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OVERVIEW OF PROJECT WORK AND OUTCOMES

Non-technical summary

With the scientific leadership of the International Geosphere Biosphere Programme (IGBP) and financial
support from Asia-Pacific Network for Global Change Research (APN), scientists from Asia Pacific and
Small Islands Developing States (SIDS) that are members of APN and fall under Least Developed
Countries (LDCs) conducted a synthesis on Global Environmental Change (GEC) and Sustainable
Development in the Asia-Pacific and SIDS LDCs. The synthesis was part of the IGBP second major
international synthesis of key policy-relevant areas within GEC research that commenced in 2009 with
wide consultation resulting in the identification of synthesis themes among which was a theme on “GEC
and Needs of LDCs” that was launched in Maputo Mozambique, September 2010. The LDCs synthesis
focused on natural hazards and disasters, human health and environment and the role of indigenous
knowledge systems. The aim of the IGBP-LDCs synthesis was to facilitated engagement of LDCs scientists
to enhance capacity and generate policy relevant information. Within this the Asian Pacific and SIDS
LDCs synthesis covered marine environment, coastal zone management and climate change extremes
such as droughts and flood and the potential role of indigenous knowledge systems in addressing these
challenges. The Asia Pacific and SIDS LDCs synthesis was based on existing documented and non-
documented knowledge and resulted among others in a special issue in the journal of Weather and
Climate Extremes, policy briefs and information Dissemination Workshop, in Dhaka, Bangladesh. The
synthesis process helped enhance cooperation across scientists, implementers and policy makers on
managing environmental change among participant countries particularly in Bangladesh where majority
of leading scientists were based. But the synthesis extended over a large spectrum of LDCs viz.
Bangladesh, Nepal, Bhutan, Afghanistan, Cambodia, Myanmar, Yemen, Laos PDR, Kiribati, Vanuatu,
Tuvalu, Samoa (graduated out of LDcs in 2014), Comoros and Sdo Tomé and Solomon Islands.

Keywords: Flood, drought, marine environment, coastal zone management, climate change, weather
extremes, traditional knowledge, policy, capacity building

Objectives

The main objectives of the synthesis project were:

1.To facilitate integration of local-national based knowledge with relevant global to regional outputs
from international organizations and networks such as APN and GEC programmes e.g. IGBP, to help
address pertinent policy needs in LDCs Asia and SIDS

2. Build capacity in cross-scale fertilization of scientific information among LDCs.

3. Identify new areas of research for further investigation at local and international level to advance the
needs of LDCs

4. Enhance networking between LDCs, APN and global scientists from IGBP and its partners.

Amount received and number years supported
The Grant awarded to this project was: USD 90,000
USS 45,000 for Year 1

USS 45,000 for Year 2

Activity undertaken
The synthesis activities were undertaken within five sub-themes as follows:
I. Barriers to Reducing Climate-Enhanced Disaster Risk in SIDS
ii. Droughts in Environmental Changes and Sustainability of Asian LDCs
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iv.
V.

Challenges facing Bangladesh and Myanmar in Nurturing Marine Environment for
Sustainable Development

Flood in the Context of Environmental Changes and Sustainability: Bangladesh and Nepal
Coastal Zone Management in Bangladesh

Activities of the synthesis involved desktop review of published scientific findings and grey literature;
information gathering and exchange through informal interactions, observations, field visits, to formal
workshops, conferences, meeting and seminars (Table 1)

Tablel. Summary of significant Workshops, conferences, seminars and meetings held and attended by

country.
a. Activities organized:

Country Description

Bangladesh | -Four field visits where the 4-sub-themes engaged in wide consultations with
different key informants in different institutions
-Four data gathering and information dissemination workshop in different
academic institutions
-One data gathering and information exchange workshop at Agriculture Research
Centre
-One final Policy oriented information dissemination workshop

Nepal A field visit for the drought and floods sub-themes

Cambodia A field visit for the drought sub-theme

Laos PDR A field visit for the drought sub-theme

UK Convened a session under the Planet Under Pressure international conference

Thailand A write a paper workshop led by the Chief Editor of the Weather and Extremes
Journal and the IGBP Vice Chair.

USA Co-convening an Oral and Poster session at the AGU Fall Meeting 14-18

December, 2015

b. Activities attended by Principal investigators of sub-themes:

Bangladesh
India
Japan
Pakistan
Nepal
Korea
Kenya
Philippines

Results

Two workshops and a conference on climate change and coastal zones
Four climate change and disasters related consultative meetings

Two conferences related to Education for Sustainable development (ESD)
Two consultative and information dissemination meetings on disasters
Consultative meeting on rapid response to floods

Two meetings on Oceanography and marine Meteorology

One meeting of Global Regional Centers of Expertise Conference on ESD
One meeting on Sustainable Development and Climate Change

A. Scientific Research

1. Collected, compiled and interpreted scientific information, indigenous and traditional
knowledge system for Asian and SIDS LDCs regarding drought, flood, climate enhanced disasters
and adaptation and effects on coastal zones and marine ecosystems for use by various
stakeholders including for UNFCCC LDCs and SIDS climate change negotiations

2. Published 10 peer reviewed papers in the special issue of the Weather and Climate Extreme
Journal of Elsevier edited by Opha Pauline Dube and Mannava V.K. Sivakumar (SI: IGBP APN
Volume 7 (2015))
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3. Contributed to the APN Science Bulletin, Issue 2, March 2012, ISSN 2185-761x, pp90-92

4. Produced Proceedings of the information dissemination workshop on Synthesis of the Needs of
Asian LDCs in the Context of Global Environmental Change and Sustainable Development

5. Developed findings that have been shared nationally and internationally through conferences
and workshops etc.

6. Enhanced capacity in science research, reporting and peer review process and exposure to
regional and global environmental change knowledge base

7. Developed skill and capacity in science research among four senior students

8. Enhanced scientific paper writing capacity of three additional faculties that were originally not
directly linked to the project resulting in additional publications and contribution to information
dissemination workshop

9. The project has opened scope for new research e.g. integration of traditional and conventional
practice for long term solution to climate extremes

B. Facilitated linkages between scientists and policy makes and produced policy briefs — available

also in local language for Bangladesh (ISBN 978-984-33-9805-5)

Cooperation with many national and international organizations have been established

D. The project contributed to building up the bridge of cooperation with APN, IBGP, South Asian Ass
ociation for Regional Cooperation (SAARC), International Centre for Climate Change and Develop
ment (ICCCAD) and Association of Management Development Institutions in South Asia
(AMDISA)

0

Relevance to the APN Goals, Science Agenda and to Policy Processes

The synthesis is in line with major traits of the APN vision, mission and science agenda in the following
ways: (i) by contributing to larger process of identifying, explaining and predicting changes in the
context of both natural and anthropogenic forcing; (ii) by contributing towards assessing potential
regional vulnerability of natural and human systems; and (iii) contributing information to the
development of policy options for appropriate responses to global change for sustainable development
among the Asian and SIDS LDCs.

Furthermore, this synthesis project has significantly contributed towards interactions between
scientists and policy makers, providing scientific input to decision making process and disseminating
scientific knowledge among the public. In addition, the process adopted in this project contributed to
capacity building through learning by doing among the scientists of the LDCs who before had very
limited exposure to regional and global knowledge base.

Self-evaluation

This synthesis project has met its goal of conducting a synthesis based on integration of local-national
based information with relevant outputs from international and regional organizations bringing both
scientific and traditional information valuable to establishing solutions to address environmental
changes and vulnerabilities with respect to climate adaptation, drought, flood hazards and disasters,
marine and coastal ecosystem in Asia Pacific and SIDS LDCs. The synthesis was conducted in close
collaboration with policy makers and key stakeholders and gave opportunity to highlight the potential to
integrate traditional knowledge into conventional practice. It produced products for both the science
community and policy makers. By implementing the project through academic institutions the synthesis
process provided the bases for long term sustainability.
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Potential for further work

Further country level studies are necessary in all the sub-themes covered by the synthesis to reflect
specific country policy perspective for vigorous action on mitigation and adaptation to deal with
vulnerabilities induced by natural and human factors as well as climate change. Much traditional and
local knowledge have been identified and require further in-depth investigation for scientific validation
and wide scale dissemination. Indigenous strategies such as traditional defense mechanism, triple tier
defense system of mangrove forest and deep water reservoir, identified as long term solutions to
weather extremes, help open new dimensions to advance research in climate change adaptation and
disaster risk reduction. This will contribute to national disaster management policies. Environmental
challenges in the coastal and marine production zone signal the need for greater attention in
management of these systems, i.e. the Bay of Bengal and its coastal areas are significant productive
zones that are threatened by anthropogenic activities e.g. the fishing zones are shifting and production
has been declining. Collective action by Bangladesh and Myanmar are required to keep the coastal and
marine environment pollution free. Bangladesh owns huge marine economic zone for which extra
management force has to be deployed. In the LDCs SIDS effort to strengthening governance and address
the root causes of vulnerability will go a long way to addressing barriers to adaptation. The LDCS SIDS
synthesis provide a useful baseline for measuring progress and success of adaptation efforts whilst
highlighting policy areas that need further investments
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TECHNICAL REPORT

