. Article 4, paragraph 1, and Article 12,
paragraph 1, of the UNFCCC requests that the parties to the convention periodically provide information to the
Conference of Parties (COP) on sources and sinks of greenhouse gases (GHGs), mitigation measures, vulnerability
to climate change, adaptation measures and programmes undertaken. National Communication (NC) reports have
been prepared and submitted by many parties, including the Non-Annex 1 countries. Bangladesh prepared and
submitted its Initial National Communication (INC) in 2002, and its Second National Communication (SNC) in 2012.
The present report is the Third National Communication (TNC), which will be submitted to the UNFCCC in due
process. The TNC follows the revised guidelines and the associated user manual as far as practicable.

1.2 The process

The Government of Bangladesh (GoB), represented by the Ministry of Environment, Forest and Climate Change
(MoEFCC), and its operational arm, the Department of Environment (DoE), enlisted the services of several climate
experts to prepare five reports/chapters on five activities/components of the TNC. These were as follows:
Activity 1: National Circumstances;

Activity 2: Greenhouse Gas (GHG) Inventory;

Activity 3: Programmes containing measures to mitigate climate change;

Activity 4: Programmes analyzing vulnerability to climate change and containing measures to facilitate adaptation
to climate change; and

Activity 5: Otherinformation considered relevant to the achievement of the objectives of the UNFCCC/crosscutting
issues.

In each case, the relevant consultant discussed the Terms of Reference (ToR) under each activity with a wide group
of stakeholders, had inception and follow-up workshops when preliminary drafts were ready, used comments
and observations received for revising the drafts, and submitted them to the Department of Environment (DoE).
These reports were then peer-reviewed and revised taking into account further comments and observations from
reviewers. The TNC is based largely upon these final reports under the activities. However, whenever the relevant
consultant thought it desirable, s/he has supplemented information in activity reports with further information and
analysis. Once the TNC was prepared, it was further discussed by a group of stakeholders, including representatives
from ministries, experts and civil society groups. Comments and observations received during this meeting were
further considered in the finalization of this document.

1.3 Structure

The TNCis organized in line with the activityrReports. Thus, the chapters bear the same titles as the activity reports
and are arranged accordingly. The TNC also contains an executive summary, figures and tables. It may be noted that
while the GHG inventory refers essentially to the year 2012, many measures and programmes nonetheless refer to
the pre- or post-2012 situation in the country in light of various ongoing trends. For comparability purposes, the
situation in 2012 has been shown wherever applicable.
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Chapter 2

National Circumstances

2.1 Introduction

This chapter outlines national circumstances on the basis of available data and narrative assessments. It addresses
the first of the five activities conducted in the context of preparing the TNC, and seeks to:

1. Update information needs and ensure necessary updated data collection from relevant sources;

2. Analyse all available national and sectoral strategies, plans, programmes and studies relevant to the
formulation of the TNC, including national development blueprints and poverty reduction policies and
strategies;

3. Update the information base on geographical characteristics including climate, forests, land use and
other environmental characteristics, population, economy and social and other services, which may
affect the country’s ability to deal with mitigating and adapting to climate change.

4. Conduct studies on how the different roles of men and women in Bangladesh’s social and economic
circumstances may affect the country’s ability to deal with mitigating and adapting to climate change.

5. Analyse poverty-climate links.

2.2 Geographical Characteristics of the Country

Geographical characteristics of Bangladesh are heavily dependent on local and regional hydrological characteristics.
These hydrological conditions rely on climatic processes, including on seasonality dimensions. Flooding of various
types (e.g. seasonal normal inundation, severe and prolonged flood conditions, flash floods, floods associated
with high tides in the coastal regions etc.), cyclones, and drought conditions are some of the phenomena resulting
from hydro-meteorological processes. Land morphology, soil conditions and river systems also play contributory
roles in defining the geographical characteristics of Bangladesh. Information on these and related issues has
been gathered from such sources as the Survey of Bangladesh (SoB), the Ministry of Disaster Management and
Relief (MoDMR), the Ministry of Environment, Forest and Climate Change (MoEFCC), the Ministry of Land, the
Bangladesh Water Development Board (BWDB), and the Flood Forecasting Warning Centre (FFWC) to outline the
geographical characteristics of the country.

2.2.1 Topography of Bangladesh

Bangladesh is the largest deltaic region in the world with most of the country at low elevations. It is a riverine
country criss-crossed by innumerable rivers, their tributaries and rivulets. The country is divided into three major
physiographic units. These are floodplains (occupying 79% of land surface), uplifted terraces (9%) and hills (12%)
(Brammer, 2014). The landscapes, hydrological conditions and soil associations are different in these physiographic
regions of the country. Based on depth-of-flooding, the land in Bangladesh is divided into six categories: highland,
medium highland, medium lowland, lowland, very lowland and bottomland (Table 2.1).

Table 2.1: Depth-of-flooding, land types and traditional cropping pattern

Highland (H), FO Not flooded Above flood level Aus-rabi crops; t.aman-fallow

Medium Highland (MH), F1 | Shallowly Up to 90 cm Aus-rabi crops; aus-t.aman

Lowland (ML), F2 Moderately deeply | c.90—180 cm Mixed aus+deep water aman+/-rabi crops
Lowland (L), F3 Deeply d. 180 —e. 300 cm Deep water amsn-Khesari/fallow

Very Lowland (VL), F4 Very deeply f. >300 cm Grassland; irrigated boro

Bottomland (B) Shallowly to deeply | Wet all year Boro (local varieties); wetlands
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Table 2.2 indicates that lowlands (including settlements) of the country cover about 35% of the total land area of
the country (columns 4, 5 and 6). It also shows that 58% of total floodplains falls in highland categories (columns
2, 3) indicating the remaining 42% are in low elevation areas which are susceptible to flooding. These three major
physiographic units are further sub-divided into 18 physiographic regions (Figure 2.1). Table 2.2 indicates that
lowlands (including settlements) of the country cover about 35% of the total land area of the country (columns
4, 5 and 6). It also shows that 58% of total floodplains falls in highland categories (columns 2, 3) indicating the
remaining 42% are in low elevation areas which are susceptible to flooding. These three major physiographic units
are further sub-divided into 18 physiographic regions (Figure 2.1).
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Figure 2.1: Physiography of Bangladesh (Source: Brammer, H. (2014)
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Table 2.2: Proportions of depth-of-flooding land types in physiographic regions (Brammer, 2014)

Region Land area Highland Medium Medium Lowland + Settlements
(km?) (%) Highland Lowland very lowland and water
(%) (%) (%) (%)
1 2 3 4 5 6
Floodplains (79% of total land area)
A 3931 58 35 1 - 6
B 12963 29 50 8 4 9
C 15472 12 33 31 15 9
D 23069 26 31 21 12 10
E 15073 2 87 3 <0.5 8
F 3472 2 10 31 51 5
G 8779 <0.5 17 18 54 10
H 1296 - 7 45 38 10
| 912 27 15 29 <0.5 29
J 12944 1 45 26 14 14
K 547 28 39 15 8 10
L 3592 22 46 14 <0.5 19
M 8 56 32 34 - 2
Average of A-M 16 42 18 14 10
Uplifted Terraces (9%)
N 4146 32 18 7 29 7
0] 7687 47 40 3 2 8
P 171 40 9 15 30 5
Q 38 59 37 - - 3
Average of N-Q 50 32 5 6 8
Hills (12%)
Northern and 16274 95 3 <0.5 - 2
Eastern hills
Total hills 95 3 <0.5 - 2
Bangladesh 123244 28 36 15 11 9
Proportions in the regions are of the land area, excluding rivers. National figures are for the land area excluding rivers,
Kaptai lake and Dhaka and Chittagong urban areas.

2.2.2 Climatic conditions

Although Bangladesh is situated in the sub-tropical region, it displays a tropical monsoon climate characterized
by heavy summer rainfall and high summer temperatures. The reason for this is its location in South Asia where
the Himalayas act as a barrier (Figure 2.2, 2.3) to moisture laden monsoon winds in the summer season causing
occurrence of heavy rainfall. This Himalayan mountain range also helps to protect the country from extremely cool
winds blowing from the extreme north (i.e. Siberian regions). In addition, uplands in the central Indian regions and
hilly terrains in the eastern parts of the country cause the country to receive huge amounts of water as surface
runoff during monsoon times that start in June and last until October.

From the climatic point of view, four distinct seasons can be identified although some experts even recognize
only three, despite the proverbial six Bangla seasons. These four seasons are: the cool dry winter from December
to February; the hot pre-monsoon summer from March to May; the hot, humid and rainy season from June to
September; and the hot and humid but drier autumn from October to November, when the south-west wind
retreats.

The cool winter dry season (December to February) is characterized by an anti-cyclonic pressure system, very light
northerly winds, mild temperatures and dry weather with clear but occasionally cloudy skies. The prevailing air
mass is dry with low humidity. However, continuous evaporation from the numerous rivers, lakes and other natural
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water bodies during clear sunny days accounts for high humidity during the late evening and early morning. This
contributes to the build-up of late night and early morning fog. The winter begins first in the west-central part of
Bangladesh by mid-December, where it lasts about four months. From there, it advances towards the east and
south. January is the coldest month, with the cold winter air moving into the country from the north-western part
of India. Average temperatures in January vary from about 17°C in the north-western and north-eastern parts to
20°-21°C in the coastal areas. The minimum temperature may reach 4° to 7°C in the extreme north-western and
north-eastern parts of the country. The average winter rainfall varies from 20 mm in the west and south to slightly
over 40 mm in the north-east. Rainfall in this season accounts for only 2- 4% of the total annual rainfall. Relative
humidity is below 60% and cloud cover during winter is the lowest, about 10% country-wide. This is due to the cold
dry winds from the north-western part of India during the winter season.

The pre-monsoon hot summer season (March to May) begins as the winter anti-cyclonic pressure regimes start
changing to summer heat from March onwards. Seasonal rainfall varies from year to year, and from place to place,
and drought is not unusual.

Table 2.3: Mean annual rainfall and variability at Rajshahi, Dhaka, Sylhet and Chittagong. (Brammer, 2014)

Station Mean rainfall Standard Coefficient of Period Number of
(mm) Deviation (mm) Variation (%) years
Rajshahi 1517 301 20 1964 -2008 42
Dhaka 2112 391 18 1959 -2008 44
Sylhet 4090 657 20 1959 -2008 45
Chittagong 2869 524 18 1959 -2008 42

* Rajshahi represents the north-western region, Dhaka the central region, Sylhet the north-eastern region and Chittagong the south-
eastern region of Bangladesh.

The rainfall in this season accounts for about 15 - 20% of the annual total. Rainfall from the thunderstorms of this
season (known as the nor’westers, an important climatic event of the season) is copious, varying from 150 to 200
mm in the west central part to more than 800 mm in the north-east. This reflects the effect of the hill ranges in the
north-eastern part of Bangladesh and adjoining parts of India that triggers the uplift of the air and convectional
overturning of the moist air from the Bay of Bengal. This season’s rainfall has implications for two crops: the
harvesting of the rabi crop and the planting of the kharif-I crop. The season is characterized by high temperatures
and convective rainfall. April is the hottest month when the average temperature varies from 27°C in the north-
east to 32°C in the west central region, often going up to as high as 40°C. Humidity varies from 57 - 56%. The cloud
cover is 50 — 60%.

The season is marked by cyclonic storms formed in the Bay of Bengal which have the potential to strike the
Bangladesh coast with storm surges, often with devastating effects on the people living in the coastal region of
Bangladesh.

The rainy or monsoon season (June to September) coincides with the summer season when the country’s weather
is dominated by the south-westerly winds from the Bay of Bengal. The average temperature varies from 27°C —
290C with mean minimum at about 25°C and the mean maximum at about 31° C. The humidity is more than 80%
with 80 — 90% cloud cover. This season accounts for about 70 — 85 % of the total annual rainfall. Rainfall in this
season is caused by the tropical depressions coming from the Bay of Bengal. Rainfall varies widely, from about
1220 mm in Rajshahi to 1490 mm in Narayanganj, to 3380 mm in Cox’s Bazar to as high as 5000 mm in the northern
part of Sylhet. The average rainy days vary from 60 in the west-central part to 95 days in the south-eastern and
over 100 days in the north-eastern part. The arrival date of the summer monsoon is very important from an
agricultural point of view because it has implications for two crops: the harvesting of aus (kharif-1) and planting of
aman (kharif-11). Moreover, severe floods may occur in this season causing extensive damage to crops, livestock,
human life and infrastructure. Sometimes floods may reach calamity proportions as in 1987, 1988 and 1998. The
summer monsoon has an enormous influence on the agriculture, hydrology and drainage systems of Bangladesh,
all of which in turn influence the economy of the country.
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The post-monsoon or autumn is the transitional season from the summer monsoon to the winter. The south-
west monsoon begins to withdraw from the country in early October, and the season sets in gradually as by mid-
October the monsoon rainfall peters away rapidly (October to November). In the western half of the country and in
the central Bangladesh the rains are normally over by the last week of October, whereas in the east and south-east
they may continue up to about the second week of November. Very little rain then falls until the middle of January.
The cloud cover is about 25% in the northern and eastern region and about 40 — 50 % in the southern and eastern
region. The rainfall varies from 2 — 10%. The winds are variable in October, but there is a definite strengthening
of the northerly winds at the expense of the south easterlies. The post-monsoon season is characterized by the
occurrences of cyclonic storms, particularly between September and November. Some of these cyclonic storms
form in the Bay of Bengal, at about 100 N latitude or even near the equatorial belt, initially move north-west and
when near about 200 N latitude they turn north-east and hit the Bangladesh coast. Near the eye of the cyclone,
there is a heavy swell known as the storm surge which can be devastating to lives and properties.

The major characteristics of the Bangladesh climate are as follows:

e Seasonality of temperature and rainfall: four seasons are characteristically distinct;

e Variability of temperature and rainfall, particularly that of rainfall. There are variabilities in the arrival
and departure of monsoon rainfall, and also variability in the amount of rainfall received during pre-
and post-monsoon periods;

e Regional variations, called climatic sub-zones within Bangladesh. The five sub-regions have rainfall and
temperature characteristics that are essentially different.
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Figure 2.2: Model showing regional topography of South Asia (Source: Islam, S.T. and Neelim, A., 2010)
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Figure 2.4: Flood affected areas of Bangladesh in different major flood years

2.2.3 Water resources

Water plays a vital role in the economy of Bangladesh. Its role in agriculture, fisheries and livestock is very significant,
and access to drinking water and water for domestic uses is of social importance. Water is needed in industries and
it supports sanitation and health systems. Unfavourable changes in water regimes caused by climate change will
adversely affect all these sectors.

The availability of fresh water in Bangladesh is highly seasonal and depends on monsoon rainfall both inside and
outside of Bangladesh in the GBM (Ganges-Brahmaputra-Meghna) catchments. Some 80% of annual rainfall will fall
in the monsoon period. The entire water ecosystems of Bangladesh, comprised of the GBM Rivers, their tributaries
and distributaries, the perennial and seasonal water bodies like haors, baors and beels, are characterized by this
seasonality of rain and its variability. It is also important to note that all three river systems originate outside
Bangladesh. Out of 230 rivers in the country, 57 are trans-boundary rivers, 54 coming down from India and three
from Myanmar.
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The same pattern of seasonality is applicable to the river flows as well, as the river flows greatly depend on monsoon
rainfall and the summer snow melt in the upper Himalayas. The table below shows the peak discharge for the
mean and 20-year return period floods for the Ganges, Brahmaputra and Meghna, with 1994 as the reference year.

Table 2.4: Discharge for the Mean and 20-year return period floods for the Ganges, Brahmaputra and Meghna
(INC, 2002)

River Mt.ean Peak 20-year I_?eturn % difference between mean
Discharge Period peak & 20-yr return period
The Ganges 51,050 66,354 30.0
The Brahmaputra 67,200 89,025 32.5
The Meghna 14,080 19,016 35.0

2.2.4 Agriculture and forest resources

In Bangladesh, agriculture systems include crops, livestock, forestry and fisheries. These sectors primarily depend
on the same kinds of natural resources such as water/irrigation, land/soil, and the support of biodiversity/
ecosystem services such as enabling a flowering environment through pollination services for better crop yield
etc. These sectors also support each other. For example, agriculture is heavily dependent on services provided by
livestock resources and forests support different types of biological diversity (e.g. habitat, ecosystem, genetic).
Hence impacts on any sector gradually spill over onto other sectors. Understanding and identifying these cause-
and-consequence links is not always easy, and some may go unnoticed.

Irrigation areas for crop cultivation have increased manifold over the years in Bangladesh. For irrigation, deep tube
wells, shallow tube wells, low lift pumps and various means of conveying surface water are used. Unsustainable
ground water irrigation has already affected aquifers as water levels have dipped in many parts of the country.
Drought conditions mean farmers are drawing more groundwater from aquifers to offset the water shortages and
make the existing situation worse. Flood, cyclone, and associated risks like river bank erosion and salinity intrusion
all equally affect crop production, livestock and fishery resources. The impacts of these stresses make people more
vulnerable and poverty stricken, forcing them to draw on natural, including forest, resources. Forest resources are
a carbon sink, a safe haven for thriving biodiversity, work as a shield from natural disasters such as cyclones and
tidal floods and are a source of food and fuel for the local population. The country now has 17.08 percent of total
land area as forest, but by and large density is sparse.

Table 2.5: Important agricultural attributes of Bangladesh (BBS, 2014)

Items Estimates are for 2008 for rural areas

Number of total agricultural farm holdings (2008) 14,870,576 (59%)

Number of total non-farm holdings (2008) 10,480,930 (41%)

Cropping intensity (2008) 172.84%

Production of rice (2013-14) 34356000 Mi llion Tons (MT)

Production of wheat (2013-14) 13, 03,000 Million Tons(MT)

Total agriculture operated areas 22,944,236 Acres

Total irrigated lands (2013-14) 18,116,000 Acres (79% of total agricultural lands)

Area under production of rice (2009-2010) 12,574,000 Acres (55% of total agricultural lands and
69% of total irrigated areas)

Internal procurement of food grain (2013-14) 1,405,000 M T (About 4% of yearly total grain production)

Public food distribution (2013-14) 2,220,000 (158% against the procurement of that year)

Cold storages for crops and the number of 368; 2,531,441,000 M T

total storage capacity (2014)

Forestlands under the control of Forest Department (2013-14) | 2,574,486.79 square kilometers

Fish production (2012-13) 3,410,254 M T; 83% from inland water sources (culture
and copter) and 17% from marine fisheries

Third National Communication of Bangladesh 9



National Circumstances

2.2.5 Human health

The health sector in Bangladesh has made significant progress since the country’s independence in 1971 through
a number of reforms and through the development of extensive health infrastructure in both the public and the
private sectors (Table 2.6). With regard to the target for reducing child death under MDG Goal 4, by the end of
2015 significant improvements had been achieved in reducing maternal deaths, infectious diseases like malaria,
tuberculosis and diarrhea and in increasing immunization coverage. Currently patients can receive treatments
from 592 government managed hospitals and 2,983 registered private hospitals, community health sectors and
clinics (BBS, 2014) with total bed facilities of about 94,318. Despite these improvements, the health sector in
Bangladesh still faces multiple challenges such as a shortage of trained health professionals, low annual allocation
of funds from government sources, high cost to receive health-related private sector services, and inequitable
access to health services between urban and rural areas (Ahmed et al., 2015).

Table 2.6: Major achievements in health sector in Bangladesh from 1973 to 2016

Planning Periods Milestones

1%t Five Year Plan (1973-1978) Putting emphasis on prevention by providing basic curative services

Building health infrastructure in rural areas

Recruiting and training primary health care providers

2" Five Year Plan (1980-1985) Adoption of Alma Ata and Primary Health Care as the Key approach

Continued infrastructure development and training

Introduction of union level health facilities — Health and Family Welfare Centers
3" Five Year Plan (1985-1990) Expansion of EPI and satellite clinic services

Specialized services at Thana Health Complex

Modernization of district hospitals

4t Five Year Plan (1990-1995) Integrated services in rural areas through merger of EPI outreach and satellite clinics
Improving quality and coverage

Improving health of disadvantaged populations

Encouraging NGO involvement in service delivery

5t Five Year Plan (1997-2002) Strengthening urban health services

Health and Population Sector Strategy (HPSS) 1997

Health and Population Sector Programme (HPSP) 1998 — 2003

National Health Policy 2000

6" Five Year Plan (2011-2016) Health Population and Nutrition Sector Development Programme (HPNSDP)
National Health Policy 2011

National Population Policy 2012

2.3 Natural Disasters

2.3.1 Impacts of floods

Flooding is a common annual phenomenon in Bangladesh that happens in the rainy season as a result of an
overtopping of the runoff from rivers and canals spreading over vast areas of floodplains. This normal flood carries
useful soil nutrients which contribute to an improvement in yields of agricultural crops and farmers expect it.
However, at times and in certain areas, normal floods turn catastrophic in terms of the volume of water, and of
the duration and timing of the flood. The main factors behind flooding in Bangladesh are: patterns of monsoon
rainfall (both in Bangladesh and regionally); characteristics of water levels in the Ganges, the Brahmaputra and the
Meghna rivers; simultaneity of peaking of the three river systems; tidal (including wind) conditions in the Bay of
Bengal; and human interventions in floodplain areas resulting in ponding effects. Climate change influences all of
these factors and thus influences the pattern and magnitudes of floods.

In Bangladesh, rivers are characterized by markedly seasonal flows. The Brahmaputra and the Meghna rivers
often begin to rise in March and April as a result of heavy pre-monsoon rainfall in north-eastern India and north-
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eastern Bangladesh. The Ganges usually starts to rise in May because pre-monsoon rains start later in the Ganges
basin. In June, all these rivers start rising simultaneously due to the occurrence of monsoon rainfall. Usually, the
Brahmaputra reaches peak flow in July-August and the Ganges in August-September. The worst case scenario for
Bangladesh is when all these rivers rise and peak together. Even if two of the three rise and peak together, the
consequent flooding is enormously devastating (e.g. the floods of 1998). It is important to note that the flood flows
and river levels vary from year to year, and hence untimely floods (maybe early or late) may occur in some parts
of the country as well.

2.3.2 Cyclonic disturbances

Depressions, cyclonic storms and tropical cyclones are different categories of natural hazards occurring in the
Bay of Bengal as a result of temperature increase causing a decrease of wind pressure in the surface of the Bay.
In its Statistical Yearbook of Bangladesh 2014, the Bangladesh Bureau of Statistics (BBS) reports that altogether
21 tropical cyclones (wind speed >117 km/hr) and severe cyclones (wind speed between 87 to 117 km/hr) hit the
Bangladesh coast in the period 1960-2010). Among these, 33.33% cyclonic episodes took place in pre-monsoon
times while the remaining 66.66% occurred in post-monsoon times (Table 2.7).

Table 2.7: Frequency distribution of tropical cyclones and severe cyclonic storms

Pre-monsoon Post-monsoon
Time of occurrence No Time of occurrence No
April 11-20 0 September 21-30 1
21-30 1 October 1-10 1
May 1-10 1 11-21 1
11-20 2 22-31 2
21-30 3 November 1-10 3
June 1-10 0 11-20 3
21-30 2
December 1-10 1
* Cyclones included are those that occurred in pre-monsoon and post-monsoon seasons from 1960 to 2010.

Most of the casualties/fatalities and destruction associated with cyclones happen as a result of the accompanying
water surge and high storm waves that sweep away and drown people. The degree of destruction and the number
of casualties/fatalities depend on the time when a cyclone occurs and on the topography and geomorphological
conditions of where it strikes. It is observed that areas close to the Meghna estuary face more cyclonic disturbances
because of the estuary’s funnel-shaped morphological conditions and because tidal characteristics such as tide
levels are generally higher in the Meghna estuary areas than in adjoining areas. The impacts are generally high if
the cyclone makes landfall on the coast when high tide conditions prevail.

2.3.3 Drought conditions

Drought is a water stress condition at a time when rainfall is generally expected for plant growth. Incidence of
drought in north-western regions of Bangladesh is quite common where rainfall occurrence is almost half of that
occurring in north-eastern regions of the country. June is the month when drought usually occurs as rainfall in
June has always been less in north-western parts of the country compared to other parts. Studies carried out in
the 1980s by BARC (Bangladesh Agricultural Research Council) in order to develop an AEZ (Agro-ecological Zone)
database for the country show that monsoon rainfall in Bangladesh starts in the first week of June but standard
deviation was found to be 26 days in Rajshahi district located in the north-western regions of the country (Brammer,
2014). It indicates that the late start of monsoon in the drought-prone north-western region is not the abnormal
phenomenon which was observed in 2009. This drought occurred when rainfall of 146mm was recorded against a
45-year mean of 271mm. It is also important to note that most of the rainfall (105 mm against a total of 146mm,
72%) in that year (2009) occurred on 29th and 30th June. It suggests that understanding the drought phenomenon
needs a more rigorous study using daily rainfall data (not monthly or yearly averages) including associated daily
temperature records so that the PET (Potential Evapotranspiration) rates could be calculated.
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2.3.4 Sea level rise and associated risks

The coastal areas of Bangladesh have been adjusting to Sea Level Rise (SLR) in the Bay of Bengal during the last at
least 11,000 years (Kuehl et al., 2005; Mikhailov and Dotsenko, 2007). SLR happens as a result of the deposition
of sediments carried by the three major rivers, i.e. the Ganges, the Brahmaputra and the Meghna, one third of
which is deposited on the active floodplain areas and in the channels of the delta (Goodbred and Kuehl, 1999).
A small portion of sediment is delivered via waves and tides to the inactive, tidal portion of the delta at a rate of
about 10mm (highest) per year (Rogers et al. 2013). However, the coastal areas are still subject to adjustments
since their average elevation ranges from -3 metres in the south-western and central coastal regions (about 80%
of the coastal areas) allowing dynamic variables like incoming sediments, SLR and land subsidence to play roles.
The elevation of south-eastern coastal zones is about 4 to 7 metres. This low elevation, active delta and dynamic
morphology play significant roles in making the region vulnerable to hazards like cyclone induced water surges and
the submergence of lands by the rising levels of sea water. The area is also vulnerable to coastal land erosion and
salinity intrusion affecting surface water, groundwater and soil.

The coastal areas of Bangladesh are generally divided into three categories - the Ganges Tidal Plain or the Western
Coastal Region, the Meghna Deltaic Plain or the Central Coastal Region and the Chittagong Coastal Plain or Eastern
Coastal Region. These three coastal regions experience different SLR scenarios; water level increase is happening
at a rate of 5 to 7 mm per year in the south-western coastal regions, around 10 mm per year in the central coastal
regions and about 14 to 23 mm per year in the south-eastern coastal regions (CEGIS, 2016).

Table 2.8: Areas of different elevation in the coastal area of Bangladesh

Elevation (m) Area (square kilometer) Area (in percentage)
0-1 16941 26.58
1-2 19941 31.29
2-3 13545 21.25
3-4 8545 13.41
4-5 4756 7.46
Total 63728 100
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Figure 2.5: Map showing coastal elevation (Source: CDMP, 2009)
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Land subsidence is an important factor in the context of understanding SLR in Bangladesh. Different authors
have given different estimates (see CEGIS, 2016) of the land subsidence in the coastal areas of Bangladesh. This
subsidence occurs as a result of: (i) accumulation of about 1.6 billion tons of sediment load delivered by the Ganges
and the Brahmaputra rivers; (ii) sediment compaction from the removal of oil, gas and water from the inland delta’s
underlying sediments; (iii) trapping of sediment in upstream reservoirs due to floodplain engineering; and (iv)
rising sea levels. It is important to note here that due to human interventions in the floodplain areas, about 37%
of the river distributaries have dried up in the south-western and central coastal regions of Bangladesh (Syvitski et
al., 2009). Therefore, the sediment budgeting process may need to be readjusted among the regions, and needs
more studies for a clear understanding.

2.3.5 Salinity intrusion

One of the immediate and long-term threats of climate change is the ingress of salinity into surface (i.e. river)
and groundwater systems and the soil. Salinity intrusion in the coastal areas is due to a number of factors such
as a reduction of fresh water flows from the Ganges, siltation in the tributaries of the Ganges river systems, and
siltation in many other rivers due to the impacts of polders. Dasgupta et al. (2014) found that salinity increased
from 2ppt to 20ppt at Mongla (south-western coastal regions) in the Passur river from 1962 to 2008.

Average
Maximum
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Figure 2.7: Surface Water salinity (in square kilometers) for base year 2012 (above) and best future (B1 emission
scenario) in 2025 (below). Graph produced using data from Dasgupta et al. (2014)
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kilometers) for worst comparison of surface water salinity (below). Graph produced using data from Dasgupta
et al. (2014)
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Surface and ground water salinity combined with soil salinity has serious negative impacts on agricultural
productivity and production. SRDI periodically estimates soil salinity for coastal regions of Bangladesh. The third
such report was published in 2010. The study findings suggest that total soil salinity has increased to about 1.056
million hectares from 0.8333 million hectares in about four decades. As of 2010 out of about 1.689 million hectares
of coastal land 1.056 million hectares (about 63%) were affected by soil salinity of various degrees. About 0.328,
0.274, 0.189, 0.161 and 0.101 million hectares of land are affected by very slight (S1; 2 — 4 dS/m), slight (S2;
4.1 — 8 dS/m), moderate (S3; 8.1 — 16 dS/m), strong (S4; >16 dS/m) and very strong salinity (S5) respectively. A
comparative study of the salt affected area during 1973 to 2009 showed that about 0.223 million ha (26.7%) of
new land has been affected by various degrees of salinity during approximately the last four decades (Table 2.9).

Table 2.9: Soil salinity in coastal Bangladesh (SRDI, 2010)

. - Salinity increase
Salt affected area Soil salinity: degree and area (000 ha) over : decades
(000 ha) s1 s2 S3%* sS4 Area | %
Region* 2-4dS/m 4.1-8dS/m | 8.1-16dS/m | >16dS/m| (000
o0 ) o o0 o o | o o | o|m| o || m|o|a ha)
~ (=] (=] ~ (=] (=] (=] (=] (=] (=] ~ (=] (=]
()] o o (<)} o o (<)) o o (<)} o o ()] o o
-l o~ o - o~ o~ - o~ o~ - o~ o i o~ o~
1 374 | 417 | 432 | 48 93 87 | 255 (119 |102| 52 | 161|169 |20 (48 | 68 57 15
2 78 78 76 18 24 25 53 | 27 19 3 19 | 27 | 0 | 7 1 - -
3 100 | 106 | 106 | 25 16 21 | 31 |33 | 29| 24| 46 | 50 |19 |72 | 6 6 6
4 0 26 33 0 10 22 0 5 8 0 1 2 0|0 0 33 100
Bangladesh | 833 | 1020|1056 | 287 | 289 | 238 426 |307 |274| 79 | 336|351 |36 |87 | 101 222 26

*1 - South-western regions (Khulna, Bagerhat, Satkhira)

2 Central coastal regions (Laxmipur, Feni, Noakhali)

3 South-eastern regions (Chittagong, Cox’s Bazar)

4 Mature delta regions (Jessore, Narail)

** 83 =53+54; S3=8.1-12 dS/m; S4 = 12.1 — 16 dS/m. Survey conducted in May 2009.

2.4 Information on Population, Economy and other Service Sectors

Bangladesh has successfully managed population-related challenges generated from its sheer density (152.7
million estimated in Population Census 2011) given the size of the country. Total size and population increased to
about 160 million in 2017. Successful management of population-related challenges can be seen in indicators such
as a decrease in the annual growth rate (1.36, BBS, 2014), reducing poverty incidence in both urban and rural areas
(poverty is now <25%, Planning Commission, 2015), a reduced unemployment rate (current unemployment rate is
4.5%, BBS, 2014) and significant improvements in human health-related indicators like reduced child mortality and
maternal deaths. The Government of Bangladesh has also created employment opportunities for large numbers
of people (Table 2.10). It must be recognized though, that under-employment in general and unemployment of
educated youth in particular remains an ongoing problem.

Table 2.10: Major attributes of demographic and economic situations of Bangladesh

Attribute Value/
Estimate
Area (square kilometers) 147,570
Total population (million), 152.7
Total male and female (million), 78.2,74.5
Total urban and rural population (million), 41.7,111.6
Annual population growth rate (2014) 1.36
Gender ratio (males per 100 females) 104.9
Population density per sq. km 1035
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Attribute Value/
Estimate
Life expectancy at birth 69.4
Persons per physicians (number) 3297
Per capita income (USD) 1190
Economically active population/labour force (million, 15 year+) | 56.7
Youth labour force (million, 15 — 29 years),2010 20.9
Female labour force (million) 17.2
Employed population, self-employed (million), 54.1, 22
Unemployment rate (%), 4.5
Employment in agriculture, non-agriculture sectors (%), 47.3,52.7
Unpaid family worker (million), 11.8

Source: All data refers to 2010, except population growth rate

It is important to note that the Bangladesh Bureau of Statistics (BBS) has played a significant role in supplying
useful information to monitor and assess the changes/successes happening in different sectors. The Population
and Housing Census 2011, the Household Income and Expenditure Survey 2010, the Multiple Indicator Cluster
Survey 2012-13, the Report of Sample Vital Registration System 2013, the Labour Survey 2010, and the 2015
Report on MDG achievements are some of the important reports that BBS has produced and which supply useful
information in the demographic characteristics of Bangladesh including issues related to the economy and various
service sectors. In addition, data provided by the Ministry of Finance and Bangladesh Bank Data and Planning
Commission reports are also useful in the context of developing states and scenarios related to population and
relevant socio-economic aspects of the country.

2.4.1 Climate change education and technical research institutions in Bangladesh

The Ministry of Disaster Management and Relief (MoDMR) (through their CDMP Il activities) has developed
partnerships with a number of academic institutions in Bangladesh to help create an enabling atmosphere for
generating disaster management professionals. The goal is that these professionals will play important roles
in generating data and information and will undertake critical analytical works on more clearly understanding
climate change vulnerability and risks. Through their different departments and institutes, partner universities
are running programmes such as certificate courses, undergraduate bachelor programmes, master’s and post
graduate diplomas. Higher level research-based degrees on disaster management related fields such as PhD and
MPhil are also being offered by these institutes.

Universities and related agencies offering disaster management courses
University of Dhaka (DU), Dhaka.
University of Rajshahi (RU), Rajshahi.
Jahangirnagar University (JU), Dhaka.
Bangladesh Agricultural University (BAU), Mymensingh.
Khulna University (KU), Khulna.
Patuakhali Science and Technology University (PSTU), Patuakhali.
Mawlana Bhashani Science and Technology University (MBSTU), Tangail.
Shahjalal University of Science and Technology (SUST), Sylhet.
Chittagong University of Engineering and Technology (CUET), Chittagong.
Independent University Bangladesh (IUB), Dhaka.
BRAC University (BRAC-U), Dhaka.
North South University, Dhaka.
National Curriculum and Text Book Board (NCTB), Ministry of Education, Dhaka.
Armed Forces Division (AFD), Prime Minister’s Office.
Dhaka School of Economics, Dhaka (a constituent Institution of the University of Dhaka)

Inclusion of disaster risk reduction and climate change adaptation issues has been accomplished in the primary,
secondary and higher secondary education through a partnership between MoDMR and National Curriculum and

16 Third National Communication of Bangladesh



National Circumstances

Textbook Board (NCTB) of Bangladesh. By 2014, NCTB had distributed 320 million books among 30.68 million
students and disaster management issues were incorporated in 31 subjects - 9 at primary level, 14 at secondary
level and 8 at higher secondary level. NCTB has also facilitated the distribution of supplementary learning materials
e.g. stories, poems, and novels, focusing on disaster risk reduction issues.

2.4.2 Climate change governance and mainstreaming activities

Climate change impacts are cross-sectoral and thus different ministries in Bangladesh are concerned with both the
immediate and the far-reaching consequences of climate change. These consequences are dealt with mainly by
incorporating climate change challenges into sector policies and ensuring institutions deliver necessary services.
The Ministry of Environment and Forests (MoEF) has been playing the leading role in managing climate change and
the challenges Bangladesh faces.

The 2013 CPEIR (Climate Public Expenditure and Institutional Review) Study provides details on climate change
governance structure and processes by focusing on related policies and institutional frameworks. The policy
frameworks provide strategic planning and the proposed necessary institutional architecture to implement
climate actions. Initially, an attempt was made to mainstream climate change issues within a disaster risk
management framework, namely the Comprehensive Disaster Management Programme (CDMP |, under the
auspices of MoDMR) framework, i.e. Component 4b. It aimed to establish a mechanism that would facilitate
the management of long-term climate risks as an integral part of national development planning. Later, with
the addition of the Bangladesh Climate Change Strategy and Action Plan (BCCSAP) in 2009, a gradual transfer of
climate change-related risk management took place from MoDMR to MoEF (Ministry of Environment and Forests).
Currently, MoDMR with its sub-agencies such as the Department of Disaster Management (DDM) and the Cyclone
Preparedness Programme (CPP) is focusing on Disaster Risk Reduction (DRR) aspects. Simultaneously, MoEF with
its major sub-agencies such as the Department of Environment (DoE) and the Forest Department has as its primary
focus Climate Change Adaptation (CCA) issues. It is important to note that there are academic debates regarding
synergies and differences between DRR and CCA, and in practice these are often considered rather overlapping.
In this respect, the Planning Commission, while developing the 7th Five Year Plan, tried to distinguish the thin
boundaries between the definitions of the two concepts.

The recently completed multi-donor funded CDMP |l (implemented under the supervision of MoDMR) invested
in climate change aspects and implemented partnership programmes with 12 Ministries, 13 agencies and also
with some non-government organizations. These partnership action programmes could also be considered as
mainstreaming relevant climate change issues into the regular development programmes of the respective
ministries. Major achievements of the partnership activities have been in the following areas:

Mobile phone operators: 115 million cell-phone users now have direct access to early warnings of approaching
hydro meteorological disasters by dialing 10941;

Partnership with Bangladesh Metrological Department (BMD): About 70% of weather forecast processing
time has been reduced as a result of installing a Weather Research and Forecasting simulation system with
BMD. A total of 593 BMD officials have been trained on meteorological services and ICT. The Storm Warning
Centre has been strengthened with a high-speed communication system and solar powered electricity
backup;

Flood Forecasting Warning Centre: Flood forecasting lead time has been extended to five days, which is
saving the lives, livelihoods and assets of some 88 million people living in four river basin areas of Bangladesh.
Communities can save more than 70% of their movable resources/capital goods with the introduction of the
five day lead time flood forecasting. The extended lead time has the potential to reduce the loss of moveable
assets by 20% in the case of severe flooding. Over 100,000 people have visited the redesigned FFWC website
for flood forecasts since July 2014;

Training of professionals: A total of 300 government officials have received training and orientation on
preparing climate resilient development projects. In addition, to date, 30,011 urban community volunteers
including 6,970 female volunteers, 6,342 farmers, 1,017 officials and 3,900 Climate Field School members, 250
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Department of Fisheries (DoF) officials have received the training. About 1,350 fishermen have been trained
through 110 demonstration ponds. A Disaster Risk Reduction Action Plan for the Department of Fisheries has
been prepared. Farmers have been trained through model villages in a cross-sectoral collaborative effort by
the DoF, DAE and DLS. A total of 250 DWA (Department of Women Affairs) officials have received training on
disaster and climate change from training programmes organized in ten districts;

Climate change in educational curricula: CCA and DRR issues have been incorporated in 35 text books from
primary to higher secondary levels of education. Over 22 million students from classes Il to Xl of every
academic year now have access to DRR and CCA knowledge. Bangladesh Technical Education Board has
incorporated ‘Climate and Disaster Management’ in the curriculum of the Agriculture Training Institute;

Field level demonstration of climate smart technology: Short-term safe aquaculture has been demonstrated
in 110 ponds. A training module on short-term safe aquaculture has been developed for farmers and has been
adopted and used by the Department of Fisheries. So far 2,500 demonstrations for farmers and 500 farmer
meetings have been conducted. In addition, 600 officers have received training on bio-security measures;
WASH facilities in saline affected areas: A total of 50 deep tube wells, 38 rainwater harvesting units, and one
underground water reservoir have been installed in salinity affected coastal area;.