Preface

Despite the fact that the LDCs are most vulnerable to global environmental changes, limited work has
been done on such vulnerability and the potential role of indigenous knowledge systems. This project
brought together scientific communities mainly from Asian and SIDS LDCs to assess the global
knowledge base and its applicability in LDCs particularly, on local coping mechanisms. The needs of LDCs
are often overlooked. This synthesis reflected on contextual realities as well as research gaps
emphasizing local and traditional knowledge for mitigation as well as adaptation to environmental
climate change. This opens new windows of research for the young scientists.
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1. Introduction

1.1. Context of the study

The International Geosphere-Biosphere Programme (IGBP) launched its second major international
synthesis of key policy-relevant areas within global environmental change (GEC) research in 2009. The
goal of the 2" synthesis was to identify gaps in our knowledge of the Earth system, and contribute to a
baseline for international research and policy in the area of GEC in the coming decades. A range of
synthesis topics covering research under IGBP’s core projects, joint projects and beyond were selected
by IGBP’s scientific committee with input from key stakeholders, including other relevant international
programmes and the Intergovernmental Panel on Climate Change (IPCC). One of the topics selected for
the IGBP synthesis was on Needs of Least Developed Countries (LDCs), from which a focus on the Asia
Pacific LDCs was established through support from the Asia-Pacific Network for Global Change Research
(APN).

Least Developed Countries (LDCs) form a group of 48 countries exposed to multiple stressors emanating
from complex inter-linkages between local and global environmental and socio-economic challenges.
LDCs are vulnerable because of inability to exploit economies of scale; limited diversification possibilities
and human and institutional capacity; and high susceptibility to external shocks and natural hazards and
disasters and environmental change. Out of the 48 LDCs, 33 are in Africa, 14 in Asia and one, Haiti, in
South America (UNCTAD, 2013) (Appendix A) . In 2011 the population of LDCs constituted about 12% of
the world and in 2014 the total population was estimated at 932.0 million
(http://data.worldbank.org/region/LDC). Only four countries have graduated out of LDC category since
1964 when LDCs were first recognized by the United Nations Conference on Trade and Development,
signaling the need for greater attention on addressing vulnerability of LDCs. It is against this background
that during the consultative process for its second major international synthesis of key policy-relevant
areas, IGBP resolved to incorporate a theme on “Global Environmental Change and Needs of LDCs”. The
purpose was to provide a coherent synthesis of GEC issues in LDCs that could help policy direction for
e.g. under UNFCCC and guide development of strategies to address GEC within the LDCs and at the
international level.

Although GEC programmes i.e. IGBP and regional networks such as APN generate vast information,
policy makers in LDCs continue to rely on scanty and incomplete information, partly because available
information lacks immediate local context for policy application. However, despite the vulnerability,
LDCs have a great potential and wealth of indigenous knowledge that can be tapped to contribute
towards addressing this vulnerability. This makes it pertinent that established solutions to problems of
LDCs be adaptable to the local environment and easy to assimilate by the local population. As a result
the goal of the synthesis was to build capacity in LDCs and facilitate integration of GEC science outputs
generated by various international organizations with existing local information to support development
agendas that address challenges of LDCs.

The overall administrative support of the synthesis was provided by the IGBP secretariat in Stockholm
with some support from the IGBP Regional Office in Brazil while scientific coordination was under one of
the IGBP Vice Chairs, Dr Opha Pauline Dube, based at the University of Botswana. The LDCs synthesis
theme commenced in 2009 with the identification of focus areas through consultation within the IGBP
Scientific community, its partners, National Committees and other international environmental research
programmes. Extensive communication directed in particular to LDCs scientists and others working in
these countries and including a call to submit indication of interest to participate and proposed area of
focus led to the establishment of an International Steering Committee (ISC), the development of draft
synthesis focus areas and selection of potential participants (Appendix B). The consultative process
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established the need for a synthesis based on cross fertilization of scientific information produced at
different scales i.e. from global to regional to local level, that addresses pertinent policy needs of LDCs,
and identifies new areas that are of value to these countries for further development under the
following sub-themes: hydro-meteorological hazards and disasters; human health and environment with
particular reference to food security and water resources, and the role of indigenous knowledge
systems in addressing global environmental change issues in LDCs. A planning workshop in Maputo,
Mozambique in September 2010 gave selected participants the opportunity to i. deliberate on the
broad focus areas of the synthesis and map out expected outputs, ii. deliberate on broad methodologies
to accomplish the synthesis, iii. present areas of interest for feedback and iv. discuss how to maintain
linkages among participating scientist and relevant international counterparts, engage decision makers
and disseminate the synthesis outputs. The Planning workshop formed the bases for the development
of a proposal on Global Environmental Change and Sustainable Development in the Asia-Pacific and SIDS
LDCs that was subsequently funded by APN in 2011.

1.2. IGBP-APN Synthesis of the Asia-Pacific and SIDS LDCs

The IGBP-APN Asia Pacific LDCs and SIDS synthesis extends over countries that lie along zones of potent
natural hazards in terms of geomorphological formations and position, variable climate resulting in
cycles of drought, torrential rainfall, tropical cyclones, and others that have in recent years been
enhanced by climate change and together with high population growth, poor planning and management
of resources give rise to frequent disasters unlashing unprecedented human suffering and halting
developments (Appendix C). The synthesis covered selected LDCs within this zone viz.: Bangladesh,
Nepal, Bhutan, Afghanistan, Yemen, Myanmar, Cambodia, LAO PDR, Kiribati, Vanuatu and Solomon
Islands, Samoa, Comoros and S3o Tomé. The emphasis of the synthesis was on capacity building in line
with the APN goal on improving the scientific and technical capabilities of nations in the region. This was
accomplished within the broad sub-themes of the overall IGBP theme on needs of LDCS but conducted
under 5 sub-projects that are listed below together with the respective leading scientists in each case:

i. Barriers to Reducing Climate-Enhanced Disaster Risk in Small Islands (lead by Dr Natasha
Kuruppu, Institute for Sustainable Futures University of Technology, Sydney, NSW 2007,
Australia ( in collaboration with Reenate Willie, Kiribati Ministry of Public Works and Utilities,)

ii. Droughts in Environmental Changes and Sustainability of Asian LDCs (Prof Alimullah Miyan,
IUBAT University, Bangladesh)

iii. Challenges facing Bangladesh and Myanmar in Nurturing Marine Environment for Sustainable
Development (Dr Shohidullah Miah, IUBAT University, Bangladesh)

iv. Flood in the Context of Environmental Changes and Sustainability: Bangladesh and Nepal (Mr.
Tanvir H. DeWan, IUBAT University, Bangladesh)

v. Coastal Zone Management in Bangladesh (Dr Mohammed Ataur Rahman, IUBAT University,
Bangladesh)

Prof Alimullah Miyan in IUBAT provided local coordination of the four sub-projects that were lead by
Bangladesh based scientists.

2. Methodology
2.1. Introduction
The capacity to conduct a credible synthesis was achieved through a process of building on existing

knowledge and skills of LDCs scientists and also through learning by doing. For example the Maputo
planning workshop provided for a review and development of a framework for the assessment
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methodologies through shared experience among participants. Capacity building was also established
from interaction with a wide spectrum of fellow scientists, policy makers, stakeholders and communities
during the process of gathering and communicating information on the synthesis. While those based in
Bangladesh worked under the guidance of a more experienced scientist Prof Miyan. Further guidance
was provided by the overall coordinator of the IGBP LDCs synthesis Dr Dube and the designated project
leaders from the IGBP secretariat, Dr Jao Morais and Dr Karen Smyth. An international scientist in GEC,
Dr Mannava Sivakumar who is also the Editor-in-Chief of the Weather and Climate Extreme Journal was
engaged to assist in building skills among participants on peer reviewed publications , a process that
included a write a paper workshop in Bangkok, Thailand in 2013.

Further, the project adopted an output oriented strategy punctuated by a planning workshop to develop
the synthesis framework, followed by contribution to the APN science bulletin, A write a paper
workshop and production of a special issue in the Weather and Climate Extreme Journal, development
of policy briefs in English and translated to a local language and an information dissemination workshop
in Dhakar, Bangladesh . This delivery driven strategy helped to focus data gathering and integration of
evidence towards a common purpose, identify skills required and when to bring in new collaborators to
fill identified gaps.

2.2. Synthesis methods
Overall the synthesis methods involved the following:

An integrated literature review - assessed relevant scientific project findings, case studies, policy
reviews and adaptation practices and integrated inter-disciplinary evidence, some produced
across geographic and temporal scale and of a cross—sectorial nature i.e. integrating cross-
cutting human activities such as water resources, agriculture, fisheries etc. to bring global and
local perspectives over time.