DGHS (Director General of Health Services): National Health Crisis Management and Archive Centre have
been established;

Partnership with Planning Commission: Development planning is being aligned with DRR and CCA in the
DPP format;

Measure Names | Title Sectoral Share of GDP
W Agriculture Year
Industry 1980-81 1985-86 1990-91 1995-96 2000-2001 2005-06 2010-11 2011-12 2012-13
I Services
55 3559 54.61 54.54 54.22
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Figure 2.9: Sectoral Share of GDP in Bangladesh (Source: MOF, 2005; MOF, 2008; MOF, 2012; MOF, 2014, BBS, 2014)

2.5 Analysis of National and Sectoral Strategies, Plans, Programmes

and Studies

Different ministries, departments and agencies have been undertaking projects for addressing climate change
in relation to adaptation and mitigation. Some agencies, such as the Ministry MoDMR) and the Ministry of
Environment, Forest and Climate Change (MoEFCC), work primarily as regulatory bodies while others, such as
the Bangladesh Water Development Board (BWDB) under the Ministry of Water Resources (MoWR) have the
responsibility to implement programmes. In many cases, the same agency carries out both types of activities
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simultaneously through different sub-agencies. For example, the Department of Disaster Management (DDM) also
delivers programmes under the auspices of MoDMR. A thorough review of those activities has been undertaken
and the results are given in the following sections.

Table 2.11: Key Activities Related to Climate Change Carried Out by Different Agencies

Government Agencies

Key Activities Related to Climate Change Adaptation and Mitigation

Department of
Environment

Market Development Initiative for Bondhu Chula
Clean Development Mechanism (CDM) Using Municipal Organic Waste of Towns (City
Corporation/Municipalities) throughout Bangladesh

Climate Change
Resilience Fund

(DoE): Community Based Adaptation in the Ecologically Critical Areas through Biodiversity Conservation
and Social Protection (CBA-ECA) Project
Emergency 2007 Cyclone Recovery and Restoration Project (Multipurpose Cyclone Shelter
Construction Project)
Community Climate Change Project
Supporting Agriculture Adaptation to Climate Change
Climate-Resilient Participatory Afforestation and Reforestation Project

Bangladesh

Rural Electrification and Renewable Energy Development Project Il (Solar Irrigation Project)
Modern Food Storage Facilities Project

Impacts of Climate Change on Climate-Sensitive Diseases and Implications for the Health Sector
Waterlogging of Urban Areas in a Changing Climate: Potential Damage and Adaptation

Scaling up Innovation in Disaster Risk Management in Bangladesh: A Proposal to Support Human
and Financial Resilience to Natural Hazards

Making Climate Data Relevant to Decision Making in Bangladesh: Spatial and Temporal Downscaling

Bangladesh
Climate Change
Trust Fund (BCCTF)

Created in 2009-2010 by the Gpvernment of Bangladesh (GoB) to finance the implementation of
projects under BCCSAP 2009. The projects undertaken so far include building cyclone resilient
houses, afforestation, excavation/re-excavation of canals, introduction and dissemination of stress
tolerant crop varieties and seeds, construction of embankments and river bank protective work,
waste management and drainage infrastructure, and installation of solar panels. A total of 282
projects, with an estimated cost of 19,97.04 crore Taka, have been approved so far. Among these
projects, 219 have been implemented by different government ministries, departments and
agencies and 63 projects are being implemented by NGOs

Department of
Forestry

Climate Resilient Afforestation and Reforestation Project

Reduction of Carbon Emission thsough Establishment of Sonaichari Botanical Garden, Bhatiary, Chittagong

Plantation for massive forestation across Bangladesh to address negative effects of climate change

Revegetation of Madhupur Forests through Rehabilitation of Forest Dependent Local and Ethnic
Communities (Phase-2)

Institute of Water
Modeling (IWM)

Trust established by the GoB working in the fields of Computational Hydraulics, Water Modeling and
Allied Sciences. River Engineering Division (REN) of IWM has completed many river modeling
research projects. So far, it has completed a number of nationally important projects, such as ‘Land-
use Change upon Storm Water Drainage in Eastern Dhaka’, ‘Causes and Remedies of Southwest
Flood 2000’, ‘Decision Support System for Irrigation Management’, ‘Bangladesh Flood Hydrology
Viewer’— an Internet based GIS Application, ‘Prediction of Erosion around Hatia & Sandwip with
University of Tohuku, Japan’, ‘Improvement of Cyclone induced Coastal Flood Forecasting Tools with
DHI Water and Environment’ and a climate forecasting application in Bangladesh with the Georgia
Institute of Technology. Some of the ongoing works are: Urban Growth Modeling to Determine City
Run-off in the Future, Determination of Hydro-geological parameters for SW and SE regions of
Bangladesh, Phase-Il, Data Collection, and General, Regional & BoB Models Updating, and A Study
on the Effect of Oblique Flow and Char Movement in River Bank and Bank Protection Work

Bangladesh Water
Development
Board (BWDB)

Works primarily in the water sector inspecting the impact of climate change on the Ganges river
basin. Under the funding of the Bangladesh Climate Change Trust Fund (BCCTF), the BWDB has also
completed a number of projects related to drainage and river issues.
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Government Agencies

Key Activities Related to Climate Change Adaptation and Mitigation

Bangladesh Rice
Research Institute
(BRRI)

Has conducted research works on finding high-yielding rice varieties and on the development of
improved production technologies. The BRRI has already developed many high-yielding and salt
tolerant varieties of rice. BRRI dhan58, BRRI dhan59 and BRRI dhan60 are some examples from a
long list of high-yielding rice varieties developed by BRRI. The BRRI dhan61 is a salt-tolerant rice
that can lead to an increase in rice production in coastal areas. Further, research is also ongoing to
develop more varieties of salt tolerant rice. BRRI has already made inroads into making a
submergence-tolerant variety of rice. Other significant ongoing research projects include the
development of rainfed lowland rice (RLR), of varieties of rice tolerant of shallow floods, tidal
submergences, water stagnation, cold and drought and of insect resistant rice.

The Department of
Public Health
Engineering
(DPHE)

The DPHE has already achieved significant success in addressing a declining water table by
introducing the Tara pump, Mini Tara & extended piston in 1.5- inch diametre shallow wells. This
has helped people living in northern Bangladesh to fetch water from much lower water table
areas. This institution also updated coastal belt mapping in 1993-95, allowing the identification of
excess salinity intruded areas and areas with some other problems. Later, alternative technologies
were introduced in those affected areas where salinity level was found to be high. DPHE has also
designed and piloted a community- based Rain Water Harvesting System (RWHS) to serve three to
five families (25 to 30 users) for drinking and cooking purposes. Perhaps the most successful
activity in terms of emergency preparedness was the establishment, following the 1994 flood, of a
water source with raised platform in flood shelters or strategic locations. In a study carried out by
CEGIS after the 2007 flood, it was found to be very effective and this technology has been
incorporated into the UNICEF assisted Post Flood Rehabilitation project. In addition to these
projects, DPHE has also pioneered various water treatment technologies such as Pond Sand Filters
(PSF). Right now, the DPPHE is involved with a number of water and sanitation projects concerning
water supply, sanitation and drainage in both rural and urban areas of Bangladesh.

Department of
Agricultural
Extension (DAE)

DAE has been undertaking different agricultural projects, some of which are also addressing
climate change alongside agricultural production issues. For example, the Disaster and Climate Risk
Management in Agriculture (DCRMA) project promotes agricultural adaptation practices and
enhances disaster risk reduction opportunities in four hazard prone regions of Bangladesh. The
DAE has also been implementing a project in flood and water-logging prone areas, which promotes
floating bed agriculture. It has also undertaken projects to ensure environment-friendly food
security through the strengthening of a round-the-clock monitoring, forecasting and advanced
warning system (July, 2013 — June, 2015).

Department of
Disaster
Management
(DDM)

DDM has already completed a number of projects for addressing and managing disaster risk. For
promoting awareness on disaster related information, the DDM has pioneered Interactive Voice
Response (IVR) technology which allows people to access a pre-recorded weather advisory and
disaster early warning around-the-clock. To communicate with disaster management personnel
working in the field regarding early warning and post-disaster management directives, a mobile
phone SMS based system has been developed. Further, cyclone shelter and flood shelter projects
are now underway in flood prone and river erosion areas. For increasing institutional capacity, the
‘Strengthening of the Ministry of Disaster Management and Relief Programme Administration’
(SMoDMRPA) project is now being implemented.

Bangladesh Bureau
of Statistics (BBS)

The BBS is entrusted with generating and maintaining statistical information concerning various
sectors including the economy, society, health, and environment. The BBS has conducted a survey
entitled ‘Impact of Climate Change on Human Life (ICCHL) Survey-2013-16’. This work will identify
climate change induced disaster prone areas, provide information on socio-economic
characteristics of disaster prone areas, calculate agricultural loss due to natural disasters, collect
information on land affected by natural disasters, generate information on affected houses in
areas hit by natural disasters, and identify the water and sanitation conditions in disaster hit areas.

Local Government

The LGED is involved with the development, maintenance and management of transport, trading
and small-scale water resources infrastructure at the local level. It has invented a number of

Engineering technologies that are less costly and more user and environment friendly than earlier ones.
Department Noteworthy are: a. the development of low-cost sustainable model houses; b. Buried Pipe Irrigation,
(LGED) which allows total use of the command area of deep tube well irrigation; and c. Briquette as Fuel,
which is a substitute for firewood and reduces fuel cost by 20-25%.
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2.6 National Policies to Address Gender Issues in the context of
Climate Change in Bangladesh

Some of the significant initiatives related to gender, climate change and disasters have been put in place through
policy instruments like Vision 2021, Perspective Plan, Sixth and Seventh Five Year Plan, BCCSAP (2009), NAPA
(2009), Climate Change and Gender Action Plan (CCGAP, 2015), National Women’s Advancement Policy (2011),
Standing Order on Disaster (SoD 1997, revised in 2010), National Water Policy 1999 and National Water Act 2013,
National Plan for Disaster Management (NPDM, 2010-2015), Coastal Zone Policy (2005), and Agriculture Policy
(2010). Vision 2021, which provides political directions for all national policy documents, states: “All measures will
be taken to protect Bangladesh, from the adverse effects of climate change and global warming including planned
migration abroad.” The Perspective Plan (PP) is the ‘Blue Print that advances a more inclusive and holistic picture
of development that considers climate change in devising strategies for overall and sectoral development plans
and proposed ‘Climate Change Response Options’. Other national sectoral policy documents such as the Coastal
Zone Policy, 2005 and the Agriculture Policy, 2010 are currently being reviewed taking into account the effects
of climate change and policy directions to combat those. Bangladesh Sixth FYP-2011-2015 provides strategic
directions and a policy framework as well as sectoral strategies, programmes and policies for accelerating growth
and reducing poverty. The Sixth FYP has identified benchmarks, targets and implementation strategies for the
period it covers. The Seventh FYP (2016-2020) has reviewed Climate Change and Disaster Risk Reduction, taking
into account gender issues (Background document 17 of Seventh FYP).

The BCCSAP (MoEF, 2009) and corresponding Climate Change and Gender Action Plan (CCGAP) developed in
2015, revised Standing Orders on Disaster Management (MoDMR, 2010), and the Disaster Management Act, 2012
include various gender-focused stakeholders such as the Ministry of Women’s and Children’s Affairs (MOWCA),
civil society and academics in climate change and disaster risk reduction activities. Responsibilities include
responses to pre- (awareness, warning), during (disaster period) and post-disaster (rehabilitation) situations. The
Department of Women'’s Affairs (DWA) assumes responsibility for specific activities such as ensuring participation
of DWA representatives in different disaster management committees (DMC), ensuring women’s participation
in preparedness and disaster management activities and providing livelihood support to women and children
affected by natural disasters. It also plays an active role in identifying gender gaps and ensuring that these are
addressed in all disaster management activities. In 2011 and for the first time in Bangladesh, the National Policy for
Women’s Advancement endorsed women in disaster as a separate theme. From 2010 to 2012 the DWA completed
a programme on gender and disaster in 413 upazilas, involving 1,500 organizations. In 2015 a gender toolkit on
DRR was produced for DWA to provide orientation to officials of the DWA and women at the level of grassroots
organizations. Bangladesh is actively addressing the issues related to the 2030 Sustainable Development Agenda
involving 17 goals and 169 targets. Number 5 of the Sustainable Development Goals (SDGs) focuses on women'’s
advancement with specific targets, and gender perspectives are inherent in other SDGs.

2.7 Analysis of Poverty-Climate Links/Nexus

2.1.1 Contextual settings of climate change induced vulnerability in Bangladesh

Climate change induced disasters have an impact on employment and on the livelihoods and security aspects
particularly of people living in areas prone to natural disasters. People living in cyclone prone and saline affected
coastal areas, and in areas prone to floods and river bank erosion or in floodplains, river island areas, or haor-
wetlands where water inundation stands for about half of the year, experience crop and property loss almost every
year. Loss of income leads to increased poverty and can disproportionately affect the most vulnerable members of
society - women, children, the elderly and the disabled. Risks spread to different aspects of living, for example food
security, schooling, health conditions and WaSH facilities. Studies show that the number of unemployed people
increased from the year 2000 to 2010, although percentage-wise the employment rate increased significantly for
the same period of time. Percentage change data shows that the number of employed people increased manifold
(about 100% for women, 22% for men and overall about 39%). However, the unemployment that still remained
resulted mainly from the impacts of disasters that hit in different disaster hot-spots of the country. River bank
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erosion, frequent occurrence of floods and cyclones, drought conditions and climatic anomalies which show
increasing trends in the wake of worsening climate change have been disturbing primary production processes
resulting in people affected losing their crops, while others who sell physical labour lose employment opportunities.
These conditions are illustrated in the following sections.

Table 2.12: Unemployment in Bangladesh from 1999-2010

Bangladesh: Total

Total Male 11 1.2 1.6
Total Female 0.7 0.9 1

Urban 0.5 0.5 0.9
Urban Male 0.4 0.3 0.5
Urban Female 0.8 0.2 0.4
Rural 13 1.6 1.7
Rural Male 0.7 0.9 1.1
Rural Female 0.5 0.7 0.6

Source: Labour Force Survey 2005-06 and 2010 (Bangladesh Bureau of Statistics 2007 and 2011)

Percentage change in labor force

Rural Female 106.25

m 2005-2010
Il 1999-2010

Rural Male
Rural

Urban Female
Urban Male
Urban

Total Female a2 100.00

Total Male S0 22.67
Bangladesh Total 1432 39.31

Percentage change of employed population

W 2005-2010 Rural Female

W 1999-2010 Rural Male
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Total Female
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Bangladesh Total

Figure 2.10: Characteristics of Labour Force in Bangladesh (Bangladesh Labour Force Surveys 2005-06 and 2010)
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2.1.2 The nexus between climate change impacts and poverty

The majority of people in Bangladesh are heavily dependent on access to natural resources for their food
security. Natural resources include: (i) land with favorable properties such as fertility, moisture holding capacity,
and drainage systems; (ii) biological diversity and availability of resources that provide alternative choices to the
farmers; (iii) water resources that ensure rainwater or irrigation facilities and supply important nutrients for plants
and animals; and (iv) climatic conditions like optimum temperature, sufficient occurrence of rainfall, wind direction
and flow pattern and necessary sunshine. These create an enabling environment suitable for natural resources
based, agriculture, forestry and fishery primary production systems in the country. The effect of climate change on
these processes needs to be understood in order to recognize the adverse effects of climate change on people’s
economic and food security.

B Percentage of
households (Labor
Force Survey
2006), Almost
landless (0.01 —

0.49), 55.7
B Percentage of
households B Percentage of
(Labor Force households
Survey 2006), (Labor Force
B Percentage of Medium land Survey 2006),
households (Labor  holders (1.00 — Rich land
holders
Force.Sulr\I/edeOOG), 2.49),17.4 (2.50 - 7.49) B Percentage of
B Percentage of Marginal lan g 3 e households
households (Labor holders (0.50 - ' (Labor Force
Force Survey 0.99),10.3 Survey 2006),
2006), Landless, 7 Very rich
category
. (7.50+), 1.3
]

Figure 2.11: Percentage of Land Ownership by Households in Bangladesh
Source: Bangladesh Bureau of Statistics, 2007

The Bangladesh Bureau of Statistics (BBS, 2011a) puts the labour force of the country at 56.7 million of whom
39.5 million (70%) are male and 17.2 million (30%) female. About 25.7 million (47%) are directly engaged in the
agriculture and fisheries sector and of these, almost 62.7% are functionally landless poor (when the bottom
two categories are combined); about 27.7% own land between 0.5 to 2.49 acres and only 9.6% fall in the rich
category in terms of land ownership. This indicates that the people who are engaged in primary production
systems are generally poor. In these sectors some people are owners of small businesses or employers and some
are self-employed, but the majority work as day labourers (agricultural and non-agricultural), small traders, crop
processors and transportation workers. It is important to note that about 95% of Bangladesh’s day labourers come
from the agricultural sector (BBS, 2011a), that there are 5.53 million day laborers in Bangladesh and when all
sectors are combined, about 25 million people are dependent on them. This suggests that the occurrence of any
natural disasters, whether sudden or as a result of slow onset climate change, puts marginalised people who are
in harm’s way as the disaster strikes, in serious poverty ridden conditions. These people have little or no land and
disasters rob them of their modest means of earning livelihoods including the collapse of possible employment
opportunities. These conditions create the grounds of poverty climate change nexus.
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Table 2.13: Status of Employment (in 000)

Status Employment (in 000)

Occupation Total Regular Self- Self- Unpaid | Regular Day Dav laborer
Category paid Employer| employed | employed | family paid laborer (nY)n-a ti) Servant
employee (agri) (non-agri) | worker | worker (agri) 8

All professional
categories combined | 54,084 7,876 119 1,2308 9,714 11787 1486 5792 4,838 455

Agriculture, forest

and fishing (% against | 25679 23 7982 1518 9559 116 5526
e @747%)| T8O | (1030 | (6ass%) | (1562%) | (8109%) | (7.8%) | (9540 | 383(791%) |31(6.81%)
combined)

Source: BBS, 2011a

In rural Bangladesh people take up different occupations simultaneously to minimise risks to their livelihoods..
However, people have traditionally given more importance to one type of occupation than others and it is
generally observed that people allocate 60-70% of their time to one occupation and the rest to minor ones. The
secondary or minor income sources play important supportive roles when the primary occupation is in jeopardy
due, for example, to natural disasters over which they have least control; in this way many farmers take up certain
non-farming activities. People are usually classified into different occupational groups, according to their primary
occupation but given the tendency for secondary occupations, classification can be problematic.

In recent times, climate change has posed a threat to physical processes (e.g. geo-chemical properties of soil,
hydrological regimes, meteorological properties, etc.) and changes in their properties, availability and quality
have been observed (Climate Change Cell, 2009; CDMP II, 2013). Changes also occur, consequentially, in the
characteristics of land, forest and water based natural resources and dependent social systems. The effects of
climate change are felt both directly and also through a complex process of impact, spill-over and multiplication
issues. Climate change impacts and the poverty nexus are not linear and straightforward; major impacts fall on
specific sectors but also cause scars on supportive and related sectors. The impacts of major disaster may be
widespread but it is most often the case that small communities are those whose livelihoods are devastated
and economic recovery is extremely difficult. It has been observed that as climate change intensifies and major
natural disasters occur with increased frequency and devastation, destroying or damaging crops, other economic
activities and infrastructure, many non-poor are becoming poor, many poor are becoming extremely poor and
many extremely poor are becoming destitute. The challenge of poverty reduction is enormous.

2.1.3 Poverty eradication efforts in the context of climate change in Bangladesh

Bangladesh has achieved notable progress in reducing poverty and hunger in recent years. The Bangladesh MDG
Progress Report 2015 (General Economics Division, 2015a) suggests that a sustained GDP of over six percent has
contributed significantly to eradicating poverty. Improvements have been made in life expectancy and fertility
rates as well as in education and health indicators, gender disparity and employment rates. In 1991-92 about
56.7% of the population was defined as poor, and this figure was reduced to 31.5% by 2010. This represents a
25.2 percent point or 55.5% reduction of poverty in only two decades. The poverty headcount ratio for 2015 is
estimated to be 24.8 percent (General Economics Division, 2015b).
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Figure 2.13: PovertyDisaster Nexus (BBS, World Bank, World Food Programme: Updating Poverty Maps of
Bangladesh, 2005)

Third National Communication of Bangladesh -




National Circumstances

However, despite a significant reduction of poverty in terms of proportion, the absolute number of poor people is
still 38 to 40 million. Poverty is concentrated in certain areas of the country, those which are particularly affected
by cyclones, floods, erosion of river beds, water-logging and salinity intrusion and also in urban slums. The urban
slum dwellers are migrants from rural areas who have lost whatever assets they may have had and who face bleak
employment prospects. Thus poverty pockets preponderate in haor regions of the country where river erosion and
riverbank spillovers cause frequent disastrous impacts and where flash floods are common, and in south-western
coastal areas where cyclonic impacts and inundation threats are frequent (Khandker and Mahzab, 2010). A
background paper prepared for the Seventh Five Year Plan of Bangladesh entitled ‘Lagging Districts Development’,
identified fifteen districts which lag behind in development opportunities based on a deprivation matrix!. Among
the 15 districts, three belong to the Chittagong Hill Tracts region, seven to south-western coastal regions and five
to north-eastern haor regions. These conditions adversely impact different production sectors and employment
markets, resulting in poverty and unemployment.

Table 2.14: Lagging Districts of Bangladesh (GED, 2015b)

CHT
Bandarban
Rangamati
Khagrachhari
South-West
Narail
Meherpur
Shariatpur
Rajbari
Barguna
Madaripur
Jhalakathi
North-West
Magura
Lalmonirhat 1 1
Chuadanga 1
Panchagar 1 1

Joypurhat 1
Total 3 4 6 7 6 10

(RN N TSN TS

Unemployment and under-employment tend to be dominant among young people 24 and under; this group
comprises about 8.5% of the country’s total population and 22% of the total labour force (BBS, 2011). Overall and
as is to be expected, there is a significant difference in income between rural and urban areas. Thus, income per
capita nationally and then broken down to urban and rural areas was Tk 2,553, 3,740 and 2,130 respectively as of
2010 (Bangladesh, Report of the Household Income and Expenditure Survey, 2011b). This means that someone
living in an urban setting earns 176% what a person living in a rural setting earns. This rural-urban divide needs to
be addressed by way of efforts to eradicate rural poverty and improve resilience and opportunities for rural people
to move on to sustainable development.

1 Khandkher and Mahzab, 2010. used Principal Component Analysis (PCA) using 21 indicators; please see http://www.
plancomm.gov.bd/
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Figure 2.14: Reasons for Expenditure (Bangladesh Bureau of Statistics, 2004)

2.8 Gender Dimensions of Climate Change in Bangladesh

The sections above have illustrated the state of poverty and inequality in employment opportunities, including
their geographical dimensions, and have looked at how climate change has contributed to exacerbating disparities
and deprivations. Women are the biggest victims of these disparities and deprivations. Nationally both urban and
rural males are more engaged in service sectors (43.05%), followed by agriculture (41.81%), while females are
mostly engaged in agricultural employment (68.13%) followed by employment in the service sectors (19.35%)
and the industrial sector (12.52%). It emerges therefore, that females are more engaged in agricultural activities
(26.32 percent points or 63% more than their male counterparts). This high level of engagement of women in
agricultural activities means that they are forced to contend with the various challenges that the agriculture sector
faces (see impacts of climate change on agriculture in Bangladesh: CCC, 2009) and have to take on additional
workloads to keep the sector moving and at the same time protect their own employment opportunities. On the
other hand, males who are primarily engaged in service sectors are less vulnerable since service sectors are mainly
located in urban areas where amenities and security/protection are more robust than in rural areas. In addition,
health, education and communication services in rural areas are not as abundant as in urban areas and are often
more costly despite people having less income from which to pay for them. Figure 2.14 shows that in rural areas
people, including those with less disposable income, spend more on health services. Moreover, in relation to wage
rates for the same work, the gender pay gap is more prevalent in rural areas than in urban areas (Table 2.15).
Discrimination extends to working hours too; women find fewer working hours of paid employment opportunities
compared to their male counterparts. Table 2.15 shows that 45,000 females work for 15-29 hours per week
(among whom 42,000 i.e. 93% come from rural areas), while 279,000 males work in this category per week - 14%
females as opposed to 86% males. Other categories also indicate similar inequalities in terms of the availability
of working hours in the context of which earnings are determined. There are two dimensions to consider in the
scope of fewer working hours for women; firstly employment opportunities are less in rural areas because of gaps
in infrastructural and other support facilities and in certain cases climate change and disaster impacts destabilize
the employment sectors, which in turn reduces employment opportunities as a whole in rural areas; and secondly,
employers prefer to employ males rather than females.
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Figure 2.15: Daily Wage Rate in taka (Bangladesh Bureau of Statistics, 2010)

Itisevidentthatduring and after disaster situations people move elsewhere due to fewer employment opportunities
(for example agricultural land is flooded or otherwise destroyed) and women shoulder the responsibility of
sustaining the household (Nasreen, 1995, 2012). Women take on the responsibility of procuring and processing
food and fuel, collecting drinking water, maintaining health and sanitation, and looking after children and the
elderly as well as livestock and poultry. Despite some improvements in recent years, women continue to suffer
from some discrimination in relation to their human rights in ownership of land and other assets, access to
employment, participation in decision making at home and freedom from violence and sexual abuse. When natural
disasters strike, they suffer from further disadvantages given that they have to shoulder additional household and
other burdens. A thorough analysis of available documents on climate change in Bangladesh highlights a lack of
gender analysis and sensitivity in adaptation design and delivery (Neelormi, 2014). Establishing linkages between
gender and mitigation has also been largely absent.

Table 2.15: Employment of youth (15-29) and over by major occupation and sex, weekly hours worked

SEGCECEENENAG MGEES | ceprp 255 4416 1007 6468 4550 2645
occupational categories*®)
Skilled agri and Total 1354 83 324 224 343 269 111
fisher workers
Male 1248 63 279 219 318 258 110
Female 106 20 45 5 24 11 01
(89 rural) (16 rural) | (42 rural) (5 rural) (17 rural) | (10 rural) (O rural)

Other categories are: Special Occupations, Legislators, Senior Officials and Managers, Professionals, Technicians and
Associated Professionals, Clerks, Service workers and Shop and Market Sales Workers, Craft and Related Trade Workers,

Plant and Machine Operators and Assemblers and Elementary Occupations.
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The assessment indicates that: (i) women are more likely to be employed in climate sensitive sectors like agriculture
as compared to men; (ii) women are mainly confined to rural areas where deprivations and insecurities are more
prominent; and (iii) women endure unfavourable conditions in terms of wages, availability of working hours and
receiving basic service facilities.

The Government of Bangladesh has been trying to address women’s vulnerability arising from various factorsin rural
areas, some of which have been discussed above, by implementing a number of social safety net programmes. The
VGD (Vulnerable Group Development) is one such programme through which the Ministry of Women and Children
Affairs (MoWCA) is supporting 750,000 ultra-poor women across all 64 districts of the country, a programme which
was originally designed and implemented by the World Food Programme immediately after the 1974 famine
conditions in Bangladesh. Initially the programme aimed at addressing household level food security through the
Vulnerable Group Feeding programme. Gradually its coverage has been extended and currently the programme
addresses climate change related impacts in many ways. The government’s annual allocation to climate sensitive
sectors currently stands at about one billion dollars (CPEIR, 2013; Box 1) which plays a role in reducing climate
change related impacts and vulnerabilities. This allocation is distributed across the sectors and thus contributes to
raising the adaptive capacities of other sectors? that are also vulnerable to climate change impacts.

Table 2.16: VGD support of the government to protect ultra poor women in the context of climate change

Period Programme features

Relief and feeding

Operated as a relief .
P Targeted at disaster affected most vulnerable households

programme targeted

1974-84 A programme of the Ministry of Relief
at most vulnerable .
Both men and women were beneficiaries
households
Fully donor funded
Relief and feeding as focus but rethinking on achieving development goals
Experimental phase through the programme
to re-orient the Targeted at disaster affected most vulnerable households
1985-90 . .
programme from A programme of the Ministry of Relief
relief to development | Both men and women were beneficiaries
Mostly donor funded

Focus on development of vulnerable households through food transfer

NGOs get involved for capacity (skills) building of beneficiaries

Ministry of Disaster Management and Ministry of Women and Children Affairs
worked jointly

Expansion phase as a
1991-2004 development

programme Women were considered sole beneficiaries
Mostly donor funded
GoB fully owns the programme and starts investing from own resources
Phasing out as Targeted at women from extreme poor households
2005-09 development A programme of the Ministry of Women and Children Affairs (MoWCA)
programme Strictly women focused programme
Strategic donor engagement
GoB retains ownership of the programme and continues to invest from own
resources
Capacity

Targeted at women from extreme poor households
enhancement phase

2010-16 - A programme of MoWCA
as a satety net Strictly women focused programme
[phefraliine Stronger focus on livelihoods
Limited donor engagements (only in capacity building)
2 After agriculture, the labour force is Bangladesh are employed in the services sector (37.4%) and in the industrial

sector (14.52%, among whom 11.03% are engaged in manufacturing sector).
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These government protection programmes play useful roles in securing and growing employment sectors in urban
and rural areas, where both females and males might benefit. However, the degree of improvements that this
public expenditure has generated in different sectors remains neither clearly known nor estimated.

Box 1: Higher Government Expenditures are happening in Climate Sensitive Sectors in Bangladesh.

Government is the largest funder of climate actions in Bangladesh — around three quarters of government
expenditure is funded from domestic sources. The Government typically spends around 6% to 7% of its annual
combined development and non-development budget on climate sensitive activity which equates to an annual
sum in the region of USS1bn at current exchange rates.

CPEIR Study 2013, Planning Commission, Bangladesh.

2.9 Conclusions

Major actions in reducing disaster and climate change impacts have been taken by the DDM (Department of
Disaster Management) under the auspices of the MoDMR (Ministry of Disaster Management and Relief). Policy
formulation (e.g. SoD, Disaster Management Act, 2012), implementing social safety net programmes (e.g. TR,
EGPP, FFW), infrastructure development (e.g. the development and maintenance of approximately 3,850 cyclone
shelters) and working towards disaster impacts recovery are some of the areas the DDM has focused on. In
addition, the DDM has developed partnerships with donors and non-government agencies (including INGOs) to
implement a number of projects that have contributed to reducing disaster risks induced from climate change
in different parts of the country. The European Commission (EC) supported DIPECHO programme, implemented
mainly through NAARI alliance and the multi-donor supported project COMP (Phase | and Il, from 2003 to 2014)
are two examples. In parallel, international and national NGOs have supported and implemented a number of
programmes in different disaster hot spots of the country in areas of risk assessment, capacity development, early
warning, better disaster response and recovery and so on. These action programmes have created opportunities
for different national (e.g. DDM) and field level agencies such as the Fire Service and Civil Defense (FSCD), different
local government agencies such as the city corporation and municipalities to develop their equipment and human
resource capacities to better deal with disaster risks and uncertainties. The major achievements related to disaster
risk reduction in Bangladesh can be categorized as follows:

e Capacity development of institutions for better climate change and disaster preparedness including
response (e.g. policy, institutions, human resource, tools and equipment);

¢ Alignment of sectoral policies with DRR (Disaster Risk Reduction) objectives (e.g. at least 10 out of 24
supportive studies carried out for 7th FYP have elements of DRR, aligning social safety net programmes
with DRR objectives;

¢ Introduction of systematic impact and risk assessment procedures (e.g. CRA) to produce RRAP (Risk
Reduction Action Plan);

¢ Risk identification and early warning (FFWC, BBS’s ICCHL project, UNESCO supported climate change
and education evaluation study);

¢ Knowledge management through information generation, information dissemination gateway (BARC'’s
climate information management systems, FFWC, BBS); and

e Partnership development for innovative programme design and delivery aiming at reducing underlying
risks (major projects include CDMP phase | and I, poverty reduction focused CLP, SHIREE, NARRI, and
Shifting the Power project.)
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Chapter 3

Emission of Greenhouse Gases: An inventory for
Bangladesh

3.1 Background

Bangladesh is a party to the United Nations Framework Convention on Climate Change (UNFCCC). One of the
objectives of this Convention is to achieve stabilisation of greenhouse gas concentrations in the atmosphere at
a level that would prevent dangerous anthropogenic interference with the climate system. Such a level needs to
be achieved within a timeframe sufficient to allow ecosystems to adapt naturally to climate change, ensure food
security, and enable economic development in a sustainable manner.

One of the key elements of the National Communication is the preparation of inventory of the greenhouse gases
(GHGs) sources and sinks. Under the UNFCCC, parties, with the exception of least developed parties and small
island states, are expected to submit reports every two years, which should contain, among other input, a recent
inventory of national GHG emissions and removals.

3.2 Introduction

Theinformation provided in the Initial National Communication was according to the guidelines provided in decision
10/CP.2 for the year 1994 for the gases CO,, CH4 and N5O. The estimates of emissions were made in the Second
National Communication and Third National Communication for the years 2005 and 2006-2012 respectively, in
accordance with the guidelines provided in decision 17/CP.8.

This Third National Communication (TNC) details a comprehensive national GHG emission inventory by sources
and removals by sinks for the base years 2006 and 2012 using comparable methodologies of IPCC 2006. The
scope of improvement with reference to the inventories presented in TNC include: (i) adherence to the TACCC
(Transparency, Accuracy, Consistency, Comparability and Completeness) principle for developing a National GHG
Inventory; (ii) development of different inventory life cycle documents such as institutional arrangement (lIA) and
the template methods and data documentation (MDD), detailed QA/QC procedures to ensure the highest quality
of GHG Inventory; (iii) identification of data gaps on different sectors and addressing those with proper explanation
in light of IPCC GL; (iv) the development for the first time, of an archiving system in DoE to preserve and regularly
update the necessary inventory works and data-base; (v) a national inventory improvement plan with a focus on
addressing the data gaps and sustainable inventory development capacities within and outside of the nodal agency,
i.e. DoE; (vi) inclusion of additional GHG pools identified in IPCC 2006 guidelines (IPCC 2006) for the preparation of
national greenhouse gas emission inventories that were not included in INC and SNC; (vii) a strong emphasis on
QA/QC procedures as identified in IPCC Good Practices Guidance 2000 and 2003 (GPG 2000, 2003).

3.3 Objectives

Main Objective
The main objective of this task is to assess the level of GHG estimation each year between 2006 and 2012, and to
develop and compile the national GHG inventories in Bangladesh.

Other Objectives
a) To establish emission baselines for the applicable sectors as per IPCC 2006 guidelines
b) To establish a GHG data base management system and archive that contains information for future
reference.
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Scope of the Work
Geographic: The entire territory of the People’s Republic of Bangladesh
Activities: Five major activities are covered under the GHG inventory, as follows:

Energy (including electricity generation, biomass burning, transport and energy consuming industrial
sector etc.);

Industrial process and other product use (IPPU) (mainly cement manufacturing and fertilizer);
Agriculture (ruminant livestock, livestock management, rice cultivation, etc.);

Land use change and forestry (change in forest cover and woody biomass, change in forest land use,
etc.);

Waste and refuge management (municipal waste, domestic and industrial waste water treatment/
management, etc.).

3.4 Task List

32

Identify relevant national institutions from where activity data will be gathered and develop generic
and sector specific data collection format for the data providing agencies.

Familiarization of the effective use of the inventory related software like IPCC inventory and ALU to
input activity data and develop GHG estimation on all the applicable sectors in a credible manner.
Calculate percentage share of emissions of each of the greenhouse gases in Bangladesh. Global
Warming Potential of 2006 IPCC Guideline may be used. The data was tabulated following the format below:

GAS Emission Gg GWPs CO2 Equ Gg % of total emission.

CO:2
CHa
N20
Total

Identify priority GHGs and analysze key source categories. The idea of key sources is based on a
measure of which sources contribute the most GHGs. The results are being tabulated as follows:

Sector Emissions in
CO:z-eq.

All Energy
IPPU
LULUCF
Agriculture

% of total emissions Sector Emissions in CO2-eq.

Wastes
Total

Collect activity data from nationally available statistics along with necessary expert judgement and
comments to fill inventory data gaps;

Review and select appropriate emissions factor;

Identify the contribution of the stationary sources (such as energy industries, manufacturing industries,
commercial, residential, fishery/agriculture/forestry) and mobile sources (such as civil aviation, road
transportation, railways, navigation, international bunker fuels) to GHG emissions;

Prepare the GHG inventory for the years 2006, 2007, 2008, 2009, 2010, 2011 and 2012;

Build national capacity on inventory preparation by offering short training sessions and workshops for
relevant institutional representatives;

Carry out an uncertainty assessment in relation to emission coefficient and activity data, as well as an
assessment of the reliability of currently available data in the IPCC software platform; and

Conduct stakeholder consultations on nationally relevant key emission factors and data gaps and devise
cost effective modalities to generate such data in the near future.
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3.4.1. Emissions from Energy Sector

3.4.1.1 Introduction

The energy sector is the single largest source of CO, emission, as well as of other gases like CHg, and N5O. In this
report, greenhouse gases (GHG) from the energy sector are presented covering all the activities that contribute
GHGs in this sector. The assessment for the Third National Communication (TNC) covers seven years, starting from
the period 2006 to 2012. Emissions of CO,, CH4 and N>O were estimated. The IPCC 2006 Guidelines were followed
to conduct the estimation.

Comprehensive estimations of GHG emissions for Bangladesh were performed on three other occasions. The first
time was in 1995 under the Asia Least Cost Greenhouse Gas Abatement Study (ALGAS) project. The inventory
was for the year 1990. Following that, GHG inventory was performed for the year 1994 under the Initial National
Communication (INC) in 2002 and for the Second National Communication in 2012. The growth of GHG emissions
as reflected in comparison with the previous inventory is presented in terms of per capita CO; emission.

Methodology

In the TNC, GHG inventory was performed following the reference as well as sectoral approaches as per IPCC Tier 1
methodology. Default values of conversion and emission factors were used for all fuels and activities. The first step
was to identify all energy consuming sub-sectors in Bangladesh. Identification of fuels was the next step, followed
by identification of the data sources. Fuel consumption by each sector was collected from relevant sources. These
were then reorganized into the sub-sectors under the energy sector as specified in the IPCC 2006 Guidelines.
Not all combustion activities and sectoral splits in the guidelines are relevant for Bangladesh. Therefore, only the
relevant sub-sectors were selected for reporting. A comparison of the Reference Approach and Sectoral Approach
inventories on each year has been presented and annexed.

There are no reliable national estimates of calorific values of different fuels. Moreover, there is no data available
on national emission factors. Thus, IPCC Tier 2 methodology inventory was not attempted.

Data Sources

For the collection of reliable data as per IPCC guidelines, a generic template was developed on all the applicable
sectors and communicated to the chiefs of those respective agencies through a letter of data request duly signed
by the Director General of the Department of Environment.

In Bangladesh, natural gas is the most important fuel both in terms of primary energy supply and usages. Bangladesh
Oil, Gas and Mineral Resources Corporation, or Petrobangla as it is more commonly known, is assigned with the
responsibilities of handling the gas and coal sectors of Bangladesh. Subsidiaries under Petrobangla are responsible
for the exploration, production, transmission and marketing of natural gas. Thus, Petrobangla is an obvious choice
for a good and reliable source of data on natural gas and coal consumption. It was possible to obtain a breakdown
of consumer types by major categories, even down to major industry categories.

Bangladesh Petroleum Corporation (BPC) is responsible for the importing, refining and marketing of all liquid fuels
consumed in Bangladesh. Thus, it is the most reliable single point of data source. Unfortunately, the complete
breakdown of consuming sectors by fuel type for the reporting time was not available. The sector-wise and fuel-
wise breakdown, had to be estimated from data for previous years following the trend of growth and expert
judgement, especially on the spilt of usages between international and national aviation fuel usages. BPC provided
annual data on fuel usages by international and national marine vessels. Since LPG and lubricants are imported by
the private sector, collection of data proved to be rather difficult.

Petrobangla provided coal consumption data on the only government owned power generating station, the
Barapukuria 250 MW coal power plant. Apart from power generation, coal has significant usages for making
bricks and unfortunately, we do not have a well-structured accounting system despite large amounts of coal
being imported every year for the production of bricks. To address this issue of data unavailability, an assessment
was carried out based on the secondary information available. Reference was taken from the World Bank report

Third National Communication of Bangladesh 33



Greenhouse Gas Inventory

while carrying out that assessment and activity data accordingly inputted to arrive at a rationale estimation on
coal consumption particularly for brick making. Further discussion on this is presented in the Completeness and

Uncertainty sections.

Fuel Supply and Consumption in Bangladesh

Definitions of Fuel Types were obtained from Table 1.1: Definitions of Fuel Types Used in the 2006 IPCC Guidelines.
The local names of the fuels vary from the IPCC nomenclature. Table-3.1: shows the local names of petroleum
products and the comparable IPCC names, together with units, conversion factors and IPCC default emission
factors used in this reporting.

Table-3.1: Fuels, conversion and emission factors

FUEL TYPES

Liquid

Fossil Fuels

Secondary

Fuels

Solid Fossil

Fuels
Gaseous Fossil
Biomass

3.4.1.2 Natural Gas

Primary

Primary

Crude Oil
Natural Gas
Liquids
Gasoline

Jet Kerosene
Other Kerosene
Gas / Diesel Oil
Residual Fuel
Oil/Furnace Oil
LPG

Naphtha
Bitumen
Lubricants
Other Oil
Sub-bit. Coal

Natural Gas (Dry)
Solid Biomass

Local Name

Crude Oil

Natural Gas
Condensate

MS, HOBC, Octane
JP-1

SKO

HSD, LDO
RFO/FO

LPG

Naphtha
Bitumen
Lubricants
SBP, MTT, JBO
Sub-bit. Coal

Natural Gas

Cow dung
Firewood
Agricultural Waste
Other Waste

Unit Conversion
Factor

MT 42.3
MT 44.2
MT 44.3
MT 44.1
MT 43.8
MT 43

MT 40.4
MT 47.3
MT 44.5

MT 40.2

MT 40.2

MT 40.2

MT 1000

T) 1
KT 8.76
KT 15.39
KT 5.61
KT 14.15

Unit

TI/MT
TI/MT

TI/MT
TI/MT
TI/MT
TI/MT
TI/MT

TI/MT
TI/MT
TI/MT
TI/MT
TI/MT
Gg/MT

MJ/ M3
TI/KT
TI/KT
TI/KT
TI/KT

Carbon Emission Factor

(TC/T))
20
17.5

18.9
19.5
19.6
20.2
211

17.2
20
22
20
20

25.8

16.1
29.9
29.9
29.9
29.9

For the reporting period, there were fifteen gas producing fields in Bangladesh, operated by three state-owned and
three international companies. The gas is marketed to the end users by four distribution companies of Petrobangla.
Table 3.2 shows the production of gas and condensate (natural gas liquid) for the years 2006 to 2012.

Table 3.2: Gas and condensate production in Bangladesh

Year
2006
2007
2008
2009
2010
2011

2012

Gas (BCF)
527
562
601
654
704
709

744
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Natural gas is the most consumed fuel in Bangladesh. Accurate data on natural gas is therefore imperative for a
good quality GHG inventory report. Fortunately, data on the production and consumption of natural gas by various
sectors is found in relatively complete form from Petrobangla in their MIS data received from the distribution
companies. With respect to consumption by different consumption categories under each gas consuming sector
especially in the context of CNG consumptions by different vehicle mix and natural gas consumption by different
industry mix, data is not available. Expert judgment and vehicle numbers are being considered to sort out this issue
in a rational way.

In Bangladesh, natural gas is used for electricity generation, in industrial processes like urea fertilizer and clinker
to cement production, in industrial heating, captive power generation and household cooking. It has also been
used in the transportation sector in the form of CNG since 2005. Figure 3.1 shows natural gas consumption by
various sub-sectors of the energy sector as per data recorded in Petrobangla. Apart from the gas requirement in
the industrial processes of urea and cement production, we have considered their gas requirement for running

their auxiliaries and system and place those consumptions in the IPCC recommended sub-sector split, under the
‘chemical’ group.

Natural Gas Consumption in Billion Cubic Feet

400
300
200
100
0
2006 2007 2008 2009 2010 2011 2012
B Power Captive Power Fertilizer
Industry M Tea m Commercial
B Domestic B CNG for Transportation

Figure 3.1: Natural gas consumed by the Energy Sector

It can be clearly seen from Figure 3.1 that the largest consumer sector is electricity generation. It is interesting to
note from Figure 3.1 that the ‘Fertilizer’ sector is losing its dominance as the industry, domestic and commercial
sector requirement for gas grows.

3.4.1.3 Liquid Fuels

There are no oil fields so far supplying crude oil in Bangladesh. The country therefore, has to rely solely on imports
for liquid fuels. Import, refining and marketing of liquid fuels is carried out through BPC and its subsidiaries, the oil
companies like Padma, Meghna and Jamuna. The following liquid fuels are important for Bangladesh:

Crude Oil: It is imported and refined into various products in the sole state-owned refinery The Eastern Refinery
Limited (ERL). Two major grades of crude oils are imported — the Murban Crude and the Arabian Light Crude. BPC
also imports finished petroleum products such as diesel, kerosene, jet fuel, gasoline, and base oil for lubricants.
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These products are marketed through the three distribution companies under BPC (Padma Qil Co. Ltd., Jamuna Oil
Co. Ltd., and Meghna Petroleum Ltd.).

Diesel: The highest consumed liquid fuel in Bangladesh. The bulk of it is imported; crude oil refining supplies only a
small portion of the total. As expected, the main use of diesel is in the transportation sector, but diesel is also used
in the agriculture sector for irrigation pumps and agricultural equipment, and by an unknown number of standby
generators varying in size from 2 kW to 500 kW in industries, commercial establishments and households. No
statistics on such usages are available. Moreover, BPC diesel data on different mode of usages is based on lumped
diesel sales data on road transportation, rail and marine and agricultural purposes and data was not available
for the reporting period. To complete the sectoral inventory, consumption of diesel by the IPCC categories was
assumed to have the same breakdowns as the average of the previous five years. The largest share was allocated
to heavy-duty trucks and buses. In the agriculture sector, 33% was allocated to irrigation pumps, 33% to farm
equipment and the remaining 33% to fishing boats. It was not possible to estimate the quantity of diesel consumed
by stand-by electricity generators in the industrial, commercial and residential sectors.

Kerosene: It is imported as a finished product as well as obtained from crude oil refining. It is mostly used in the
residential sector for lighting and cooking purposes. Some of it is used in the agriculture sector for unspecified
purposes.

Gasoline: petrol, octane, HOBC, MS, etc. are all grouped together as gasoline. These are imported as well as refined
from crude oil. Gasoline is used mostly in the transportation sector, but a small quantity is also used by small
electricity generators. In the absence of data, the total quantity was allocated to the transportation sector, largely
to cars and only 10% to motorbikes.

Jet Fuel: Both imported and refined from crude oil, it is used exclusively in aviation. Data on domestic aviation
and international bunkers was not available, hence expert comments on the rational spilt were considered for the
estimation.

Furnace Oil: It is refined from crude oil. This is another major fuel which is used for electricity generation, furnaces
in various industries, and navigation. The data on electricity generation was available in both the BPDB system
planning as well as in the BPC yearly sales reporting.

LPG: It is obtained mainly from refining crude oil. It is bottled and marketed by state owned subsidiaries of BPC and
Petrobangla. In addition, a significant amount of LPG is imported by the private sector. BPC reports the total sales
figure and its own production. LPG is used for cooking in households and hotels/restaurants. In the absence of any
detailed data, the total sales quantity was allocated to the Residential sector.

Natural Gas Liquids: The production of natural gas liquids (or condensate) is reported by Petrobangla. It is refined
to produce diesel, gasoline, kerosene and solvents by ERL, LP Gas Ltd., RPGCL, SGFL, and Super Refinery (a private
company).

3.4.1.4 Solid Fuel

Coal: Coal is mainly consumed by two industries, power generation and brick making. While estimating the coal
consumption of the brick making sector, data on the number of kilns based on technologies like Fixed Chimney
Kiln (FCK), Zigzag, MCBTK (drum chimney), Hybrid Hoffman Kiln (HHK both fueled by coal and gas) and also the
modern and most efficient tunnel kilns are being accounted annually from reliable sources such as the World Bank
Report and DoE publications. Standard coal consumption and the number of bricks produced each year were also
estimated to come up with total coal consumptions in this sector. Tables 3.3 & 3.4 below show the detailed data
used to obtain the coal consumption by this sector. An increasing trend in coal usages from 2006 is seen; over 4
million tons of coal were used in 2012.
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Table 3.3: Total Brick Kilns Data 2006-2012

0 o i e o o

FCK 3,123 3,467 | 3,812 | 4,156 | 4,500 | 4,461 | 4,423 | 4,384 4,345
Zigzag 197 185 174 162 150 453 756 1,058 1,361
MCBTK (Drum Chimney) 794 646 497 349 200 156 112 68 24
Hoffman - gas 26 24 22 20 20 16 12 8 4
HHK - coal 1 4 10 18 26 34 42
Tunnel Kiln 0 1 3 4
Others - - -

Total 4140 4322 4505 | 4690 | 4880 | 5104 | 5329 | 5555 5780

Source: 3

Table 3.4: Total Coal Consumption Data 2006-2012 (in tons)

FCK 2,623,320 | 2,912,490 | 3,201,660 | 3,490,830 | 3,780,000 | 3,747,450 3,714,900
Zigzag 173,360 163,020 152,680 142,340 132,000 398,420 664,840
MCBTK (Drum Chimney) 619,320 503,490 387,660 271,830 156,000 121,680 87,360
Hoffman — gas - - - - - - -
HHK - coal - - 1,260 5,040 12,600 22,680 32,760
Tunnel Kiln - - - - - - 2,340
Others - - - - - - -
Total 3,416,000 | 3,579,000 | 3,743,260 | 3,910,040 | 4,080,600 A 4,290,230 4,502,200

Source: Typical Calorific value of Bituminous type Coal: 6135 Kcal/Kg?#

Biomass: Consumption was compiled from published data of the Bangladesh Bureau of Statistics (BBS). In the BBS,
biomass fuel is called traditional fuel, and seven categories are listed. By lumping similar biomass, the seven
categories were reduced to the following four categories: i) cow dung; ii) agricultural waste which includes jute
sticks, rice straw, rice hulls, and bagasse; iii) firewood; and iv) other waste which includes twigs, leaves, branches
and off-cuts etc. The calorific values used in this reporting were the IPCC default values.

3 2016 data by Department of environment, corrected by Bangladesh Auto Bricks Owners Association for HHK and
Tunnel Kiln number

2015 data from DoE

2011 data from World Bank report 2011

2009 data from CDM 5125 and 6085

4 Barapukuria Coal Mine Company Ltd. & CDM-PDD: 6085
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3.41.5 Non-Energy Use

Some petroleum products from refining of crude oil are not used as fuel. Therefore, these are considered as
storing carbon, and do not contribute to emissions. These are:

Lubricants: Raw material for lubricants is imported by BPC and processed in the blending plants of Eastern
Lubricants Blenders Ltd., and Standard Asiatic Oil Co. Ltd. Besides BPC, lubricants and base oil for lubricants are
also imported by the private sector. It was not possible to get data on private sector imports.

Naphtha: It is obtained from refining crude oil. In the absence of local demand, it is exported from Bangladesh to
other countries, and thus does not contribute to emissions.

Bitumen: Bitumen is used mostly for paving roads. A small amount of bitumen is burned in road construction work.
Since no data or estimates were available on the amounts being burned, the total sales were considered as store
carbon.

Natural Gas (NG): The quantity of natural gas used as a raw material for producing urea was subtracted while
estimating emissions from NG, and was estimated from the total quantity of urea produced in the given year.
First, the amount of carbon in urea was calculated, and then the amount of NG corresponding to the carbon was
determined.

3.5 CO2 Inventory

3.5.1 Summary of energy sector CO2 inventory

Table 3.5 and Figure 3.2 show the total CO, emissions from reference and sectoral approaches being attempted for
the base inventory year starting from 2006 to 2012. CO, emissions have been estimated for the years from 2006
to 2012 and it has been found that the difference between these two approaches are within the acceptable limit,
varying only between + 1~10%.

Table 3.5. Summary of Energy Sector CO, Emission (Gigagrams)

Year
2006 2007 2008 2009 2010 2011 2012
(2006-2012)
45,411 48,224 51,915 57,547 64,476 65,510 69,867
50,061 52,371 55,608 58,612 63,853 68,242 74,249
4,650 4,147 3,693 1,065 (623) 2,732 4,381
10.24% 8.60% 5.96% 1.85% -0.97% 4.17% 6.27%
Comparison of between Sectoral and Reference
approaches ( Yr. 2006 - 2012)in Gigagrams
80000 15.00%
60000 ~ 10.00%
40000
- 5.00%
20000
) - 5.00%
20000 2006 2007 2008 2009 2010 2011 2012 5.00%
N Year [ sectoral [ Reference Difference % difference

Figure 3.2: Comparison of Energy Sector CO, Emission by Reference & Sectoral Approaches
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Figure 3.3 shows the total energy consumption in terajoules by different categories of fuel used in the energy
sector. This also shows an annual incremental consumption increase from 2006.
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500000
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Figure 3.3: Total Energy Consumption (TJ) by the Energy Sector

Figures 3.4 & 3.5 further show the breakdown of different liquid fuel consumption and corresponding emissions,

as per IPCC fuel types mentioned in the guidelines.
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Figure 3.4: Breakdown of different liquid fuel consumption and corresponding emissions

The above graph shows a continual increase in liquid fuel consumption in the inventory period in terms of all
categories of fuel, except motor gasoline, which saw a gradual decline from the year 2007 to 2009 because of CNG
conversion of most cars and three wheelers.
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Figure 3.5: Liquid Fuel Specific CO, emissions in Gg

The above graph shows a steady growth in the liquid fuel categories and a remarkable increase in furnace oil
consumption. The main reason for this is that rental power generators are fueled by furnace oil and since 2008, a
large number of rental power generator facilities have been supplying electricity to the national grid.

CO, emissions and energy consumed (in TJ) by combustion activities by the entire energy sector show a steady
linear growth.

Figure 3.6 shows the aggregated CO, emission of all the applicable activities under the energy sector. Among
the different fuel consuming sectors, that of the Energy Industries is the highest contributor to GHG emissions,
followed by Manufacturing & Construction.

CO; Emissions in Gg from different Energy consumiming Sectors
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Figure 3.6: CO; Emissions in Gg from different energy consuming sectors

3.5.2 Analysis of Sub-Sectors

Energy Industries: From Table 3.6 and in the context of Bangladesh, it is observed that electricity generation is
the only CO, emission source in the IPCC Energy Industries category. Some furnace oil is consumed for petroleum
refining but since there is one petroleum refinery in the country of modest capacity, the emission from petroleum
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refining is negligible, and even if another refinery is constructed the emission will remain small. The emission trend
started its upward direction from 2008, the main reason being the liquid fuel based rental power generators that
emerged at that time, and the trend has increased considerably since 2012.

Table 3.6: CO, Emission from Energy Industries

Energy Industries 2006 2007 2008 2009 2010 2011 2012

Electricity Generation 17754 20595 20506 23098 25148 26002 29130

Manufacturing & Construction: Figure 3.7 shows CO; emissions from the manufacturing and construction sector,
disaggregated to some key industry categories. In Bangladesh, fertilizer is treated as a separate sector because
historically it was the second largest gas consuming sector —second only to the power sector. It was so big that the
combined consumption of all industries in the country was smaller than that of the fertilizer sector. Just a few years
ago the fertilizer industry was the clear number one emission source in the industries sector.

It is interesting to note that the brick industry has emerged as the number one emission source, surpassing the
fertilizer industry. There are three reasons why the brick industry has overtaken the fertilizer industry, grouped
under the IPCC head chemicals, even though the fertilizer industry is a consumer of nearly 10% of the total gas.
First, the fertilizer industry has experienced no growth since 1995, while the brick industry has seen a steady
growth of 6~7% in the last decade. Secondly, nearly 30% of the gas supplied to fertilizer industries is for non-energy
use, i.e., carbon stored in urea. Thirdly, brick uses coal, which is much more carbon intensive than natural gas.

Another interesting phenomenon is that the textile and leather group has already surpassed the chemical group
in the few years since 2005. More than 80% of our export earnings come from the textile and leather industries.

Figure 3.7 shows the annual summary of CO; emissions by the different industrial sub-sectors under the energy
sector. Construction is by far the highest contributor of CO, emissions followed by non-specified industry (bricks
manufacturing), textiles and leather and chemicals.

Emissions from different industries in Gigagmans over the inventory period
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Figure 3.7: Relative contributions to CO, emission in gigagrams by different industrial sub-sectors in the years
2006, 2007, 2008, 2009, 2010, 2011 and 2012
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Transport: Figure 3.8 below furnishes a breakdown of emissions from the transportation sector, and it shows
the relative contributions of the different transportation modes. It is observed that approximately one-third of
emissions come from trucks and buses. This is only likely to increase under the current practices in Bangladesh. It
is a strong indication that land transportation, both passenger and freight, must be addressed, and other modes
of transportation must be promoted to keep this increasing emission trend in check.

CO, emission in Gg from transportation sub- sector from 2006 to 2012
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Figure 3.8: CO, Emission by different Transportation Modes (2006-2012)

Residential and Commercial: As can be seen from Figure 3.9, the commercial sector consumes mainly natural gas
and diesel from the stand-by generators in the case of a power outage, while the residential sector consumes
LPG, natural gas and kerosene. While natural gas and LPG are used mainly for cooking, kerosene is mainly used
by rural households for lighting. It is worth pointing out that residential households, especially in the rural areas
of Bangladesh, also use a significant quantity of biomass as cooking fuel. Since CO, emission of biomass is not
counted, it is reported separately as a memo item.

CO, emission from commercial and residential energy usages, 2006-2012
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Figure 3.9: CO, Emission from Residential and Commercial Sectors (gigagrams)
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Agriculture: The main fuel consuming activity is water pumping using diesel pumps for irrigation. The quantity of
diesel consumed in the agriculture sector is a lumped figure reported by BPC as per their supply to outlets and
depots designated for agricultural diesel pumps. In the absence of data, it was assumed that 33% of the diesel
consumed in the agriculture sector was used for irrigation, and the rest in operating other farm equipment such as
power tillers, tractors and rice/wheat threshers and for running fishing boats.

Activity wise total CO, emission from agriculture sector, 2006-2012

4500
4000
3500
3000 Abhaaaan=
2500
2000
1500
1000
500
0

Year 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

1.A.4.c - Agriculture/Forestry/

L. . 2525 | 2778 | 3056 | 3361 | 2906 | 2130 | 3840
Fishing/Fish Farms

Year

Figure 3.10: CO, Emission from Agriculture Sector Energy Use

3.5.3 Analysis by Fuel

Solid, Liquid and Gas: Figure 3 shows the CO, emissions from the three fuels. Since natural gas is the predominant
fuel in Bangladesh, it is not surprising that the highest CO, emissions are also from natural gas. Interestingly, even
though coal use is very small in terms of tonnes of oil equivalent, the percentage of CO; emissions in the total is
not. This is due to the fact that coal is twice as carbon intensive as natural gas.

Energy in TJ derived from fuel combustion activities is shown in Figure 3 and it can be seen that the overwhelming
portion of energy is obtained from natural gas. It follows then, that natural gas will be the number one source of
CO, emissions in Bangladesh.

Figure 3.4 shows CO, emissions from both primary and secondary fuels. The second highest CO, emitting fuel
is now diesel. Kerosene is also a significant emitter. The drop in the use of kerosene is probably related to the
expansion of rural electrification and the dissemination of Solar Home Systems (SHS).

Figure 3.4 also shows the consumption of jet kerosene (JP-1), furnace oil (FO) and diesel as international aviation
and marine bunkers. These amounts were subtracted from the total fuel consumed for correctly accounting for
emissions occurring within the borders of Bangladesh as per the IPCC guidelines.

Biomass: Table 3.7 shows the quantity of different types of solid primary biomass consumed in million tonnes
(MT) and their respective CO, emissions in kilo tonnes (KT). As required by IPCC guidelines, these are reported for
information but not added to the total national GHG inventory. IPCC default conversion and emission factors were
used to calculate emissions from biomass burning.
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Table 3.7: CO, Emissions from burning of biomass

Year Total Energy

(Gg) inTJ €O, Gg
2006 41,800 484,880 48,488
2007 42,665 494914 49,491
2008 43,214 501,282 41,935
2009 44,424 515,318 51,532
2010 44,997 521,965 52,196
2011 45,694 530,050 53,005
2012 46,412 538,379 53,838

3.5.4 Fugitive and Non-C0O; Emissions

Figure 3.11 below shows the CH4 and N,O emission from fugitive sources such as leakage for four years - 2006,
2007, 2008 and 2009; for methane, only natural gas leakage was considered, which occurs along the supply
chain, especially in the distribution system. The emissions at the user end for example in cooking stoves, CNG
filling stations and in industrial burners could not be accounted for. It was assumed that 0.1% of natural gas sales
volume leaks out from the system as per default IPCC values. For N»,O emissions, the default procedure of the IPCC
methodology was employed.

1.B-Fugitive emissions from fuels - Gas leakage from
the distribution system
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Figure 3.11: Fugitive Emission from Fuels - Gas Leakage from the Distribution System

The total CH4 and N>O emissions from the Energy Sector for the period of 2006 to 2012 and the total fugitive CHy
and CO, emissions from the Energy Sector for the period of 2006 and 2012 are shown in Tables 3.8 and 3.9.

Table 3.8: CO, and N0 Emissions from the Energy Sector for 2006 and 2012 (Gg)

2006 2012
Categories
CHa N20 Eq. CO2 CHa N20 Eq. CO2
1 Energy Sector Total 19.88 0.41 548 26.04 0.48 699
1.A Fuel Combustion Activities 2.10 0.41 174 2.76 0.48 210
1.B Fugitive Emissions from fuels 17.8 - 373 23.27 - 489
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Table 3.9: Fugitive CH4 and CO, Emissions from the Energy Sector for 2006 and 2012 (Gg)

Categories 2006 2012
CO2 CHa Eqg. CO: CO2 CHa Eqg. CO:
1.B.2.b.ii Flaring 22.67 23 29.64 30
1.B.2.b.iii.5 Distribution 17.8 373 23.27 489
1.B Fugitive Emissions from fuels 22.67 17.8 396 29.64 23.27 518

3.5.5 Summary of GHG Emissions from the Energy Sector

Table 3.10 gives the summarized results in CO, equivalent units of the emissions of the three GHGs that were
estimated in this report and their relative contributions for the year 2006. As can be clearly seen, the non-CO»
gases account for less than 2% and contribute a negligible amount to the overall emissions. However, it is important
to point out that uncertainties in the estimation of the non-CO5 gases are very high.

Table 3.10: Summary of GHG (2006)

GAS Emission (Gg) GWP CO: Equivalent (Gg) % of Total Emission
CO2 45,410.96 1 45,410.96 97.24
CHq4 4.89 25 122.5 .262
N:20 0.55 298 163.9 0.35
Total 46,697.36

The detailed sector and sub-sector specific CO, estimation along with the reasonable explanations on the data
choice and key assumptions were developed for the inventory years 2006 and 2012 and are shown in Tables 3.14
and 3.15 respectively.

3.6. Uncertainties

Uncertainties of the CO, emissions from fuel combustion were estimated in accordance with IPCC guidelines and
in the IPCC software platform. Expert judgments were used for the estimation of the uncertainties associated
with activity data. In most cases the total fuel supplied to a given sector was known with very little uncertainly.
The problem arose when that had to be disaggregated into user categories or end-uses. Expert elicitation was not
possible due to resources and time constraints. Table 3.11 shows the estimates of uncertainties of activity data and
emission factors for the eight energy sub-sectors.

Table 3.11: Uncertainty Estimates

Energy Sub-Sectors Activity Data Emission Factor
1. Energy Industries 10% 5%
2. Manufacturing & Construction 20% 5%
3. Transport 25% 5%
4. Residential 15% 5%
5. Fertilizer 5% 5%
6. Agriculture 15% 5%
7. Non-Specified Sector 30% 10%
8. Commercial 20% 10%
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The gross uncertainties for each sub-sector are provided in Table 3.15. However, for the following cases more
elaboration is needed:

Activity data of coal
Calorific value of coal
Breakdown of diesel into different uses
System loss of natural gas
Activity data of biomass
CH4 and N,O emissions estimation

The difficulty with coal activity data has been mentioned several times. According to government figures, less than
one million tonnes of coal is imported, but it is widely known that much more is consumed in the country. The
unaccounted for coal is entering the country through the porous border, which is more than 1,000 kilometers long.
Without an accurate survey of all brick kilns using coal, it is impossible to ascertain this quantity. An uncertainty of
between -10% and +30% can be expected.

The calorific value of coal posed a particular challenge because coal is imported from several different fields and
is of varying quality. Measurements at BUET indicate that CV varies from 5000 kcal/kg to 7000 kcal/kg. Therefore,
the IPCC default value was used.

Figures for the total quantity of diesel supplied are reliable, but its use in different sectors and end uses is not
known. Diesel is used in a variety of applications. Even though sale points for different sectors are designated,
diesel is sold for various uses other than in the designated sector. For example, stations for vehicles sell diesel to
standby generators, and oil depots for agricultural applications sell diesel to country boats. The most uncertainty
in the use of diesel is in small generators.

The system loss of natural gas, which is a euphemism for the unpaid or unmetered use of natural gas from the
grid, poses a special accounting challenge. This is shown as a separate quantity every year. A small portion of this
quantity is probably actual loss from the transmission and distribution lines, but most of it is consumed. Since the
gas is combusted it was allocated into the Non-Specified Sector and appears in the inventory as a CO; emission.

Data on biomass has been taken from the government published Statistical Yearbook of Bangladesh but the data
is not a result of any survey or actual data. It comes from a model developed in the mid-eighties under a project
called the Bangladesh Energy Planning Project (BEPP). However, crosschecking with other sources and indirect
calculations based on the number of rural households and industries leads to the conclusion that the uncertainty
is not more than +20%.

Uncertainties in the estimation of CHs and N,O are not possible to estimate because there is absolutely no data
or indications of these emissions. Default IPCC values had to be used. Natural gas distribution lines can be a
source of significant CHy4 fugitive emissions. In this reporting, 0.1% of sales volume has been assumed, which is a
negligible quantity; this value can easily exceed 0.25%. In that case the uncertainty will be more than 200%. The
total combined uncertainty results from IPCC software platform on Energy, IPPU and LULUCF sector is shown in
Table 3.14.

3.7 Quality Control and Quality Assurance of inventory works

e Quality Assurance (QA) — a planned system of review procedures conducted by personnel not involved
in the inventory development process.

¢ Quality Control (QC) — a system of routine technical activities implemented by the inventory
development team to measure and control the quality of the inventory as it is prepared.

An effective QA/QC plan contains the following elements:
e Personnel responsible for coordinating QA/QC activities.
e General (Tier 1) QC procedures.
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e QA review procedures.
* Reporting, documentation, and archiving procedures.

Each of these elements is described in more detail below.

QA/QC Personnel

The QA/QC coordinator is the main person responsible for implementing the QA/QC plan. In this role, the QA/QC
coordinator (Director, CC & IC):

e C(Clarifies and communicates QA/QC responsibilities to inventory members;

¢ Develops and maintains QA/QC checklists appropriate to various inventory team members’ roles, with
support from consultants;

e Ensures the timely and accurate completion of QA/QC checklists and related activities;
e Works with consultants to develop an overall QA/QC timeline and when external reviews will occur;

e Works with consultants to manage and deliver documentation of QA/QC activities to the inventory lead
and archive coordinator; and

¢ Coordinates external reviews of the inventory document and ensures that comments are incorporated
into the inventory.

In this role, the QA/QC coordinator communicates with several other inventory members. Table 3.12 summarises
the key personnel and their overall responsibilities in the QA/QC related activities in the GHG estimation.

Table 3.12: Summarizes the key personnel responsible for QA/QC activities.

Title QA/QC Responsibility Name DeS|gn.a t|c3n / Contact Information
Organization
Inventory Lead All aspects of the inventory Md. Ziaul Haque Director, zhaque27@gmail.com
program cross, cutting QA/QC AQM, DoE
QA/QC Implementing the overall Mirza Shawkat Ali Director, CC& | mirzasal@yahoo.com
Lead/Coordinator | QA/QC plan IC, DoE

Category Lead(s) | Implementing category specific | DoE Sector Leads (6) DoE
QA/QC procedures (Tier 1 and DoE (mentioned in
Tier 2 procedures listed in the office order)

Table)

Outside Expert(s) | Expert review of the inventory | Core Expert Working
Group-2

General (Tier 1) QC Procedures for Source/Sink Category Leads

STEP 3: Each item in Table 3.13 was completed by entering the name or initials of the person completing the item
and the date the item was completed.
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Table 3.13: General (Tier 1) QC Activities (to be completed by the QA/QC Coordinator with the help of sector leads)

Task Corrective Measure
Completed Taken
Supporting Date
QC Activity Procedures Name Documents (List
/ Date Document
Initials Name)

Date Gathering, Input, and Handing Checks

Check that assumptions
and criteria for the
selection of activity data
and emission factors are
documented

e Cross-check descriptions of activity data and
emission factors with information on
categories and ensure that these are properly
recorded and archived.

Check for transcription e Confirm that bibliographical data references

errors in data input and are properly cited in the internal

reference documentation (MDD template report)

e Cross-check a sample of input data from each
category (either measurements or parameters
used in calculations) for transcription errors.

e Utilize electronic data where possible to
minimize transcription errors

e Check that spreadsheet features are used to
minimize user/entry error:

o Avoid hardwiring factors into formulas

o Create automatic look-up tables for common
values used throughout calculations.

o Use cell protection so fixed data cannot
accidentally be changed

o Build in automated checks, such as
computational checks for calculations, or range
checks for input data.

Check that e Reproduce a representative sample of
emissions/removals are emissions/removals calculations.
calculated correctly e If models are used, selectively mimic complex

model calculations with abbreviated
calculations to judge relative accuracy

Check that parameter e Check that units are properly labeled in

and emission/removal calculation sheets (and MDD template report)
units are correctly e Check that units are correctly carried through
recorded and that from beginning to end of calculations.
appropriate conversion e Check that conversion factors are correct.
factors are used e Check that temporal and spatial adjustment

factors are used correctly.

These standards generally focus on the processing, handling, documenting, archiving, and reporting procedures
common to all categories.

Supply data on oil and gas in Bangladesh is very reliable, but coal and biomass are best estimates based on expert
judgment and indicators. With respect to gas and oil, no special quality control and quality assurance is required
because the data is available from very reliable government sources. However, when it comes to sectoral split, the
data is far from reliable. For quality control purposes the indirect methods were employed:
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The quantity of diesel consumed by irrigation pumps was crosschecked against the number of irrigation
pumps, which is known from agricultural surveys to be within +5%.;

The quantity of gasoline and diesel consumed was crosschecked against the number of vehicles multiplied
by the average annual passenger-kilometer rate in the case of cars and buses and freight-kilometer in the
case of trucks;

The quantity of biomass consumed in the rural residential sector was estimated by multiplying the
number of households by the quantity required by one household, which has been reported by many
studies;

The energy sector inventory was checked against published figures from the UN and the World Bank,
and the level of consistency was found to be excellent. The fact that the sectoral approach matched the
reference approach to within +2% supports the quality of the inventory.

3.8 Completeness

Data by activity and fuel types for different sectors are found at different states of completeness. The data on
natural gas is relatively complete. Other liquid fuels are available as aggregate amounts, but detailed breakdowns
are not available in many cases. However, the relative accuracy is less important than may be assumed because
natural gas is by far the largest fuel source in Bangladesh. Table 3.18 presents a summary of the fuel combustion
activities in different sectors, data source, fuels used in those sectors, and comments on the state of completeness
or availability of data. Table 3.19 also presents the summary CO, emissions for the year 2012.

With respect to completeness of the GHG inventory of Bangladesh, the following comments can be made:

1.

The fugitive emissions from gas related activities could not be accounted for. As discussed in the
uncertainty section, there are no estimates in the country of how much leakage occurs in the transmission
and distribution lines. The problem is aggravated by the fact that the reported system loss includes both
leakage and unaccounted for gas (UFG). Leakage has to be accounted as methane emission, while UFG is
carbon dioxide emission. As a result, the IPCC default procedure had to be followed.

Even though the total supplied diesel is shown as consumed in various sectors, it is common knowledge
that between 100,000 and 300,000 tonnes of diesel are smuggled into neighbouring countries because
of the favourable price differential. This being an unknown quantity, the inventory could not account for it.

For many fuel items, the actual consumption at the consumer or device level could not be ascertained.
These all had to be estimated either from the supply side or by using expert judgment. For example,
diesel use in farm equipment, country boats and generators is not known; gasoline use in small household
generators is not known; coal use in brick kilns is not known; and kerosene use for cooking is not known.

The fraction oxidized for coal is not known because the combustion process takes place in a crude kiln,
and often the unburned coal is sold to rural commercial establishments such as restaurants.

The quantity of furnace oil (FO) in different sectors is not known. However, from expert judgment, it is
known that the predominant use is in the industry sector. All FO was, therefore, allocated to that sector.

A certain quantity of FO enters the country as bunker fuel of end-of-life ships, imported to be broken
down for steel scraps.

Lack of good data at the device level posed a big challenge in preparing the sectoral approach
inventory. Even though this did not affect the CO, emissions estimation, the estimation of the other
gases is greatly affected.

Only the three main GHGs were reported. The inventory did not deal with other gases such as CO, NOX,
SO, and NMVOC.
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3.9 Emissions from Industrial Processes and Product Use (IPPI)

This covers GHG emissions from industrial processes, where the emissions are created from chemical processes
as opposed to combustion (CO, emissions from the combustion of fuels in industry is covered under the industry
sector). There are two main sectors that emit process emissions in Bangladesh, the ammonia/urea sector and the
cement sector.

To prepare the GHG Inventory from the industry sector, the following steps were completed:

1. Study of the Industry sector — the major industry types emitting greenhouse gases (GHGs) in the country
that are mentioned in the IPCC 2006 Guidelines;

2. Identifying the institutions from which authentic data can be obtained and establishing communication
with them in order to take assistance from them in the preparation of Third National Communication
(TNC) project;

3. Collection of data from relevant institutions about the production of cement and fertilizer production
linked with GHG emission; and

4. For calculation and reporting, the ‘Industry’ module of the IPCC 2006 Guidelines 1996 was thoroughly
studied.

3.9.1 Introduction

The Industrial Processes category accounts for emissions generated in the production and use of minerals, the
production of metals, the chemical industry, some processes such as paper production, foods and drinks, and
finally, in the production and consumption of halocarbons and sulphur hexafluoride (Table 3.20). CO;, CHga, NO,
HFC, PFC, and SFg are the GHGs emitted from industrial processes. In addition, other secondary gases such as
carbon monoxide (CO), sulphur dioxide (SO5), nitrogen oxides (NOx), and non-methane volatile organic compounds
(NMVOCs) are also included in the IPCC Guidelines. In general terms, the main gas emitted in this category is CO>.

Although Bangladesh is not an industrialized country, the country has made great efforts in preparing an inventory
of greenhouse gas emissions along with efforts to reduce its own emissions of greenhouse gases.

3.9.2 Sub-sectors of industrial sector

Emissions are often produced as a by-product of various non-energy-related activities. For example, in the
industrial sector, raw materials are often chemically transformed from one state to another. This transformation
often releases such greenhouse gases as CO,. The production processes that emit CO, include cement production,
lime production, soda ash production and use and limestone consumption.

The following table illustrates the categorization of industrial plants according to IPCC 2006 Guidelines:
Table 3.16: Subcategories of industrial processes
2A Mineral Products 2A1 Cement Production

2A2 Calcium Oxide and Calcium Hydroxide Production

2A3 Limestone and Dolomite Use

2A4 Soda Ash Production and Use

2A5 Asphalt Roofing Production

2A6 Road Paving with Asphalt

2A7 Glass Production
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2B Chemical Industry 2B1 Ammonia Production

2B2 Nitric Acid Production

2B3 Adipic Acid Production

2B4 Carbide Production

2B5 Others
2C Metal Production 2C1 Iron and Steel Production

2C2 Ferroalloys Production

2C3 Aluminum Production

2C4 Sulphur hexafluoride Used in Aluminum and Magnesium Foundries
2D Other Industrial Processes 2D1 Pulp and Paper Industries

2D2 Food and Drink

2E Production of Halocarbons and 2E1 Emissions as waste or byproducts

Sulphur hexafluoride 2E2 Fugitive emissions

2F Consumption of Halocarbons and 2F1 Refrigeration and Air Conditioning Equipment
Sulphur hexafluoride 2F2 Foam Blowing

2F3 Fire Extinguishers
2F4 Aerosols
2F5 Solvents

2F6 Electrical Equipment and Automatic Switches

3.9.3 Major IPPU related GHG emitting industries in general

a. Mineral industry: Clinker production (for cement production), lime production, soda ash production
and use, asphalt roofing production and use and glass industry

b. Chemical industry: Ammonia and urea fertilizer
c. Metal production: Steel and ferroalloy production
Food products : Soft drinks, alcoholic beverages, sugar and bread

In the context of applicability, only cement and urea fertilizer contribute to the process related CO, emissions in
Bangladesh.

3.9.3.1 Cement Industry

Carbon dioxide is produced during the production of clinker, an intermediate product from which cement is made.
High temperatures in cement kilns chemically change raw materials (limestone) into cement clinker. In a process
called calcination or calcining, calcium carbonate is heated, forming lime and carbon dioxide. CO, is emitted during
clinker production rather than cement production itself. Emission estimates should be based on the lime content
and production of clinker. In Bangladesh, most cement manufacturing plants use imported clinker; only three
industries produce clinker for themselves: one government owned cement factory named Chatak Cement Co. two
others - Lafarge Surma Cement Ltd., and Prime Cement Ltd.

Cement Production Process

There are three production steps involved in the production of cement:
e Preparing raw materials: Mixing/homogenising, grinding and preheating (drying) to produce the raw
meal;
¢ Burning of raw meal to form cement - clinker in the kiln: The components of the raw meal react at high
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temperatures (900-1500°C) in the precalciner and in the rotary kiln, to give cement clinker; and
¢ Finish grinding of clinker and mixing with additives: After cooling the clinker is ground together with
additives.

Carbon Dioxide Emissions from the Cement Production Process

Carbon dioxide emissions in cement manufacturing come directly from the combustion of fossil fuels and from
calcining the limestone in the raw mix. An indirect and significantly smaller source of CO; is from the consumption
of electricity assuming that the electricity is generated from fossil fuels. Roughly half of the emitted CO5 originates
from the fuel and half originates from the conversion of the raw material. This report is concerned with the
conversion of raw material. Emissions from burning fossil fuels are reported in the Energy Sector.

Carbon Dioxide Emission from Calcination (Process Emissions)

Process CO, is formed by calcining which can be expressed by the following equation:
CaCO3 -> Ca0 + CO,y

1 kg of CaCO3 gives 0.56 kg of CaO and 0.44 kg of CO,

The share of Ca0 in clinker actually amounts to 64-67%. The remaining part consists of iron oxides and aluminum
oxides. CO, emissions from clinker production amounts therefore to about 0.5 kg/kg clinker.

The specific process CO, emission for cement production depends on the ratio of clinker to cement. This ratio
varies normally from 0.5 to 0.975.

Cement sector

Data is available on annual clinker production (in millions of tonnes) at the two cement plants in Bangladesh
(Lafarge Suma and Chatak). The IPCC default emissions factor of 0.507 is applied to this to give GHG emissions. A
growth rate of 5~76% is assumed meaning that the process-related GHG emissions from cement production in 2030
will be 0.71 MtCO,e a year. Table 3.21 shows the total clinker production of Chatak cement and Lafarge Surma
Cement Company Ltd. in the period of the inventory.

Chhatak Cement Co. Ltd.
Fraction of lime (CaO) in clinker (%) = 66 — 67
Average fraction of lime (CaO) in clinker (%) = 66.5
Emission Factor (t CO,/t clinker) =0.5071 x 0.665/0.646
(according to IPCC Guideline, 2006) = 0.5071 x 1.029
=0.5218
Lafarge Surma Cement Ltd
Production Start — 2006
Capacity — 1200000 t / year
Fraction of lime (CaO) in clinker (%) = 64.6
Emission Factor (t CO,/t clinker) = 0.5071 x 0.646/0.646
=0.5071x1
=0.5071
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Table 3.17: Production of clinker at Chhatak and Lafarge Cement Co. Ltd

1345744
1310610
1343610
1343610
1307703
1337446
1297332

The total CO, emissions from cement sector is shown in Table 3.20

3.9.3.2 Ammonia Fertilizer Industry

In most instances, anhydrous ammonia is produced by catalytic steam reforming of natural gas (mostly CHy).
Natural gas is used as the feedstock. Hydrogen is separated from the fuel and combined with nitrogen to produce
ammonia (NH3). The remaining carbon is eventually emitted as CO,. Emissions of NOX, NMVOC, CO and SO; may
also occur during ammonia production.

In Bangladesh, ammonia is produced for manufacturing ammonium and urea fertilizer. Currently, there are six
ammonia producing plants in the country, all of which are state owned. They appear in Table 3.18.