Synthesized and integrated information on biogeophysical, socio-economic, and management
and practice established under different styles of knowledge creation, e.g. indigenous
knowledge, conventional scientific knowledge and knowledge from practitioners e.g.
management at national to local level. As a result authors have applied both within and beyond
conventional science integration approaches.

A systematic review methodology applied in particular for the SIDS study that was based purely
on desktop review process. For this a set of inclusion and exclusion criteria for screening both
peer-reviewed “academic” and non-peer reviewed “ grey literature” publications to be included
in the study was developed focusing particularly on various barriers to adaptation in LDCs SIDS
(Figure 1).
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Academic peer-reviewed papers

Papers identified through
initial database search
using various search
strings yielded:

759

Excluded 696

Initial screening of paper
titles and abstracts using
criteria yielded:

63

Excluded 11

Full text screening:
included: 52

Excluded 17

Documents included for
thematic analysis:
35

*|t was found that only documents appearing in the first two-three pages of the search results in Google or Google Scholar
were relevant to the research study and thus downloaded where appropriate.

Exclusion criteria:

- Presentations, abstracts of
presentations, books,
documents for which its
origins cannot be found or
documents that cannot be
soured through the
interlibrary loans system

- biophysical barriers

- Language other than English
-Documents outside the
timeframe of publication
2003-2013

Inclusion criteria
-Documents that focus
answering the research
questions

-Documents that examine
populations in LDC SIDS

- type of exposure: climate
change, climate variability or
climate risks (both slow and
rapid onset risks).

- interventions that
addressed adaptation to
climate change or climate
related disaster risk
reduction

-comparotor included social
barriers at various spatial
scales (household to global)

Total documents included
in the study: 68

Grey Literature —not peer reviewed

Documents identified
through initial database
and specific website
search using various
search strings yielded:
approx.: 1250*

Excluded 1205

Initial screening of title
and executive summary
(if available) using
criteria yielded:

47

Excluded 3

Full text screening
included:
47

Excluded 14

Documents included for
thematic analysis:
33

Figure 1. Systematic Literature Review Process Adopted for the LDCs SIDS synthesis

The synthesis was achieved through collection, collation, review and evaluation of the materials from
the perspective of science and that of policy implication in the context of the country and the region.
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Information was assembled through a desktop review of literature, direct linkages with science
community, institutions, workshops, seminars and informal meetings with various stakeholders
including policy makers and selective consultation of community leaders for traditional knowledge,
some field observations and also through the peer review process. As a result published scientific
findings, grey literature with some coming from popular media, plus ongoing practices and indigenous
and traditional knowledge were used. The exception was the LDCs SIDS sub-section that applied a
systematic review methodology mostly on peer reviewed publication using information gathered
through student projects. All in all these processes facilitated cross-validation of the different across-
scale sourced information used in the synthesis. The issue of validation of grey literature and traditional
knowledge of LDCs has so far kept such knowledge outside the purview of policy framework. However,
the validation of traditional knowledge is a broader issue that will be systematically addressed by the
research community to evolve a consensual framework for such purposes.

The generated findings have been evaluated, reviewed and published for dissemination in the local,
regional, and international policy forum. Production of a peer reviewed publication provided for
international evaluation and quality assurance of findings in addition to presentations in regional and
international workshops and conferences (Appendices I, 2 and 4). The information dissemination
workshop held in Bangladesh in September 2015 provided an in-depth evaluation by members of the
LDCs. Awareness and practices have been built up through mass media and other communicative
systems involving scientists, policy makers, academicians, researchers, stakeholders, NGOs and donors.
Policy briefs have been developed in English and translated to one local language for Bangladesh where
majority of the work was conducted (SADMC, IUBAT, 2015, Policy brief)

3. Results & Discussion
3.1. Introduction
Results and discussions are provided below per sub-project as follows:

e Barriers to Reducing Climate-Enhanced Disaster Risk in Small Islands.

e Droughts in Environmental Changes and Sustainability of Asian LDCs.

e Flood in the Context of Environmental Changes and Sustainability: Bangladesh and Nepal

e Challenges facing Bangladesh and Myanmar in Nurturing Marine Environment for Sustainable
Development

Coastal Zone Management in Bangladesh

3.1.1. Barriers to Reducing Climate-Enhanced Disaster Risk in Small Islands

I. Introduction

Small Island developing States (SIDS) share a set of common characteristics and challenges such as
remoteness, rapidly expanding populations, excessive dependence on international trade, high
transportation and communication costs, low availability of resources and susceptibility to natural
disasters (Sem, 2007). SIDS classified as LDCs because of low income and other development indicators
are particularly vulnerable to climatic risks due to their special characteristics such as physical size,
proneness to natural disasters, the extreme openness of their economies and low adaptive capacity
(Mimura et al., 2007). LDCs SIDS possess the lowest Human Development Index ratings of all countries in
the world and reflect the lowest indicators of socioeconomic development. These include Kiribati,
Tuvalu, Samoa, Solomon Islands, Timor-Leste, Vanuatu, Haiti, Guinea-Bissau, Comoros and Sdo Tomé
and Principe (Appendix A). Samoa is expected to graduate out of the LDC category in January 2014.
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In response to the high vulnerability, many SIDS have initiated anticipatory adaptation actions through
national adaptation programmes funded through the United Nations Framework Convention on Climate
Change (UNFCCC). For example, the atoll nation of Kiribati was one of the first LDCs to initiate a
development and climate change programme — the Kiribati Adaptation Programme (KAP), administered
by the World Bank and funded through the UNFCCC. As early adaptors, SIDS provide a valuable context
to study the initial bottlenecks and opportunities associated with formal adaptation planning and
implementation. An increasing body of literature has focused on identifying various socio-economic
barriers or constraints to adaptation. However, many of these studies have focused largely on
developed country contexts with a paucity of literature on the most vulnerable low income countries
such as LDC-SIDS (Biesbroek et al., 2013; Ford et al., 2011;). The goal of this synthesis was to expose and
synthesize a key set of common barriers identified across LDC-SIDS through a systematic review
methodology. Given that adaptation investments are currently underway in many SIDS, it is envisaged
that the results of the synthesis will provide a useful baseline for measuring progress and success of
adaptation efforts whilst highlighting policy areas that need further investments. Specifically the
synthesis addressed the following objectives in relation to LDC-SIDS:

e To synthesize a set of key barriers/constraints to reducing climate risks through anticipatory
adaptation and to identify their associated underlying causes.

e Identify the extent of the barriers that are addressed in formal National Adaptation Programmes
of Action (NAPAs).

Il. Barriers to Adaptation

Societies across the SIDS have developed various traditional strategies to deal with natural hazards and
ensure resiliency to future stresses. For example, in Samoa when communities plant food crops, a patch
is often reserved for use during the hurricane season. However, a synthesis of literature on barriers to
adaptation found that the most common barrier reported related to governance followed in descending
order by, technical, cognitive, cultural, financial and “other” barriers (Table 1). The“other” barrier
related to the lack of focus amongst adaptation planning efforts on addressing the root causes driving
social vulnerability. Details on these barriers can be found in the Special Issue of Weather and Extremes
Journal (Dube and Sivakumar, 2015). Only selected barriers are presented here.

Governance as a Barrier: The most common governance barrier reported, related to the limited
engagement between formal national adaptation efforts and communities or Local Government, was
often created through weak linkages and poor coordination between the tiers of government.
Consequently, this gave rise to poor communication between communities and government which often
led to local or community needs being overlooked in adaptation efforts (World Bank, 2009).

Table 2 Barriers of adaptation among SIDS established from literature survey. Also included is the
Frequency (‘n’) the barrier was discussed in the literature analyzed.