Table 3.18: Ammonia Fertilizer Industries

1. Chittagong Urea Fertilizer Factory Ltd. Urea 5,61,000 M.T./ Year 1987
2. Jamuna Fertilizer Company Ltd. Urea 5,61,000 M.T./ Year 1989
3. Zia Fertilizer Company Ltd. Urea 5,28,000 M.T./ Year 1981
4. Urea Fertilizer Factory Ltd. Urea 4,70,000 M. T./ Year 1970
5. Polash Urea Fertilizer Factory Ltd. Urea 95,000 M.T./ Year 1985
6. Natural Gas Fertilizer Factory Ltd. Urea, ASP 1,06,000 M.T. / Year (Urea) 1961

Emissions estimation from ammonia production

Emissions of CO, depend on the amount and composition of gas used in the process. It is assumed that all carbon
will be emitted into the atmosphere. The most accurate method of estimation is based on the consumption of gas.
(The carbon content of natural gas may vary; The 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Reference Manual for sources provides the values 812 m3 gas/ton NH3 and 0.525 kg carbon/m3 gas).

If the gas consumption is not available, an alternative is to calculate the emissions from the ammonia production.
(The 2006 IPCC Guidelines for National Greenhouse Gas Inventories Reference Manual for sources recommends
emission factor as 1.5 tonnes CO; per tonne NH3 produced which excludes gas used as a fuel). Gas used as a fuel
must be excluded. This is included in the Energy Sector to avoid double counting as stated in the IPCC Guidelines.

Based on Ammonia Production

STEP 2: Estimating CO, emitted
The amount of ammonia produced in tonnes estimated.
e The default emission factor is 1.5 t CO,/t NH3 used.

e Amount of NH3 multiplied the emission factor to obtain CO, and transformed into Gg.
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Table 3.19: Emission estimation from ammonia production

Greenhouse Gas Inventory

2104192850 1730261000 1268858067 835334783

2333850950 1817193000 1332608200 1001242750 1001 2007
1975303100 1476606000 1082844400 892458700 892 2008
1750991500 1280294000 938882267 812109233 812 2009
1331111050 1056102000 774474800 556636250 557 2010
1360943500 908837000 666480467 694463033 694 2011
1131217400 933686000 684703067 446514333 447 2012

Ammonia/urea

GHG emissions from this sector have been calculated following IPCC Tier 1 methods. Data is available on gas
consumption (in thousand standard cubic feet, MSCF) in 2012 for the seven ammonia-urea complexes in
Bangladesh® as well as total ammonia and urea installed capacity (in tonnes). Assuming a utilisation rate of the
installed capacity of 100% (based on the fact that demand exceeds production, and assuming that local capacity
will always be exhausted before imports are bought in), the total installed capacity for urea production was used
to calculate the CO, emissions used in the production of urea (2.12 MtCO, a year).

Estimating CO, emissions

Table 3.20: CO, emissions from Cement and Fertilizer Factories

CO, emissionsin Gigagrams fromindustrial processes

1800
1600
1400
1200
1000
800 = Cement

600 = Fertilizer
400

200

0 2006 2007 2008 2009 2010 2011 2012

= Fertilizer 835 1001 892 812 557 694 447

= Cement 700 682 699 699 680 695 675
Year

CO, emissions in Gg

Figure 3.12: CO; emissions in gigagrams from industrial processes

5 Natural Gas Fertilizer Factory (NGFF) at Fenchugonj, Urea Fertilizer Factory Ltd. (UFFL) at Ghorasal, Zia Fertilizer Co.
Ltd. (ZFCL) at Ashugonj, Polash Urea Fertilizer Factory (PUFF) at Polash adjacent to UFFL, Chittagong Urea Fertilizer Ltd. (CUFL)
at Rangadia, Jamuna Fertilizer Co. Ltd. (JFCL) at Tarakandi and KAFCO at Rangadia by the side of CUFL. All but the last of these
are operated by Bangladesh Chemical Industries Corporation (BCIC).
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3.10 Greenhouse Gas Emission from Agriculture Sector

A significant amount of greenhouse gases (GHGs), such as carbon dioxide (CO,), methane (CH,) and nitrous
oxide (N,O) are released into the atmosphere through agricultural activities (Smith et al., 2007). Carbon dioxide
is emitted mostly from microbial decomposition or burning of plant residues and soil organic matter (Janzen,
2004; Smith, 2004). Methane is produced when organic materials decompose under reduced or oxygen-deprived
conditions, notably from enteric fermentation by ruminant livestock, stored manures and paddy rice cultivation
under flooded conditions (Mosier et al. 1998). Nitrous oxide is produced by transformation of nitrogen in soils and
manures by microbial activities and is often enhanced where available N exceeds plant requirements, especially
under water saturated conditions (Smith & Conen, 2004; Oenema et al., 2005). The agricultural sector is one of
the major contributors, emitting about 60% of total anthropogenic N>O (Smith et al., 2007). Emissions of N,O and
NO are mainly associated with N fertilizer use (or soil N content) and water regime. Agricultural greenhouse gas
fluxes are complex and heterogeneous, but the amount of emission depends on the management of agricultural
systems.

Four major sources of GHG emissions from the agriculture sector have been identified in Bangladesh for reporting
purposes in the Third National Communication. These are: (i) CH4 emissions from cultivated rice fields; (ii) NO
and CO, emissions from N-based fertilizer; (iii) Enteric fermentation; and (iv) CHz and N>O emissions from manure
management. The dominant sources of emissions are CH4 from rice field and enteric fermentation from the
livestock subsector. The next important sources are N,O emission from fertilizer applications and direct N,O
emissions from manure systems. A summary of GHG emissions is presented in Table 3.21. In the case of total
emissions, the overall trend for the period from 2006 to 2012 is one of gradual increase with a small dip in 2011.
During this seven-year period, the total emissions increased from 42874 to 45877 (Gg CO»eq) at an average annual
growth rate of 1.14%.

Table 3.21: Summary of Emission of Agriculture Sector (Gg CO»eq)

Source of Emission 2006 2007 2008 2009 2010 2011 2012
CHa emission from rice fields 13583 13814 14357 14702 14686 14924 15089
Direct Nitrous Oxide (N20) from 5375 5567 5631 5465 5563 4966 5251
Fertilizer applications

LIl LN BOREGTA) 1746 1809 1831 1776 1808 1614 1707
emissions from N based fertilizer

Total Enteric CHs Emissions 12389 12562 12717 12888 13064 13233 13421
Total Manure CHs Emissions 2938 2963 2981 3005 3029 3051 3076
Total Direct N0 Emissions from 4794 4847 4892 4945 5000 5050 5109
Manure System

el IRl L e s 1599 1623 1640 1662 1683 1703 1726
Volatilization

Total !ndlrect N20 Emissions - 450 349 465 473 481 489 498
Leaching/Runoff

Total 42874 43534 44514 44916 45314 45030 45877

As consumption of food items is a major driver of agricultural growth, it is very likely that emissions from all
source categories in this sector will also increase. At the national level, the per capita per day intake of food items
has increased by about 4.3 percent, i.e.; from 947.8 g in 2005 to 990.0 g in 2010. On the one hand, the average
guantity of rice intake decreased by about 5.4 percent to 416.01 g in 2010 from 439.64 g in 2005. Although the per
capita rice intake decreased, the gross consumption has increased because of population growth. On the other
hand, consumption of wheat increased to 26.09 g in 2010 from 12.08 g in 2005 registering a 115.98% increase.
Per capita per day intake of potato increased to 70.52 g in 2010 from 63.30 g in 2005. Consumption of meat also
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increased from 8.4 to 19.07 g per capita per day during the period from 2005 to 2010. During the same period,
per capita per day intake of milk and milk products did not change much, it increased from 32.4g to 33.72g (HIES
2010, BBS, 2011).

Biomass burning in crop fields is not common in Bangladesh. Some biomass burning takes place in the hills where
‘slash and burn’ is practiced by some minority ethnic groups. However, biomass burning is declining rapidly as
horticultural crops are planted in areas where ‘slash and burn” may have been the norm. With the exception
of some Gangetic alluvial soils, soils in Bangladesh are generally acidic to neutral in nature. The pH range for
these soils varies from around 4 to 7. Only when free acids are present, the pH value may go below 4. The most
common liming agents are calcitic limestone (calcium carbonate) and dolomite (FRG, 2005). Although liming is
recommended for highly acidic soils and for some crops, it is not common in Bangladesh. As biomass burning
and liming are sporadically practiced in the country, only the dominant sources of GHG emissions have been
considered.

3.10.1 Sub-sector: Methane Emission from Cultivated Rice Fields

3.10.1.1 Introduction

Anaerobic decomposition of organic material in flooded rice fields produces CH; which escapes into the
atmosphere. Upland fields, which are not flooded, produce insignificant amounts of CH4. Other cultivated areas
consisting of irrigated, rain-fed and deep-water lands produce CHy4. The parameters that influence CH4 emissions
vary widely both spatially and temporally. Moreover, CH4 flux from a paddy field is critically dependent on several
factors including climate, characteristics of soil and paddy and agricultural practices, particularly water regime.

The Interregional Research Programme on Methane Emissions from Rice Fields established a network of eight
measuring stations in five Asian countries. These stations covered different environments and encompassed varying
practices in crop management. All stations were equipped with a closed chamber system designed for frequent
sampling and long-term measurements of emission rates. Even under identical treatment, e.g., continuous flooding
and no organic fertilizers, average emission rates varied from 15 to 200 kg CH4 ha-1 season.-1 Low temperatures
limited CH4 emissions in temperate and subtropical stations such as northern China and northern India. Differences
observed under given climates, (e,g. in the tropics) indicated the importance of soil properties in regulating the
CH4 emission potential. However, local variations in crop management superseded the impact of soil- and climate-
related factors that resulted in uniformly high emission rates of about 300 kg CH4 ha-1 season-1 for the irrigated
rice stations in the Philippines (Maligaya) and China (Beijing and Hangzhou).

In the 1998 Asia Least Cost Greenhouse Gas Abatement (ALGAS) Study, the total harvested area of 8.03 million
hectares (Mha) was considered for the fiscal year 1989-90 and the total CH4 emission from the rice fields were
estimated at 767 Gg. In the Initial National Communication (INC), (MoEF, 2002) with a total harvested area of 10.07
Mha, the total CH4 was estimated at 662.23 Gg for the year 1994. In the Second National Communication (SNC),
(MoEF, 2012) the reported total CH4 emission was 374.93 Gg for the year 2004-05 from a total harvested area of
10.37 Mha.

For the Third National Communication, the total CH4 emission from rice fields has been estimated and the values
are 543.31 and 603.55 Gg for the year 2006 and 2012 respectively. The total methane emission from rice fields has
increased due to the increase in the crop area, particularly the irrigated boro (dry season rice) rice area.

3.10.1.2 Methodology

Software Used

The Agriculture and Land Use (ALU): National Greenhouse Gas Inventory Software version 5.0.1 was used for
the estimation of methane emission from rice fields. This software was developed at Colorado State University.
The programme can be used to estimate emissions and removals associated with biomass carbon stocks, soil
carbon stocks, soil nitrous oxide emissions, rice methane emission, enteric methane emission, manure methane
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and nitrous oxide emissions, as well as non-CO, GHG emissions from biomass burning. Methods are based on
2006 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories. The
software has several innovative features. It:

Accommodates Tier 1 and 2 methods as defined by the IPCC;

Allows compilers to integrate GIS spatial data along with national statistics on agriculture and forestry;
Is designed to produce a consistent and complete representation of land use for inventory assessment;
Can develop an enhanced characterization for livestock;

Has explicit quality control and quality assurance steps;

Provides a long-term archive of data and results in digital format; and

Generates emission reports that can be included in communications with interested parties.

The following equations and factors were used for estimating CHs emissions from rice cultivation. The values
of different factors have been considered for different climates, ecological zones, cropping patterns and water
regimes before and during cultivation etc. and are presented in Annex-5.

CHgrice = A * t * EFrice * 0.000001

EFrice = EFc * SFw * SFp * SFo * SFs * SFr
SFo = (1 + SUM(ROA * CFOA))*0.59

Where,
Type
Abbreviation Description Units (Factor Value)
CHa rice Methane Emissions from Rice Cultivation (Gg CHayrY) Equation Result
A Annual Harvested Area for Rice (ha) Quantity Value (Table 1.1)
T Cultivation Period for Rice (days) Quantity Value (Table 1.1)
EFrice Adjusted Daily CHs Emission Factor for Rice (kgCHsha'day?') Calculated Factor (Annexure)
Cultivation
EFc Default CH4 Baseline Emission Factor (kg CHs ha day?)  Factor Value (Annexure)
SFw Scaling Factor for Cultivation Period Water Regime  (unitless) Factor Value (Annexure)
SFp Scaling Factor for Pre-Season Water Regime (unitless) Factor Value (Annexure)
SFs Scaling Factor for Soil Type (unitless) Factor Value (Annexure)
SFr Scaling Factor for Rice Cultivar (unitless) Factor Value (Annexure)
SFo Methane Scaling Factor for Organic Amendment (unitless) Equation Result (Annexure)
ROA Application Rate of Organic Amendment (tonnes ha') Quantity Value (Annexure)
CFOA Conversion Factor for Organic Amendment (fraction) Factor Value (Annexure)

Methane estimation

In the year 2006 (2005-06) a total area of 10.529 Mha of land was under paddy cultivation of which 9.8%, 4.8%,
46.8% and 38.6% were aus, broadcast (B) aman, transplanted (T) aman and boro respectively (Table 3.22). The
paddy area increased gradually from 2006 to 2012. The coverage of B aman rice decreased slightly in the same
period. However, also during the same period, the area under boro cultivation increased significantly. The aus area
remained almost unchanged in the seven year period. The total paddy area increased by about 9.5% in between
2006 and 2012.

62 Third National Communication of Bangladesh



Greenhouse Gas Inventory

Table 3.22: Cultivated Area and Cultivation Period of Different Rice Crops

Aus 1.03 0.91 0.92 1.07 0.98 1.11 1.14 20
B Aman 0.51 0.48 0.31 0.40 0.48 0.43 0.38 180
T Aman 4.92 4.93 4.74 5.09 5.19 5.22 5.20 110
Boro 4.07 4.26 4.61 4.72 4.71 4.77 4.81 120
Total Rice 10.53 10.58 10.58 11.28 11.36 11.53 11.53

Source: Yearbook of Agricultural Statistics of Bangladesh (BBS 2008 and 2013)

Rice Area (million hectares)
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Figure 3.13: Different Rice Cultivated Areas from 2006 to 2012

In 2006, the total methane emission from rice cultivation was estimated at about 543.31 Gg. Methane emission
from rice cultivation gradually increased and the amount in 2012 stands at 603.55 Gg. The increase is attributed
to increasing the rice cultivation area, especially that of the boro. However, in 2010 emissions decreased slightly
compared to the previous year which may be attributed to a slightly decreased boro area. Year-wise total methane
emission from rice cultivation by year are presented in Table 3.23.

Table 3.23: Total Methane Emissions from Rice Cultivation

2006 543.31 13583
2007 552.58 13814
2008 574.28 14357
2009 588.07 14702
2010 587.46 14686
2011 596.97 14924
2012 603.55 15089
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3.11 Sub-sector: Nitrous Oxide and Carbon Dioxide Emission from
N-based Fertilizer

3.11.1 Introduction

Nitrogen-based fertilizer and other N-containing amendments, when applied to agricultural soils, are sources of
direct and indirect N,O emissions. In Bangladesh, urea (CH4N>0) and diammonium phosphate (DAP, (NH4),HPO4))
are the most commonly used N-based fertilizers. The N-based fertilizers produce N,O. which is produced
naturally in soils through the processes of nitrification, the aerobic microbial oxidation of ammonium to nitrate,
and denitrification, the anaerobic microbial reduction of nitrate to nitrogen gas (N;). Nitrous oxide is a gaseous
intermediate in the reaction sequence of denitrification and a by-product of nitrification that leaks from microbial
cells into the soil and ultimately into the atmosphere. One of the main controlling factors in this reaction is the
availability of inorganic N in the soil.

According to Van der Gon and Bleeker (2005) the emissions of N,O that result from anthropogenic N inputs occur
through both a direct pathway (i.e. directly from the soils to which the N is added), and through two indirect
pathways (i.e. through volatilization as NH3 and NOx and subsequent redeposition, and through leaching and
runoff).

In the Second National Communication (MoEF, 2012), direct nitrous oxide emissions were estimated at 19.17 and
22.80 Gg N>O from N-based fertilizers for the year 2001 and 2005 respectively. The indirect nitrous oxide emission
from N-based fertilizer was not considered in the Second National Communication.

The direct nitrous oxide emission from N-base fertilizers estimated for this report is 18.04 and 17.62 Gg N,O for
the years 2006 and 2012 respectively. Indirect nitrous oxide emissions from N-based fertilizer (atmospheric N
deposition and leaching/runoff) are 5.87 and 5.76 Gg N,O for the years 2006 and 2012 respectively. The emissions
decreased slightly due to increased use of diammonium phosphate instead of urea.

3.11.2 Methodology

For an estimation of direct and indirect N,O emissions from N-based fertilizers, the ALU software version 5.0.1 was
used (described in subsection below).

3.11.3 Direct N»O Emissions from N Fertilizers

The following equations and factors were used for estimating direct nitrous oxide emission from N-based fertilizers.
N,O(D)sn = Sum(N,Osn)

N,Osn = Fsn * EFsn * (44/28)

Where,
Abbreviation Description Units Type (Factor Value)
N20(D)sn Total Direct N2O Emissions from N Fertilizers (kg N2O yr?) Equation Result
N20sn Direct N2O Emissions from N Fertilizers (kg N2O yr?) Equation Result
Fsn Annual Amount of Synthetic Fertilizer N Applied to Soils (kg N yr?) Quantity Value (Annexure)
EFsn Direct N2O Emission Factor [(kg N20 -N (kg N Input)™}]  Factor Value (0.01)

3.11.4 Total Urea CO2 Emissions

Adding urea to soils during fertilization leads to a loss of CO; that was fixed in the industrial production process.
Urea is converted to ammonium (NHz+), hydroxyl ion (OH-), and bicarbonate (HCOs3-), in the presence of water and
urease enzymes. The formulas used for estimating CO, emissions from urea fertilizers are given in the next page.
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Ctotal = Sum(CO5urea)
COjyurea = Murea * EFurea * (44/12)
Murea = (Domestic + Imports - Exports) * pUrea

Where:

COxtotal Total Urea CO2 Emissions (tonnes CO2 yr?) Equation Result

COaurea Urea CO2 Emissions (tonnes COz yr?) Equation Result

Murea Annual Urea Fertilizer Applied to Soils (tonnes urea yr?) Equation Result

EFurea Urea Carbon Emission Factor [tonnes C (tonnes urea?)]  Factor Value (0.2)
Domestic Annual Urea Fertilizer from Domestic Production  (tonnes urea fertilizer yr') Quantity Value (Annexure)
Imports Annual Urea Fertilizer Imported (tonnes urea fertilizer yr') Quantity Value (Annexure)
Exports Annual Urea Fertilizer Exported (tonnes urea fertilizer yr'!) Quantity Value (Annexure)
pUrea Percent of Fertilizer that is Urea (tonnes urea fertilizer yr'!) Quantity Value

3.11.5 Total Indirect N20 Emissions - Atmospheric N Deposition

The following equations and factors were used for estimating indirect NoO emission from N-based fertilizers.
N,O(ATDtot)sn = Sum(N,O(ATD)sn)
N,O(ATD)sn = Fsn * FracGASF * EFv * (44/28)

Where,
N,O(ATDtot)sn  Total Indirect N,O Emissions - Atmospheric N Deposition (kg N2O yr?) Equation Result
N20(ATD)sn Indirect N2O from N Fertilizer - Atmospheric N Deposition (kg N20 yr?) Equation Result
Fsn Annual Amount of Synthetic Fertilizer N (kg N'yr?) Quantity Value
Applied to Soils (Annexure)
FracGASF Fraction of N Fertilizer that Volatilizes (fraction) Factor Value (0.1)
EFv Indirect N,O Emission Factor — Volatilization [kg N2O-N (kg N volatilized) ']  Factor Value (0.01)

3.11.6 Total Indirect N20 Emissions - Leaching/Runoff

For estimating indirect nitrous oxide emission from N based fertilizer, the following equations and factors were used.

N,O(Ltot)sn = Sum(N,O(L)sn)
N,O(L)sn = Fsn * FracLEACH * EFIr * (44/28)

Where,

N20(Ltot)sn Total Indirect N2O Emissions - Leaching/Runoff (kg N2O yrt) Equation Result

N20(L)sn Indirect N20 from N Fertilizer - Leaching/Runoff (kg N20 yr?) Equation Result

Fsn Annual Amount of Synthetic Fertilizer N (kg N yr?) Quantity Value
Applied to Soils (Annexure)

FracLEACH Fraction of N Fertilizer lost - Leaching/Runoff (fraction) Factor Value (0.3)

EFlr Indirect N.O Emission Factor - Leaching/Runoff [(kg N2O-N (kg N leached)]  Factor Value (0.0075)
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3.11.7 Direct Nitrous Oxide (N20) and Carbon Dioxide (C0O2) estimation

In 2006 the amount of direct N,O emissions from N-based fertilizer and CO, emissions from urea fertilizer were
estimated to be 18.04 Gg and 183374 Gg respectively. The direct N,O emissions from N-based fertilizers and CO»
from urea decreased to 17.62 Gg and 162507 Gg respectively in 2012 (Table 3.24). The reduction in emissions may
be attributed to increased use of DAP fertilizer instead of urea.

Table 3.24: Direct Nitrous Oxide emissions from N based fertilizer and Carbon Dioxide emissions from urea
fertilizer

2006 2501 125 18.04 5375 183374
2007 2592 125 18.68 5567 190070
2008 2636 90 18.90 5631 193324
2009 2575 46 18.34 5465 188833
2010 2565 187 18.67 5563 188100
2011 2208 371 16.66 4966 161920
2012 2216 690 17.62 5251 162507

Source: Urea & DAP consumption figures are from BBS: Yearbook of Agricultural Statistics 2015 and Fertilizer Association
of Bangladesh (URL:http://brri.portal.gov.bd/sites/default/files/files/brri.portal .gov.bd/page/b6531346_66a5_45e7_ 9cb0

d00c7c7009dc/Fertilizer_bfa.pdf)

In Table 3.25 the indirect N>O emissions from N-based fertilizer is presented. From the table, it is evident that
the indirect emissions as Atmospheric N Deposition and from Leaching/Runoff showed a decreasing trend as the
amount decreased from 5.86 Gg in 2006 to 5.73 Gg in 2012.

Table 3.25: Indirect Nitrous Oxide (N,0) emissions from N based fertilizer

2006 1.80 4.06 5.86 1747
2007 1.87 4.20 6.07 1809
2008 1.89 4.25 6.14 1830
2009 1.83 4.13 5.96 1776
2010 1.87 4.20 6.07 1808
2011 1.67 3.75 5.42 1614
2012 1.76 3.97 5.73 1707

3.12 Sub-sector: Enteric Fermentation

3.12.1 Introduction

During animal digestion, methane is produced through enteric fermentation, a process in which methane is
produced as a by-product in the rumen by microbes that reside in animal digestive systems that break down the
feed consumed by the animal. Ruminants, which include cattle, buffalo, sheep, and goats, have the highest methane
emission among all animal types because they have a rumen, or large forestomach, in which a significant amount of
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methane-producing fermentation occurs. The amount of methane produced and excreted by an individual animal
also depends upon the amount and type of feed it consumes (EPA, 1995). Non-ruminant domestic animals, such
as pigs and horses, have much lower methane emissions than ruminants because much less methane-producing
fermentation takes place in their digestive systems. The number of pigs and horses in Bangladesh is insignificant
so these were not considered for the reporting.

In the Second National Communication (MoEF, 2012), the total methane from enteric fermentation was estimated
at 467.77 and 493.16 Gg CHy for the years 2001 and 2005 respectively. The total methane emission from enteric
fermentation for the years 2006 and 2012 has been estimated and the values are 495.57 and 536.86 Gg CH4
respectively. Out of the total CH4 emissions from enteric fermentation in the year 2012, about 43%, 25%, 10%, 21%
and 2% was produced by dairy cows, non-dairy cows, buffalo, goat, and sheep respectively.

3.12.2 Methodology

Methane emission from enteric fermentation was estimated using the ALU software version 5.0.1. The following
factors and equations were used for estimating enteric methane emission.

CH4ent = Sum(CH4ent(b))
CH4ent(b) = (Nt * EFt(b)) / 1000000

Where:
Abbreviation Description Units Type (Factor Value)
CHasent Total Enteric CH4 Emissions (Gg CHa yr?) Equation Result
CHaent(b) Enteric CH4 Emissions: Basic Characterization (Gg CHayr?) Equation Result
Nt Number of Livestock (Average Annual Population)  (head) Quantity Value (Table 30)
EFt(b) Enteric CH4 Emission Factor: Basic Characterization (kg CHa head® yr?) Factor Value (Annexure)

3.12.3 Methane estimation

Data on livestock population was collected from the Department of Livestock Services (DLS). The total number of
livestock population by different year is presented in Table 3.26. In 2006, livestock population was estimated to
comprise 14.14 million dairy cows, 8.66 million non-dairy cows, 1.16 million buffaloes, 19.94 million goats, 2.57
million sheep and 232.99 million poultry birds. The livestock population increased gradually due to an increase in
domestic demand for meat, eggs, milk and milk products.

Table 3.26 Total Livestock Population (in millions)

Livestock Year

Category 2006 2007 2008 2009 2010 2011 2012
Dairy Cows® 14.14 14.18 14.20 14.25 14.29 14.34 14.38
Non Dairy Cows 8.66 8.69 8.70 8.73 8.76 8.79 8.81
Buffalo 1.16 1.21 1.26 1.30 1.35 1.39 1.44
Goat 19.94 20.75 21.56 22.40 23.28 24.15 25.12
Sheep 2.57 2.68 2.78 2.88 2.98 3.00 3.08
Poultry 232.99 245.97 252.31 262.63 270.71 278.81 288.57

Source: Department of Livestock Services (DLS)

6 Dairy cows are 62% of the total cattle. This factor is derived in FAO — BLRI Joint workshop on data validation held
during 23-24 January 2016 in Dhaka.
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Where:

CHaman Total Manure CH4 Emissions (Gg CHa yr?) Equation Result

CHaman(b) Manure CH4 Emissions: Basic (Gg CHayr?) Equation Result
Characterization

Nt Number Head of Livestock (Average (head) Quantity Value (Table 3.1)
Annual Population)

EFt(b) Manure CH4 Emission Factor: Basic (kg CH4 headt/yr?) Factor Value (Appendix D)
Characterization

Total enteric methane emission was estimated at 495.6 Gg for the year 2006 using enteric CH4 emission factors
(EFt) based on the SNC report. While using the Indian Subcontinent EFt factors, the estimated enteric CHgz emission
was 1230.2 Gg for the same year which is found to be much higher than that estimated with the SNC based factors.
Methane emission increased at an average annual growth rate of 1.34% from 2006 to 2012 due to the increase in
livestock population for both cases. The total enteric CH4 emission by different livestock categories is presented in
Table 3.27 and Table 3.28.

Table 3.27: Total Enteric CH4 Emissions [based on SNC- CH4 head-1 Year-1 (kg)]

2006 226.18 129.96 42.92 89.73 6.79 495.57 12389
2007 226.87 130.36 44.77 93.38 7.08 502.45 12562
2008 227.17 130.53 46.62 97.02 7.34 508.68 12717
2009 227.92 130.96 48.25 100.80 7.60 515.53 12888
2010 228.67 131.39 49.91 104.74 7.86 522.57 13064
2011 229.36 131.79 51.58 108.67 7.93 529.32 13233
2012 230.09 132.21 53.39 113.02 8.14 536.86 13421

Table 3.28: Total Enteric CH4 Emissions [based on Indian Subcontinent- CH4 head-1 Year-1 (kg)

2006 819.89 233.93 63.80 99.70 12.85 1230.17 30754
2007 822.41 234.65 66.55 103.75 13.40 1240.75 31019
2008 823.48 234.95 69.30 107.80 13.90 1249.44 31236
2009 826.22 235.73 71.72 112.01 14.39 1260.06 31502
2010 828.91 236.50 74.20 116.38 14.89 1270.87 31771
2011 831.43 237.22 76.67 120.75 15.01 1281.08 32027
2012 834.09 237.98 79.37 125.58 15.41 1292.43 32311

- Third National Communication of Bangladesh




Greenhouse Gas Inventory

3.13 Sub-sector: Methane (CH4) and Nitrous Oxide (N20) Emission
from Manure Management

3.13.1 Introduction

Manure management is a major source of methane and nitrous oxide emissions from the agriculture sector. The
main factors affecting CH; emissions are the amount of manure produced and the portion of the manure that
decomposes anaerobically. The former depends on the rate of waste production per animal and the number of
animals, while the latter on how the manure is managed. When manure is stored or treated as a liquid (e.g., in
lagoons, ponds, tanks, or pits), it decomposes anaerobically and can produce a significant quantity of CHa. The
temperature and the retention time of the storage unit greatly affect the amount of methane produced. When
manure is handled as a solid (i.e., in stacks or piles) or when it is deposited under aerobic conditions, it tends to
produce more CO; and less CHg.

Direct N4O emissions occur via combined nitrification and denitrification of nitrogen contained in the manure.
The production and emission of N,O from managed manures requires the presence of either nitrites or nitrates
in an anaerobic environment preceded by aerobic conditions necessary for the formation of these oxidized forms
of nitrogen.

In the Second National Communication (MoEF, 2012), the total methane and nitrous oxide emissions from manure
management were estimated at 251.90 Gg CH4 and 28.88 Gg N> O respectively for the year 2001. The total methane
and nitrous oxide emissions were estimated at 258.54 Gg CH4 and 33.83 Gg N,O respectively for the year 2005.
Notably, the CH4 emissions from manure management in this national communication are almost half of those
reported in the Second National Communication. The lower values are attributed to the use of different estimation
methodologies.

The total CH4 emissions from manure management for the years 2006 and 2012 were estimated and the values are
117.51 and 123.04 Gg CHy4 respectively. The total direct NO emissions from manure management are estimated
at 16.09 and 17.14 Gg N, O for the years 2006 and 2012 respectively. The total indirect N,O emissions from manure
management are estimated at 5.37and 5.79 Gg N»O for the year 2006 and 2012 respectively. The total emission
from this source was estimated at 9781 Gg CO,eq in 2006 and increased to 10409 Gg CO5eq in 2012 (Table 3.29).

Table 3.29: Total Manure CH4 and N,O Emissions by Year from Manure Management

Year CHa N0 Total
(GgCHa) (GgN:0) (Gg CO2eq)
2006 117.51 23.16 9781
2007 118.53 23.25 9782
2008 119.24 23.48 9978
2009 120.21 23.76 10085
2010 121.14 24.04 10193
2011 122.04 24.30 10293

3.13.2 Methodology

The ALU (Agriculture and Land Use) software version 5.0.1 was used for estimation of methane emission from
manure management.
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3.13.3 Direct Methane (CHj) estimation

The following equations and factors were used for estimating total CH4 emissions from manure.

CHzman = Sum(CHzman(b))
CHzman(b) = (Nt * EFt(b)) / 1000000

Where,

CHaman Total Manure CH4 Emissions (Gg CHayr?) Equation Result

CHaman(b) Manure CH4 Emissions: Basic (Gg CHayr?) Equation Result
Characterization

Nt Number Head of Livestock (head) Quantity Value (Table 3.1)
(Average Annual Population)

EFt(b) Manure CH4 Emission Factor: (kg CHa head/yr?) Factor Value (Annexure)
Basic Characterization

3.13.4 Direct Nitrous Oxide (N20) estimation

The following equations and factors were used for estimating direct nitrous oxide emissions from manure systems.
N,ODmm = Sum(N,ODmm(b))

N,ODmm(b) = Nt * Nex(b) * MS * EF3 * (44/28)

Nex(b) = Nrate * (TAM / 1000) * 365

N20Dmm Total Direct N20O Emissions from Manure System (kg N20 yr?) Equation Result

N20Dmm(b) Direct N20 from Manure System: Basic (kg N20 yr?) Equation Result
Characterization

Nt Number Head of Livestock (Average Annual (head) Quantity Value (Table 3.1)
Population)

Mms Fraction Livestock Manure in Manure System (fraction) Quantity Value (Annexure)

EF3 Direct N20 Emission Factor for Manure System (kg N20-N kg* N) Factor Value (Annexure D)

Nex(b) Annual N Excretion Rate: Basic Characterization (kg N animaltyr?) Equation Result

Nrate Daily N Excretion Rate: Basic Characterization [kg N (1000 kg Factor Value (Annexure)

animal) 1day?]

TAM Typical Animal Mass: Basic Characterization (kg animal?) Factor Value (Annexure)

3.13.5 Indirect Nitrous Oxide (N20) estimation from volatilization

The following equations and factors were used for estimating indirect nitrous oxide emissions from volatilization.
N,OGmm = Sum(N,OGmm(b))

Nvol(b) = Nt * Nex(b) * MS * FracGASM
N,OGmm(b) = Nvol(b) * EFv * (44/28)
Nex(b) = Nrate * (TAM / 1000) * 365
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N20Gmm Total Indirect N2O Emissions — Volatilization (kg N20 yr?) Equation Result
Nvol(b) N Volatilization from Manure System: (kg N yr?) Equation Result
Basic Characterization
Nt Number Head of Livestock (Average (head) Quantity Value
Annual Population) (Table 3.1)
MS Fraction Livestock Manure in Manure System (fraction) Quantity Value (Annexure D)
FracGASM Fraction of Manure N Volitization (fraction) Factor Value (Annexure D)
N20Gmm(b) Indirect N20 Emissions - Volatilization: (kg N20O yr?) Equation Result
Basic Characterization
EFv Indirect N2O Emission Factor - (kg N20-N kg* N volatilized)  Factor Value
Atmospheric N Deposition (Annexure D)
Nex(b) Annual N Excretion Rate: Basic Characterization (kg N animaltyr?) Equation Result
Nrate Daily N Excretion Rate: Basic [kg N (1000 kg animal)? Factor Value
Characterization day!] (Annexure D)
TAM Typical Animal Mass: Basic Characterization (kg animal?) Factor Value (Annexure D)

3.13.6 Indirect Nitrous Oxide (N20) estimation from leaching/runoff

The following equations and factors were used for estimating indirect nitrous oxide emissions from leaching/

runoff.

N,OLmm = Sum(N,0OLmm(b))

Nleach(b) = Nt * Nex(b) * MS * FracLEACH
N,OLmm(b) = Nleach(b) * EFIr * (44/28)
Nex(b) = Nrate * (TAM / 1000) * 365

Where,

N20OLmm Total Indirect N2O Emissions - Leaching/Runoff (kg N20 yr?) Equation Result
Nleach(b) N Leached from Manure System: Basic (kg N yr?) Equation Result
Characterization
Nt Number Head of Livestock (Average Annual Population) (head) Quantity Value (Table 3.1)
Mms Fraction Livestock Manure in Manure System (fraction) Quantity Value (Annexure D)
FracLEACH Fraction of N Lost from Manure System by Leaching/Runoff (fraction) Factor Value (0.1)
N20Lmm(b) Indirect N20 Emissions - Leaching: Basic (kg N20 yr?) Equation Result
Characterization
EFIr Indirect N2O Emission Factor - Leaching/Runoff (kg N20-N kg™ N leached)  Factor Value (0.0075)
Nex(b) Annual N Excretion Rate: Basic Characterization (kg N animal yr?) Equation Result
Nrate Daily N Excretion Rate: Basic Characterization [kg N (1000 kg animal)*day?] ~ Factor Value (Annexure)
TAM Typical Animal Mass: Basic Characterization (kg animal?) Factor Value (Annexure)
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3.13.7 Direct Methane (CH4) and Nitrous Oxide (N20) estimation

Total manure CH4 emissions was estimated at 117.51 and 123.04 Gg for the years 2006 and 2012 respectively
(Table 3.30). During this seven-year period, the total emissions gradually increased at an average annual growth
rate of 0.77%. Emissions increased steadily with the increase in the population of different livestock categories.
Similarly, N>O emissions were estimated at 16.09 and 17.14 Gg for the years 2006 and 2012 respectively (Table
3.31). During this period, the total N;O emission of the livestock subsector gradually increased at an average
annual growth rate of 1.06%.

Table 3.30: Total Manure CH4 Emissions by Year by Different Livestock Categories

2006 84.82 17.33 5.80 4.39 0.51 4.66 117.51 2938
2007 85.08 17.38 6.05 4.57 0.54 4.92 118.53 2963
2008 85.19 17.40 6.30 4.74 0.56 5.05 119.24 2981
2009 85.47 17.46 6.52 4.93 0.58 5.25 120.21 3005
2010 85.75 17.52 6.75 5.12 0.60 5.41 121.14 3029
2011 86.01 17.57 6.97 531 0.60 5.58 122.04 3051
2012 86.29 17.63 7.22 5.53 0.62 5.77 123.04 3076

Table 3.31: Total Direct N;O Emissions from Manure System by Year by Different Livestock Categories

2006 10.85 1.93 0.72 2.35 0.24 0.00 16.09 4794
2007 10.89 1.93 0.75 2.45 0.25 0.00 16.26 4847
2008 10.90 1.93 0.78 2.54 0.26 0.00 16.42 4892
2009 10.94 1.94 0.81 2.64 0.27 0.00 16.59 4945
2010 10.97 1.95 0.84 2.74 0.28 0.00 16.78 5000
2011 11.00 1.95 0.86 2.85 0.28 0.00 16.95 5050
2012 11.04 1.96 0.90 2.96 0.29 0.00 17.14 5109

3.13.8 Indirect Nitrous Oxide (N20) estimation

It is observed from Table 3.32 that emissions through volatilization from livestock subsector were estimated at
5.37 and 5.79 Gg for the years 2006 and 2012 respectively. For the same period, the contributions to the total
indirect N>O emission from leaching or runoff was estimated at 1.70 and 1.67 Gg respectively (Table 3.33).

Table 3.32: Total Indirect N»,O Emissions - Volatilization

2006 3.19 0.72 0.24 0.56 0.06 0.59 5.37 1599
2007 3.20 0.72 0.25 0.59 0.06 0.63 5.45 1623
2008 3.20 0.73 0.26 0.61 0.06 0.64 5.50 1640
2009 3.21 0.73 0.27 0.63 0.07 0.67 5.58 1662
2010 3.22 0.73 0.28 0.66 0.07 0.69 5.65 1683
2011 3.23 0.73 0.29 0.68 0.07 0.71 5.71 1703
2012 3.24 0.73 0.30 0.71 0.07 0.73 5.79 1726
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Table 3.33: Total Indirect N,O Emissions - Leaching/Runoff

Gg N20 (Gg COzeq)
vear Dairy Cows | Non Dairy Cows | Buffalo Goat Sheep | Poultry Total Total
2006 0.79 0.14 0.24 0.35 0.04 0.15 1.70 450
2007 0.79 0.14 0.05 0.37 0.04 0.16 1.54 349
2008 0.79 0.14 0.05 0.38 0.04 0.16 1.56 465
2009 0.79 0.14 0.05 0.40 0.04 0.17 1.59 473
2010 0.80 0.14 0.06 0.41 0.04 0.17 1.62 481
2011 0.80 0.14 0.06 0.43 0.04 0.18 1.64 489
2012 0.80 0.14 0.06 0.44 0.04 0.18 1.67 498

3.14 Uncertainties

Although the Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
(IPCC, 2000) recognizes that the uncertainty of estimates cannot be totally removed, and that the main objective
should be to produce accurate estimates, i.e., estimates that are neither underestimated nor overestimated, while
at the same time, whenever possible to look for ways to improve the precision of estimates, the estimates of
emissions of greenhouse gases from agriculture sources presented in this inventory are subject to uncertainty due
to several reasons. The key uncertainties in these estimates arise from the emission factors and the activity data
or lack of precision of basic data, and lack of comprehensive knowledge of the processes that cause emissions of
greenhouse gases. In addition, due to the absence of country-specific emission factors for different sources, the
emission is either underestimated or overestimated. Lack of continuous or regular monitoring of all agricultural
sources of GHG emissions is not being carried out in the country. Therefore, due to a lack of adequate data, the
uncertainty in emissions quantities could not be statistically analysed. However, based on expert judgment and
data quality, an effort was made at least to present qualitative estimates of uncertainty for CH4 and N,O emissions
from different agricultural sources and these are presented in Table 3.34.

Specifically, the following sources of uncertainty may be highlighted:

As per requirement of the software used (ALU ver 5.0.1) data was not readily available. The land use data is not
available by ecological and climatic zones. In this regard, percentage data has been used for preparing land use
data by ecological and climatic zones.

Methane emission from rice cultivation depends largely on how long the fields are kept under inundated conditions.
Methane emission factors are the largest source of uncertainty in estimates for rice cultivation. Since rice is grown
both under irrigated and rain-fed conditions and also in three different seasons, seasonal emissions may vary
considerably.

Data for the area or percentage of water regime before/during cultivation is not readily available. Therefore, expert
judgment was used for preparing the data considering crops and land types.

The data on imports and domestic production of N-based fertilizers (Urea and DAP) was used for estimating nitrous
oxide emissions. In some cases, the actual yearly consumption amount may not correspond to the total imports
and domestic production, as urea is also used for non-agricultural purposes.

Emissions of nitrous oxide through other agricultural soil management practices, such as irrigation, tillage practices,
or the fallowing of land, can also be affected as these activities can affect the nitrous oxide fluxes to and from the
soil. There is much uncertainty about the direction and magnitude of the effects of these other practices.

The biggest uncertainty in estimates of methane emission from livestock digestion results from the large diversity
of animal management/feeding practices found in the country, none of which can be precisely characterized
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and evaluated. The livestock population and production statistics by types have temporal variations. The data on
average body weight of different livestock populations is not available. All these factors make emissions estimates
uncertain. In estimating emissions from the livestock sector, IPCC default factors were used.

Table 3.34: The qualitative estimates of uncertainty for CHz and N,O emission

Source of Emission Uncertainty
CHaz emission from rice field Low
Direct Nitrous Oxide (N20) from Fertilizer application High
Indirect Nitrous Oxide (N20) emissions from N based fertilizer High
Total Enteric CHs4 Emissions Moderate
Total Manure CH4 Emissions Moderate
Total Direct N20O Emissions from Manure Systems High
Total Indirect N20 Emissions — Volatilization High
Total Indirect N2O Emissions - Leaching/Runoff High

3.15 Conclusion

The availability and quality of emission-related data and country-specific coefficients for the calculation of emissions
from different components of agriculture is always a limitation in a country like Bangladesh. Despite efforts to
gather quality data and information, the data sets used for the analysis may suffer from various limitations. Lack of
metadata makes it difficult to use and it is in some cases unreliable.

Moving forward, a more systematic effort should be made in collecting activity data from various agricultural
sources on emissions and factors, either on a national or on a regional basis and involving respective departments
of the government and responsible organizations. Data should be collected in such a way that it matches with the
reporting as well as with any specific software requirements used in the estimation of emissions. For example,
if ALU is used in future for emission estimation, then the following data/factors should either be collected or
generated in the specified format:

The values for different factors (CH4 Emission Factor for rice cultivation and livestock enteric fermentation and
manure management, N,O emission factor for fertilizer and livestock manure management etc.) should be
developed for Bangladesh;

Data on organic amendments for crop cultivation;

Data on livestock population by age and body weight, manure management system by livestock categories etc.;
As the availability of good quality data is a prerequisite for producing a better report, for future communications,
concerted efforts need to be strengthened in order to have an extensive dataset with increased spatial and
temporal coverage. Once such a data collection system is developed, even Tier Il GHG inventory reporting would
be possible for the country.

3.16 Land Use, Land Use Change and Forestry (LULUCF) Sector

3.16.1 Emission from Changes in Land Use and Forest

3.16.1.1 Overview of Bangladesh Forests

Bangladesh covers an area of 1,47,570 sq. km and shares a border with India to the west. Myanmar and India to
the east and the Bay of Bengal to the south. As per the decision of the International Arbitral Tribunal (2012-2014),
Bangladesh currently has 118,813 sq km of marine area (DoE 2015). About 80% of total land surface of Bangladesh
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is considered as floodplain (BBS 2011). Hilly terrain covers only some 12% of total land area in the north-east and
south-east, with average elevations of 244m and 610m, respectively (UN-REDD 2012). Overall, 17.49% of total land
surface area of Bangladesh is now considered as state owned land to support tree cover. However, the Perspective
Plan of Bangladesh (2010-2021) entitled ‘Making Vision 2021 a Reality’ (GED 2012a), reported that the recorded
state-owned forest land (not necessarily supporting tree cover), and potential forest/tree growing areas, has been
identified as 7 million acres (2.82 mha), which is 20% of the land area.

Category of Forest Land

The forest land of Bangladesh is broadly categorized as state forest land (2.26 million hectares) and private forest
land (0.27 million hectares). Of the state forest land, 1.53 million hectares (Table 3.35) are under the jurisdiction
of the Forest Department (FD) within the Ministry of Environment and Forests (MoEF). It includes reserved,
protected, acquired and mangrove forest lands and newly accreted char lands in the estuaries of major rivers. The
remaining 0.73 million hectares of land designated as Unclassed State Forest (USF) are under the control of the
Ministry of Land. Village forests (homestead land) form the most productive tree resource base in the country and
account for 0.27 million hectares.

Table 3.35: Category of Forest Land

Category of forest land Area (million ha) % of total land
Forest land managed by Forest Department 1.53 10.54
Unclassed state forest 0.73 5.07
Village forest 0.27 1.88
Total 2.53 17.49

Classification of Forest
Based on the classification of forest types of the Indo-Pakistan Sub-continent, ecologically speaking there are four
types of forests in Bangladesh (Table 3.36).

Type 1. Hill Forests

The hill forests are mainly situated in the district of Chittagong, Cox’s Bazar, Rangamati, Khagrachari, Bandarban
and Sylhet. The total area of the hill forests is 670,000 hectares which accounts for 44% of the total area managed
by the Forest Department and 4.65% of the total land surface area of Bangladesh. Both tropical wet evergreen and
semi-evergreen forests are present in the form of hilly forests in Bangladesh. The difference between evergreen
and semi-evergreen forests are minor and primarily distinguishable by the presence of some deciduous species in
the top canopy layer. The National Forest Resources Assessment 2005-2007 reported that the hill forests areas of
Bangladesh is now 551,000 hectares (Altrell et al. 2007).

Table 3.36: Different types of Forest managed by Forest Department

Sl. no Forest Type Area (million ha) % of total land
1 Hill Forests 0.67 4.65
2 Natural Mangrove Forests 0.60 4.07
3 Mangrove Plantation Forests 0.14 0.97
4 Plain Land Sal Forest 0.12 0.83
Total 1.53 10.54

Type 2. Natural Mangrove Forests

The Sundarbans, the world’s largest continuous natural mangrove forest in Bangladesh, covers an area of 6,01,700
hectares which accounts for 4.07% of the total area of Bangladesh and 40% of the total area managed by the
Forest Department. Of the total area, approximately 70% is land, 30% is water, 62% falls within the territory of
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Bangladesh and the remaining area belongs to India. Based on the level of salinity, Sundarbans has been divided
into three ecological zones, namely least, moderate and strongly saline zones, and the degree of salinity greatly
influences the floristic composition, growth and distribution of species.

The Sundarbans was recognized as wetlands of international importance (Ramsar Site) under the Ramsar
Convention in 1992. About 1,400 square kilometers of the forest was declared a World Heritage Site by UNESCO in
1997, and of this, 490 square kilometers is water.

Type 3. Mangrove Plantation Forests

The coastal areas of Bangladesh are broadly divided into three distinct regions: the eastern, central and western
regions. The ecology of coastal land and water provides opportunities for man-made mangrove plantations in the
newly accreted char land. The Bangladesh Forest Department has been actively engaged in establishing mangrove
plantation along 710 km of exposed coast line facing the Bay of Bengal since 1960 and the most noteworthy
achievement of the Forest Department is that it has created a vegetative belt in more than 150,000 hectares
with mangrove plantation, fulfilling the primary objective of saving lives and properties of coastal and sea
dwellers. Another creditable achievement is associated with the stabilization of the newly accreted lands and the
enhancement process of accretions (Islam and Nandy 2001).

Type 4. Plain Land Sal Forests

The plain land ‘Sal’ forest is situated mainly in the districst of Gazipur, Tangail, Mymensingh, Sherpur, Jamalpur,
Netrokona, Naoga, Rangpur, Dinajpur and Panchagar. The Sal forests originally comprise an area of 120,255
hectares of notified forests under the control of the Bangladesh Forest Department, of which 104,616 hectares
(87%) are located in the central region and 15,639 hectares (13%) in the northern region (DoE 2015). Most of the
Sal forests are now severely degraded and poorly stocked. The National Forest Resources Assessment 2005-2007
reported that the Sal forests areas of Bangladesh is now only 34,000 hectares (Altrell, et al. 2007).

3.16.2 Land Use Change

There has been much debate concerning land use change, particularly the change with forest cover in Bangladesh.
Apart from the Forest Department, the Soil Resource Development Institute (SRDI) and Bangladesh Bureau of
Statistics (BBS) serve as the main providers of national data. Data on changes in forest cover are also available from
the Global Forest Resource Assessment (GFRA) as well as from other international websites. Recent data on forest
cover in Bangladesh collected from all these sources partially or significantly differs from each other. For example,
the extent of forest area reported by SRDI 2013 is 1909330 ha or 12.94%; by BBS 2012, 2328650 ha or 15.78%;
and by GFRA 2015, 1440,000 ha or 9.76% (Fig. 3.14). The main reason for the discrepancies is associated with the
different types of visual interpretation of land satellite images as well as the varying use of landscape indicators.
One report may include all types of forest area including nurseries, gardens, etc. while another includes or excludes
rivers, lakes, ponds, etc. It is therefore, logical that there should be ground level inventory and assessment of forest
resources which will serve as the foundation of annual and long-term monitoring of natural resources.
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Figure 3.14 Area under Forest Cover (in 000 ha) in Bangladesh

A National Forest Resources Assessment (NFA) was conducted with the technical assistance of FAO and in
association with the Forest Department in the period 2005-2006, the first exercise of its kind in Bangladesh (Altrell
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et al. 2007). NFA is an ongoing process and annual monitoring, re-measurement and re-assessment were supposed
to add to the value of the initial assessment, but the work remained uncompleted. Accordingly, it was decided to
use the NFA 2005-2006 data as baseline information to conduct the analysis on land use changes and establish the
changes in forest cover for the period 2006-2012.

3.16.2.1 Land Use Change through Afforestation

NFA 2005-2006 divided the total area of Bangladesh into five major land use classes (LUC); 56% of the area was
classified as cultivated land, 20% as villages, 14% as inland water, 10% as forest and less than 1% as built-up areas.
Of the total forest area, 84% or 1204,000 hectares were classified as natural forest and 16% or 238,000 hectares
as plantation forest. The assessment reported that both natural hill forests and mangrove forests (551,000 ha
and 436,000 ha respectively) cover more than two-thirds of the total forest area of the country. Of this area, only
45,000 ha has been recorded as mangrove plantation forest throughout Bangladesh.

The Forest Department has established 148,025 ha of mangrove plantation forest since 1969 (Ryan 2001, Nandy
et al. 2001). It has been proven that mangrove plantations are vulnerable to a variety of anthropogenic threats
from livestock, mainly buffalo, grazing, extraction of timber and outright conversion of plantations to other land
uses such as agriculture, aquaculture and salt production (UNDP-Bangladesh 2015) and more than 33% of these
plantations have been eroded and encroached upon (Ahmad 2012). Some 600 ha of plantation have been lost due
to encroachment in the Noakhali Coastal Afforestation Division in recent years. Locally, powerful elites often play
a great role in the appropriation of newly accreted lands and degradation and loss of plantation (Ahmad 2011).
These are the main reasons why the NFA 2005-2006 findings on the area covered by mangrove plantation forests
(45,000 ha — as recorded in the inventory report) do not correspond to the local institution’s expectations.

From 2006 to 2012, the Bangladesh Forest Department was engagedinland use change (LUC) with the establishment
of 88,336.4 ha afforestation and by 2012, it had enhanced the forest cover up to 992,336.4 ha. In this regard, the
FD established 35,758.0 ha of mangrove plantations and 52,578.4 ha of non-mangrove plantations including strip
plantations throughout Bangladesh (Table 3.37).

Table 3.37 Land Use Change (LUC) through Afforestation

SI. No Year of Plantation Total Plantation, ha Mas;lrgirpt;\ﬁ-al:l:t):ﬁiggu:aing Plantation Mangrove, ha
1 2007 -2006 10956.0 7029.0 3927.0
2 2008-2007 13231.2 9677.2 3554.0
3 2009-2008 11484.0 4449.0 7035.0
4 2010-2009 11992.6 7213.6 4779.0
5 2011-2010 18750.6 13261.6 5489.0
6 2012-2011 21922.0 10948.0 10974.0

Annual land use changes and changes by different types of afforestation are shown in Figures 3.15 and 3.16
respectively.
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Figure 3.15: Annual Land Use Change (in ha) 2006 — 2012
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Figure 3.16 Types of Afforestation 2006 -2012 and Total Land Use Changes (in ha)

The National Forest Resources Assessment (NFA 2005-2006) divided the total territory of Bangladesh into five
national land use classes (NLUC) as follows: Forest NLUC, Cultivated NLUC, Village NLUC, Built-up (Urban) Area
NLUC and Inland Water NLUC (Table 3.38). Based on the ground level inventory, NFA 2005-2006 also sub-divided
each NLUC into six groups as follows: no tree cover (Group-1), less than 5% tree cover (Group 2), 5 to 10% tree
cover (Group-3), 10 to 30% tree cover (Group 4), 30 to 70% tree cover (Group-5) and more than 70% tree cover
(Group 6).

Table 3.38: Tree Cover Area in all National Land Use Classes

Area under Tree Cover, 000ha
. Gr.1 Gr.2 Gr.3 Gr.4 Gr.5 Gr.6
SI No National LUC

No Tree TC TC TC TC TC Total

Cover (TC) <5% 5-10% 10-30% 30-70% 70%
1 Forest - 68 30 440 574 330 1442
2 Cultivated Land 5553 1866 460 197 227 25 8328
3 Village 40 752 873 675 491 31 2862

4 Built-up Area 12 72 19 - - - 103

5 Inland Water 1910 100 12 - - - 2022
Total 7515 2858 1394 1312 1292 386 14757

Source: NFA 2005-2006

Of a total land area of 14.76 m ha, almost 7.52 m ha has no tree cover. This means that almost 50% of the total area
of Bangladesh has some kind of tree cover (Altrell, et al. 2007). Of this area, 29.3% has low tree cover (Gr.2,3). NFA
2005-2006 defined forest as land spanning more than 0.5 ha with trees reaching more than 5m in height covering
more than 10% of the land. Hence, Groups 4, 5 and 6 of Forest NLUC correspond to area under forest cover. Trees
on crop land and those growing in agricultural production systems of Cultivated NLUC and not covering over 0.5
ha are not considered forest cover due to the temporary nature of isolated plantation. Village NLUC in Bangladesh
serves as the major source and supply of forest production. While most of the homesteads are small, varying
in size from 0.002 to 0.435 ha, and do not meet the criteria of forest covered area i.e more than 0.5 ha, larger
homesteads with more than 30% tree cover do. Accordingly, groups 5 and 6 of Village NLUC have been considered
as forest cover. Both Built-up Area (Urban) NLUC and Inland Water NLUC, with less than 10% tree cover, are not
considered forest cover. A ground level inventory on forest area under tree cover, conducted by NFA 2005-2006,
established that the total forest area under tree cover in Bangladesh was 1866,000 ha and of this, more than 10%
tree cover was recorded in National Forest LUCs and more than 30% in Village NLUCs (Table 3.39).
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Land Use Classes and Area as per NFA Area under Forest | Land Use Changes | Total Area under | Forest Cover
2005-2006 (in 000 ha) Cover as per NFA | during 2006-2012, | Forest Cover, ha | per NLUC, %
International LUC National LUC 2005-2006, ha ha
Forest 1442 Forest 1442 1344,000 88336.4 1432,336.4 99.33
Other Wooded Land Cultivated Land - - - -
289 8327
Village Land 2862 522,000 - 522,000 18.24
Other Land 11004
Built Up Areas 104 - - - -
Inland Water 2022 Inland Water 2022 - - - -
Total 14757 1866,000 88336.4 1954,336.4 13.24
*Forest cover with trees attaining over 10% in Forest NLUC and over 30% in Village NLUC
Table 3.40 Loss and Gain Forest Cover
Year Forest Cover Loss, ha Forest Cover (FC) Status in 2012, ha
Total Annual Total FC FC loss Existing FC
2005-2010 3400 680 47663.8 2720 44943.8
2010-2012 1320 660 40672.6 1320 39352.6
Total Loss and Gain, in ha 88336.4 4040 84296.4*

* Remaining Total Forest Cover: 1866000+84296.4= 1950,296.4 ha or 13.22%

Based on annual forest cover (FC) loss in Bangladesh, as established by FAO (680 ha/yr 2005-2010 and 660 ha/yr
2010-2012), it was found that a total of 4040 ha of forest cover was lost in the period 2006 to 2012 (Table 3.40).
As a result, the remaining total forest cover in Bangladesh in 2012 was 1950,296.4 ha or 13.22% of the total area
of Bangladesh (Fig.3.17).
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Figure 3.17 : Total Area under Forest Cover (in 000 ha) identified by NFA 2005 and TNC for 2012

3.16.2.2 Total Tree Volume of Total Forest Cover in Bangladesh

As per NFA 2005-2006, the average gross volume of total forest cover in Bangladesh is 14 m3/ ha and the average
commercial volume is 10 m3/ha (Altrell, et al. 2007). These figures were used as a basis for the identification of
total gross and commercial volume and documented in this report. In this regard, all areas under tree cover from
groups 2 -7, as shown in Table 3.38 were incorporated except the areas with no tree cover (Table 3.41 and 3.42).
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Table 3.41: Total Tree Volume in Major NLUC

Forest Land 1526,296.4 48.3 73.72 Other areas having
tree cover have
Cultivated Land 2775,000 4.3 11.93 been included

Village Land, 2822,000 ha 36.1 101.87 (excluding areas
with no tree cover)

Built-up Area, 91,000 23.3 2.12

Inland Water, 112,000 0.5 0.06

- 189.7

Table 3.42: Total Commercial Tree Volume in Major NLUC

Forest Land 1526,296.4 29.7 45.33 Other areas having
tree cover have
Cultivated Land 2775,000 2.9 8.05 Deenincliaed
Village Land, 2822,000 ha 28.2 79.58 (excluding area

with no tree cover)
Built-up Area, 91,000 17.2 1.57

Inland Water, 112,000 0.3 0.03

- 134.6

Thus, the total gross tree volume is 189.7 million m3 and the total commercial tree volume is 134.6 million m3in 2012.

3.16.2.3 Total Aboveground and Underground Biomass of Total Forest Cover in Bangladesh

The average aboveground biomass density per ha, established by NFA 2005-2006 for major LUC and the total
above ground biomass are shown in Table 3.43.

Table 3.43: Aboveground Biomass Density in Major LUC

Forest Land 1526,296.4 193 294.58 Other areas having
tree cover have
Cultivated Land 2775,000 17 47.18 been included
Village Land, 2822,000 ha 144 406.37 (excluding area

with no tree cover)

Built-up Area, 91,000 93 8.46

Inland Water, 112,000 2 0.22

- 756.81

Thus, the total aboveground biomass was 756.81 million tons in Bangladesh in 2012.

Itis globally recognized that the aboveground biomass is five to six times heavier than the underground biomass. For
most of the plants growing under normal conditions, the ratio is 1:5 to 1:6 (Harris 1992, Perry 1982). Any increase
in ratio indicates that the plants are growing in stressed or unfavourable conditions. Considering the favourable
growing conditions for all plants in Bangladesh, a ratio of 1:5 was used in calculating the total underground biomass
which appears as (756.81/5) or 151.36 million tons.
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Thus, the total underground biomass was151.36 million tons and corresponding underground carbon is 75.80
million tons in Bangladesh in 2012.

3.16.2.4 Total Aboveground Carbon Stocks in Bangladesh
The average aboveground carbon per ha, established by NFA 2005-2006 for major LUC and the total aboveground

carbon stock are shown in Table 3.44.

Table 3.44: Total Aboveground Biomass Carbon Stock in Major NLUC

Sl National Land Use Type with Av. Carbon Stock as per Total Aboveground Carbon Remarks
No. area under tree cover, ha NFA 2005-2006, (ton/ha) Stock by 2012 (million tons)
1 Forest Land 1526,296.4 96 146.52 Other areas
2 Cultivated Land 2775,000 9 24.98 having tree
cover have
3 Village Land, 2822,000 ha 72 203.18 been included
a4 ilt-up Area, 91,000 46 4.19 (excluding area
LU R R : with no tree
5 Inland Water, 112,000 1 0.11 cover)
Total - 378.98

Thus, the total aboveground biomass carbon stock was 378.98 million tons in Bangladesh in 2012 and total
underground biomass carbon stock in major NLUC was (378.98/5) or 75.80 million tons in 2012.

3.17 Total Underground Carbon Stocks in Bangladesh

For the first time, inventory on underground carbon (C) stocks in soils of Bangladesh was initiated and coordinated
by the Bangladesh Agricultural Research Council (BARC) in April 2010. Sub-Projects on Carbon Sequestration in
Soils of Bangladesh (CSSB) were conducted by the Soil Science Divisions of Bangladesh Rice Research Institute
(BRRI), the Bangladesh Institute of Nuclear Agriculture (BINA) and the Bangabandhu Sheikh Mujibur Rahman
Agricultural University (BSMRAU) between 2010 and 2013. To obtain up to date information on the dynamics of
underground carbon stock, assessment was made in all Agro Ecological Zones (AEZ) of Bangladesh (Hossain, et al.
2014). In order to accelerate the assessment process, all 30 AEZs were proportionately distributed to these three
institutions namely BRRI (AEZ nos. 1 to 10), BINA (AEZ nos. 11 to 20) and BSMRAU (AEZ nos. 21 to 30). Soil samples
were collected from all 30 AEZs to quantify existing carbon stock in soils for which GPS readings were taken in
each and every location of sample collection. Two upazilas from each AEZ, three mouzas from each upatzila, ten
sampling spots from each mouza and four samples from each spot considering four soil depths (viz. 0-5, 5-10,
10-15, 20 cm) were used for sample collection. The C stock in soils was calculated by using the following equation
(Komatsuzaki and Syuaib, 2009):

C stock (t/ha) = C concentration (%) x bulk density (g /cm3) x soil depth (cm).

3.17.1 Underground Carbon Stock in different Types of Land

Assessment of soil carbon stock was made in all 30 AEZs, each of which comprises four to five types of land viz.
High Land (HL), Medium High Land (MHL), Medium Low Land (MLL), Low Land (LL), and Very Low Land (VLL).
Distribution of Soil Classes and Land Types is shown in Table 52 (Reza et al. 1992). The Agro Ecological Zones
are AEZ 1: Old Himalayan Piedmont Plain; AEZ 2: Active Tista Floodplain; AEZ 3: Tista Meander Floodplain; AEZ
4: Karatoya Bengali Floodplain; AEZ 5: Lower Atrai Basin; AEZ 6: Lower Purnabhaba Floodplain; AEZ 7: Active
Brammaputra & Jamuna Floodplain; AEZ 8: Young Brammaputra & Jamuna Floodplain; AEZ 9: Old Brammaputra
Floodplain; AEZ 10: Active Ganges Floodplain; AEZ 11: High Ganges River Floodplain; AEZ 12: Low Ganges River
Floodplain; AEZ 13: Ganges Tidal Floodplain; AEZ 14: Gopalganj-Khulna Bils; AEZ 15: Arial Bil; AEZ 16: middle
Meghna River Floodplain; AEZ 17: Lower Meghna River Floodplain; AEZ 18: Young Meghna Estuarine Floodplain;
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AEZ 19: Old Meghna Estuarine Floodplain; AEZ 20: Eastern Surma-Kusiyara Floodplain; AEZ 21: Sylhet basin; AEZ
22: Northern Eastern Piedmond Plains; AEZ 23: Chittagong Coastal Plains; AEZ 24: Saint Martin’s Coral Island; AEZ
25: Level Barind Tract; AEZ 26: High Barind Tract; AEZ 27: North-Eastern Barind Tract; AEZ 28: Madhupur Tract; AEZ
29: Northern and Eastern Hills and AEZ 30: Akhaura Terrace.

Table 3.45: Area of Bangladesh Soil Classes and Land Types under 30 AEZs

Sl. no Soil Class Area under Land Type (00,ha) Total Area (00,ha)

HL* MHL MLL LL VLL H+W ha %
1 Loamy Sandy 2261 3164 918 255 - 1463 8061 5.56
2 Loamy Clayey 14472 31575 10233 4459 628 9475 70842 48.89
3 Clayey 5785 4582 1717 2802 1052 1731 17669 12.19
4 Loamy 1594 8014 2657 666 - 6505 19436 13.41
5 Sandy 2.6 5.0 0.2 - - 0.2 8 0.01
6 Clayey Loamy Organic 68 292 921 629 247 90 2247 1.55
7 Clayey Loamy 293 1168 935.5 1681 3.6 653 4735 3.27
8 Loamy Clayey Sandy 632 1600 484 = = 1004 3720 2.57
9 Loamy, Loamy 16899 363 - - - 909 18171 12.54

Skeletal-Sandy
Total (ha) 42007 50763 17866 10492 1931 21830 | 144,889 -
Total (%) 28.99 35.04 12.33 7.25 1.33 15.07 - -

High Land (HL), Medium High Land (MHL), Medium Low Land (MLL), Low Land (LL), Very Low Land (VLL), Homestead
and Water (H+W). Source: BFRI 1992

The Soil Science Division of BRRI, after a thorough assessment in AEZ numbers 1 to 10, concluded that the highest
carbon stock was recorded in AEZ 1 irrespective of land types and it was higher in LL than in other types of land.
The Soil Science Division of BINA recorded maximum carbon stock in AEZ 14 after analyzing AEZ nos. 11 to 20 and
also found that LL & VLL contained a higher amount of organic carbon than other types of land (Hossain et al.
2014). The Soil Science Division of BSMRAU concluded that the overall carbon stock is low in AEZ nos. 21 to 30 and
the underground carbon stock was found to be higher in LL and MLL (Rahman et al. 2014). It was established for
all types of land that the underground carbon stock decreases with the increase of soil depth irrespective of soil
types. Analysis on underground carbon stock in different types of land after compilation of all data generated by
BRRI, BINA & BSMRAU showed maximum carbon stock with an average capacity of 29.7 t/ha in VLL followed by
LL and MLL (Table 3.46). The corresponding AEZs are Gopalganj-Khulna Bils (AEZ no. 14) followed by Low Ganges
River Floodplain (AEZ no. 12), Arial Bill (AEZ no. 15) and Old Meghna Estuarine Floodplain (AEZ no. 19).

Table 3.46: Average Underground Carbon Stock in different Types of Land

AEZ No Soil carbon stock (t/ha) C stock per AEZ
HL MHL MLL m vLL (ton/ha)
AEZ 1 6.46 8.25 14.19 = = 28.90
AEZ 2 5.51 3.98 = = = 9.49
AEZ 3 3.39 6.09 - 6.45 - 15.93
AEZ 4 4.58 4.58 = 4.67 = 13.83
AEZ 5 2.64 3.55 3.60 5.22 = 15.01
AEZ 6 - - 5.39 531 - 10.70
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5.32 5.70 = 7.36 = 18.38
4.43 5.77 = 8.11 = 18.31
5.65 6.81 = 11.71 = 24.17
= 5.03 = 6.41 = 11.44
6.57 8.59 9.15 11.06 = 35.37
9.31 12.86 19.66 18.01 33.49 93.33
8.29 8.76 9.37 = = 26.42
17.68 36.26 48.34 64.29 69.61 236.18
= = 22.23 34.87 = 57.10
= 3.55 1.60 5.03 8.30 18.48
3.93 4.67 5.23 = = 13.83
= 5.10 6.63 = = 11.73
9.23 11.84 9.28 10.14 7.39 47.88
5.08 5.22 6.87 8.52 = 25.69
= 5.80 5.53 5.71 = 17.04
= 5.79 4.96 7.12 = 17.87
1.74 2.65 = = = 4.39
2.41 = = = = 241
4.23 4.37 = = = 8.60
2.81 3.14 = = = 5.95
4.13 4.22 5.39 = = 13.74
4.11 4.85 6.61 6.56 = 22.13
4.52 5.61 = = = 10.13
4.11 4.83 - - - 8.94
126.13 187.87 184.03 226.55 118.79 843.37
5.48 6.96 10.83 12.59 29.70 28.11

Source: Hussain, et al. BARC 2014

It is also apparent from the analysis that almost 50% of the country is dominated by the Loamy and Clayey Class
among all nine soil classes available in Bangladesh. On the other hand, HL and MHL are the most dominating land
types in Bangladesh (Table 3.45).

Carbon stock per unit area ranges from 5.48 to 6.96% in these dominating land types while it is five times higher
in VLL (29.7 t/ha) and more than double in LL and MLL than that of HL and MHL (Table 3.46).

3.17.2 Underground Carbon Stock in all AEZs

Underground soil carbon is the major determinant for increasing aboveground biomass productivity and a
sequester of an enormous amount of atmospheric carbon. It is globally recognized that soils contain three times
the amount of carbon that is stored in aboveground vegetation and twice the amount stored in the atmosphere
(Batjes 1996). Globally, underground soil organic carbons are estimated to be around 1500 giga tons in one-metre
depth (Smith 2007, Ronnie 2016). In spite of the fact that much research has been carried out on the ability of
soil to sequester carbon which serves as a powerful driver in reversing climate change, Bangladesh has only just
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initiated its field level activities. In 2010, BRRI, BINA and BSMRAU initiated comprehensive grassroot level carbon
inventory in AEZ 1-10, AEZ 11-20 and AEZ 21-30 respectively and submitted project completion reports to the
PMU of BARC. These reports were compiled in a specific format and did not provide a summary of all data from all
groups in estimating underground carbon reserves of all ecological zones.

Table 3.47: Total Underground Carbon Stock in all AEZs

AEZ No Total Area per AEZ (ha) Av. C Stock per AEZ (ton/ha) Total C Stock per AEZ (million ton)
AEZ 1 400800 28.90 11.58
AEZ 2 86300 9.49 0.82
AEZ 3 946800 15.93 15.08
AEZ 4 257200 13.83 3.56
AEZ S5 85100 15.01 1.28
AEZ 6 12900 10.70 0.14
AEZ 7 319000 18.38 5.86
AEZ 8 592400 18.31 10.85
AEZ 9 723000 24.17 17.47
AEZ 10 333400 11.44 3.81
AEZ 11 1320500 35.37 46.71
AEZ 12 796800 93.33 74.37
AEZ 13 1706600 26.42 45.09
AEZ 14 224700 236.18 53.07
AEZ 15 14400 57.10 0.82
AEZ 16 155500 18.48 2.87
AEZ 17 90900 13.83 1.26
AEZ 18 926900 11.73 10.87
AEZ 19 774000 47.88 37.06
AEZ 20 462200 25.69 11.87
AEZ 21 457300 17.04 7.79
AEZ 22 403800 17.87 7.22
AEZ 23 372000 4.39 1.63
AEZ 24 800 241 0.002
AEZ 25 504900 8.60 4.34
AEZ 26 160000 5.95 0.95
AEZ 27 107900 13.74 1.48
AEZ 28 424400 22.13 9.39
AEZ 29 1817100 10.13 18.41
AEZ 30 11300 8.94 0.10
Total 144,88,900 - 407.28

As has been discussed, the capacity of underground carbon storage differs from one type of land to other. In
analysing total underground carbon stock, 30 AEZs were divided into four groups depending on their carbon
storage capacity per unit area. AEZs containing > 20 t/ha belong to Group 1, those containing 15 to 20 belong to
Group 2, 10 to 15 to Group 3 and less than 10 t/ha to Group 4 (Table 3.48).
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Table 3.48: Underground Soil Carbon Stock in all AEZs by group

Group No. (Carbon Area under AEZ Group Underground Carbon %
Storage Capacity, t/ha) Total Area, ha % Stock per Group, sziEle
million ton
Gr. 1 (>20) 6847,400 46.26 192.48 Total Area (144,88,900)
Gr.2 (15-20) 2959,900 20.43 83.20 is equivalent to 98.18%
of total territory of
Gr.3 (10-15) 3546,300 24.48 99.69 Bangladesh
Gr. 4 (<10) 1135,300 7.83 31.91
Total 144,88,900 100.00 407.28

It is apparent from table 3.47 and 3.48 that Group 1 comprises 10 AEZs (AEZ nos. 1,9,11,12, 13,14,15,19,20,28)
which cover 6847,400 ha or 46.26% of the total area of all AEZs that contribute to the reserve of 192.48 million
ton of underground carbon. Similarly, Group 2 comprises 7 AEZs (AEZ nos. 3,5,7,8,16, 21,22) which cover 2959,900
ha or 20.43% of the total area that contribute to the reserve of 83.20 million ton of underground carbon. In Group
3, there are also 7 AEZs (AEZ nos. 4,6,10,17,18,27,29) covering 3546,300 ha or 24.48% of the area contributing
to the reserve of 99.69 million ton of underground carbon. The remaining 6 AEZs of Group 4 cover 1135,300 ha
or 7.83% of the total area and contribute to the reserve of 31.91million ton of underground carbon. The overall
underground carbon stock in soil is 407.28 million tons from 144,88,900 ha of AEZ areas (Table 3.48) which is
98.18% of the total area of Bangladesh.

Thus, the total carbon stock in underground soil and in underground biomass was (407.28+75.80) or 483.08 million
tonsin 2012.

3.18 Land use Change through Other Programmes

Itis also necessary to examine forest cover under other categories of land - Village Forest Land or Homestead Land,
Reserved Forest Land, Unclassed State Forest Land, Tea Garden Land.

Homestead or Village Forest Land

There are about 15.4 million homesteads extending over an area of 0.27 million hectares in Bangladesh. Homestead
size varies largely from 0.043 to 0.435 hectares (Alam 2008). Though fruit trees are dominant in larger homesteads,
forest species are also planted. A study on the diversity of species showed that the number of plant species in
the coastal areas was higher (70 species) than that found in the homesteads of Tangail (52 species), Ishurdi (34
species), Jessore (28 species), Patuakhali (20 species), Rajshahi (28 species) and Rangpur (21 species) districts
(Islam et al. 2013). Around 76% of farmers preferred to plant fruit tree species for future plantation while 62%
preferred timber species in their homesteads (Alam and Masum 2005). Village Forest serves as the major source of
a remarkable portion of the national demand of forest produce. There is no complete and detailed current village
forest information for the entire country for any particular year or period. First Village Forest Inventory (VFI) was
conducted by Hamermaster E.T. in 1981 and divided the whole territory of Bangladesh into six strata not including
the Chittagong Hill Tracts. This inventory was based on a sample survey and mainly focused on timber volumes in
the strata village areas of Bangladesh.

The last comparative Village Forest Inventory (VFI 1981) was made by the NFA 2005-2006 by using the village map
and same stratum of the 1981 VFI and calculated the area and current gross volume for each stratum. Comparison
of the gross volume per hectare identified by VFI 1981 with NFA 2005 — 2006 clearly showed that the gross volume
had sharply increased in each stratum and ranged from 54 to 333%.

The country observed a gradual shift in its approach to forest management from the traditional custodian role
of the Forest Department to that same department taking more of a participatory management approach.
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The implementation of the Community Forestry Project with the villagers of seven northern districts of Bangladesh
from 1981 to 1987 was a unique example of a paradigm shift in the social forestry programme of Bangladesh. Since
the beginning of the Social Forestry Programme in 1981 by the Bangladesh Forest Department, a large number
of Social Forestry Nurseries and Training Centres and Social Forestry Plantation Centres has been established.
In addition, agroforestry plantation, block plantation and seedling distribution, strip plantation, rehabilitation of
jhumias, village afforestation, institutional planting, annual tree fairs and sales of millions of seedlings were carried
out throughout the country. Unfortunately, no published database is available due to the lack of a comprehensive
national assessment of village forestry programmes in Bangladesh.

There are three main categories of homestead or village forest land:

Reserved Forests (RF): These are lands under the direct control of the FD. The Forest Act is applicable for their
protection. According to FD records the total area of Reserved Forests in Bangladesh is 1.2 million hectares
(Mha). Though these lands are declared as ‘Reserved Forest’ they do not always have good tree cover that can be
designated as forests. About 0.6 Mha has been classified under section 4 or 6 of the Forest Act and has been under
the process of preservation for a long time. For the purpose of field forestry, these lands are treated as reserved
forests even if they do not all enjoy complete tree cover.

Un-classed State Forest Land: These are the lands that are under the control of the Ministry of Land, Government
of Bangladesh. They are designated as Un-classed State Forests (USF) and/or Khash lands such as newly accreted
mud flats, fresh water wetlands such as haor, baor, beel, etc. According to the Year Book of Statistics, the total
area of USF in 2001-02 was 0.7 Mha. Almost all of these lands are located in the Chittagong Hill Tracts (CHT) and
are thought to be used by the tribal people for ‘slash and burn’ agriculture. The tree cover on USF is very poor. No
reliable estimate of USF tree cover is available.

Tea Garden Land: An area of about 48,300 hectares is under 158 tea gardens in Bangladesh. Roughly about 30,000
hectares of tea garden land were under tree cover in 1971. At present there are 13,330 hectares of degraded
natural forest, 2,132 hectares of forest plantation and 7,098 hectares of rubber plantation. Together they provide
tree cover of about 22,561 hectares. This data indicates that over three times the area of forest plantations has
been put under rubber plantations. Economics is the basic driving force for causing such a shift in favour of rubber
plantations.

3.19 Change in forest and other woody m

biomass stocks in the inventory period

Human interaction with existing forests and planted areas occurs
due to the commercial extraction of natural resources like logs and
fuel wood and the production and use of wood commodities.

Photo: Forest in Bangladesh

Methodology

Data collection:
Baseline data for calculating land-use was collected from the Soil Resource Development Institute (SRDI) and the
Forest Department.

Data Analysis:

Data was analysed by calculating areas by different land use type. Data was then compared with national data
and other secondary resources and available publications such as the National Forest Resource Assessment (NFA,
2005-2007).

Following IPCC 2006 Guidelines, carbon uptake in the afforested/planted areas was calculated and is shown in
Table 3.49.
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Table 3.49: Annual increase of bio-mass stocks

Forestland
/settlement
forest

2,15,740

13,231 8 0.24 10.96 0.49 2,60,538
11,484 8 0.24 10.96 0.49 2,26,137
11,992 8 0.24 10.96 0.49 2,36,140
18,750 8 0.24 10.96 0.49 3,69,220

4,31,676

Industrial 28%

Commercial 2%
Domestic 70%

3.20 Calculation of CO2 from LULUCF

Per IPCC 2006 Guidelines and based on the availability of country specific data, the priority areas for GHG emission
calculations from LULUCF involves the following activities, which are:

e CO; emission due to fuel wood removal

e Forest land conversion to other land-use

e Change in soil carbon

3.20.1 CO2 emissions from fuel wood removal

Fuel wood extraction from the managed or natural forest and other planted areas contributes to loss of biomass
carbon stocks and hence needs to be accounted for in the inventory year. Per IPCC 2006 guidelines, the biomass
carbon loss due to fuel wood removal was estimated using FAO statistics and local information with the rational
projection up to the year 2012 using IPCC default factors.

Fuel wood is the main forest product (61% of total round wood) in Bangladesh. Annually the country requires
about 9.4 million M3 of fuel wood of a supply of about 6.18 million M3. Figure 3.18 shows the proportion of
domestic (for example, cooking), industrial (for example, brick burning), and commercial (for example, bakeries
and restaurants) use of the total fuel wood consumption in the country.
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Figure 3.18. Share in use of fuel wood

The consumption was expected to rise (Figure. 3.19) to 11.9 million M3 by 2015. The fuel wood consumption in
Bangladesh has an income and a regional pattern.
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Figure 3.19. Requirement and production of fuel wood

The total fuel wood production was estimated as 6.8 million M3 in 2000 and was expected to have risen to 8.5
million M3 by 2015. This availability has significant regional variations, as a large portion of public forests is located
in the eastern region. Other areas, which are densely populated, have to depend, to a great deal, on whatever
is locally available, for example agricultural residues and homestead vegetation. Different studies (FMP, 1992)
indicate that due to short supply, the use of fuel wood is declining and that of agricultural residues is increasing.
The majority of the fuel wood supply comes from the village groves. There exists some ambiguity as to the actual
contribution of village groves in fuel wood production. CO, emissions due to fuel wood removal are estimated in
Table 3.50.