Financial (n=8) | Technical Cognitive Cultural (n=13) | Governance Other (n=11)
(n=15) (n=14) (n=24)

(n=4)* (n=11) Paucity | (n=7) (n=6) (n=15) Limited (n=11) Root

International of baseline Vulnerability traditional engagement causes of

adaptation data related to | assessments knowledge, with vulnerability

funding for climate and and rituals and communities are not being
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Financial (n=8) | Technical Cognitive Cultural (n=13) | Governance Other (n=11)
(n=15) (n=14) (n=24)
LDCs; natural adaptation cultural and Local addressed
inadequate, resources as planning has meanings play | Councils’ through
unpredictable, | well as limited | given limited a key role in implies that current formal
complex to in-country attention to understanding | their needs for | adaptation
administer and | capacity to community how building self- efforts. The
inequitable. generate and perceptions of | communities sufficiency are need for
manage this climate risks deal with often actively
data. and the environmental | overlooked in navigated
influence of change; these national transformative
beliefs and are not often adaptation adaptation
values in considered in initiatives which | through deep
shaping formal tend to focus on | structural
adaptation adaptation top-down changes to
decisions. planning sectoral (e.g., address long
efforts. water, health, standing issues
agriculture) of gender
adaptation inequality,
interventions. corruption,
declining
markets etc.,
has been
overlooked.
(n=2) Lack of (n=4) Limited (n=5) (n=4) Erosion (n=4) Gaps in

in-country understanding | International of social policy enabling
capacity to on the impacts | discourseson | cohesion and environments at
access climate climate collective regional and
international change on refugees and practices in national levels
adaptation health systems | climate communities constrain
funds and and associated | migrants from | has the adaptation
mobilise funds | demand on LDC-SIDS potential to planning and
effectively the health threaten how | constrain implementation
particularly in | workforce SIDS perceive | adaptive within SIDS.
rural areas or including their future by | capacity.
outer islands. facilities, drugs | silencing
and skills. alternative

identities,

reasserting

power

imbalances

and curtailing

peoples’

agency.
(n=2) (n=2) Limited (n=3) (n=3) national
International understanding | Adaptation policies and
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Financial (n=8) | Technical Cognitive Cultural (n=13) | Governance Other (n=11)
(n=15) (n=14) (n=24)
adaptation by the private | related strategies
funding does sector on the education/info | related to
little to risks of climate | and other climate change
address root change on outputs are overlook issues
causes of industry. often not of urbanisation,
vulnerability produced in in-country
through cross- local dialect(s) | migration and
sector and thus population
initiatives and impedes growth whilst
support community concurrently
programmes ownership of various sectoral
that allow adaptation policies
communities efforts. addressing
to help these issues fail
themselves. to recognise

climate change.

(n=2) LDC-SIDS
often lack
sufficient
capacity to
actively engage
in climate
diplomacy at
the
international
level, and
consequently
have had
limited
influence in
shaping
negotiations at
this level.

Lack of community ownership was reported in cases where efforts had been made to engage

communities in adaptation interventions, which had largely been externally driven; brokered by regional

agencies with external donors on behalf of national governments. For example in Kiribati, national
adaptation efforts funded through the UNFCCC failed to improve community wellbeing and daily
realities of households in rural islands; most of the funding targeted urban areas through structural
interventions such as constructing seawalls or spent on consultant fees (Gaillard, 2012; Kuruppu, 2009).
Similarly in Vanuatu and Solomon Islands, weak linkages between rural and central governance meant
that the adaptation needs of rural communities, comprising between 80% and 90% of the total
population, were given limited attention (Wickham et al., 2009).
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Sectoral driven interventions was found to be catalysed by donor preferences for adaptation funding in
addressing top-down policy development targeting central government rather than empowering
community level decision makers. Several studies reported that weakened local institutions and local
leadership in rural areas had constrained the management of natural resources, which had in turn
reduced the adaptive capacity of traditional governance structures (Bayliss-Smith et al., 2010; Albert et
al., 2012). This signal the need for adaptation initiatives to focus on empowering local leaders (both
young and old) through participatory processes. An additional barrier to adaptation was found to be
related to the mismatch in policy enabling environments between regional (e.g., Pacific, Caribbean) and
national levels. Dominant power structures at the regional and international levels have greater
influence over this mismatch. For example, in Tuvalu and Kiribati, regional donors had contributed to
weakening capacity and poor coordination between various government agencies within each country
by focusing on their own agendas rather than those that reflected local or in-country realities (Urbano et
al., 2010). SIDS need to focus on developing their own governance arrangement to strengthen
coordination between agencies responsible for climate change adaptation and disaster management .
Other governance related barriers were associated with firstly, the lack of integration of dynamic
pressures such as climate risk induced migration, rapid urbanisation and population growth into national
adaptation policies/strategies; and secondly, the limited capacity of government officials in LDC-SIDS to
engage in climate diplomacy at the international level. In general there is a greater need for integrated
adaptation programmes that address the broader drivers of vulnerability across sectors whilst
concurrently mainstreaming adaptation into sectoral policies and strategies.

Cultural Barriers: Cultural barriers refer to the foundation of people's way of life, including the
distinctive spiritual, material, intellectual and emotional features through which life is based. The main
cultural barriers identified through the data relate to the limited consideration given in adaptation
planning to the role traditional knowledge, rituals and cultural meanings play in communities when
dealing with environmental change. For example, in Vanuatu and Samoa adaptive capacity of
communities to disaster risks and climate change can be enhanced by building on existing traditional
practices of openly sharing crop varieties and maintaining genetic material in reservoirs in farmers' fields
(McGregor et al., 2011). Supporting such adaptation interventions can safeguard livelihoods as well as
maintain food and nutritional security in each country. Several studies reported that the trend in
declining traditional knowledge is a barrier to adaptive capacity of communities. In the Solomon Islands,
erosion of traditional knowledge surrounding gardens and bushfoods precluded families passing this
knowledge to the younger generations (Albert et al., 2012). Consequently, increase in pests and disease
of food crops was reported, which had led to the reliance on imported, processed foods.

An additional cultural barrier related to the erosion of traditional social systems that support principles
of intra-community solidarity, reciprocity and collective support. For example, in the Solomon Islands,
processes driving this change were reported to include those that support individualism, for example,
the monetization of inter-household interactions and principles of modernity and democracy.
Community based adaptation initiatives which are being piloted through many of the NAPAs are likely to
be undermined if they fail to recognize and alleviate those processes shaping vulnerability through the
erosion of the collective nature of traditional social systems in SIDS. Further there is need for climate
change risks to be communicated in local language and this can be a barrier where there is a diversity of
languages as in Vanuatu and Solomon Islands.

Financial Barrier: Two of the three funding barriers related to the mechanism underpinning the
allocation of international adaptation financing whilst the other concerned the lack of in-country
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capacity to access and manage funds in rural areas. A common theme that ran through these barriers
was the inequalities in power relations between LDC-SIDS and donor countries. Several studies asserted
that international adaptation funding for LDC-SIDS was inadequate, unpredictable, complex to
administer and inequitable. It was reported that LDC-SIDS such as Tuvalu found it difficult to compete
with larger LDC countries such as Bangladesh in accessing Global Environmental Facility (GEF) funding to
operationalize their NAPAs. Additionally, the application procedures are complex which precludes
access to these funds; capacity building efforts are needed to address this persistent barrier.

An additional barrier highlighted by the results included the in country capacity limitations associated
with developing project proposals to attract and manage funding through the GEF.

Various factors contributed to this barrier which included the absence of context specific climate data
that demonstrated impacts on various sectors or livelihoods, complicated nature of funding criteria,
poor track record in project managing donor initiatives and in certain instances, the absence of a
National Climate Change policy to guide sectoral level adaptation implementation. It appears that when
proposals were successful, limited capacity existed within Local Government or other government
agencies located in rural areas to administer the funds that were directed specifically at these areas.
Lastly, the results highlight how adaptation funding at the international and regional levels is not
directed towards reducing root causes of vulnerability and support programmes that allow communities
to help themselves. The results suggest that through pilot projects, adaptation finance had generated
dependence amongst communities for donor knowledge and funding whilst undermining adaptive
capacity (Nunn, 2013).

Technical Barrier: The two most commonly identified technical barriers related to the limited data
available on climate and other biophysical resources (e.g., biodiversity, water resources) as well as the
capacity to generate and manage this data within SIDS. Certainly, the paucity of data is a notable fact for
many SIDS. However, the persistence of this barrier undermines the extent to which government
agencies in SIDS can make timely policy related adaptation decisions and advice communities and
sectors on appropriate interventions (Ekstrom et al., 2013). Strategies suggested for overcoming such
barriers included the development of guidelines that support informed monitoring and the development
of national policies and programmes to address climate and water knowledge gaps that foster best
practice management. In the Solomon Islands there seemed to be a considerable amount of historical
climate data. However, it was scattered amongst agencies with limited formal processes for organising,
archiving and sharing of the data.

Finally this synthesis failed to identify literature that demonstrated how mechanisms at the international
scale or at the donor level are changing in response to overcoming some of the barriers identified
above. Rightly, the focus must remain on the most vulnerable communities and sectors in SIDS.
However, the failure to address barriers at the macro-policy level will ensure that many of the barriers
identified through this study will remain unchallenged.

IIl. National Adaptation Programme of Actions (NAPAs)

The study reviewed five randomly selected National Adaptation Programme of Actions (NAPAs) to
identify the extent to which adaptation barriers discussed may have been addressed in formal national
adaptation efforts. The analysis revealed that the common barriers revolved around the vulnerability of
the major natural resources on which livelihoods were dependent, such as on water, agriculture,
biodiversity, fisheries and coastal zones. The NAPAs' recognised that the vulnerability of these natural
resources is likely to be exacerbated by non-climatic drivers that constrain development pathways such
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as rapid population growth and urbanisation. Analysis of the NAPAs confirmed that many of the
proposed adaptation strategies focused mainly on these vulnerable resource sectors with limited
discussion on their interrelations. All five NAPAs' highlighted a set of barriers to implementing NAPA
actions. Many of these were related to the limited knowledge of climate change amongst communities
and government agencies, institutional weaknesses (such as policy gaps), NAPA's being subsumed by
other national adaptation initiatives (e.g., the Kiribati Adaptation Project) and limited financial resources
and constraints to accessing these resources.

Despite the presence of community adaptation projects related to the key natural resource sectors,
limited attention was directed at activities that specifically addressed the building of community
cohesion, community leadership of youth or strengthening linkages between Local Government and
communities. NAPA activities addressing root causes of vulnerability or undertaking system wide
transformations were scarce. There was limited mention of activities to redress social inequalities such
as gender, corruption, in-country migration, urban—rural disparities, land tenure, youth unemployment
etc. The Samoan NAPA was the sole NAPA that acknowledged the influence of urbanisation on climate
change impacts and subsequently incorporated climate adaptation activities into urban policies as well
as implementing zoning and strategic management planning (GoS, 2005). Although all five NAPAs
sampled identified vulnerable communities, there was an absence of activities demonstrating how
inequalities in opportunity and outcome structures will be overcome for the most vulnerable.

IV. Conclusion

The results of this synthesis suggested the need for policy and practice interventions across all the LDC

SIDS.

e First governance and their associated institutions play a critical role in shaping adaptation efforts in
SIDS and thus the cross-scale linkages between various tiers of government (from regional to local)
need strengthening to facilitate coordination, social learning and overcome power inequities if
adaptation is to deliver cross-sectorial benefits. Moreover, regional and international adaptation
policy frameworks need to acknowledge and reflect the local policy environments of SIDS. This calls
for regional and international donors and implementing partners to reflect on their own policies and
practices and question the fundamental changes required to occur internally if they are to meet the
distinct cultural and institutional architecture present in SIDS. In particular there is a specific need to
strengthen the linkages between national adaptation efforts and Local Government which offers
niches for experimenting innovative community based adaptation. Moreover, limited knowledge
exists in understanding the particular capacity needs of Local Government.

e Second, the significance of traditional knowledge and cultural practices in SIDS in shaping actors'
perceptions of climate risks and their agency in undertaking adaptation must be considered in
policies and strategies related to adaptation in all sectors, including the private sector which has
been overlooked in many SIDS. Currently, the limited focus and investments in understanding and
integrating traditional knowledge into adaptation efforts in SIDS is a concern. Inextricably linked to
this is the limited investment or effort being made by donor communities such as the Least
Developed Countries Fund and other funding bodies to firstly engage with local researchers or
experts in SIDS rather than utilizing the skills of international fly-in and -out consultants to generate
adaptation related knowledge to support donor investments.

¢ Third, strengthening of policies that explicitly promote the building of long-term technical expertise
and scientific capacities in SIDS to generate the data and information needed to support adaptation
decision making. This will require developed country scientists working alongside counterparts in
SIDS, co-producing knowledge and transferring the necessary skills over timeframes that exceed
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traditional short-term consultancies or Technical Assistance. Moreover, it will require funding that
moves beyond capacity building workshops and instead provide sustained financing of both the soft
and hard infrastructure required to support in-country data generation, management and
dissemination, particularly in local languages. In addition south—south climate adaptation
collaboration networks between SIDS themselves will be valuable.

3.1.2. Droughts in Environmental Changes and Sustainability of Asian LDCs

. Background

Many authors and organizations have generated definitions and ascription of drought as a hazard.
Among these, the most authentic one is by R. A. Warwick (1975) as ‘drought is a condition of moisture
deficit sufficient to have an adverse effect on vegetation, animals, and man over a sizeable area’. The
National Drought Mitigation Centre (NDMC), USA has classified droughts into three types namely
meteorological, agricultural and hydrological. Regardless of the type, droughts have severe adverse
consequences in economic, social, environmental and developmental terms. Globally the intensity of
droughts is increasing due to shifting weather patterns and climate changes while the South Asian
region have been found to be severely affected by droughts in this century.

According to the United Nations (UN), a Least Developed Country (LDC) is a country that exhibits lowest
indicators of socioeconomic development with the lowest human developments index ratings of all
countries in the world with respect to three criteria viz. poverty, human resource weakness and
economic vulnerability. According to this categorization, there are 48 LDCs in the world which are
spread over Asia and Africa (Appendix A).

Drought is one of the most complex natural phenomena, that is hard to quantify and manage, and has
multiple severe social and economic impacts, especially in the Asian LDCs. The magnitude of these
impacts is determined by the level of development, population density and structure, demands on
water and other natural resources, government policies and institutional capacity, technology, and the
political system (N. Eriyagama et al, 2009).

According to the Global Droughts Information System (GDIS 2013), short term global droughts remain
constant across the world affecting 44 million people as of august 2013 with increased intensity in Asia.
The University College of London reported that 258 million people were affected globally by exceptional
droughts in last 36 months (fig. 1). Thus drought is a hazard affecting people in both developed and
developing countries but with more severity in LDCs.
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Figure-2: Population in the current view under exceptional drought. Source: University College of
London

Il. Drought Occurrence in Asian LDCs

Mention has been made that there are 14 LDCs in the Asia Pacific Region (9 in Asia and 5 in the Pacific).
Among them, Afghanistan, Bhutan, Bangladesh and Nepal belong to South Asia, Cambodia, East Timor,
Myanmar and Laos PDR are in the Southeast Asia while Yemen is located in the Middle Eastern region.
With the exception of Bhutan, all Asian LDCs experience frequent moderate to severe droughts of all
types with adverse impacts on their people and economy.

a. Experience of South Asian LDCs

South Asian LDCs experience all types of droughts with high frequency, namely meteorological,
agricultural, hydrological and socio-economic. The distribution of monsoon rainfall is found to vary
inter-seasonally, inter-annually and inter-regionally causing droughts. Investigation indicates that
crops and livelihood have been adversely affected by delay of monsoon by 20-30 days
(Krishnamurthy et al, 2002). Drought period witnesses severe water scarcity resulting from
insufficient precipitation and high evapotranspiration and over exploitation of water resources
(Bhuiyan et al 2006).

Afghanistan witnessed the worst drought in its recorded history in 2011 involving 14 out of 34
provinces of the country affecting 2.6 million people (Huffington Post, 2011). Recent decades
witnessed localized and wide ranging droughts as recurrent features in Afghanistan. Asian
Development Bank reported that localized droughts have a periodicity of 3-5 years while droughts
covering larger areas recur every 9-11 years. South and central areas of Afghanistan are most
affected by drought between July and September. Since 1995, Afghanistan began experiencing
unusual droughts which continue until heavy snow began falling in 2002-2003 winter season
(OXFAM, 2011).

Extreme poor living condition prevails among the internally displaced population created by internal
conflicts which has been accentuated by drought as depicted in figures 3 and 4.
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Figs. 3 and 4 Afghanistan and Drought impacted fields

Bangladesh experiences drought from 6 to 7 months (November to May) every year when rainfall is
normally low. Most areas of north-west, south-west and central zones had no rainfall during the
1998-1999 dry seasons. Data from 1949 to 1991 show that drought occurs in Bangladesh 24 times
and severe droughts hit the country in 10 years and these droughts have typically affected about
47% of the area of the country and 53% of its population (Adnan, 1993). Bangladesh also
experienced droughts of high magnitude in 9 years between 1973 and 1995 (Rahman 1995).
Droughts of 1973, 1979 and 1994, 1995 (Figs 5, 6) were the worst in the recent history (Rahman
1995). Analysis of drought condition from the rainfall data of 1961-1990 confirm the historical record
for the duration of the droughts (3-6 months with some exception) as can be seen in Table-3
(Rafiuddin et al 2001).
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Figs. 5 and 6 Drought prone areas of Bangladesh and Drought affected Paddy
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Table-3: Frequency of drought in Bangladesh for different short-month-length using Serial Peripheral
Interface (SPI), calculated from the regional average (Choudhury et al, 2003):

Sub-regions Month-1 Month-3 Month-6
Moderate Severe Moderate Severe Moderate Severe
drought droughts drought droughts drought droughts
Central 52 3 49 10 58 8
Northern 32 4 50 4 58 1
Eastern 35 1 45 3 39 2
Southwestern 44 2 49 4 62 3
Bangladesh 163 10 193 21 217 14

Bhutan experienced droughts in many parts of the country and the government of Bhutan has taken
initiative to respond to the same through planning and working on water reservoirs and rain water
harvest. Extreme variation in climate and weather patterns has been experienced in Bhutan. There is
limited information available on prevalence of drought although individual municipalities or agencies
have observed droughts on selected sites. The winter of 2005 and 2006 experienced unusually dried
winter with no rain and snow (NDRMF, 2006).