Table 3.50: Annual carbon loss and CO, emission due to fuel wood removal

0.40

136,0000 4604,824

In Eq. Giga-grams | 4605

In Eq. Giga-grams | 4244
CO; emission

1.05 0.24 160,0000 0.49 0.40 4740,260

In Eqg. Giga-grams | 4740

In Eq. Giga-grams | 4368
CO; emission

Source: /

7 For calorific value of fuel wood, FAO Wood Fuels handbook For emission, http://www.volker-quaschning.de/datserv/
CO,-spez/index_e.php
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3.20.2 Forest and grassland conversion to other land use

Due to strict forest regulation to protect natural resources and improve forest management practice, forest land
conversion to other type of land usages like croplands or settlements has been reduced significantly in the last
ten years. This helps forests to gain a significant amount of biomass resources rather than losing forest coverage
and experiencing degradation. During the inventory period and according to forest department information, only
a small chunk of forest land was transferred to some institutions. Table 3.51 shows the total amount of forest
land already transferred and using this information, CO, emission from such loss of forest land is estimated in
Table 3.52.

Table 3.51. Major land transfers since 1971

Since 1971 to Most of these were used for establishing
17448 .
2007 rubber plantations.
1978 7
1982 741
1986 65
1988 2
2007 1587 Under the process of transfer

Source: FD, Government of Bangladesh

Table 3.52: CO, emission due to Land use change

Settlement/ 1587 193 0.49 10.96 (153146)
New settlement

In Eq. Giga-grams | 153.146

In Eq. COzemission | 561.53
in Gg

3.20.3 Soil Carbon

Soils are the largest carbon reservoirs of the terrestrial carbon cycle. About three times more carbon is contained
in soils than in the world's vegetation. Soils are able to hold double the amount of carbon than vegetation.

Methodology:

Data collection:

Due to the unavailability of data in the absence of any recent survey to assess the present level of carbon stock in the
soil, the base data for calculating soil carbon was collected from two sources. One source was the Reconnaissance
Soil Survey under the Soil Survey Project of Pakistan which was carried out from 1965 to 1975. Another was the
Soil Series of Thana surveyed by SRDI from 1990-2000. The carbon stock change was assessed from the level of
carbon stock assessed in SNC and based on rational approximations in the period from 2006 to 2012.
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Data Analysis:

In Reconnaissance Soil Survey, percentages of soil carbon are given in different locations of the districts. In the
soil series, a percentage of organic matter is given for different series. It is known that soil C = SOM/1.72. For the
calculation, the mean value of carbon is taken for each district. One hectare of forest land contains 4200 tons of
soils considering 30 cm depth (soil bulk density is 1.4 gm). The quantity of carbon is measured by using the value
of the area and percentage of carbon for each district.

Calculation:
Carbon uptake/release is calculated following IPCC 2006 Guidelines. (Table 3.53) Soil carbon change is based on
the assessment from the carbon stock level assessed in the previous inventory.

Table 3.53. Soil carbon calculation

District name Area(ha) Percentage | Total weight of | Percentage | Total weight of |Net changes in | Net changes in
of Carbon in | carbonin 1970 |of Carbonin | carbon in 1970 siol c per 30 | soil c per year
1970 (%) | (ton) C%x4200) | 2000 (%) |(ton)C % x 4200) yrs (ton)
Cox's Bazar 249186 0.873 9135585.94 0.400 4185185.52 -4950400.42 -165013.35
barisal-patuakhali-bhola- 1121431 0.947 44589485.38 0.909 42819245.52 -1770239.86 -59008.00
Jhalokathi-barguna
Sumanganj & Habiganj 263658 2.709 29998439.13 2.647 29312661.87 -685777.25 -22859.24
Jamalpur & Sherpur 339,574.00 0.808 11516652.21 1.080 15403328.73 3886676.52 129555.88
Eﬁjgﬂjggg‘“erp”r 349465 0.812 11919933.45 0.890 13056267.37 1136333.91 37877.80
Rongpur Nilphamari 394,869.00 0.720 11943277.46 0.613 10172547.9 -1770729.56 -59024.32
Brahmonbaria 192711 1.798 14556127.56 1.013 8195833.094 -6360294.46 -212009.82
Thakurgaon 180952 2.051 15587372.31 0.495 3758524.527 | -11828847.79 -394294.93
Bogra 291990 0.739 9065851.52 0.882 10817202.79 1751351.27 58378.38
Chittagong 528298 0.903 20045175.06 1.371 30411908.57 | 10366733.51 345557.78
Sylhet- Moulvibazar 628979 1.858 49071882.25 1.470 38835000.56 | -10236881.68 -341229.39
Jessore 257,820 3.886 42080521.00 1.566 16954213.45 | -25126307.55 -837543.58
Khulna- bagerhat 835357 2.499 87680589.55 1.503 52732745.98 | -34947843.57 | -1164928.12
Tangail 342439 0.874 12572647.89 0.572 8227188.985 -4345458.90 -144848.63
CHT 904135 0.794 30141888.24 1.578 59924473.61 | 29782585.37 992752.85
Rajshahi 240701 0.830 8389743.95 0.837 8460490.876 70746.93 2358.23
Gopalganj, Madaripur 263392 4.192 46376975.44 2.659 29413538.98 | -16963436.45 -565447.88
Total 7384957 2399726.33

The total measured soil carbon emissions in 32 districts in each year (1970-2000) was 239.7 Gg. The total area
of these 32 districts is 7384957 ha. Assuming that carbon emissions are approximately proportional to the area
because of the more or less similar conditions of the soils, the total carbon emissions of the country in 2000 were
2399.7 x 14757000 /7384957 = 4795.2 Gg. Given 30 years of aggregated emissions due to stock changes in the soil
carbon as was reported in the 2005 inventory and if we approximate it in the period 2006 to 2012, the net changes
are: 3795.2*(7/30)=885.54 Gg

Total CO, emissions from soil carbon at 2012 = 885.54 x 44/12 = 3247 Gg.
Total CO, emissions in 2006-2012 from LULUCF sector is given below:
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Table 3.54. Total CO; emissions from LULUCF sector 2006-2012

Type Uptake Giga grams CO, Emission in Giga grams CO,

Annual increase in biomass stocks due to biomass growth in (1740)

Forest (Restoration)

**Emission due to deforestation 562

CO, due to countrywide fuel wood extraction 4368

CO, emission from soil carbon (from all types of land -use) 3247

Total emission from: LULUCF 8177

Total Removal (1178)

** TNC considers emissions from deforestation only due to a chunk of forest land (per Table 3.51) being allocated
to some institutions. Apart from that and due to the unavailability of spatial information on the deforestation/
degradation of forest sector at the time of inventory, the GHG estimations from these categories were not
considered.

3.21. Conclusion

The LULUCF part of this Third National Communication, based on the most recent ground level inventory of the
National Forest Resources (NFA 2005-2007) as well as on the latest field level Assessment of Carbon Sequestration
in Soils of Bangladesh (2010-2013) has made the following conclusions:

Total forest cover is 1950,296.4 ha in 2012;

Land use changes in the period 2006-2012 through afforestation is 88,336.4 ha of which 35,758 ha are mangrove
and 52,578.4 ha are non-mangrove plantation including strip plantation;

Total forest cover as a percentage is 13.22 % in 2012;
Total Gross Tree Volume is 189.7 million m3;

Total Commercial Tree Volume is 134.6 million m3;

Total aboveground biomass is 756.81 million tons in 2012;

Total underground biomass is 151.36 million tons and corresponding underground carbon is 75.80 million tons in
2012;

Total aboveground carbon stock is 378.98 million tons in 2012;
Total underground carbon stock in soil is 407.28 million tons in 2012.
Total carbon stock in underground soil and underground biomass is (407.28+75.80) or 483.08 million tons in 2012.

Total aboveground and underground carbon stock in Bangladesh is (378.98+483.08) or 862.06 million tons in 2012.

3.22 GHG Emissions from Waste Sector

3.22.1 Methane (CHs) emission from municipal solid waste (MSW) disposal

In the context of Bangladesh, as all landfill sites are unmanaged and function as open dumps, these sites can
be optimal for landfill gas emission. Every day huge amounts of municipal solid waste are dumped, producing
significants amount of CH4 for emission into the atmosphere. A significant amount of waste products remain
scattered and because of aerobic conditions, the scattered waste produces little or no methane.

Methodology
The Methodology is based on IPCC 2006 guidelines.
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Only CH4 emissions are estimated. The key data inputs are as follows; note where default data are
available:

Amount of annual waste generated or disposed (historical and current)
Waste composition (Country Specific data is used, Waste Database 2014)

Environmental variables (climate zones of dry temperate, wet temperate, dry tropical, or moist and wet
tropical)

Age and type of landfill operations (unmanaged shallow, unmanaged deep, managed landfill)

Default values for the following inputs are available and typically used when estimating CH4 generation:
Degradable organic carbon (DOC), methane correction factor (MCF), fraction of DOC dissimilated
(DOCf), methane generation rate constant (k), and the fraction of methane in the landfill gas (F).

For more information, please refer to Volume 5: Waste of the 2006 Intergovernmental Panel on Climate Change
(IPCC) Guidelines for National Greenhouse Gas Inventories, available at http://www.ipcc-nggip.iges.or.jp/
public/2006gl/vol5.html. The specific chapters that focus on estimating GHG emissions from solid waste disposal
and wastewater treatment and discharge are included below.

Solid Waste — see Volume 5: Waste, Chapters 2 and 3

Wastewater Treatment and Discharge — see Volume 5: Waste, Chapter 6

Urbanization

According to the Population and Housing Census 2011, a total of 35,094 684 (adjusted) persons live in urban areas,
equal to 23.43% of the total population. Urbanization has been taking place in Bangladesh in three main ways:

i) Area Expansion;

ii) Rural-Urban Migration; and

iii) Population Growth.

The proportion of Bangladesh’s urban population reached 23.43% (adjusted) in 2011 from 2.43% in 1901. The
proportion (Table 3.61) was almost similar during the period 1901-1921 after which it started increasing and
the rate of increase was relatively high in the periods 1961-1974 (137.6%), 1974-1981 (115.8%) and 1981-1991
(65.9%). Though the urban population has shown a substantial increase in the last three decades, Bangladesh
continues to be predominantly a rural country with about 76.57% of its population living in villages (Table 3.60)

At present the urban area of the country includes 12 city corporations, 304 pourashva / municipalities and 189
upzilla headquarters.

City Corporations
There are 12 city corporations in Bangladesh. Division-wise lists of the city corporations in Bangladesh as well as
their major solid waste disposal facilities (Table 3.55) under those city corporations are given below.

Table 3.55: Division wise City Corporations

Division Name of City Corporation

Dhaka Division Dhaka North City Corporation (DNCC)
Dhaka South City Corporation (DSCC)
Gazipur City Corporation (GCC)
Narayanganj City Corporation (NCC)

Chittagong Division Chittagong City Corporation (CCC)
Comilla City Corporation (COCC)
Barisal Division Barisal City Corporation (BCC)
Khulna Division Khulna City Corporation (KCC)
Rajshahi Division Rajshahi City Corporation (RCC)
Rangpur Division Rangpur City Corporation (RACC)
Sylhet Division Sylhet City Corporation (SCC)
Mymensingh Division Mymensingh City Corporation
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Table 3.56: Population of City Corporation areas in Bangladesh 2006-20128

Dhaka Chittagong | Khulna Rajshahi | Sylhet Barisal Rangpur | NarayanGanj | Comilla Mymensingh Gazipur
2006 6,148,706 2,302,945 716920 | 419,284 | 371,517 | 260,544 | 274,182 263,862 343,070 308,561 167,931
2007 | 6,312,985 | 2,358,836 | 706,204 | 425378 | 393,181 | 274,091 | 280,756 268,355 356,036 324,832 176,957
2008 6,477,265 2,414,727 695,489 | 431,473 | 414,845 | 287,638 | 287,330 272,849 369,002 341,104 185,983
2009 | 6,641,545 | 2,470,619 | 684,773 | 437,567 | 436,509 | 301,184 | 293,904 277,343 381,968 357,375 195,009
2010 6,805,825 2,526,510 674,058 | 443,662 | 458,173 | 314,731 | 300479 281,836 394,935 373,647 204,035
2011 6,970,105 2,582,401 663,342 | 449,756 | 479,837 | 328,278 | 307,053 286,330 407,901 389,918 213,061
2012 | 7,138,350 2,639,529 | 673,887 | 455934 | 502,525 | 342,408 | 313,771 290,895 421,293 406,898 222,486

Table 3.57: Total Urban Population in Bangladesh 2006-2012°

Year Total Urban Population
2006 33,086,318
2007 33,487,991
2008 33,889,664
2009 34,291,338
2010 34,693,011
2011 35,094,684
2012 35,496,357

Table 3.58: Solid Waste Disposal Facilities at the Major City Corporations in Bangladesh

City Base | Facility description Management Management Practice
Corporation | Year Practice Category
DNCC 2007 | Amin bazar dumpsite Unmanaged —deep | Leachate drainage exists but not functioning
52.88 acres (>5 m waste) and Compacting and dressing practice exists
3 million m3 area /or high water table | Hazardous waste prohibited
10 m depth uniform No liquid waste disposed
No industrial waste deposited
No sludge waste deposited
DSCC 1993 | Matuail Sanitary landfill 1993-2006 Weigh bridge operation, adequate compaction
100 acres Unmanaged —deep | of waste
Capacity of waste volume 6.5 (>5 m waste) and Periodical soil covering, leachate treatment
million cubic metres /or high water table | and other necessary facilities established.
Depth of the landfill waste about | 2007 onwards Hazardous waste is not disposed in the landfill
15-23 metres Managed — semi- No liquid waste disposed
aerobic No industrial waste deposited
No sludge waste deposited
Chittagong | 1965 | Halishahar Sanitary landfill site is | Unmanaged — deep | Hazardous waste is not disposed in the landfill
50 years old (>5 m waste) and No liquid waste disposed
2010 | Total land area is 15 acres the /Jor high water table | No industrial waste deposited
height is around 30 feet No sludge waste deposited
minimum to 70 feet maximum
Arifin Nagar landfill site has been
active since 2010
Total land area is 19.5 acres
Dump height is around 30 feet
minimum to 50 feet maximum

Population and Housing Census 2011

Population and Housing Census 2011 (Interpolation based on 2001 and 2011 population data)
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2007 Unmanaged —deep | Hazardous waste is not disposed in the landfill
( >5 m waste) and No liquid waste disposed

/or high water table | No industrial waste deposited

No sludge waste deposited

Nawdapara’ dump site Unmanaged —deep | Hazardous waste is not disposed in the landfill
3.5 feet (1.07 m) deep with an (>5 m waste) and No liquid waste disposed

area of 15.98 acres /or high water table | No industrial waste deposited

280 metric tons/day waste is No sludge waste deposited

collected and disposed of in the
waste disposal area

Puran Para landfill near Kawnia Unmanaged —deep | Hazardous waste is not disposed in the landfill
(Moyla Khula). ( >5 m waste) and No liquid waste disposed

Total landfill area is 22,300 /or high water table | No industrial waste deposited

square metres No sludge waste deposited

The area and height of dumping
municipal solid waste is
22,296.73 square metres and
4.27 metres respectively

Waste Generation 10

The total amount of waste generated every day in Bangladesh has been increasing annually since 1991. Whereas
in 1991 the urban areas of Bangladesh were generating approximately 6,493 tons per day of municipal solid waste,
by 2005 that figure had more than doubled to reach 13,330 tons per day. In 2014, it is estimated that Bangladesh
generated 23,688 tons per day in its urban areas. At the same time, due to rapid urbanization, the total urban
population of Bangladesh has been increasing, from 20.8 million in 1991 to 32.76 million in 2005 to 41.94 million
in 2014. It is estimated that the total urban population will be as high as 78.44 million by 2025, and the total waste
generation is expected to reach 47,000 tons per day. There is an obvious link between a larger urban population
and greater amounts of waste generated. Interestingly, since 2005, the rate of change of total waste generated
daily has exceeded the rate of change of the population growth, due to an increased average daily per capita waste
generation rate.

N otal Waste @ Population

50,000 tons per day 100 million
47,000 tons

90
40,000 80

70
30,000 60

23,688 tons

50

20,000 32.76 million 40

20.80 million 30

10;Q00

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 3.20: Total Waste Generation vs. Urban Population11

10 Bangladesh Waste Database 2014, Wasteconcern.org
11 Ibid, Page 7
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- Total Waste = Waste per Capita

50,000 tons per day 1.0 kg per cap
per day
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Figure 3.21: Total Waste Generation vs. Per Capita Waste Generation Rate

GHG Emission from MSW disposal:

In order to calculate GHG emission from MSW disposal, the latest version of the IPCC Waste Model was used. The
waste composition method was applied instead of the bulk waste method. Key inputs were considered as follows:

Annual MSW disposal amounts

One of the key inputs to the model is the total amount of solid waste disposal per year. The model requires the
input of data from 1950. From 1950 to 2005 the total solid waste disposal was calculated by multiplying the total
population, per capita waste generation, disposal rate and urban population rate. The total population was taken
from the source mentioned in Footnote 8. Per capita waste generation was considered as 0.2 kg/person/day for
the period 1950-1990; 0.31kg/person/day for the period of 1990-2005; and 0.41 kg/person/day for the period
of 2006-2012 [Waste Concern Database 2014]. The disposal rate was considered as 74% [IPCC default] and the
urbanization rate was considered as 30% [UN data].

For the period 2006-2012, city corporation waste disposal data was collected and used to calculate the GHG
inventory. The data gap was addressed using the IPCC GL 2006; Vol 1, Chapter 5 Time Series Consistency.

For municipal populations the amount of MSW disposal was calculated by multiplying the municipal population,
per capita waste generation and disposal rate.

Methane Correction Factor

The city corporation MSW disposal sites are mostly unmanaged — deep (>5 m waste) with the exception of the
Dhaka South City Corporation disposal site which has been managed as a semi-aerobic site since 2007 (Table 3.59).
While DSCC data was available from 2012, for 2007-2011 combined data for DSCC and DNCC was interpolated
from available data to address the data gap. Hence the managed semi aerobic category is included in 2012 only.
The remaining municipality disposal sites are considered unmanaged shallow.

Table 3.59: Distribution of waste by waste management type

3,476,711 978,633 28.15% 71.85%
3,489,263 1,007,366 28.87% 71.13%
3,530,378 1,034,298 29.30% 70.70%
3,571,492 1,061,231 29.71% 70.29%
3,612,607 1,088,163 30.12% 69.88%
3,698,803 1,191,886 32.22% 67.78%
3,749,428 798,134 21.29% 433,912 11.57% 67.14%
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Table 3.60: Methane correction factor

Average Composition of Waste:*?

0.44% Metals 3.74% Other Plastic 7.35%
2.72% Wood E-waste 0.64%
4.94% Papers
2.00% Fabrics

Food Waste 77.70%
Urban Average 2014

Figure 3.22: Average composition of waste in the landfill site

The average composition of waste in landfill is as follows: food waste: 77.70%; textiles: 2.56%; paper waste: 4.94%;
wood waste: 2.72%; and plastic and other materials: 12%. Based on the above data input methane emission from
solid waste disposal in Bangladesh have been calculated as below:

Table 3.61: Methane Emission from Solid Waste Disposal in Bangladesh

2006 80
2007 84
2008 87
2009 90
2010 92
2011 95
2012 97

3.22.2 Methane emission from domestic waste water

Methodology
For CH, emissions — The key data needs are listed below, and those to be collected are highlighted in yellow. For
all variables with IPCC default values available, the IPCC guidance states that country-specific values may be used

12 Bangladesh Waste Database 2014, Wasteconcern.org, Page 11
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if available. The use of all IPCC default values represents an IPCC Tier 1 emission estimation method; the use of
some country-specific values instead of default values represents an IPCC Tier 2 method.

II'-'.CC Description Default.VaIue(s)
Variable Available
U Fraction of population located in rural, urban-low, and urban-high income groups Yes!
T Fraction of population using specific wastewater treatment/discharge pathway or system Yes!
for each income group and inventory year

Bo Maximum CHa producing capacity in kg CHa/kg BOD Yes
MCF Methane correction factor (fraction) for each treatment/discharge pathway or system Yes

P Country population for each inventory year No
BOD Country per capita BOD for each inventory year in g/person/day Yes?

| Correction factor for additional industrial BOD discharged into sewers Yes

S Organic component removed as sludge for each inventory year in kg BOD/year Yes?

R Amount of CHa flared or recovered for energy use for each inventory year in kg CHa/year Yes?

1 Default values available for many countries.
2 Default values available for many countries/regions; data for a neighboring country may be selected.
3 Default is 0, value only required if data are available.

CH4 emissions from domestic wastewater:
Total CH4 emissions from domestic waste water stand at 695 Gg in 2006 and 764 Gg in 2012.

Table 3.62: Methane Emission from Domestic Wastewater in Bangladesh

Year Population (kg CHa/yr) Gg CHa/Yr
2006 146,517,110 694,560,551 695
2007 148,893,738 705,826,894 706
2008 151,289,991 717,186,269 717
2009 153,700,334 728,612,437 729
2010 156,118,464 740,075,520 740
2011 158,570,535 751,699,498 752
2012 161,083,804 763,613,585 764

3.22.3 Nitrous Oxide (N20) Emissions from Domestic Waste Water

Methodology:

For Nitrous Oxide (N,0) emissions — The key data needs are listed below, and those to be collected are highlighted
in yellow. For all variables with IPCC default values available, the IPCC guidance states that country-specific values
may be used if available. The use of all IPCC default values represents an IPCC Tier 1 emission estimation method,;
the use of some country-specific values instead of default values represents an IPCC Tier 2 method.

IPCC Variable Description Default Value(s) Available
P Country population for each inventory year No

Protein Annual per capita protein consumption for each inventory year in kg/person/year; No! (data available from FAO)
Fner Fraction of nitrogen in protein in kg N/kg protein Yes
Fnon-con Factor for non-consumed protein added to wastewater Yes
Finp-con Factor for industrial and commercial co-discharged protein into the sewer system Yes
NsLupce Nitrogen removed with sludge for each inventory year in kg N/year Yes?
Teiant Degree of utilization of centralized wastewater treatment plants in percent (optional) No
Finp-com Fraction of industrial and commercial co-discharged protein Yes
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1
2

Data available from FAO.
Default is 0, value only required if data are available.

N20 Emissions from Domestic wastewater:

Table 3.63: Nitrous Oxide Emission from Domestic Wastewater in Bangladesh

Years Total Total nitrogen in effluent Total N2O emissions Total N2O emissions
Population (NEFFLUENT) kg N/year) (kg N20O/year) (Gg N20/year)
2006 146,517,110 647,092,816 5,084,301 5.0843
2007 148,893,738 657,589,194 5,166,772 5.1668
2008 151,289,991 668,172,245 5,249,925 5.2499
2009 153,700,334 678,817,525 5,333,566 5.3336
2010 156,118,464 689,497,196 5,417,478 5.4175
2011 158,570,535 700,326,768 5,502,567 5.5026
2012 161,083,804 711,426,620 5,589,781 5.5898

3.22.4 Methane Emission from Industrial Waste Water in Bangladesh

Methodology:

Only CH4 emissions are estimated. The key data needs are listed below, and those to be collected are highlighted
in yellow. For all variables with IPCC default values available, the IPCC guidance states that country-specific values
may be used if available. The use of all IPCC default values represents an IPCC Tier 1 emission estimation method,;
the use of some country-specific values instead of default values represents an IPCC Tier 2 method.

IPCC o Default
) Description Value(s)
Variable i
Available
| Primary industries that produce CHain the country (e.g. pulp and paper industries, meat/poultry No
processing, alcohol/beer/starch production, organic chemical production)
J Wastewater treatment/discharge pathways or systems used for industrial wastewater in the country No
P Total industrial product for each industry and inventory year in tons/year No
W Total amount of wastewater generated for each industry and inventory year in cubic meters/ton Yes!
of product
COoD Industrial degradable organic component in the wastewater for each industry and inventory year Yes?!
in kg COD/cubic meter
S Organic component removed as sludge for each industry and inventory year in kg COD/year Yes?
Bo Maximum CH4 producing capacity for each industry, inventory year and treatment/discharge Yes
pathway or system if available in kg CHa/kg BOD
MCF Methane correction factor fraction for each industry, inventory year and treatment/discharge Yes
pathway or system if available
R Amount of CHs recovered for each industry and inventory year in kg CHa/year Yes?

1 Default values available for many industry types.
2 Defaultis 0, value only required if data are available.

For more information, please refer to Volume 5: Waste of the 2006 Intergovernmental Panel on Climate Change
(IPCC) Guidelines for National Greenhouse Gas Inventories, available at http://www.ipcc-nggip.iges.or.jp/
public/2006gl/vol5.html. The specific chapters that focus on estimating GHG emissions from solid waste disposal
and wastewater treatment and discharge are included below.

Wastewater Treatment and Discharge — see Volume 5: Waste, Chapter 6
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Methane Emissions from Industrial Wastewater:

Production data from key industries related to methane emissions from industrial wastewater are as follows. (Data
in red is assumed data calculated based on IPCC GL 2006; Vol 1, Chapter 5 Time Series Consistency.)

Pulp and Paper manufacturel3, 75,000 280,000 350,000 440,000 550,000 575,000 600,00014
Meat processing (slaughterhouses)!® 226,000 206,000 208,000 216,800 252,800 255,800 466,400
Alcohol, production MT16 33 33 33 35 38 378 421
Starch production?? 6,000 6,500 6,800 7,200 9,000 10,800 14,400
Food processing (dairy products?s, etc.) 2,270,000 2,280,000 2,650,000 2,290,000 2,370,000 2,950,000 3,460,000
Vegetable oil 19 124,078 125,668 127,278 128,909 145,179 137,048 198,193

Table 3.64: Methane Emissions (in Gg) from Industrial wastewater in Bangladesh (for selected industries)

2.73 10.21 12.76 16.04 20.05 20.96 21.87
0.30 0.27 0.28 0.29 0.34 0.34 0.62
0.00 0.00 0.00 0.00 0.00 0.00 0.01
0.03 0.03 0.03 0.03 0.04 0.05 0.06
1.07 1.08 1.25 1.08 1.12 1.39 1.63
0.01 0.01 0.01 0.01 0.01 0.01 0.01
4.14 11.60 14.33 17.45 21.55 22.76 24.21

3.22.5 Conclusion

The above results can be summarized as follows:

Table 3.65: Summarized Results

80 695 5.08 4.14
84 706 5.16 11.60
87 717 5.24 14.33
90 729 5.33 17.45
92 740 5.41 21.55
95 752 5.50 22.76
97 764 5.58 24.31

13 FY 2006 - FY 2010 Production Data source:

www.paper onweb.com/Articles/Snapshot_ Bangladesh _2013_W.ireFabric.pdf

14 Paper Sector in Bangladesh: Challenges and Scope of Development;

Journal of Chemical Engineering, IEB Vol. ChE. 26, No. 1, December 2011

15 Table 4.63, Statistical Year Book of Bangladesh 2011, Table 4.65 Statistical Year Book of

Bangladesh 2012. Assuming only 20% meat is processed at slaughterhouses,

16 Expert Opinion f rom Industry Experts

17 Expert Opinion from Industry Experts

18 Table 4.63, Statistical Year Book of Bangladesh 2011; Table 4.65 Statistical Year Book of Bangladesh 2012

19 Statistical Year Book, 2011, 2012; mustard oil and vegetable oil combined
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Table 3.66: Summary of Bangladesh GHG emissions in 2012

Emissions (Gg)

CO: Emissions CHa N20 Emission
(Gg) Emission
69867.27 93.18 3.69
69867.27 93.18 3.69
29130.01 0.57 0.08
20018.41 1.35 0.20
8441.99 89.87 3.35
12276.85 1.40 0.06
1121.13
674.61
674.61
446.51
446.51
536.86
123.04 17.14
603.55
17.62
5.73
5.79
1.67
3247
561.53
4,368
97
764
5.59
24.31
601.05 0.006 0.017
577.68 0.004 0.017
23.37 0.002 0.001
53837.92
152269
-378.98

In 2012 per capita emission from all sectors is 0.98 tons CO; eq and 0.27 tons carbon eq.
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Chapter 4

Programme Containing Measures to Mitigate GHG
Emissions

4.1 Introduction

Bangladesh is a country with a low level of absolute, per capita, per GDP unit of green house gas (GHGs) emissions
compared to other developing countries (see Chapter 3 on Inventory of GHG emissionS). The UNFCCC, from the
beginning, exempted the LDCs of which Bangladesh is one, from mitigation of climate change i.e., lowering
emissions of GHGs. At Bali COP in 2007, there was, for the first time, a decision exhorting LDCs as well as other
developing countries to voluntarily contribute to GHG emission efforts and they were requested to prepare
Nationally Appropriate Mitigation Actions (NAMA) towards that end. The Warsaw COP in 2013 took one more
step towards making it mandatory for all countries to lower GHG emissions by adopting the decision that each
country should prepare its Intended Nationally Determined Contribution (INDC) towards global efforts for
mitigation. While the INDC issue will be discussed later in this chapter, it should be noted here that the 2015 Paris
Agreement has ratified the process and that mitigation is now mandatory for all countries although the level of
efforts and the outcome may vary depending upon national circumstances. This chapter on mitigation is being
approached from this perspective.

4.2 Objectives

The main objective of the present study is to examine, analyse and finally recommend the GHG mitigation
potentials of the key emitting sectors. The sectors include Energy, Industry, Agriculture, LULUCF, waste and some
others. The specific objectives are:

e To assess programmes and measures that will mitigate climate change and are consistent with the
government’s climate change strategy and implementation roadmap;

e To provide policy makers with an evaluation of technologies and practices that can mitigate climate
change and contribute to national development objectives;

e To identify potential projects/programmes for investment;

e To understand the costs of the identified mitigation options that need financial and technological support
from the developed countries for implementation;

e To evaluate the cost-benefit of the identified mitigation options and arrive at a tentative plan for avoiding
GHGs in terms of cost/per tonne CO,.

4.3 Mitigation Options

Primary energy consumption in Bangladesh is one of the lowest in the world. In 2008, the country’s per capita
annual energy consumption was about 182kgoe and per capita electricity generation was 236kWh. Due to
intensive efforts to increase coverage, about 80% of the country’s population now has access to electricity.
Bangladesh’s power generation installed capacity was 15000 MW as of November, 2016 and the maximum
generation reached 9,036 MW.

To estimate the long-term power demand considering the future change of the daily load curve, a daily load curve
up to an estimated 2041 MW is superimposed on the maximum power demand with consideration given to the
potential demand up to 2041 MW. The transition of power demand at intervals of five years from 2015 shows an
increase in power demand from 2015 to 2041. The maximum power demand could be 8921, 12949, 19191, 27434,
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36634 and 49034 MW at five year intervals from 2015. The government plan is that the installed capacity will be
increased to around 60,000 MW by 2041 (Power System Master Plan, 2016). The scenario indicates that

increasing amounts of GHGs will be emitted from the power sector. A strategic plan is therefore required to
mitigate the emissions and keep them at a level consistent with the policy of pursuing a low carbon development
pathway.

A rapidly growing country like Bangladesh needs a huge amount of energy to achieve its development target. In
the past decade, primary energy consumption increased over 100% and this trend is likely to continue in the
future. Itis also evident in the latest sector-wise energy consumption (industrial, residential, transport, agriculture
and commercial) prospects estimated in the energy efficiency master plan, and recently adopted by the Power
Division under the Ministry of Power, Energy and Mineral resources. As shown in Figure 4.1, industry has the
biggest share at 47.8%, followed by residence and transportation at 30.5% and 11.5%, respectively.

(1,000toe)
15,0001 Notes:
0,
47.8% Total: 26 112 1. Primary energy basis: excluding biomass
otal:26, 2.Electricity: 2867 kcal/k WH (thermal

10.000- 30.5% efficiency 30% basis
5 000- 11.5% . Source: Compiled by JICA Project Team based
' 3% 4.8% on the folliwing data;
l Electricity:2013-14, Power Cell, Power Division,
Ministry of Power, Energy and Mineral

0 | u I B

Resources | Gas: 2013-14, MIS of petrobangla,
Qil; 2012-13,BPC, | Coal:2012,IEA

Figure 4.1: Primary Energy Consumption by Sector (as of 2013-14)

From the macro point of view, the amount of national energy production stands at 27,187 ktoe, while the amount
of primary energy use was 33,550 ktoe, including imported fuel20.

Bangladesh is developing fast, and rapid industrialization is taking place. It is expected that there will be a shift in
the industrial sector from labour intensive industries like RMG to energy-intensive industries. As a result, energy
consumption in the industrial sector is expected to increase rapidly. Also, as growth in GDP per capita is expected
to facilitate more and more vehicle ownership and transport development in various modes, it is estimated that
energy consumption in the transport sector, as in other sectors, will increase significantly.

The business-as-usual (BAU) scenarios for all sectors were analysed during the preparation of the INDC. GHG
emissions are expected to increase by 150% by 2030 from the 2011 level, an increase from 136.14 MtCOe in 2011
to 339.69 MtCO»e in 2030 (Table 4.1). The outcomes of the data analyses for TNC for the year 2011 and 2012 are
more or less the same. In the INDC the LULUCF sector was not considered. However, in the TNC it is included,
although time series data is not available for this sector.

Bangladesh’s continued efforts in the area of Climate Change Mitigation

Bangladesh has achieved notable successes in the area of climate change mitigation. It has been able to diversify
its power generation mix with renewable energy (RE), and has enacted energy efficiency and conservation master

20 IEA country statistics
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plans to promote energy efficiency in industry, thus contributing to a reduction in GHG emissions and the
development of sustainable sources of energy to promote low carbon economic growth. Current RE installation
has reached nearly 452 MW, which is 2.82% of the total power generation capacity of 16043 MW. The next table
shows the total installed RE capacities in terms of different technologies.

202.93 14.95 217.88
2 0.90 2.90

= 230 230
0.68 = 0.68
0.40 = 0.40
206.01 245.85 451.86

The Government of Bangladesh has taken a number of initiatives for the efficient usage of energy to reduce
energy consumption, which are as follows:

e Introduction of subjects of energy efficiency measures, and alternative and renewable energy have been
introduced in national text books, and in the curricula of, schools, madrasas and colleges;

e Ongoing installation of solar panels in all government, non-government and autonomous institutions;

e Ongoing installation of energy saving CFL, T-5 tube lights in place of incandescent bulbs and
replacement of electric ballasts by magnetic ballasts programmes;

e  Free CFL distribution program has been conducted to demonstrate the energy saving and cost saving
benefits of CFL and consumers are now being encouraged to use other energy efficient lights like LED;

e Introduction of Energy Audit System among large designated consumers is in process;
e  Gradual replacement of inefficient brick kilns to efficient brick kilns;

e Launching of a targeted programme to convert gas driven simple cycle power stations into combined
cycle power stations;

e A revision of the building code incorporating energy efficiency and solar energy issues into a new
building code;

e  Replacement of inefficient rice per-boiling system with improved rice per-boiling system;

e |Initiation of a public awareness programme for energy conservation;

e  Gradual discontinuation of incandescent bulbs and electric heaters;

e Limiting the use of air conditioners, or keeping temperature 25 degrees Celsius and above;

e  Standardization of LED and solar products;

e  Energy Star Labeling Programme for both imported and locally manufactured electrical appliances;

e  Discouraging the use of neon sign in markets and shopping malls at night.

Table 4.1: BAU emissions up to 2030 for all sectors included in the INDC analysis

2030 BAU
Power 20.98 91.42 335.75
Transport 15.78 36.61 132.00
Industry 26.46 105.73 299.54
Households 11.25 21.26 88.93
Commercial buildings 0.45 3.35 637.94
Agriculture 3.01 4.70 56.46
Waste 13.38 21.42 60.13
Non-energy emissions from agriculture 39.20 43.96 12.14
Industrial process emissions 5.61 10.97 95.42
F-gases 0.01 0.28 1907.14
Total 136.14 339.69 149.52
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The estimated BAU emissions for power, transport, and industry together are expected to increase by 264%
between 2011 and 2030 or from 63.22MtCO5e to 233.76MtCO,e (Table-4.2).

Table 4.2: BAU emissions to 2030 for power, transport and industry

2011 2030 BAU

Power 20.98 91.42 335.75
Transport 15.78 36.61 132.00
Industry 26.46 105.73 299.54
Total 63.22 233.76 269.74

Considering the above-mentioned scenario, the following GHG areas of mitigation actions were considered:

Power generation, transmission and distribution

Agricultural sector

Transport — road, rail, water and aviation

Energy intensive industries — public and private

Residential/commercial — lighting, cooling, motors, cooking and buildings
Cross-sectoral options (boilers; hollow bricks; DSM)

Renewable (solar PV, biomass and wind)

4.4 Method of Investigation
4.4.1 Scopes of Mitigation

The main principle undermining the approach to mitigation is always considered to be that it must not
compromise sustainable development. From the outset, Bangladesh has stressed that while it would pursue a
path of low carbon development, that by no means implies that there would be a reduction in absolute levels of
GHG emissions. In fact, as the country aspires to middle-income status by mid-2020 if not earlier, its economic
activities will gear up several-fold with concomitant demand for energy services. Thus, while wasteful
intermediate (in production activities) and final consumption will be curbed by all means, levels of emissions will
be impacted. The second principle that needs to be kept in mind is that under no circumstances should food
security be jeopardized. In agriculture therefore, any mitigation activities have to be carefully planned and
implemented. The third principle is that, given the above two national priorities, an attempt must be made to try
to mitigate in sectors where emissions and inefficiency in production and consumption are highest. Other
considerations to be made include cost, technology and ease of management.

In light of this, a literature review was conducted to find out what has been happening in Bangladesh in this
regard. In doing so the BCCSAP, ALGAS, INC, SNC, INDC and other available documents were reviewed to evaluate
mitigation potentials from various activities/ sectors deemed feasible during the preparation of those documents.

Published and other materials available to the public were reviewed. On-line information was also cautiously
interpreted. While official documents including BCCSAP and INDC were critically reviewed, other materials were
studied to establish the evolution of ideas regarding mitigation over time, and to research actions and ideas
concerning energy efficiency and energy and resource conservation, which may have implicit implications for
emission reduction (for example, waste disposal methods which may lower methane emission) whether or not it
is explicitly stated in the objective of the action. In addition, attempts were made to establish whether any ideas
on paper had been implemented in practice, for example in solar home systems or in energy efficient CFL and LEDs.

The next step was to make two projections for GHG emissions for the future based on a modeling exercise. One
of the projections is based on the continuation of BAU policies and programmes while the other incorporates GHG
mitigation measures. The difference between the two gave the potential of mitigation over the BAU situation. The
technical details of the assumptions, sectors, and modeling framework etc. are detailed in the next section.
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4.4.2 Modeling Approach

GHG inventory for the years 2006-12 along with that estimated in some earlier years provided the basic
background against which a present and short-term future mitigation scenario can be devised. The GHG inventory
provides information on the importance of different sectors by emission levels and that of specific activities within
each sector. This also provides the initial set of sectors and activities that may need to be examined more closely.

Modeling GHG mitigation potentials along with roles for renewable and coal-based power generation

The main technical exercise was carried out under this set of activities. For the purpose of this assignment the
following GHG areas of mitigation activity are considered.

Power sector

Transport

Energy intensive industries — public and private
Agricultural sector (including crop, livestock and poultry)
Forestry

Waste generation and disposal

Residential/commercial

Cross-sectoral options

Renewables (solar PV, biomass and wind)

Preliminary ideas regarding the main gases emitted are as follows:

Power sector: generators - CO, from coal, oil, natural gas and nuclear energy with a specific emphasis on clean
coal technologies;

Transport: road transport - CO;, from diesel and petrol, CHg from CNGs;
Industries: electricity and resulting CO»;

Agriculture: CO; from use of electricity, methane due to flooded fields and nitrous oxide due to fertilization and
manure; methane from manure management;

Forestry: as sink for GHGs;

Waster sector: methane and nitrous oxide;

Residential/commercial: CO, from power consumption such as lighting and cooling;
Cross-sectoral: energy efficient brick making;

Renewables: avoidance of CO; and N>O emission for use of power.

4.4.3 Modeling Methodology

Modeling future GHG emissions was carried out using the LEAP model. This is an energy model that calculates
GHG emissions based on fuel consumption, electricity consumption and generation capacity. For non-energy
sectors (e.g. agriculture and waste), GHG emissions were calculated off-model, with the resulting GHG figures
inputted into LEAP.

For the energy-related sectors, BAU emissions are calculated by combining fuel consumption with the appropriate
emission factors in LEAP. Where possible, fuel demand was calculated by considering current activity (e.g.
numbers of appliances, numbers of vehicles etc) and current efficiency (e.g. current efficiency of appliances,
current fuel efficiency of vehicles etc) and making assumptions about how these will change over time. In some
cases, lack of detailed data meant having to estimate GHG emissions from fuel consumption data, without
disaggregating it by activity.