Although Nepal experience infrequent droughts in 1972, 1977, 1982 and 1992 but frequency of dry
spells increased from 2002. During 2002, 2004, 2005 and 2006 the country faced dry spells in both
dry and wet monsoon seasons. Sometime the droughts have been followed by floods and heavy
rainfall with adverse affects on agricultural production (WeAdapt, 2008). Nepal experienced worst
drought in the winter of 2008-2009 (fig. 7, 8) and in these years, the country received less than 50%
of average precipitation during the period November 2008- February 2009 as reported by the
Department of Hydrology and Meteorology of the Government of Nepal (Joint Assessment Report
2009).

Figs. 7 and 8 Nepal and water crisis in Katmundu in March 2009

Experience of Southeast Asian LDCs
Southeast Asian LDCs are Cambodia, Myanmar and Laos PDR.

Cambodia experienced wide spread droughts throughout the country in 1986/87, 1994, 1997/98,
2004 and 2005 (Ministry of Environment, Cambodia 2002). Droughts devastated 9,990 ha of paddy
field and affected 122,297 ha across Cambodia in 2012 as can be seen in figure 9 and 10
(phnompenhpost.com). According to Cambodia Disaster Statistics, historical droughts of 1994, 2002
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and 2005 have seriously affected 5.0, 0.65 and 0.6 million people respectively with total economic
loss of 138 million USD.

Figs. 9 and 10 Cambodia and Drought impacted paddy field

Droughts have been found to be most serious climatic hazards in 17 out of 20 provinces of
Cambodia, the intensity and frequency of droughts have increased since 2000. The following graph
(fig. 11) shows the perverseness of droughts to all provinces of Cambodia with 11 provinces as quite
vulnerable, 2 provinces as vulnerable and 1 province as very vulnerable (NAPA 2006).
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Fig. 11 Drought Vulnerability in the Cambodian Provinces [48]

Laos PDR experienced moderate to severe droughts in the years 1961, 1966, 1971, 1978, 1984,
1994, 1995, 1996 and 2009. Floods and droughts are considered the most frequent and damaging
disasters in Laos (Figs. 12 and 13). Historical data recorded from 1966 to 2009 shows that Laos
experiences an average of 1.5 severe flood and drought every year (GFDRR 2011).
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Figs. 12 and 13 Laos and drought impacted paddy field

Southeast Asian countries are identified as climate change hotspots and about 105 million people
are experiencing water stress in Greater Mekong. Mekong River Commission (MRC) reported that
severe droughts caused rainfalls lower than average since September of 2013. MRC consisting of
Vietnam, Cambodia, Las PDR and Thailand is working together to solve this regional problem with
the common approach to water sharing and to minimize drought effect in the region.

Experience of Middle Eastern LDC

Yemen is the only country belonging to LDC is the Middle East. The World Bank has described
Yemen as "the single largest development challenge in the Middle East" — and this was before the
recent weather-related problems. It is one of the poorest countries and about 22 million people
have been struck by severe droughts and depleted water supplies in recent years (Kenyon 2008).

Figs. 14 and 15 Yemen and drought affected livestock

Yemen was seriously affected by severe droughts from 2007 to 2009 (Figs. 14 and 15)
(www.irinnews.org) making it the looming catastrophe in the country. Yemenis receiving less than
200 cubic meters of water per person a year, well below the international water poverty line of 1,000
cubic meters clarifies the severity of droughts and water crisis of the country
(www.theguardian.com). In Yemen, drought has caused displacement of thousands of people from
mountainous villages in al-Mahwit Governorate in 2008 [IRIN 2008].
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lll. Impacts of Droughts

The Asian LDCs are facing serious socio-economic problems due to environmental changes caused by
natural and climate change effects. Such environmental changes are also increasing the uncertainty
relating to precipitation resulting in alternate patterns of floods and droughts. Most of these nations are
densely populated and vulnerable to disasters but have very limited facilities and financial capacity to
overcome the drought impacts.

Current extreme weather events are already taking their toll on these developing countries’ economies,
leading to loss of human and economic capital. Regions where climate change exacerbates climatic
extremes especially droughts which have limited adaptive capacity will be further constrained in their
development prospects due to additional loss of life, private assets, reduced productivity of important
economic sectors, and destruction of infrastructure (OECD, 2003). Asian LDCs are most prone to this
condition.

The effects of the drought are more devastating than the unpleasantness of temperature decreases in
the agricultural and populated areas. With the persistent reduction of precipitation in these areas, lakes
dry-up, river flow decreases and fresh water supply is squeezed, overwhelming available conservation
options and depleting fresh water reserves.

The frequencies and intensities of droughts are increasing in the Asian LDCs having adverse affects on
agriculture, biodiversity, water resources, uphill water-tables, ground-water recharging, hydroelectric
power generation, drying up of streams and perennial springs especially in the dry season. Moreover,
low or reduced precipitation/water flow has been increasing accumulation of dirty wastes and
decreasing availability of fresh water especially in the urban industrial zones, and decreasing
productivity with increasing pest and diseases affecting lives.

Economic consequences of drought are many such as loss of national economic growth, slowing down
of economic development; damage to crop quality, less food production; increase in food prices;
increased importation of food; insect infestation, plant disease, loss from dairy and livestock
production; unavailability of water and feed for livestock leading to high livestock mortality rates;
disruption of reproduction cycles; increased predation; range fires and wild-fires; damage to fish
habitat, loss from reduced fishery production; income loss for farmers and others affected;
unemployment; loss to recreational and tourism industry; loss of hydroelectric power; loss of
navigability of rivers and canals, etc.

Environmental effects increase desertification; damage to animals; reduce and degrade fish and wildlife
habitat. Lack of feed and drinking water, predation and diseases increase; wildlife are lost; increase
stress to endangered species; damage plants; increase number and severity of fires, winds, soil erosion.
Social effects include food shortages; loss of human life, heat, suicides, violence; mental and physical
stress; water user conflicts; political conflicts; social unrest; public dissatisfaction with government
regarding drought response; inequity in the distribution of drought relief; loss of cultural sites; reduce
quality of life which leads to changes in lifestyle; increase poverty and cause migration (FAO, 2008).
Competition for water in storage systems escalates during drought and conflicts between water users
increase significantly.

Diverse biophysical conditions of Asian LDCs result in varied nature of climate change impacts. South

Asian LDCs have some similar nature of drought effects and are densely populated, poor and most
vulnerable (UN-OHRLLS-2009, IPCC- 2001). Climate change is expected to have a significant impact on
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agriculture in Asia. It may cause a decrease in the supply of water and soil moisture during the dry
season, which could exacerbate stress on the available water supplies and increase the need for
irrigation. Rice growing areas may also be affected, and the resultant decline in yield would have a
significant effect on agricultural trade, economic growth and the development goals of certain Asian
countries.

Droughts are recurrent features in Bangladesh and affect plant growth, loss of crop production, food
shortages, and starvation. Drought affected households of the northern part of Bangladesh
are severely affected; households belonging to the lower socio-economic group suffered the most (Paul,
1995). Due to non-availability of relevant data, the figures on the annual drought-related loss of crop
production cannot be presented except for the 1982 drought. The total loss of rice production due to
drought in 1982 was 52,896 metric tons (BBS. 1986) which is accounted for about 41% of the total
damage caused by all types of environmental hazards. Brammer (1987) claimed that the 1978-79
drought reduced rice production by an estimated two million tons. It directly affected about 42% of the
cultivated land and 44% of the population (Erickson et al, 1993).

In Bangladesh, drought caused severe stress to both crops and fruit trees particularly in areas where
water cannot be pumped from the shallow aquifer due to drop-down or increased salinity. However,
the increasing withdrawal of groundwater for both water supplies and agriculture, the severity of
drought is not easily understood but water crisis is a great threat to Bangladesh (Rahman, 2011, Miyan
2012).

Bangladesh may face similar situation like Yemen as the cropping culture has mostly been changed and
made irrigation dependent. Dry season agriculture has been the main source of increased food
production over the past 20 years (BBS 1994). But this withdrawal of ground water is forcing water-
table to go down and creating further crisis of water and increasing vulnerability of earthquake,
especially in the cities where water-table is going down by more than one meter every year. Moreover,
arsenic contaminated ground water is a serious problem in many of the northwestern districts of
Bangladesh. More than 5 million people of Barind Tract are under a great threat due to severe impact of
drought and arsenic contaminated ground water. Throughout Bangladesh, about 2 million small farmers
and 2.4 million rural wage laborers are vulnerable to very severe drought. In the hills, more than 90% of
the perennial streams have lost their flow in the dry monsoon resulting in serious water crisis for hill
people which in turn resulted in break out of diarrohea, dysentery and cholera etc. (Rahman, 2011).