The BAU has been calculated as a ‘without measures’ scenario, meaning that rather than predicting the future
effect of government policy, it forecasts emissions on the assumption of no further action taken.
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For mitigation options, a long list of possible mitigation measures was produced based on a review of key
documents, including the Second National Communication, Bangladesh’s Technology Needs Assessment and
the Bangladesh Climate Change Strategy and Action Plan, INDC, and by adding other possible measures where
the project team deemed it appropriate. This long-list was then reduced to a short-list by assessing each measure
against four criteria — abatement potential, cost, technical feasibility and co-benefits. The short-list of mitigation
measures, and the reasons for including them, are outlined with the help of the LEAP modeling.

4.5 Business-As-Usual (BAU) Mitigation Scenarios

Power sector

The power sector is modeled by first specifying the available generation capacity. The LEAP model then takes the
electricity demand from the energy demand sectors and delivers this by introducing generation units according to
the specified merit order.

This order is assumed to be:
Existing Government owned power generation units and all must-take renewable + nuclear
New hydro
New fossil units
New biomass
Existing IPP units
Existing rental units
Any interconnection

4.5.1. Power Sector
BAU Scenario

The exercise was started by recreating the current Bangladeshi power sector to the best extent possible.
Generating capacity for the period 2012 to 2016 was taken from a table of the baseline report developed for INDC,
2015. Forecast of future additions to generating capacity beyond 2016 was taken from Table 3.4 of the Power
System Master Plan. It was assumed that all existing steam thermal units would be retired by 2030. This gives a
total generating capacity of 37,539 MW by 2030. It emerged from The Power System Master Plan 2010 and the
Power and Energy Sector Road Map updates that to meet the demand with reasonable reliability, installed
capacity must be increased to 23,000 MW and 37,000 MW by 2021 and 2030 respectively. The assumption was
made that no further renewable capacity would be added under the the BAU scenario.

4.5.1.1 Mitigation Scenarios

The following assumptions were made for the power sector measures:

Table 4.3: Mitigation assumptions for the power sector

Base year Medium
(2011) (2030)
Biomass MW of 3 3 7 26 38 The potential of biomass based
generation electricity electricity generation mostly
generating depends on availability as well as its
capacity long term supply up to generation

end. The existing and future level of
availability especially of bagasse and
rice husks are being accounted for
in the three assessed scenarios.
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Base year

BAU

Low

Medium

High

Mitigation

(2011)

(2030)

(2030)

(2030)

(2030)

Biogas MW of 2.5 2.5 5 10 20 Bangladesh achieved the baseline
generation biogas generation capacity after 30 years
generated of endeavour. Given the technological
electricity breakthrough, only massive awareness
among stakeholders on the technology
and its benefits and government
incentive support can ensure its success.
Wind MW of 2 2 60 500 800 The Government of Bangladesh has
energy wind set a target of 1300 MW Power
capacity Generation Capacity from Wind
Energy within a period of 10~15
years. One of the key barriers to
streamlining wind potential is the
un-availability of country specific
proven wind data, Bangladesh also
lacks proven and quality wind data
to implement such an ambitious
target within the stipulated time.
Utility scale | MW of 0 0 220 800 1000 The maximum capacity targeted by
solar capacity the Government of Bangladesh
(solar farms | from solar within 10~15 years is 1700 MW.
and farms Given the present trend of
rooftop) cooperation with the private sector
and the actual pace of implementation
low, medium and high possibility
scenarios were envisioned.
Solar home MW of 148 148 190 250 290 The low, medium and high
PV (incl. solar home possibility scenarios were built on
commercial) | PV capacity IDCOL SHS current programmes and
forecasted installation rate.
Other solar MW of 2.5 2.5 25 75 100 The low, medium and high
(mini-grids, | other solar possibility scenarios were built on
irrigation, capacity IDCOL Mini-grid and Solar Irrigation
etc.) roll-out programme present and
forecasted installation rate.
Build only % of coal 0 0 25% 50% 100% | The low and medium possibility
supercritical | generating scenarios were considered on the
coal power capacity present level of committed fund
stations that is from international donors /developing
supercritical agencies. The high possibility scenario
coal plant will only be possible if there is sufficient
financing from domestic and international
sources to implement the projects.
Repowering = MW of additional 0 0 250 600 800 A total 1100 MW potential was
of steam CCGT generation identified in the Power Cell study
turbines capacity due and all three scenarios duly considered

to repowering
(replacing coal)

the level of fund flow and commitment
from donor community to support such
replacement.
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4.5.2 Transport Sector

BAU Scenario

The Second National Communication for Bangladesh shows that 88% of transport sector GHG emissions in
Bangladesh come from road transport, 7.5% from waterborne transport, and 2% each from rail and aviation. The
focus of the analysis was therefore on the road transport sector. This, combined with data limitations, meant that
a simpler modeling approach was taken for the three smaller sub-sectors.

For converting CO, values to energy, the following conversion facts were used.

Table 4.4: Energy to CO, conversion factors from LEAP

Diesel 43.33 0.87 20.2 99% 13647.4

Gasoline 44.80 0.74 18.9 99% 14586.1

Jet kerosene 43.33 0.87 20.2 99% 13647.4
Road transport

Historic vehicle numbers were taken from the BBS 2012a Statistical Yearbook. These numbers were then
projected forward based on an extrapolation of the growth between 2008 and 2012 (the period that shows close
to linear growth). Data on annual vehicle consumption and mileage was taken from surveys of transport operators
carried out for this study. Annual fuel consumption was converted to fuel efficiency in km/unit of fuel. (See Table
4.5 below). An assumption was made that these efficiencies and mileages would stay constant until 2030.

Table 4.5: Annual mileage and fuel efficiency assumptions for road vehicles

Bus Diesel Litre 112547 3.28
Minibus CNG Litre 72000 0.35

Diesel Litre 72000 2.40
Microbus Gas SMm? 22500 5.00
Truck Diesel Litre 99000 3.43
Jeep Diesel Litre 90000 3.45
Car Gasoline Litre 10000 7.00
Taxi Gasoline Litre 72000 5.50
Auto-Rickshaw CNG Litre 30000 0.91
Motor Cycle Gasoline Litre 11863 55.00

Rail

Energy demand for the rail sector in the baseline year was calculated from the 2012 CO, emissions from the
Second National Communication (assuming 100% diesel fuel), giving a demand of 1,583 TJ.

This is assumed to remain constant up to 2030. This assumption is based on the fact that the BBS 2012a Statistical
Yearbook shows that the numbers of railway rolling stock have been largely stable over time since 2000.
Waterborne transport

Energy demand for the waterborne transport sector in the baseline year was calculated from the 2005 CO,
emissions reported in the Second National Communication (assuming 100% diesel fuel), projected to 2012 in line
with the historic growth in waterborne traffic shown in BBS 2012a.
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The growth in energy demand is based on the growth in total traffic, with this calculated by taking total
waterborne traffic between 2005 and 2012 and then extrapolating linearly to 2030, generating an annual growth
rate of about 7%.

Aviation

The BBS 2012a Statistical Yearbook provides total sales of aviation fuel from 2007 to 2012. These sales were
converted to CO;, emissions using the values shown in Table 4.20 of BBS, 2012a (assuming all aviation fuel is jet
kerosene) and split between domestic and international using the ratio for 2005. Domestic aviation data was
projected by linearly extrapolating from the domestic aviation values for 2008 and 2012 to 2030. This gives an

annual growth rate of about 2.6% for domestic aviation, which is slightly lower than that generally accepted for
international aviation (between 3% and 5%).

4.5.2.1 Mitigation scenarios

Two mitigation measures were modeled for the transport sector:
e Modal shift from road to rail — assuming a certain percentage shift in the different mitigation scenarios.

e Improvement of road traffic congestion — leading to a higher fuel efficiency of vehicles. Examples of
measures considered are the building of an express elevated way and a metro rapid transit system in
Dhaka, including subway and bus rapid transit system.

Table 4.6: Mitigation assumptions for the transport sector

Base year | BAU Low Medium | High

(2012) (2030) | (2030) (2030) (2030)
Improveme | % 0 0 5 10 15 The efficiency improvements from
nt of road improvem optimal running of vehicles is much
traffic ent in fuel less than those from the purchase of
congestion efficiency more fuel efficient vehicles. [The present

strategic road sector plan considers many
flyovers, alternative roads to reduce
the traffic congestion in the major cities.
However, because of un-planned
urbanisation, the traffic congestion could
only be reduced up to the extent
mentioned in different scenarios.

Modal shift | % modal 0 0 10 20 25 All the scenarios duly factor in the

from road to | shift of keenness of the Government of

rail passenger Bangladesh to promote rail and water
-km as relatively cheap and fast modes of

goods and cargo transportation.

The ‘improved efficiency of vehicles’ measure was modeled by simply reducing the fuel/km of all road vehicles by
the relevant percentage for each scenario.

The ‘modal shift from road to rail’ measure was modeled by first converting the vehicles-km for road vehicle types
into passenger-km by multiplying the former for assumed average occupancy figures for the main road vehicles.
These assumptions are shown in Table 4.7.

Table 4.7: Average occupancy assumption

Passengers per
vehicle

40 10 5 2 2 2 2 1

[Source: Expert judgment]
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Trucks were not considered as they would not be a target of mass rapid transport solutions. The passenger-km was
calculated for the BAU and then for the three mitigation scenarios by reducing the BAU figure by the appropriate
percentage (10%; 20%; 25%). The passenger-km for the rail sector in the BAU scenario was taken from the World
Bank online database. Considering that the sum of passenger-km of road and rail had to remain constant, the
passenger-km for rail for the three mitigation scenarios was calculated by subtracting the relevant road
passenger-km for the low, medium and high ambition scenarios from the overall road-rail passenger-km.

4.5.3. Industry

BAU Scenario

GHG emissions under the BAU scenario were calculated by combining:
e Projections of industrial output for each industrial sub-sector consistent with the growth rate needed to
attain middle-income status by 2021; and
e An energy intensity per output for each industrial sub-sector, from the E&CC Master Plan, with an
assumption that this energy intensity per output does not change up to 2030 under the BAU scenario.

4.5.3.1 Mitigation Scenarios

GHG emissions under the three mitigation scenarios were calculated by assuming:

e The level of energy efficiency improvements possible in each industrial sub-sector by 2030 (both for
existing plants and for new plants); and

e The proportion of the sub-sector that would take up the energy efficiency measures by 2030.

The energy efficiency improvements are based on expert judgment, arrived at following intense discussions. The
proportion of the sub-sector taking up the energy efficiency measures was based on the timetable for energy
audits set out in the EE&C Master Plan. Note that it was taken into account that even if X% of a sub-sector has had
an energy audit by 2030, less than X% might actually act upon the audit and implement energy efficiency
measures. Hence assumptions were made on the proportion of sub-sectors taking up energy efficiency measures
for lower, medium, and higher ambition scenarios.

Table 4.8: Mitigation assumptions for industry’s energy demand

Sector Average efficiency % of sector % of audited sector undertaking energy % of sector with new
improvement from BAU (%) | undergoing efficiency improvements by 2030 plants installed by 2030
Existing plant New | energyaudit | Low ambition Medium High BAU Abatement
(following energy plant by 2030 scenario ambition ambition Scenario scenarios
audit) scenario scenario
Cement 20 30 50 30 50 70 20 30
Fertilizer 7.5 15 50 30 50 70 20 30
Garments 8 125 30 20 30 50 20 30
Textiles 10 15 50 30 50 70 20 30
Steel 30 60 70 50 70 90 20 30
Pulp and 10 20 50 30 50 70 20 30
paper
Tiles 15 30 30 20 30 50 20 30
Bricks 0 12 10 Not modeled Ditto Ditto 0 Low: 5
because EE Medium: 10
potential is 0 High: 20
Frozen 10 17.5 50 30 50 70 20 30
food
Chemicals 5 10 70 50 70 90 20 30
Jute 15 0 50 30 50 70 0 0
Other 10 10 50 30 50 70 20 30
industries
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Taking cement as an example, in the low ambition scenario, 30% of the sector will have new plants or technology
in place (last column), which will help reduce energy consumption by 30% (column 3) in 2030. Of the remaining
70% of the plants, 50% will undergo an energy audit (column 4), but only under one-third (30%) will undertake
energy efficiency improvements (column 5) that will lead to a 20% reduction of energy consumption (column 2).
This calculation has been repeated for medium and high scenarios by changing the proportion of the audited
plants undertaking improvements from column 5 to columns 6 and 7 respectively.

4.5.4 Households

BAU Scenario
The households sector was split into urban and rural households and modeled separately.

Electricity use

Electricity use in households was determined using the following approach:

e Data on current and projected numbers of lights and appliances and their efficiencies was taken from a
peer reviewed 2014 report 21;

e The projected numbers of lights and appliances are based on specific GDP growth assumptions, adjusted
to fit in with the higher GDP growth rate needed to meet middle-income status by 2021;

e According to BBS 2014, 48.84% of rural households and 88.70% of urban households are using grid
electricity for lighting purposes. It is assumed that this represents the proportion of households with any
grid connection;

e The above percentages were used to establish the number of devices per household;

e That figure was multiplied by the standard energy efficiency for each device to get the total electricity
demand of a household;

e Iltis assumed that there are no autonomous energy efficiency improvements in the BAU scenario.

Other fuels

Other fuels were modeled in a simpler manner:

Natural gas, LPG, kerosene, diesel, wood, animal waste and vegetable waste.
Data on vegetable waste, animal waste, and wood and kerosene consumption per household was taken from BBS,
2014, Table 4.25.

Table 4.9: Energy-Bio-mass and Non-Biomass

Heating
Energy Type All Uses Cooking Parboiling Other | Cooling Lighting | Amusement
Biomass (kg)
Fuel wood 1,186.21 1,064.84 28.60 92.77 - - -
Tree leaves 501.51 470.67 29.99 0.85 — — —
Crop residue 708.18 538.86 164.41 2.72 - - —
Dung cake/stick 523.90 503.68 16.07 4.16 — — —
Sawdust 8.40 8.36 0.02 0.02 — — —
Non-biomass
Candle (piece) 15.86 — — — — 15.86 —
Kerosene (liter) 28.98 1.76 — 0.07 — 27.16 —
Natural gas (Cubic-meter) 9.59 9.59 — — — — —
LPG/LNG (liter) 0.05 0.05 = = = = =
Grid electricity (kWh) 143.83 0.25 — 4.00 49.50 80.74 9.34
Solar PV (kWh) 0.53 — — — 0.04 0.48 0.01
Storage cell (kWh) 0.55 — — — — 0.14 0.41
Dry-cell battery (piece) 15.01 — — — — — —
21 Market Research on Equipment and Appliances, New Vision Solutions Ltd, 2014.
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Data on consumption of kerosene for cooking purposes was adjusted to account for the fact that only 46.45% of
rural and 10.70% of urban households use kerosene for lighting and 1.04% of rural and 0.83% of urban households
use kerosene for cooking (BBS 2014).

Data on diesel was taken from BBS 2014, Table 4.26 where the 2013 figure for oil of the residential sector was
shown to be 343,000 MT. It was assumed that the 2011 amount was consumed by 80% of urban households by
running backup power generators. The consumption per household was then modeled assuming: a) a 10%
improvement in fuel efficiency of backup generators by 2030; b) only 50% of urban households will need to use a
backup generator in 2030 due to expansion and improvement in the reliability of the national power grid.

Table 4.10: 2013 Annual Energy Consumption by Sector and Fuel Type

Grid electricity (GWh) 12,292 0 18,264 3,556 1,713 35,825
Gas (MMCM) 9,612 1,136 2,875 252 23 13,898
Oil ( MMT) 189 2,288 343 20 985 3,825
Coal (1,000TOE) 666 0 0 0 0 666

Source??

Data on wood, agricultural and forest waste and animal waste consumption for cooking and parboiling was
adjusted to account for the percentage of households using these fuels for cooking purposes (BBS 2014, Table
3.23). The same percentage of households using non-electric energy for cooking and for parboiling was assumed.
It was also assumed that there will be a 10% market penetration of biomass based improved cooking stoves (i.e.
about 2.4 times more efficient than traditional ones) by 2030.

Growth of biomass demand in households was assumed to be in line with the historic trend included in the Second
National Communication and is shown in its Table 4.15.

Table 4.11: Source of Cooking Fuel (%)

Wood 34.8 31.76 44.27
Kerosene 1.0 1.79 0.57
Gas/LPG 12.6 9.09 2.36
Electricity 0.4 0.76 0.88
Straw/Leaf/Dried cow dung 51.2 55.91 -
Bio-gas 0.1 - -

The data presented in Table 4.11 for natural gas and LPG looked too low. Therefore, the total figure for natural gas
for the residential sector was divided by the correct percentage of rural and urban households using gas for
cooking obtained from Table 3.23 of BBS 2014. The Figures in Figure 4.2 were inclusive of both natural gas and LPG
consumption. It was assumed that all gas cooking in rural households uses LPG, while the modeling for urban
households incorporated the phase of the LPG on the understanding that the GoB has decided not to encourage
new natural gas connections. The number of urban households using natural gas was therefore kept at 3 million.
In addition, a 10% switch of biomass (firewood) users to LPG by 2030 was assumed, as the country develops and
some of the wealthier users will want to switch to a more ‘modern’ fuel for cooking.

22 Electricity: 2013-14, Source: Power Cell, Power Division, Ministry of Power, Energy and Mineral Resources
Gas: 2013-14, Source: MIS of Petrobangla July 2014

0il: 2012-13, Source: BPC

Coal: IEA 2012 data
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The growth rate of total natural gas/LPG demand was modeled over historic rates (2011-2013) from official
sources like Table 6 of BBS 2012 and Table 11 of the BAU report. Finally, the LPG demand’s forecasts from the
journal Energy & Power?3 (see following graph) were used.

m Supply

®m Demand

2015 2020 2025

Figure 4.2: Forecasted LPG supply and demand gap (Metric Tonnes of LPG)

4.5.4.1 Mitigation Scenarios

The mitigation measures analysed are:
e Energy efficient equipment and appliances
e Energy efficient lighting
e Introduction of domestic gas metering
e Improved gas cookstoves
e More efficient biomass cookstoves
e Replacement of biomass with LPG for cooking in rural areas

Energy Efficient Green building
Energy efficient appliances

Potential efficiency improvements for individual appliances were taken from the 2014 New Vision Solutions
report, Table 8.

This report does not contain suggested efficiencies for certain appliances, for these a 10% improvement was
assumed.

Market penetration of energy efficient appliances was assumed as set out in Table 4.12 below. The market
penetration rates set out in the E&CC Master Plan were taken as the medium ambition scenario, as it was felt that
these would be too challenging to be met in the low ambition scenario. Relative lower and higher market
penetration figures were then assigned based on expert judgment.

Table 4.12: Assumptions on market penetration of appliances

Low Medium ambition High
ambition (Master Plan targets) ambition
Lighting LED 30% 50% 70%
Refrigerator/ Variable speed compressor, high 35% 55% 70%
freezer performance heat insulation
TV LCD with LED back light 15% 25% 40%
23 Energy & Power, Figure on p. 160, Vol 13, Issue 1, June 15-30.
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Low Medium ambition High
ambition (Master Plan targets) ambition
AC High COP with large heat exchanging 20% 50% 65%
coil and variable speed compressor

Washing machines Not in master plan 10% 20% 30%
Rice cookers Not in master plan 10% 20% 30%
Water dispensers Not in master plan 10% 20% 30%
Water pump High efficiency motor 8% 15% 25%
Computers Not in master plan 10% 20% 30%
Water heaters Not in master plan 10% 20% 30%
Iron Thermostat 3% 5% 8%
Fan High efficiency motor 15% 25% 40%
Other Not in master plan 10% 20% 30%

Energy efficient lighting

This measure was modeled by assuming the following changes in numbers of types of light bulbs per household.

Table 4.13: Assumptions on numbers of light bulbs

Bulbs per % Bulbs per % Bulbs per % Bulbs per %
HH HH HH HH
Incandescent 1.22 16.25% 0.75 10% 0.37 5% 0.00 0%
CFL 3.90 52.0% 2.28 30.4% 1.87 25% 1.12 15%
LFL 2.22 29.6% 2.22 29.6% 1.50 20% 1.12 15%
LED 0.16 2.13% 2.25 30% 3.74 50% 5.24 70%
Total 7.49 100% 7.49 100% 7.49 100% 7.49 100%

A simplifying assumption that the efficiency of individual lights does not change over time was used.

Introduction of domestic gas metering

It was suggested that this mitigation measure should not be quantitatively modeled, but could be mentioned in
the INDC qualitatively. There is an ongoing pilot programme sponsored by the GoB, but there is currently some
re-evaluation of this measure because it seems it would not be cost-effective and there are some concerns about
the reliability of the available technology for the metres.

Improved gas cookstoves

The potential efficiency improvements of gas cookstoves are taken from a USAID-funded study on willingness to
pay for cookstoves?* . This suggests a heat utilisation efficiency of 46.3% for conventional natural gas cookstoves
and 57.8% for energy efficient natural gas cookstoves, that is a 125% efficiency improvement of energy efficient
models as compared to standard technology ones. For market penetration, the rates in Table 4.14 have been
assumed (based on expert judgment generated by this study):

24 http://cleancookstoves.org/resources_files/consumer-preference-bangladesh.pdf
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Table 4.14: Assumptions on market penetration of gas cookstoves

Standard 100 90 80 60

Energy efficient 0 10 20 40

More efficient biomass cookstoves

The potential efficiency improvements of biomass cookstoves are taken from the same USAID-funded study on
willingness to pay for cookstoves?® . This suggests a heat utilisation efficiency of 11.9% for traditional biomass
cookstoves and 28.6% for energy efficient biomass cookstoves, that is a 240% efficiency improvement of energy
efficient models as compared to standard technology ones.

For market penetration, the rates shown in Table 4.15 have been assumed (based on expert judgment and taking
into account the current and planned effort of the GoB to promote improved biomass cook stoves):

Table 4.15: Assumptions on market penetration of biomass cookstoves

BAU Low Medium High

Standard 90 80 65 30

10 (2.8m households | 20 (5.7m households | 35 (10m households | 70 (20m households by

Energy efficient by 2030) by 2030) by 2030) 2030)

Replacement of biomass with LPG for cooking

The TNC project team assumed the market switch from biomass to LPG for cooking shown in Table 4.16, based on
expert judgment.

Table 4.16: Assumptions of share of households using fuels for cooking

Rural 2011 Urban 2011 Rural 2030 Urban 2030
Natural gas + LPG | 4.5% (all LPG) 46.48% 14.5% (all LPG) 56.48%
0, 1 0, 0, 1 0,
LPG 4.5% 6.06% 14.5% (mcrgase of 10% from 39.89% (|ncrease of 10%
biomass) from biomass)
40.02% 16.59% (3m of Households
0, 0,
Natural gas 0% (3m of Households) 0% - kept constant)
. 84% (decrease of 10% in 41% (decrease of 10% in
0, [
Biomass 94% 2% wood consumption to LPG) | wood consumption to LPG)
Kerosene Remainder Remainder Remainder Remainder

The 10% switch from biomass consumption in rural and urban households was assumed to occur using standard
and energy efficient LPG cookstoves respectively for the BAU and the mitigation scenarios. This is more of a social
change due to an increase in wealth of the population rather than a mitigation measure, so no difference was
introduced in the assumptions relating to mitigation scenarios.

25 http://cleancookstoves.org/resources_files/consumer-preference-bangladesh.pdf
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4.5.5 Commercial Buildings
BAU Scenario

The annual energy consumption data in 2013 for the commercial buildings sector, split by fuel type, was taken
from a range of sources: electricity demand from the power division of the Ministry of Power, Energy and Mineral
Resources; gas from Petrobangla; and oil from BPC. This demand was projected to 2030 based on the forecasted
GDP growth rate for the services sector from the National Sustainable Development Strategy (Table 3.2). This was
then multiplied by a factor of 1.5 according to the indication in the NSDS that: “in a typical developing economy a
one percent increase in GDP leads to a 1.5 percent increase in electricity demand."” In the absence of other data,
this growth factor was assumed for all fuels, and not just for electricity.

4.5.5.1 Mitigation Scenarios

It was decided to model the effect of all mitigation measures together, i.e. energy efficient appliances, lighting,
cooling measures, and rainwater harvesting. The figures chosen for modeling the energy efficiency improvement
for the overall sector in the three scenarios are 12%, 20%, and 25% for the low, medium and high ambition
scenarios respectively. It was assumed that the potential of energy efficiency in the commercial sector is 50%, as
referred to in the EE&C Master Plan. However, it was felt that the full potential was not reasonably achievable
because of limitations in building design and other technical factors. Consequently, it was considered that half of
the full 50% potential (i.e. 25%) was achievable in the higher ambition scenario.

4.5.6 Energy use in Agriculture

The overall fuel consumption for the BAU was modeled in line with GDP growth, but instead of 1:1 growth
GDP/fuel, 1:0.5 was used. No mitigation measures were modeled for this sector.

4.5.7 Non-energy emissions in agriculture sector

BAU Scenario

Non-energy GHG emissions in agriculture were modeled in four categories:
Rice cultivation
Enteric fermentation
Manure management
Agricultural soils

In the period 2005-06, a total of 10.529 Mha (million hectares) of land was under paddy cultivation of which 9.8%,
4.8%, 46.8% and 38.6% were aus, broadcast (B) aman, transplanted (T) aman and boro respectively. The cultivated
paddy area increased gradually from 2006 to 2012. The cultivated area of broadcast aman and transplanted aman
rice decreased slightly over the last seven years but the area under boro cultivation increased sharply. That given
to aus remained almost unchanged in the seven year period. The total paddy area increased by about 9.5%
between 2006 and 2012.

Table 4.17: Cultivated Area of Different Rice Crops from Year 2006 to 2012

Aus 1.034 0.906 0.919
B Aman 0.505 0.484 0.308

TAman 4.923 4.932 4.74

Boro 4.066 4.258 4.607
Total Rice 10.529 10.579 10.574

Source: Yearbook of agricultural Statistics of Bangladesh, 2014
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In the year 2006, total methane emission from rice cultivation was estimated at about 437.7 Gg CH4. The methane
emission from rice cultivation gradually increased and the amount in 2012 stood at 497.6 Gg. The increase is
attributed to the increased rice cultivation area, especially that for boro rice.

Emission from N- based fertilizer

In 2006 the amount of direct N,O emissions from N based fertilizer and CO, emissions from urea fertilizer were
estimated to be 18.0 Gg and 183374.0 Gg respectively. The direct N,O emissions from N based fertilizer and CO»
from urea decreased to 17.6 Gg and 162507 Gg respectively. The reduction in emission may be due to the 24%
decline in the B aman area as shown in Table 4.17.

Enteric Fermentation

Livestock population data was collected from the Department of Livestock Services (DLS). The total number of
livestock population by year is presented in Table 4.18. In 2006, the livestock population was estimated to
comprise 14.14 million dairy cows, 8.66 million non-dairy cows, 1.21 million buffaloes, 20.75 million goats, 2.68
million sheep and 245.97 million poultry birds. The livestock population increased gradually in response to
increase in domestic demand for meat, eggs and milk and milk products.

Table 4.18: Number of Livestock and Poultry in Bangladesh

Number (in Lakhs)

Livestock/Poultry

2006-07

2007-08

2008-09

2009-10

2010-11

2011-12

Cattle

228.7

229.0

229.76

230.5

231.21

231.95

Buffalo

12.1

12.6

13.04

13.49

13.94

14.43

Goat

207.5

215.6

224.01

232.75

241.49

251.16

Sheep

26.8

27.8

28.77

29.77

30.02

30.82

Total Livestock

475.1

485.0

495.58

506.51

516.66

528.36

Chicken

2068.9

2124.7

2213.94

2280.35

2346.86

2428.66

Duck

390.8

398.4

412.34

426.77

441.20

457.00

Total Poultry

2459.7

2523.1

2626.28

2707.12

2788.06

2885.66

Source: Department of Livestock Services, Ministry of Fisheries and Livestock

In the Initial National Communication (MoEF, 2002), the total methane and nitrous oxide emissions from manure
management were estimated at 251.90 Gg CH, and 28.88 Gg N,O respectively for the year 2001. However, in the
Second National Communication (MoEF, 2012), the total methane and nitrous oxide emissions were estimated at
258.54 Gg CH4 and 33.83 Gg N> O respectively for the year 2005.

Current total enteric methane emission has been estimated at about 495.6 Gg CH,4 for 2006 considering enteric
methane emission factor (EFt) and for 2012 at about 537.9 Gg CH,. The calculation was made using ALU software.

Assumptions for BAU are as follows:

Rice cultivation:
e Increase in irrigated area and High Yielding Varieties (HYV) will continue to 70% of rice area by 2030;

e Uplands and rain-fed areas will fall (by 50% and 57% respectively), as more efficient irrigated systems
replace rain- fed systems;

Total rice area will remain unchanged. The additional gains in productivity will be absorbed by increasing
demand from a growing population and potential export markets.

Enteric fermentation:
As a result of increased mechanization (e.g. increased use of tractors for tillage), the number of draft animals
is likely to decrease. It has been estimated that the non-dairy herd will fall by 20% by 2030;

Consumption of milk and meat is likely to increase but it is assumed that this increased demand for dairy
products will be met by improvements in production efficiency, hence there is no change in the numbers of
dairy cattle;
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As genetics improve to enhance productivity, it is assumed that dairy cows will increase in size, leading to an
increase in the emissions factor for dairy cows by 20%;

It is assumed that the numbers of cattle and emissions factors for all other categories of animal (buffalo,
sheep, goats, swine) will stay the same through 2030.
Manure management:

Livestock number changes are estimated as per the enteric fermentation category. This means the number
of dairy cattle will stay the same but that of non-dairy (draft) cattle will fall by 20%;

Dry storage will remain at 80% based on estimations in the Second National Communication.
Agricultural soils

Fertilizer usage will increase at a rate of 4.2% per year®®;

A 50% increase in organic uses of nitrogen fertilizer has been assumed.

4.5.11 Mitigation Scenarios

The following mitigation measures were considered:
e Alternate wetting and drying irrigation for rice cultivation
e Increased mechanisation leading to reduced draft cattle numbers
e Improved use of organic manures

The assumptions made for each measure are as follows:

Table 4.19: Mitigation assumptions for agriculture (non-energy related emissions)

Low Medium High
scenario | scenario | scenario

Alternate % of rice cultivation 10% 15% 20% Almost no AWD currently assumed but
wetting and area that adopts with relatively straightforward policy
drying AWD intervention the assumptions made for
the scenarios are realistic within the
timescales.

Increased % reduction in draft The project team felt that this could be
mechanization cattle numbers a realistic target with appropriate policy
intervention.

Improved use of | % increase in organic Expert judgement on what is feasible.
organic manures | manure use

4.5.8 Waste Sector

In the context of Bangladesh, as all the landfill sites function as unmanaged and open dumps, these sites can be
optimal for landfill gas emission. Every day huge amounts of MSW are dumped at the sites, and this produces
significant amounts of CH4 for emission into the atmosphere. A large proportion of the waste generated remains
scattered and because of aerobic conditions, the scattered waste produces little or no methane.

According to the 2011 Population and Housing Census, a total of 35,094,684 (adjusted) persons live in urban areas
and make up 23.43% of the total population. Urbanisation has been taking place in Bangladesh in three main ways:
i) Area Expansion;
ii) Rural-Urban Migration; and
iii) Population Growth.

26 From FAO report “Towards Sustainable Agriculture and Improved Food Security and Nutrition.
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The proportion of Bangladesh’s urban population reached 23.43% (adjusted) in 2011 from 2.43% in 1901. The
proportion of the urban population was almost similar from 1901 to 1921 and thereafter it started increasing at
relatively high rates: 137.6% for the period 1961 to 1974, 115.8% from 1974 to 1981, and 65.9% from 1981 to
1991. Despite the increase in urban population in the last three decades, Bangladesh continues to be a
predominantly rural country with about 76.57% of its population living in villages.

At present the urban area of the country includes 12 city corporations, 304 pourashva / (municipal corporations)
and 189 upazilas.

Waste Generation: 27

The total amount of waste generated every day in Bangladesh has been increasing annually since 1991. Whereas
in 1991 the urban areas of Bangladesh generated approximately 6,493 tons per day of municipal solid waste, by
2005 that figure had more than doubled to reach 13,330 tons per day. In 2014, it is estimated that Bangladesh
generated 23,688 tons per day in its urban areas. At the same time the total urban population of Bangladesh
increased from 20.8 million in 1991 to 32.76 million in 2005 and to 41.94 million in 2014. It is estimated that the
total urban population will be as high as 78.44 million by 2025, and the total waste generated is expected to reach
47,000 tons per day. There is an obvious link between a larger urban population and greater amounts of waste
generated. Interestingly, since 2005, the rate of change of total waste generated daily has exceeded the rate of
population growth, due to an increased average daily per capita waste generation rate.

_ Total Waste @ Population
50,000 tons per day 100 million

47,000 tons _

20

80

70

60

23,688 tons
50
20,000 32.76 million 40

20.80 million 30

10;Q00 20

10

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 4.3: Total Waste Generation vs. Urban Population?®

Per Capita Waste Generation:*°

In 1991, the daily waste generation rate per person was estimated to be 0.31kg per capita per day (World Bank,
1998). By 2005, this rate had increased to 0.41kg per capita per day (Enayetullah et al. 2005), and as revealed by
this latest study, in 2014 the rate of daily waste generation per person was estimated to be 0.56kg per capita per
day. According to projections made before the change of millennia, the daily waste generation rate is expected to
reach 0.60kg per capita per day by 2025 (UMP, 1999). A more recent projection by the World Bank estimates that
daily waste generation will reach 0.75kg per capita per day by 2025 (Hoornweg and Bhada-Tata, 2012).

Bangladesh Waste Database 2014, Wasteconcern.org
Ibid, Page 7
Ibid, Page 8

Third National Communication of Bangladesh-




Mitigation

- Total Waste = Waste per Capita
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Figure 4.4: Total Waste Generation vs. Per Capita Waste Generation Rate

BAU Scenario
This scenario:
Calculated GHG emissions from municipal solid waste (MSW) and waste water;
Calculated emissions from disposal of industrial waste;
Calculated MSW from waste composition and waste arising. Waste estimates exist only for urban areas, hence this
was the focus of analysis — waste arising in urban areas was estimated at 23,688t per day in 2014 and 47,000t per
day by 2025;
Assumed that waste would continue to be managed as at present, meaning:
o Majority of waste will continue to go to unmanaged shallow landfills (67%)

o Remaining waste will go to unmanaged deep landfills (33%).

4.5.8.1 Mitigation Scenarios

Institutional arrangements for a safe and scientific residual waste collection system are not yet fully in place.
Moreover, limited application of mitigation measures makes the situation more difficult. The timescale over which
mitigation options are to be assessed is the next 15 years.

Introducing any large-scale treatment facilities to treat residual waste, such as incineration, would take a
significant period of time and be a very expensive option compared to current practice. In order to develop a
facility, the main stages required would be: creation of a business case; identification of a site; procurement of the
contract; and construction of the facility. This could take anywhere from between four to seven years. Additionally,
the infrastructure to collect and deliver the waste to the site would need to be in place. At the same time, due to
a shortage of available government land and the higher value of private land around cities it is gradually becoming
almost impossible to develop new dumping areas at regular intervals.

The separation of materials such as wood (2.0%) and paper (5.8%) would not reduce emissions significantly given
the small proportion they make up of waste and the fact that the likely capture rates from rolling out a separate
collection would be low. Separate areas could be introduced but these may be scavenged for the material
deposited (making them not cost effective) and they may not be successful in separating significant quantities of
material.
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The main option available at present would be to build sanitary landfills and incorporate gas collection and energy
generation. Developing new engineered landfills is generally the least expensive option to managing waste.
Additionally, it would also reduce the health risks by reducing the unmanaged dumping of waste. Moving to
engineered deeper landfills will create more methane and potentially increase emissions; to counter this, energy
recovery will need to be implemented or as a minimum, flaring of the captured gas. A dry fermentation process of
managing waste can also be introduced, which can generate electricity and organic manure. It is a relatively low
cost technology compared to incineration and the facility takes less time to build.

Composting or organic material was also analysed as a mitigation option, as this is already being rolled out in some
cities across Bangladesh and could potentially be scaled up.

The following mitigation options were analysed for MSW:
o Increased composting of organic waste
o Capture of landfill gas with flaring
o Capture of landfill gas with electricity generation

o Introduction of dry fermentation technology to generate electricity
The assumptions are shown in Table 4.20:

Table 4.20: Mitigation assumptions for the waste sector

Mitigation measure Low ambition Medium ambition High ambition

Composting - % diverted from landfill (of the

33% that is currently collected and landfilled) 30 >0

LFG with flaring None Yes - 30% capture None

LFG with energy recovery None None Yes — 70% capture

Dry fermentation with energy recovery None 50% capture 90% capture

For the high ambition scenario, it is assumed that composting will be used from 2020 and that 50% of the 33% that
is collected and landfilled will go to composting sites. The modeling assumes that the 50% is diverted from landfill.
There may be some composting outputs that go back to landfill but this is likely to be inert materials and will not
impact on emissions. For the medium ambition scenario, it was assumed that only 30% of waste currently
collected and landfilled is diverted to composting. At present, composting schemes are being introduced but the
exact scale and expansion level is currently unknown. Therefore 50% and 30% diversion levels were chosen based
on the composition, waste volume and relatively basic technological nature of composting, which allows for
shorter construction times.

Landfill gas recovery and dry fermentation options were modeled from 2020. The medium ambition scenario
assumes 30% and 50% of methane emissions are captured from landfill and dry fermentation technologies
respectively. For the high ambition scenario, it assumes 70% and 90% of methane emissions are captured and used
to produce electricity in gas engines. Additionally, for both the flared and electricity generation options for landfill
technology, 10% of the remaining methane is oxidised in the landfill cap. When electricity generation is in place it
leads to greater methane collection levels compared to flaring (70% versus 30%). This is because improved
methane capture systems are installed and better maintained to ensure greater levels of methane are captured, as
the electricity produced presents a financial benefit and as such the operator will look to optimise income
generation.

For waste water, a 25% increase in the use of centralised treatment was assumed, which is currently in the order
of 17%. The modeling also assumes, with the increase in treatment capacity, the plants move from not
well-managed to well-managed, reducing emissions further. Developing new waste water treatment infrastructure
requires significant planning and expenditure and at present there is no significant improvement planned.
Therefore, only a modest 25% increase was assumed.
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4.5.9 LULUCF Sector

Bangladesh covers an area of 147,570 sq.km and is bordered by India on the west, Myanmar and India on the east
and the Bay of Bengal on the south. As per the decision of the International Arbitral Tribunal (2012-2014),
Bangladesh currently has 118,813 sq km of marine area (DoE, 2015). Approximately 80% of the total land area of
Bangladesh is considered to be floodplains (BBS, 2011). Hilly terrain covers only some 12% of the total land area in
the north-east and south-east, with average elevations of 244m and 610m, respectively (UN-REDD 2012). The
Perspective Plan of Bangladesh (2010-2021) entitled 'Making Vision 2021 a Reality' (GED 2012a), reported that the
recorded state-owned forest land (not necessarily supporting tree cover), and potential forest/tree growing areas,
has been identified as seven million acres ,(2.82Mha) which is 20% of the land area.

Category of Forest Land

The forest land of Bangladesh is broadly categorized as state forest land (2.53 Mha) and private forest land (0.27
Mha). Of the state forest land, 1.53 million Mha are under the jurisdiction of the Forest Department (FD), MoEF.
They include reserved, protected, acquired, and mangrove forest lands as well as newly accreted char lands in the
estuaries of major rivers. The remaining 0.73 Mha of land designated as Un-Classed State Forest (USF) are under
the control of the Ministry of Land. Village forests (homestead land) form the most productive tree resource base
in the country and account for 0.27 million hectares.

Table 4.21: Category of Forest Land

Forest land managed by 1.53 10.54
Forest Department ’

Unclassed state forest 0.73 5.07

Village forest 1.88

Total 2.53 17.49

From 2006 to 2012, the Bangladesh Forest Department implemented land use change (LUC) by establishing
88,336.4 ha afforestation and enhancing the forest cover up to 992, 336.4 ha. In this regard, the FD established
35,758.0 ha of mangrove plantation and 52,578.4 ha of non-mangrove, including strip, plantations throughout
Bangladesh (Table 4.22).