High spatial and temporal climatic variability, extreme weather events, high population density, high
incidence of poverty and social inequity, poor institutional capacity, inadequate financial resources, and
poor infrastructure have made Bangladesh highly vulnerable to disaster (Shahid et al 2008, Ali 1996,
Ahmed 2004). During the last 50 years, Bangladesh suffered from 20 extreme drought conditions.
Despite the recurrent and devastating nature of droughts in Bangladesh, it has attracted far less
scientific attention than floods or cyclones (Alexander 1995, Brammer 1987). However, losses from
drought are likely to be more severe than from floods in Bangladesh (Shahid et al 2008). In comparison
to flood, the impact of drought is of the same magnitude or even higher compared to the impact of
floods and procedures set in place for flood management cannot be transferred directly for drought
management. Drought assessment and alleviation is far more complex than flooding. Floods provide
many positive services; drought none. Drought is a trans-boundary and basin-wide issue. These clarify
the impacts of droughts and its adversity (Terink et al 2011).
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In Bangladesh, a number of studies have been carried out on the impact of droughts on agriculture (fig
15) (Jabbar et al 1982, Karim et al 1990, Saleh et al 2000, Mazid et al 2005), food production (Ahmed et
al 1989, Erickson et al 1993), land degradation (Rasheed 1998, Karim et al 2001), economy (Erickson et
al 1993, World Bank Bangladesh 2000), and society (Erickson et al 1993, Paul, 1998). WARPO-EGIC
(1996) prepared maps of winter and pre-monsoon drought prone areas of Bangladesh using the agro-
ecological zones database and land resources inventory map. However, in Bangladesh drought is an
ongoing silent disaster, as the people are mostly dependent upon groundwater for dry season
agriculture, industrial usage, and for domestic and drinking water.

Impact of diought on agicditure and crop producion
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Fig. 16 Impact of drought on agriculture; Source: Climate Change Cell, Bangladesh 2006

Ahmed and Bernard (1989) and Hossain (1990), found that during the 1973-87 periods, crop losses to
drought were almost as severe as the losses attributed to floods. About 2.18 million tons of rice was
damaged due to drought in this period. Drought also severely affects the tea production of Bangladesh.
In the 1960's and the 1970's and towards the end of 1990's the tea industry experienced prolonged
drought which affected tea production. Prolonged drought for five months in 2006 affected the tea
industry seriously (Hossain 1990). Due to drought the jute crop has also been affected by shortage of
water. A large number of crops were damaged because the drought period corresponds with 1995
sowing period of Aus, Aman, and Boro rice, jute, and summer chilies; 1994 sowing period of winter
crops: e.g., vegetables, potatoes, pulses, sesame (Til), Foxtail millet (Kaon), onion/garlic, chilies, and
wheat); 1994 harvesting period of Aman rice; and 1995 harvesting period of Boro rice, and winter crops
including wheat.

In Nepal, Tarai region, the low, flat land of the foothills of the Mahabharat Lekh range, the mid-
mountain region with the valleys of Katmandu and Pokhara and the Himalaya most vulnerable to
drought effects. Although Nepal is known as a water-rich country, holding second position after Brazil,
the people of western Terai in the plain belt have been suffering from insufficient and unhygienic
drinking water. Drought has reduced the water level in the well to the extent that residents are forced
to drink poor quality water from a surface well sometimes one hour away from the village. In the dry
monsoon (October — May), the western parts of the country remain dry affecting the agriculture and
livelihoods. This makes life particularly difficult for those who have to collect the water. The existence of
wide range of climatic conditions in Nepal is due to rapid changes in the altitude (Nayava, 1974). The
average annual precipitation in Nepal is about 1600 mm, with large variations between eco-climatic
zones. Domroes (1979) reported that there are east-west variations in mean annual as well as monthly
precipitation at some stations in Nepal. The 2008-2009 winter season droughts impacted on crop loss
and household food security, malnutrition, fresh water crisis, induced forest-fires e.g. fires detected
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with Moderate Resolution Imaging Spectroradiometer (MODIS) satellite data by the International
Centre for Integrated Mountain Development (ICIMOD) revealed a large increase in the number of
forest-fires in March 2009 compared to the same month last year—1500 fire locations compared to just
100 in March 2008 (WFP & FAO 2009).

Droughts cause considerable economic loss as well as social and environmental impacts which are
increasingly affecting the human systems in Cambodia. It was found that, 20% loss in rice production
due to droughts in five years (1998-2002) which is projected to increase in the future (Ministry of
Environment, Cambodia 2002, NAPA 2006).

Fig. 17 Migration of and Impact on Fish Species due to Droughts Fig. 1 Droughts Leading to
Harvesting of Paddy as Fodder

In Cambodia, the last major drought occurred in 2002, affecting eight provinces and over two million
people (Figs. 17 and 18). According to a study by World Food Programme (WFP) and the National
Committee for Disaster Management (NCDM), around 270 communes out of total 1,621 communes in
Cambodia are prone to drought and around 260 communes are prone to flood. Provinces such as Prey
Veng may even be hit by both floods and drought in the same year. However, only about 40,000 out of
the 310,000 hectares of cultivated land in Prey Veng are estimated to have irrigation systems, meaning
that over 80 percent of cultivation depends completely on seasonal rainfall and weather. Therefore,
most farming households bear the full brunt of floods, droughts, and pest infestations.

In Mekong, there is a sharp decline in supply of drinking water and irrigation. Drought has an adverse
impact on agriculture, food security, access to clean water, energy production, river transport, tourism
and recreation, forest and wild fires, human health and economic development of people facing
poverty. Rice farmers are forced to plant crops that require less water and refrained from planting a
second rice crop. Subsistence farmers have to seek new off - farm job and change their way of life
because crops (rice, coffee, sugar etc.) were damaged and stressed (Polpanich et al 2010). Drought of
2010 in the Mekong Basin hampers Southeast Asian economy both agriculture, tourism and other
industries relying on the river by drying up (The Bangkok Post 2010). The Inter-governmental Panel on
Climate Change (IPCC) concluded in their Assessment Report that low rainfall and higher temperatures
will intensify drought in the Mekong Region substantially (Terink et al 2011).

In Laos, there is serious concern that widespread deforestation could lead to a significant decline in
rainfall and trigger a positive-feedback process of increasing desiccation for neighboring forest cover;
reducing its moisture stocks and its vegetation would then further the desiccation effect for the region.
Subsequently there is a decline in rainfall, subjecting the area to drought. If rains stop falling, within a
few years the area can become arid with the strong tropical sun baking down on the scrub-land and
become more prone to devastating forest-fire (Butler 2012). According to WFP, in 2010 (WFP 2010)
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many parts of the country reported drought conditions which delayed the planting of rice. These natural
disasters represent shocks that can lead to a rapid deterioration in the nutrition situation.

Because of economic, geographic, climatic, cultural, and political challenges, Lao PDR continues to
suffer from high rates of under-nutrition. It faces three particularly serious problems: wasting, stunting,
and micronutrient deficiencies. In June 2010, the province of Attapeu had an overall acute malnutrition
rate of 18.9%, which exceeded the emergency threshold of 15%. In Sarvavan and Savanakhett
provinces, the levels were above the emergency alert level of 10%. At these rates, children were at
serious risk of dying. Because the high levels of anemia and vitamin A deficiency continue to pose a
serious public health problem, reducing micronutrient deficiencies is the third priority of WFP in Lao
PDR (WFP 2010).

The majority of Bhutan’s population depends on subsistence farming for which timely precipitation is
necessary. Drought and erratic rainfall make the Bhutanese communities especially the rural population
highly vulnerable to impacts of extreme weather patterns. Forest fires are a common threat. Increase in
temperature and drought incidences also increase incidences of forest fire. Climate scenarios prepared
using Providing Regional Climates for Impacts Studies (PRECIS) model under the Second National
Communication from Bhutan to UNFCCC indicate that winters in Bhutan will be drier and warmer in the
future and this finding is consistent with other regional and global models (NAPA 2012).

In Dagana dzongkhag, there was no rainfall for four months in 2012 which seriously affected vegetables
and all other cereal crops. Consequent to the prolonged dry spell, crops are scalded, some to the extent
of no rejuvenation. The rain become scarce in most part of Bhutan and farmers suffered severe dry
spells (Lhakapa 2012) and farmers started converting paddy fields into dry farming owing to acute
shortage of rain water (Palden, 2011).

Inadequate rains and snowfall during 2008 to 2010 in parts of Afghanistan caused significant failure of
the rain-fed crops in six provinces: Herat, Jawzjan, Balkh, Badghis, Faryab and Sar-e-Pul (UPI 2011).
These led to severe drought affecting northern parts of Afghanistan with consequences of dried pasture
lands, reduced water sources and death of thousands of animals. In Samangan, about 1,400,000 animals
have been sold at low prices, while about 30% perished due to drought (IRIN-2008). Nearly three million
people have been facing severe food shortages as a result of drought in 14 of Afghanistan’s 34
provinces. Eighty percent of the non-irrigated wheat crop has been lost (RIN 2011).