Table 4.22: Land Use Change (LUC) through Afforestation

1 2007-2006 10956.0 7029.0 3927.0

2008-2007 13231.2 9677.2 3554.0

2009-2008 11484.0 4449.0 7035.0

2010-2009 11992.6 7213.6 4779.0

2011-2010 18750.6 13261.6 5489.0

2012-2011 21922.0 10948.0 10974.0

Grand Total 88336.4 52578.4 35,758.0

Annual land use changes and changes by different types of afforestation are shown in Figures 4.5 and 4.6
respectively.
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Figure 4.5. Scenario of Annual Land Use Change (in ha) through Afforestation 2012 -2016
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Figure 4.6. Total Land Use Changes (in ha) through different Types of Afforestation 2012 -2016

Table 4.23: National Land Use Classes (LUC) and Total Area under Forest Cover

International LUC National LUC

Forest 1442 Forest 1442 904,000 88336.4 992336.4

Other Wooded Land 289 Cultivated Land 8327 252,000 252,000

Other Land 11004 Village Land 2862 522,000 522,000

Built Up Areas 104

Inland Water 2022 Inland Water 2022

Total 14757 1678,000 88336.4 1766,336.4

* Forest cover with trees attaining over 30% tree cover in each LUC
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Table 4.24 Forest Cover Loss and Gain

Annual Total FC FC loss Existing FC

2010-2005 3400 680 47663.8 2720 44943.8
2012-2010 1320 660 40672.6 1320 39352.6
Total Loss and Gain, ha 88336.4 4040 *84296.4

* Remaining Total Forest Cover: 1762 = 84296.4+1678000, 296.4 ha or 11.94%

Based on annual forest cover loss (FC Loss) in Bangladesh, as established by FAO (680 ha/yr during 2005-2010 and
660 ha/yr during 2010 —2012), it was found that a total of 4,040 ha of forest cover was lost between 2006 and
2012. As a result, the remaining total forest cover in Bangladesh in 2012 was 1,762,296.4 ha or 11.94% of the total
area of Bangladesh (Table 4.24).

= ,TNC,
1762.3

B, NFA 2005,
1678

Figure 4.7: Total Area under Forest Cover (in 000 ha) identified by NFA 2005 and TNC for 2012
GHG Emissions from the LULUCF sector

Net emissions from the LULUCF sector were estimated at about 13MtCO5eq in 2000, mainly from forest and
grassland conversion (3.6MtCO»eq), emissions and removal from soil (16MtCO»eq) and emission ranges in
forest and other woody biomass stocks as carbon sequestration (5.9MtCO5eq). Emissions were estimated to have
increased a significant 12% by 2010, due to a substantial decrease in cropland and forestland area and a
considerable increase in settlement from 2000 to 2010 for the growing population. A number of government
development strategies, especially the 20% increment of production forest by 2021, will discontinue this trend by
decreasing emissions to 12MtCO,eq and 13MtCO,eq by 2020 and 2025 respectively from 15MtCO5eq in 2010.
Such development actions are expected to contribute to a sequestration of CO,, which amounts to -6.4 and
6.4MtCO>eq, in 2020 and 2025 respectively.

4.5.9.1 Mitigation Scenarios

A mitigation scenario assumes the following:
e  Continuation of coastal mangrove plantation with resilience co-benefit;
e  Continuation of coastal afforestation programme with resilience co-benefit;
e  Continuation of social and homestead plantation measures;
e  Wide scale adoption of co-management to increase forest coverage especially in the reserved forest;
e New plantation especially on char land or on barren island land;
e New re-afforestation programme especially in the degraded forest areas; and
e Wet-land forest restoration programme with resilience co-benefit,
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4.6. Cost of Mitigation

Mitigation

The table below includes the assumptions made in terms of capital fixed costs (Capex) and O&M variable costs (Opex).

Table 4.25: Assumptions for estimating investment needs for key mitigation measures

s 1009 G 9-39 £ .
Switching to 100% super. critical 16,500 $1,500/kW 3% of >.<per.t opinion as technology
coal power generation Capex is still under development
Developing utility-scale solar Recent trend in offers
PIng v 1,300 $ 1.4 Million/MW 2% of Capex received by the Bangladesh
energy o
Power Division
Scaling up wind energy 600 $2 million/MW 1% of Capex | Vestas 60 MW offer to BPDB
Repowering steam turbine with 0 Awarded offer of Ghorashal
CCGT 630 2623/kW 1% of Capex 3rd Unit for re-powering
30% of Capex
Expanding the Solar Homes Average EBLERE IDCOL enlisted PQ's sales
117 replacement
Programme $200/30Wp system offer
occurs every
after 5 yrs
Solar Irrigations »40,000 per 8 KWp $1,500 per IDCOL Solar Irrigation
Pumps 60 pumps with um Programme
P distribution system pump &
L 0.5% of S
Other Solar Mini-grids 25 $5000/kWp S IDCOL mini-grid programme
solar
o) 1 . .
Solar Nano-grids 27 $4500/kWp 0.5% of . PO's nano grid
Capex implementation target
Pico-solar 10 S4/Wp nil IFC-GIZ launched
programme
. . . o PP
Scaling up biomass production 17 $4000/kWp 0.25% of BUET study fea'5|b:’||ty on
from sugar Capex cogeneration
Building an elevated expressway
in Dhaka with the aim of Dhaka Elevated Expressway
. . 26.5
decongestion of the main urban — Summary Report
traffic arteries
Dhaka mass rapid transit system 2,700 Dhaka Mass Rapid Transit

System Feasibility Study
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4.7 Institutional Arrangements for Mitigation

The Government of Bangladesh considers climate change as a priority concern and is committed to take urgent
and long-term actions to reduce the vulnerability of its people and the risk to national development. The Ministry
of Environment, Forest and Climate Change (MoEFCC) is the main focal government ministry to deal with climate
change issues. The MoEFCC set up a National Climate Committee in 1994 for policy guidance and to oversee the
implementation of obligations under the UNFCCC. In addition to the MoEFCC and DoE, other key ministries and
agencies involved in climate issues are: the Ministry of Power, Energy and Mineral Resources including Power Cell,
the Power Development Board, SREDA and other power generation, transmission and distribution utilities; the
Ministry of Food and Disaster Management including the Department of Disaster Management and the
Comprehensive Disaster Management Programme; the Ministry of Water Resources including the Bangladesh
Water Development Board, the Water Resource Planning Organization and the Flood Forecasting and Warning
Centre; the Ministry of Local Government and Cooperation, which includes the Local Government Engineering
Department and the Department of Public Health Engineering; the Ministry of Agriculture including the National
Agricultural Research Systems that develop new crops and demonstrate practices suited to different climatic
conditions in the country; the Ministry of Livestock and Fisheries including the Department of Fisheries and the
Fisheries Research Institute; and the Ministry of Health and Social Welfare (MoEFCC/ADB, 2014).

The GOB has instituted Climate Change Cells (CCC) in several ministries and line agencies headed by focal points
whose task is to ensure that their activities reflect consideration for climate change. The MoEFCC is mandated to
provide the overall coordination and integrate climate change risk management at both national and local levels.

The MoEFCC has established a Climate Change Unit (CCU) to facilitate and coordinate with the CCCs. The CCU is
tasked with focusing on building the capacity of the government to mainstream climate change issues, particularly
development activities.
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Chapter 5

Studies on Vulnerability and Impacts and Programmes
containing Measures to Facilitate Adequate Adaptation
to Climate Change

5.1 Background

Bangladesh is one of the most climate
vulnerable countries in the world
(German Watch, 2016). For the past two
decades, Bangladesh has continuously
faced the adverse impacts of climate
variability and change that threaten
sustainable development and economic
growth in the country. The challenges
posed by climate change contribute to
making peoples’ lives and livelihoods
complex and vulnerable. Bangladesh is
heavily exposed (Figure 5.1) to various
types of natural hazards such as riverine
floods, recurrent and flash floods,
tropical cyclones and storm surges,
droughts, salinity intrusion, sea-level
rise, and riverbank and coastal erosions.
Climate change is causing the duration,
magnitude and frequency of such
natural hazards to worsen and making
poor rural communities more
vulnerable than they already are.
Despite being the ground zero of the
impacts of climate change, Bangladesh
has been working persistently to tackle
its high level of vulnerability and at the
same time, is working towards
development for improving the
socio-economic  conditions of its
vulnerable communities. Over the last
decade, Bangladesh has played a strong
and significant leadership role in the
context of adaptations to climate
change. The nation has not only
introduced innovative approaches to
adaptations in vulnerable communities,
but has also actively mobilised resources
to tackle the challenges posed by
climate change.
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Figure 5.1: Bangladesh’s vulnerability to various types of natural

hazards
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Vulnerability and Adaptation to Climate Change

5.1.1 Adaptation Actions

Over the last three decades, the Government of Bangladesh has invested over $10 billion to make the country
more climate resilient and less vulnerable to natural disasters. Flood management embankments, coastal polders
and cyclone shelters have been built, and important lessons learnt on how to implement such projects successfully
with the active participation of communities and in the dynamic hydrological conditions of Bangladesh.

To enhance integration of climate change adaptation activities in all key policies and sectors, Bangladesh has
recently established two innovative funds: the Bangladesh Climate Change Trust Fund (BCCTF) from the
government’s own budget and the Bangladesh Climate Change Resilient Fund (BCCRF) with the support of
development partners. Bangladesh submitted the National Adaptation Programme of Action (NAPA) in 2005
(revised in 2009) and prepared a climate change action plan, the Bangladesh Climate Change Strategy and Action
Plan (BCCSAP) in 2009. With respect to vulnerabilities, the Government of Bangladesh has identified the following
areas of intervention to address the adverse impacts of climate change:

Key areas of intervention to address adverse impacts of climate change

1 Food security, livelihood and health protection (including water security)

2 Comprehensive disaster management

3 Coastal zone management including salinity intrusion control

4 Flood control and erosion protection

5 Building climate resilient infrastructure

6 Increased rural electrification

7 Enhanced urban resilience

8 Increasing resilience of vulnerable groups

9 Development of climate resilient cropping systems

10 Development of surveillance systems for existing and new disease risks

11 Ecosystem based adaptation (including forestry co -management)

12 Community based conservation of wetlands and coastal areas

13 Implementing drinking water and sanitation programmes in areas (e.g., coastal areas and flood and drought prone
areas) at risk from climate change

14 Policy and institutional capacity building

Based on the above mentioned areas, the following adaptation actions are prioritised for Bangladesh:

Adaptation priorities for Bangladesh

Improved early warning system for tropical cyclones, floods, flash floods and drought

Disaster preparedness and construction of flood and cyclone shelters

Tropical cyclones and storm surge protection

Inland monsoon flood-proofing and protection

Climate resilient infrastructure and communication

Climate resilient housing

N|lo|l | B W|IN| -

Repair and rehabilitate existing infrastructure (including coastal embankments, river embankments and drainage

systems, and urban drainage systems)

8 Plan, design and construct urgently needed new infrastructure (various types of shelters, low cost disaster resilient

housing, protection schemes, water management structures, etc.)
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9 Improvement of urban resilience through improvement of drainage system to address urban flooding

10 River training and dredging (including excavation of water bodies, canals and drains)

11 Development and dissemination of stress tolerant (salinity, drought and flood) varieties of rice; improved varieties

of livestock and fisheries

12 Research and knowledge management

13 Adaptation based on local-level perspectives

14 Adaptation to climate change impacts on health

15 Biodiversity and ecosystem conservation

16 Capacity building at individual and institutional levels to plan and implement adaptation programmes and projects

in Bangladesh

Source: GoB, 2015a and GOB, 2015b.

Climate Change Policy and Strategies in Bangladesh

Bangladesh has two major strategies to deal with climate change: the NAPA 2005 (updated in 2009); and the
BCCSAP 2009. Until 2005, Bangladesh did not have any climate change strategy or plan and as the country
experiences natural hazards/disasters almost every year, the government had been taking several measures in
response to hazards/disasters. A wide variety of those measures implemented as part of key policies had the
potential to reduce vulnerability to climate change (Tanner et al., 2007). NAPA 2005 was formulated with the
strategic goal and objective of reducing the adverse effects of climate change (UNDP, 2016). However, NAPA 2005
considered only urgent and immediate priorities for adaptation and engaged sector-based line ministries (Alam et
al., 2011).

In the post NAPA 2005 years, a significant shift occurred in the planning process in response to climate change. The
influence of international climate change policies and politics on national policy processes became more
prominent. At the same time, political awareness and awareness among stakeholders grew (Khan, 2012).
Moreover, incentives were created by an expectation of significant climate change-related funding (Alam et al.,
2011). All these were driving forces behind the formulation of a new strategy for climate change and also the
updating of NAPA 2005.

In 2008, MoEF prepared the BCCSAP prior to the UK-Bangladesh Climate Change Conference in London. This
BCCSAP was revised and adopted by the government in July 2009. It provided a ten-year programme (2009-2018)
for capacity and resilience building in the country to meet the challenge of climate change. Following the adoption
of the BCCSAP, Bangladesh allocated the equivalent of approximately $400 million in the years leading up to 2016.
This money was channelled through the Bangladesh Climate Change Trust Fund (BCCTF) within the framework of
the Climate Change Trust Act, 2010 in support of the implementation of the plan outlined in the BCCSAP. Initially
a multi-donor trust fund (MDTF) was established in 2010 to secure funding from development partners. Both
funds were managed by the Government of Bangladesh through appropriate management structures. In the case
of the BCCTF, fiduciary responsibility was vested in the World Bank for the first five years.

Institutions for Climate Change

The National Environment Council (NEC) is the apex advisory body, chaired by the prime minister of Bangladesh. It
provides strategic guidance. The National Steering Committee for Climate Change (NSCCC) is directly accountable
to the NEC. The NSCCC is headed by the MoEF and consists of the secretaries to all line ministries, as well as
representatives from civil society and from the private sector. This committee is responsible for preparing,
coordinating and facilitating all national actions related to climate change and also developing and overseeing
implementation of the BCCSAP 2009.

The Climate Change Negotiation Working Group (CCNWG) develops and coordinates the position of the country
on climate change negotiations at the international level. The Ministry of Environment and Forests (MoEF) is the
national focal point of the government as it hosts all climate change related institutions in the cry.

Third National Communication of Bangladesh-



Vulnerability and Adaptation to Climate Change

The climate change branch is housed in the MoEF. This branch provides policy, advice and support to the National
Steering Committee for Climate Change.

5.1.2 Scope of work

Vulnerability and adaptation assessment activities are designed to conduct studies on vulnerabilities and impacts,
and include programmes containing measures to facilitate adequate adaptation to climate change. They aim:

e to review the relevant national policy and strategic documents and identify key adaptation issues and
gaps;

e toassess vulnerabilities to and impacts of climate change on different sectors and dependent livelihoods
and the costs of adaptation;

e to prepare a comprehensive inventory of the initiatives and programmes which are being implemented
by government and non-government agencies towards effective adaptation to natural hazards/disasters
and climate change impacts; and

e to develop a comprehensive strategy on adaptation considering impacts and vulnerabilities of climate
change and climate variabilities in Bangladesh.

5.2 Approaches and Methodology

The study contributed on the basis of the following steps:

5.2.1 Review of secondary literature

The study team collected and reviewed relevant literatures that include: peer reviewed journal papers and
reports; authentic reports published by reputed government, non-government and international organizations;
and policy and strategy documents.

5.2.2 Field data/information collection

A multi-disciplinary team consisting of climate change vulnerability and adaptation experts, sectoral and
vulnerability experts, a policy and institutional expert, and a gender specialist, conducted a series of consultations
at national and regional levels to collect and capture relevant data/information for the required deliverables. The
aim was to consider different qualitative methods that include focus group discussions, in-depth interviews, expert
consultations, etc. and geospatial tools to deliver the targeted outputs.

5.3 Climate Trend Analysis (National Circumstances)
5.3.1 Data Quality

Temperature and rainfall data sets collected from the Bangladesh Meteorological Department (BMD) used for the
analysis of trends suffers from various limitations. Missing values are a major problem in both temperature and
rainfall data sets. This is indeed a major stumbling block to creating a consistent data base following the standard
of the World Meteorological Organization (WMO). Due to a lack of metadata, many of the questionable
observations could not be verified. Although the Bangladesh Meteorological Department (BMD) has 35 stations,
the record lengths vary significantly as the stations were set up in different years. For annual temperature and
rainfall analyses, this study considered 1961 as the base year as per the IPCC guidelines. For temperature and
rainfall, 18 and 13 stations, respectively, have consistent records until 2014, with a very small number of missing
values. Missing values were filled in by the regression method and the unusual records have been removed and
filled in by regression or from nearby stations. Secondary literature, which considers variable time-lines, was also
assessed for temperature and rainfall extremes.

The BMD has recently taken initiatives to improve its climatological database. An automated logger and
radar-based rainfall data unit have been established to gather three-hourly observations in some parts of the
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country (GoB, 2012). Such efforts need to be strengthened in order to have shorter time step-based data sets with
increased coverage. Once such a data collection system is operational, the country will be able to embark upon
systematic climate change analysis.

5.3.2 Primary Elements

5.3.2.1 Temperature

Bangladesh is generally experiencing rising temperatures. The mean annual temperature rose by 0.0056°C/year from
1961 to 2014 (Figure 5.2). The nature of the trend varies regionally in the areas vulnerable to natural hazards (Table
5.1 and Figure 5.1). Out of 18 stations under consideration, 14 show increasing trends among which 10 were found to
be statistically significant. Although the remaining four stations demonstrate increasing trends, they are statistically
insignificant. Some of the stations also demonstrate decreasing trends in mean temperature (Figure 5.3).
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Figure 5.2: Trend in annual mean temperature in Bangladesh (1961-2014). The trend line demonstrates Sen’s
slope estimator.

Table 5.1: Meteorological station-wide trends in annual mean temperatures and annual rainfall in Bangladesh

Barisal Cyclone, tidal surge and salinity Increase Decrease
Bogra Drought Increase* Increase
Chittagong Cyclone, tidal surge Increase* -
Comilla Flood Decrease Decrease
Cox’s Bazar Cyclone, tidal surge Increase* Decrease*
Dhaka Flood Increase* Decrease

Third National Communication of Bangladesh-




Vulnerability and Adaptation to Climate Change

Dinajpur Drought Decrease -

Faridpur Flood Increase* Decrease

Ishurdi Flood Increase -

Jessore Drought Increase* Decrease

Khulna Drought, cyclone, tidal surge and Increase
salinity

Maijdee Court Cyclone, tidal surge and salinity Increase* Decrease

Mymensingh Flood Decrease Increase

Rangamati - Decrease Increase

Rangpur Drought Increase* Increase

Satkhira Drought, cyclone, tidal surge and Increase*
salinity

Srimongal Flood Increase* Increase*

Sylhet Flood Increase Increase

*Significant at 5% level.

Rangarnati Mean Annual Temp-(1961-2014)

Mean Annual Temp(0C)

1990

Year

Figure 5.3: Decreasing trend in mean temperature for the Rangamati station in the south-eastern region. The
trend line demonstrates Sen’s slope estimator

Nishat and Mukherjee (2013) analysed seasonal temperature trends for Bangladesh. Their analysis shows that
over the past few decades, most of Bangladesh experienced warmer winters with a prominent increase in the
minimum temperature (Nishat and Mukherjee, 2014). Hotter summers were also experienced during the
pre-monsoon and monsoon months with a prominent rise in the maximum and minimum temperatures. An
increase in the minimum temperature by 0.45°C and 0.52°C was observed during the winter (December, January
and February) and monsoon (June, July and August), respectively. Maximum temperatures were also observed to
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have increased during the pre-monsoon (MAM) and post-monsoon (JJA) months by 0.87°C and 0.42°C,
respectively. A rise in the minimum temperature during the winter season (DJF) was observed in 25 out of 34
climate observatories of the BMD. A rise in the maximum temperature during the hot summer months of JJA was
observed in almost all the stations (except Rangpur), and was prominently observed in the range of 0.03—-0.05°C/year
in Syedpur, Sitakunda, Sylhet and in Tangail stations (Nishat and Mukherjee, 2014).

Although on average the winter temperature has increased in Bangladesh, episodes of cold spells are not
uncommon (GoB, 2012). During a cold spell, the average temperature could drop to as low as 40C. The most
affected region during such a hazard is northern Bangladesh which is located close to the foothills of the
Himalayas. People in this region used to suffer from income and food poverty or monga during agricultural lean
seasons (between transplantation and harvest of the aman rice crop) (Zug, 2006; Ahamad et al., 2013). They suffer
significantly during a cold spell due to a lack of warm clothing and shelter (Shonchoy, 2011). The Government of
Bangladesh and non-government organizations have recently initiated income generation programmes to reduce
the poverty and financial hardships of the people of this region with a particular focus on the people facing food
insecurity during agricultural lean seasons (Paul et al., 2013). Monga has now been virtually eliminated.

5.3.2.2 Rainfall

In Bangladesh, about 75% of the annual rainfall occurs during the monsoon months (June-September). The
monsoon is both hot and humid and the country experiences torrential rainfall throughout the season. Cooler days
are however observed during and following heavy rainfall events. Post-monsoon is a very short season with little
or no rainfall and a falling of night time minimum temperature occurs. Mean annual rainfall in Bangladesh from
1961 to 2014 was 2,378 mm and the range was 1,746 to 2,993 mm.

Rainfall trend analysis based on data from 13 stations demonstrates increasing trends only in six stations. Figure
5.5 shows the trend in the mean annual rainfall in Bangladesh. Among them, a statistically significant increasing
trend has been detected in the flash flood prone Srimongal station located in the high rainfall north-east
hydrologic zone of the country. The remaining seven stations show a decreasing trend. The only significant
decreasing trend was detected in the Cox’s Bazar station located in the eastern hilly hydrologic region of the
country (Figure 5.4).
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Figure 5.4: Hydrological Regions of Bangladesh (MPO, 1986).
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In Bangladesh, an overall increase in the mean seasonal rainfall is observed in all seasons (Nishat and Mukherjee,
2014). The maximum mean seasonal rainfall increase observed during the pre-monsoon (MAM) and monsoon
(JJA) is around 100 mm. Although the winter season (DJF) experiences the minimum rainfall, a positive trend is
observed in 27 out of 32 rainfall stations of the BMD. This trend is prominent in the coastal stations: Sitakunda,
Patuakhali, Kutubdia and in Khulna in the range of a 1.2-2.1 mm/year increase. Increase in the pre-monsoon
(MAM) seasonal rainfall is also evident in 30 out of 32 stations of the BMD, and is also prominent in the coastal
stations of Kutubdia, Mongla, Rangamati and Sandwip stations in the range of 8-13 mm/year increase in mean
seasonal rainfall. Increase in the monsoon (JJA) rainfall is observed in 18 out of 32 meteorological stations, and is
also prominent in the coastal stations: Kutubdia, Mongla, Sitakunda and in Teknaf in the range of 21-42 mm/ year
increase in mean seasonal rainfall. Post-monsoon (SON) rainfall is also observed to have increased in 24 out of 32
meteorological stations, and is prominent in the coastal observatories of Khepupara, Kutubdia, Mongla and in
Teknaf stations in the range of 12—24 mm/year (Nishat and Mukherjee, 2014).
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Figure 5.5: Trend in mean annual (average of 13 stations) rainfall in Bangladesh from 1961-2014. The trend line
demonstrates Sen’s slope estimator.

5.3.2.3 Temperature and Rainfall Extremes

5.3.2.3.1 Temperature Extremes

Bangladesh experiences significant variability in extreme temperatures. Rahman et al. (2015) analysed maximum
and minimum temperatures in five meteorological stations: Dhaka, Cox’s Bazar, Rajshahi, Bogra and Sylhet.
Temperature records were considered for the years from 1953-2012 for Dhaka, 1948-2012 for Cox’s Bazar,
1972-2012 for Rajshahi, 1958-2012 for Bogra, and 1957-2012 for Sylhet. With the application of the Mann-Kendal
test, they found a significant increasing trend in maximum temperature in Cox’s Bazar and Sylhet, and a significant
decreasing trend in maximum temperature in Dhaka and Bogra. A significant increasing trend in minimum
temperature was detected in Dhaka and Cox’s Bazar whereas a significant decreasing trend was observed in
Rajshahi (Table 5.2)
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Table 5.2: Linear trends for annual maximum and minimum temperature in selected meteorological stations in
Bangladesh

Dhaka -2.5*
Cox’s Bazar 2.1%*
Sylhet 2.1*
Rajshahi -0.4
Bogra -5.7%

Source: Rahman et al., 2015. *Significant at 5% level.

5.3.2.3.2 Rainfall Extremes

Bangladesh often experiences long durations of heavy rainfall associated with ‘norwester’ thunder storms and
cyclonic storms (Rafiuddin et al., 2010). In September 2004, 341mm of rain fell within a 24-hour period in Dhaka,
causing severe urban flooding that halted regular urban activities (Dasgupta et al., 2015). On 11 June, 2007 around
408 mm of rainfall was measured in Chittagong, the Port City located in the south-eastern region of Bangladesh,
and the extreme rainfall resulted in serious urban flooding and landslide that killed at least 124 people
(Aminuzzaman, 2014). On July 28, 2009 around 333 mm of rains fell in Dhaka within a 12-hour period that caused
serious flooding by inundating most of the city (Dasgupta et al., 2015). On that particular day, over a period of six
hours, about 290 mm of rainfall occurred.

Islam et al. (2014) analysed extreme rainfall in Bangladesh from 1961 to 2010. They found an approximately equal
proportion of increasing and decreasing trends of various precipitation indices. Only a small number of
precipitation indices demonstrated significant trend as rainfall is a highly variable climatic parameter. During the
period of analysis, consecutive dry days (CDD) showed the highest significant increasing trend. Among the 27
stations included in the analysis, 24 of them demonstrated increasing trends in CDD with significant trends in only
three stations. On the other hand, negative trends in the simple daily intensity index (SDII) were detected in 18
stations distributed throughout eight hydrological regions (Figure 5.6) delimited by the Master Plan Organization
(1986) (Table 5.3). Among the 18 stations, significant negative trends were found in five stations. Very few
significant trends were detected in rainfall greater than 10mm, 20mm, 100mm (R10, R20, and R100) and the yearly
total precipitation amount (PRCPTOT). Analyses of the monthly maximum one day precipitation (RX1) and the
monthly maximum five days precipitation (RX5) showed non-significant increasing trends in 18 and 20 stations
respectively.

Table 5.3: Trends in simple daily intensity index (SDII) for individual stations in Bangladesh (1961-2010)

Srimongal Barisal -0.032

North East
Sylhet Khepupara 0.008
South Central
Bogra Madaripur -0.113

Dinajpur Patuakhali -0.185

North West Ishurdi Bhola -0.044

Rajshahi River and Estuary Hatiya 0.035

Rangpur Sandwip -0.189
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Dhaka Chittagong

North Central
Mymensingh Cox's Bazar

Eastern Hilly
Region
Comilla Sitakunda

Chandpur Rangamati

South East
Feni Teknaf

Maijdeecourt

Source: Islam et al., 2014. *Significant at 5% level.

5.4 Climate Change and Challenges of Development

Climate variability and change inflict damages to natural and socio-economic systems. It is considered an externality
to production and consumption of goods and services. Key economic sectors (e.g., agriculture and infrastructure) in
climate vulnerable countries are affected by extreme weather events. According to the 5th Assessment Report of
the IPCC, extreme weather events such as floods, cyclones, rises in sea level and droughts could occur with higher
intensity and frequency unless measures are taken to reduce the pace of current climate change. As a result,
climate change impacts and the resultant vulnerabilities would be exacerbated, and additional costs in terms of
losses of lives and damages to properties would be incurred. The extent of such losses and damages to any system
again depends on the geophysical context, exposure, sensitivity and adaptive capacity. It is possible to reduce
climate change related losses and damages by undertaking appropriate adaptation measures and building adaptive
capacity. Implementation of these measures would incur costs that are generally referred to as “cost of adaptation”.
The UNFCCC defines costs of adaptation as “the cost of any additional investment needed to adapt to or exploit
future climate change” (UNFCCC, 2007). A full accounting of ‘adaptation cost’ however needs to consider the
resources spent to develop, implement, and maintain the adaptation action along with the accruement of reduced
damages or welfare increases involving monetary and non-monetary metrics (Chambwera et al., 2014). Figure 5.6
provides a graphical representation of the link between the cost of adaptation (on the x-axis) and the residual cost
of climate change (on the y-axis). A fraction of climate change damage can be reduced at no cost (e.g., by changing
sowing dates in the agricultural sector). With increasing adaptation costs, climate change costs can be reduced
further. In some cases (left-hand panel), sufficiently high adaptation spending can take the residual cost to zero. In
other cases (right-hand panel), some residual cost of climate change is unavoidable.

When full adaptation is possible When full adaptation is not possible
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Figure 5.6: Graphical representation of link between the cost of adaptation (on the x-axis) and the residual cost
of climate change (on the y-axis). The left panel represents a case where full adaptation is possible, while the
right panel represents a case in which there are unavoidable residual costs (Source: Chambwera et al., 2014).
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5.4.1 Climate Change, Poverty and Economy

Climate-related disasters exacerbate other stressors, often with negative outcomes for livelihoods, especially for
people living in poverty (high confidence) (Olson et al., 2014). Poor households are often disadvantaged with regard
to access to land and they end up settling in areas vulnerable to natural hazards such as low-lying flood plains and
coastal areas. Floods, drought, salinity intrusion, cyclones, rises in sea level and storm surges are disasters that
cause loss of crops and livestock, damage pasturelands, increase fodder scarcity, destroy houses/shelters, decrease
production and increase incidences of diseases and health risks (GoB, 2009). Through these processes, eventually
the climatic hazards including subtle shifts and trends to extreme events affect livelihoods, particularly of the poor
(Olson et al., 2014).

Extreme weather often causes multiple deprivations and pushes the already poor in both rural and urban contexts
into chronic poverty (Figure 5.7). This chronic poverty continues in a spiral when people are unable to recover and
rebuild their assets. In the Bangladesh context, Jahan (2000) analysed the economic and financial damages and
recovery of urban people in Dhaka during the 1998 flood which inundated 70% of the country. The flood affected
the physical assets as well as the occupations and livelihoods of Dhaka City people considerably. A post flood survey
demonstrated that low income groups constituted the major victims of the flood. Recovery from the flood damage
was the most difficult part for the affected poor/disadvantaged households. Households which were considered to
have recovered completely varied between 26% and 37% and belonged to petty businessmen, rickshaw-pullers,
factory workers and day laborers (Jahan, 2000). Sidr, a category 4 cyclone devastated south-western coastal
districts of Bangladesh in November 2007. The estimated loss was $1.7 billion equivalent to three percent of the
total national GDP of Bangladesh of that year (GoB, 2008; Nadiruzzaman and Wrathall, 2015). Physical damages (to
houses, infrastructure, etc.) constituted about two-thirds of all damages and one-third was economic loss. In many
districts, more than half of the thatched-roof houses housing the extreme poor,were completely destroyed. Most
economic losses were incurred in the private sector. About two million people lost their income and employment.
Poverty rates are higher in the Sidr affected areas than the national average (GoB, 2008). The long-term recovery
process moved at a slow pace although the Government of Bangladesh achieved its target of short-term recovery.
Three years after the event occurred, affected households remained unable to reconstitute their assets and
‘normalise’ livelihoods to pre-Sidr levels. (Paul and Rahman, 2013).

Poverty Map
Upazlla Level . Areas Affected by Floods

Proportion of population
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Figure 5.7: Natural hazards and poverty map of Bangladesh
Source: BBS, World Bank, and WFP 2009
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Poverty traps also arise from food price increases, restricted mobility, and discrimination. Poverty impacts also
depend on the specific food crops for which prices increase. A 10 percent price increase for rice would increase
poverty in Bangladesh by 0.67 percentage points (Hallegate et al., 2015).

The agriculture sector will remain the single most important contributor to the GDP in the next few decades in
Bangladesh. The sector will remain vulnerable to climatic extremes in the future as well. Note that a reduction in
crop yield as a result of total or partial damage due to extreme events constitutes the key impact facing the crop
agriculture sector. The World Bank (2010) projected agricultural GDP to be 3.1 percent lower each year from the
base year 2005 to 2050 due to the impact (S36 billion in lost value-added). With the broader economy-wide
implications, climate change could cost Bangladesh $129 billion in total GDP over the 45-year period 2005-2050.
This is equivalent to $2.9 billion overall lost each year to climate change or an average annual 1.6 percent reduction
in total GDP. However, under less optimistic scenarios, the annual loss could be as high as $5.1 billion. Average loss
in agricultural GDP due to climate change is projected to be a third of the agricultural GDP losses associated with
existing climate variability. Without changes to current global climate policies, Bangladesh would experience annual
economic costs equivalent to 2% of its GDP by 2050, rising to 9.4% by 2100 (ADB, 2014). If, however, global
mitigation actions are successfully implemented, those losses could be limited to just over 2% by 2100.

How would the losses in agriculture sector impact poverty? It has been estimated that a 50% reduction of crop
production would increase poverty by the same percentage. On the other hand, a particular disaster could reduce
the 12% contribution to GDP of the agriculture sector. The magnitude of severity of an extreme cyclone is found to
be more than that of a flood. A 60% damage of crops by a cyclone increases poverty at the same percentage
affecting resources and livelihoods, and decreases economic growth by 15% for the respective period (GoB, 2009).

Floods and cyclones affect culture fisheries severely. Droughts could dry up open water bodies and that could lead
to a loss of livelihoods for the poor fishermen and decrease the nutrition status of the rural poor. Moreover,
frequent warnings of cyclones lead the fishermen to stay home for longer periods of time and thus their income
decreases, increasing their poverty levels. The World Bank has estimated that a loss of an additional $66 million
could occur in the fisheries sector due to climate change by 2050.

Extreme climatic hazards cause loss of livestock, damage pasturelands, increase fodder scarcity, destroy shelters,
decrease production and increase management cost through incidence of diseases. It is also perceived that severe
impacts of climate change and extremes on livestock affect poverty moderately but in many cases livelihoods of
marginal farmers dependent on livestock are severely affected. The impacts of sea level rise affect poverty and
economic growth of this particular sector severely. Drought, salinity intrusion and heat waves moderately affect
the sector and consequently, both poverty and economic growth are moderately affected (GoB, 2009). The World
Bank (2010) estimated damages and losses of an additional $56 million in the livestock sector due to climate
change by 2050.

The impacts of extreme weather events particularly cyclones and storm surges on forestry affect poverty and
economic growth differently than on other economic sectors. In 2007 Cyclone Sidr destroyed one-quarter of the
Sundarbans mangrove forest and almost 100% of the afforested trees along its path. A large number of marginal
and poor people living in the vicinity of the Sundarbans are dependent on the forest resources. Therefore, any
destruction of the Sundarbans mangroves forest affects their livelihoods and financial well-being. It is perceived
that salinity intrusion severely affects trees growing in forests especially in coastal regions. This has moderate
impacts on poverty and economic growth. Other climatic shocks like flood and drought have moderate impacts on
forestry which has low impacts on poverty and economic growth. Besides this, erratic rainfall and temperature
variation have low impacts on forestry and lower impacts on poverty (GoB, 2009).

5.5 Sectoral Impacts, Vulnerability and Adaptation to Climate Change

5.5.1 Agriculture and Food Security

Climate Change and Agriculture: Why should Bangladesh be concerned?

Bangladesh is one of the most densely populated countries of the world with very limited arable lands. Therefore,
food security is a challenge given that agriculture is always vulnerable to climatic variability and extremes. Currently,
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2016-2017, agriculture (including the forestry and fishery sectors) contributes 14.73% to the GDP of the country but
among the economic sectors, agriculture remains the largest employer in the country with 43% of the labour force
directly employed in agriculture and around 41% of the population dependent on agriculture in one form or
another for their livelihood (Bangladesh Economic Review, 2017). This sector is highly sensitive to climate variability
and extremes. Future climate change will significantly impact on the temperature and precipitation regimes,
especially on monsoon and winter precipitation dynamics. This alteration will increase the vulnerability of the
agriculture sector due to the predicted increasing frequency and magnitude of floods and droughts, particularly in
the Ganges, and in the Brahmaputra and Meghna (GBM) basins.

Why should Bangladesh be particularly concerned for its agriculture sector? Based on socio-economic projections,
geographical location and likely future hazards, Yohe et al. (2006) concluded that Bangladesh will be extremely
vulnerable to climate change under all scenarios. Although in the last four decades, the agriculture sector has made
significant progress in crop production and food insecurity management through agricultural and fiscal
interventions in the risk prone areas, these gains could be threatened with worsening climate change associated
with extreme hazards as well as with the intrusion of saline waters in the coastal areas due to sea level rise. Some
of the reasons for concern for the agriculture sector in Bangladesh are briefly summarised below:

An increase in global mean temperature can damage or cause irreparable loss of unique and threatened water
resources systems. Mean temperature increase can cause agricultural yield losses. Glacial lakes, the Himalayan
snow and glaciers and coastal and inland wetlands, may be irreparably harmed by changes in climate beyond
certain thresholds. 71% of the dry season flow of the Ganges originates in Nepal and is mainly from glacier and
snow melts. Glacier melt affects the long-term dry season water supply in the Ganges and Brahmaputra, and this
will, in turn, impact agriculture and the supporting sectors due to a lack of adequate surface waters. River flows
check intrusion of saline water in the coastal districts and water supply in the rivers in March and April is critical for
agriculture in Bangladesh when rainfall is low but the rates of evaporation are high. Recent research findings both
from within Bangladesh and from other parts of the world indicate that temperature change can reduce rice yield.
Peng et al. (2004) found that for every 1°C increase in the growing season minimum temperature, a 10% reduction
in rice yield occurs (Figure 5.8). In Thailand, it is reported that increasing temperature has led to a reduction in crop
yield, particularly in the case of non-irrigated rice. A 4°C increase in maximum and minimum temperatures and 100
ppm CO; increase could reduce the boro rice yield by 22% (Basak, 2010).
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Figure 5.8: Relationship between crop yield and climate (Source: Peng et al., 2004).

Temporal and spatial distributional changes of water resource can harm the agriculture sector. The regional
differences in impacts and vulnerability may be conspicuous depending on climatic and hydrological dynamics as
well as geographical, population and ecosystem dynamics. At present, the great pressure on water resources is from
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rising human populations, particularly growing concentrations in urban areas and the resulting expanding economic
activity. Possible increases in water requirements due to increased agricultural production to meet the growing
needs of the burgeoning population and rapid economic growth to tackle widespread poverty would likely
substantially increase the total water requirements. Freshwater availability in large river basins is projected to
decrease due to climate change (IPCC, 2007). Note that for the South Asia region including Bangladesh the
monsoon flow may increase but it does not mean that water availability will also automatically increase. Given that
Bangladesh does not have any potential storage sites, the monsoon water will be wasted anyway. Some recent
studies (Farquharson et al., 2007; Fung et al., 2006) indicate the possibility of decrease in dry season flow in
Bangladesh due to climate change. Groundwater storages would be impacted from reduced recharge, as soil
storage would lose most of its moisture due to high evaporative loss from the soil. Rivers in Bangladesh have high
seasonality and due to this factor, per capita freshwater availability will decrease. Domestic water and industrial
water supplies would be impacted. There would be impacts on the agriculture sector of high evaporative water
demand that could not be met by the river flows and the reduced ground water storages. There will also be
intra-country regional variations in water availability.

There will be significant changes in land categories that are widely used for crop production. Mirza (2003 and 2005)
estimated substantial changes in land categories Fq, F», F3 and F4 (Table 5.4, 5.5 and Figure 5.9) due to an increase
in the magnitude of floods and extent of flooded areas. Changes in the inundation categories may result in reduced
cropping intensity in Bangladesh. As a result of changes in the inundation categories, the agricultural sector of
Bangladesh may suffer substantially as a result of loss to land productivity. The World Bank (2010) also estimated
similar trend in the land class changes.

Table 5.4: Various land classes in Bangladesh and crop suitability

Highland (Fo) Land suited to HYV T. aman in wet season, wheat and

HYV boro in rabi season

Less than 30 cm (flood free)

Medium Highland (F,) 30 cm to 90 cm (shallow flooded) | Land suited to local varieties of aus and T. aman in wet

season; wheat and HYV boro in rabi season

Medium Lowland (F,) 90 cm to 180 cm (moderately | Land suited to B. aman in wet season and wheat and

flooded) HYV boro in rabi season

Lowland (Fs) greater than 180 cm (deeply | Land suited to B. aman in wet season and HYV boro in

flooded) rabi season

Source: MPO (1986)

Table 5.5: Changes in the extent of mean flooded areas under climate change scenarios for the four GCMs,
relative to current conditions

2°C Temperature rise

CSIRO9

4.45 -(17%)

0.96 (0%)

1.63 (+30%)

2.07 (+32%)

UKTR

4.23-(21%)

0.89 -(7.5%)

1.68 (+36%)

2.31 (+47%)

GFDL

4.27 -(20%)

0.91 -(5.4%)

1.68 (+36%)

2.25 (+43%)

LLNL

442-(17%)

0.96 (0%)

1.64 (+32%)

2.08 (+32%)
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4°C Temperature rise

CSIRO9

4.42 (-17%)

0.95 (-2%)

1.63