In Afghanistan, the impacts of droughts are multidisciplinary starting from agriculture, herding, drying
up of pasture, acute water crisis, food security and malnutrition and domestic water shortage resulting
in epidemics (OCHA 2011). It has been further reported that drought caused serious shortfall of foods
especially the rain-fed wheat up to 80% shortfall in the north and northwest; along with a combination
of health, nutrition, water and sanitation activities, to prevent malnutrition and outbreaks of
communicable diseases The situation affected the most vulnerable populations and their access to food
and water, negatively impacting on health and nutrition status of the involved communities (UPI 2011).

Yemen is one of the oldest irrigation civilizations in the world. For millennia, farmers have practiced
sustainable agriculture using available water and land. Through a myriad of mountain terraces,
elaborate water harvesting techniques and community-managed flood and spring irrigation systems,
the country has been able to support a relatively large population. Yemen is now facing a water crisis
unprecedented in its history. Presently, Yemen is one of the world’s ten most water-scarce countries.
Withdrawal of ground water has caused drying up of the aquifers; threatening agriculture and leaving
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major cities without adequate safe drinking water. Sana could be the first capital city in the world to run
dry. Even today, many wells have to be drilled to depths of 2,600 to 3,900 feet, extremely deep by
world standards.

In Yemen, low rainfall and subsequent drought contribute to and speed up overgrazing in the Highlands.
However, in the coastal plains where rainfall normally does not exceed 150 mm, the annual vegetation
mainly comprises dwarf shrubs, herbs and annual grasses; hence such pasture cannot support large
numbers of grazing animals. But if grazing continues too long, then the pasture is more overgrazed as a
result of high stocking rate and drought (Alabsi 2001).

Extreme weather conditions and environmental changes are confusing farmers and threatening
livelihoods, further aggravating Yemen's already fragile food security. Due to lack of research, there are
no numbers that accurately describe how drought is affecting Yemenis. However, one thing is clear;
Yemeni farmers' attitudes towards planting have changed. Yemen is getting hotter by the year towards
climate extremes. According to the National Council for Climate, there has been an increase in average
temperatures in the capital Sana'a over the last 20 years, though they do not have an exact figure due
to a lack of research (MERIP 2013). Agriculture takes the lion’s share of Yemen’s water resources,
sucking up almost 90 percent. Until the early 1970s, traditional practices ensured a balance between
supply and demand. Then, the introduction of deep tube wells led to a drastic expansion of land under
cultivation. In the period from 1970 to 2004, the irrigated area increased tenfold, from 37,000 to
407,000 ha, 40% of which was supplied by deep groundwater aquifers. Thousands of Yemenis working
abroad often invest their remittances in irrigation. Other incentives to expand farmland came in the
form of agricultural and fuel subsidies. Farmers began growing less of the local, drought-resistant
varieties of wheat and more water-intensive cash crops such as citrus and bananas.

The emerging cash economy also led to a dramatic increase in the cultivation of gat -- the mild
stimulant whose leaves are chewed in Yemen. It is estimated that gat production now accounts for 37%
of all water used in irrigation. In the water-stressed highland basins of Sana, Sa‘da, ‘Amran and
Dhammar, qat fields now occupy half of the total irrigated area. Groundwater levels in these highlands
have fallen so precipitously that only the lucrative returns from qat justify the cost of operating and
maintaining a well.

Qat is grown as well in the Sanaa basin, where the capital is located and 10 percent of the Yemeni
population lives. A total of 13,500 wells have been inventoried in the basin. The vast majority of them
serve farmers, but the water is disappearing. In the mid-1990s, extraction in the catchment area
exceeded recharge from rainfall by over 400 percent. Available data give the Sanaa aquifer two decades
of life, after which irrigated agriculture in the basin will end.

Yemen is under "serious water stress" according to a report by the UN Economic and Social Commission
for Western Asia (UN-ESCWA). Climate change during the last few years and especially in 2009 is a real
concern for Yemen, particularly if the frequency of precipitation events continues to diminish, putting
agriculture in peril and potentially leading to a catastrophic drought as the rainfall patterns are
changing. The rainy season in Yemen is usually from March to May and July to September, but rains are
now starting in August.

Much like the rest of the region, the climate change impacts facing Yemen are drought and

desertification on the one hand and torrential downpours on the other, rains that are useless because
they are not harvested or channeled in any way. The concept of Integrated Water Resources
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Management (IWRM) is still new to Yemen and needs to be applied by the water sector in order to
strike a balance between water replenishment and usage.

Geographical location in an arid area makes it especially difficult for Yemen. It rains four months in a
year, the rest of the year is dry. The population increase, especially in the mountainous area where up
to 90 percent of the population density distribution is located, further aggravates the water crisis. Most
of the population is also concentrated in the major cities. This puts pressure on ground water and an
annual drop of four to six meters in most of the groundwater resources (The Yemen Times 2009).

IV. Coping with Droughts

LDCs evolve their own ways to cope with the impacts of climate induced droughts. The food
consumption in the community decreases particularly among the small farmers and landless laborers
due to decreased food production, abnormal increases in food grain prices, and non-availability of jobs.
At this stage, drought victims often are compelled to buy food by selling their lands, household goods,
and livestock at distressed prices (Reardon et al 1988). People start to consume wild plants, tubers, and
leaves not normally eaten (Jallow 1995). This is the 'early warning' for famine. At this stage, the drought
affected people need additional food from different sources for consumption as relief or at subsidized
prices. The country government and NGOs should take responsibility for averting famine condition
through food and employment provisions. Failing such responses famine becomes unavoidable.

To cope with effects of droughts, people adapt various strategies. At the household level, people adapt
agricultural and non-agricultural adjustment to cope with the effects of drought hazard. Agricultural
adjustment involves re-sowing of crops in order to compensate for the reduction in the crop area, and
others, such as application of irrigation water, to increase crop yield (Brammer 1987). During the
drought period food prices increased abnormally requiring more cash for survival and people adapt
non-agricultural measures for this purpose. The need for cash is further aggravated due to remarkable
decrease in demand for agricultural wage laborer. As a result, people either sell and/or mortgage their
land and livestock, and sell their belongings to acquire additional cash.

All members of the affected community are not equally vulnerable to drought. At the community level,
friends, neighbors, relatives, and affluent members of the community may help the drought victims by
providing cash, loans, food, and clothes (Paul 1995). Beyond the community level, the national
government as well as friends and relatives of the drought victims who live outside the victims'
community can play key roles by providing financial and other support to overcome the hardships of the
drought victims as well as to halt the occurrence of famine. Distribution of free food, clothes, medicine,
and other relief goods is the appropriate public response to drought hazard. The government can also
minimize hardships by creating employment opportunities for the drought victims and providing
financial assistance.

NGOs usually extend their support to the drought victims to cope with losses. Indeed, the impact of the
drought can be reduced significantly if all parties respond to the hazard adequately in appropriate time.
The government's interventions are particularly needed to avert famine and minimize the hardship of
the drought victims. People used to follow some special techniques like fish, meat and fruit
preservation; surface and rain water storage in large reservoirs like Ramsagar (Fig. 19) and Sagar Dighi
in Bangladesh, which are the man made practices to cope up with the adverse condition.
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Fig. 19 Ramsagor Dinajpur: A manmade Pond 1,079 m X 1,926 m,
excavated in 1750s, funded by Raja Ram Nath, using about
1.5 million Laborers in northern drought prone Bangladesh

(http.//en.wikipedia.org/wiki/Ramsagar)

Researches on drought resistant crops are in progress; however, traditionally people used to adjust
their crops with the climate. But with the increasing hybridization for HYV crops to achieve high yield
and to increase cropping intensity the demand for water has increased manifold. Moreover, crops are
losing their immunity and become more prone to disease and climate adversity. Some LDCs including
Bangladesh have started growing food tree crops which are much less susceptible to drought effects
and thus reducing food and nutrient crises. During tree crop production, trees get water and nutrients
from deep soil and also mitigate droughts by transpiration.

Traditional climatic manipulation techniques, use of sun, shade and partial shade loving crops of diverse
species and their management techniques are the options for mitigation of adverse impacts of climate
change leading to droughts.

Sustainable landscape management involving traditional flood-plain management is necessary to find a
solution for the recharging of ground water to solve acute water crisis (Fig 20 and 21). Afforestation and
tree plantation is an important measure to restore the hydrological cycle and keeping humid
atmosphere and the government has taken massive plantation program on the hills, along the roads
and highways, riverbanks and also in the coastal zone under public private partnership (PPP) viz. social
forestry; NGOs. Private sector initiatives are also important on extension of forestry.

For the adaptation measures including traditional coping behavior, awareness and capacity building and
preparation of NAPA, Standing Orders for Disasters (SOD) has been prepared by many LDCs. Changing
habits, lifestyle and cropping patterns, and creation of Climate Resilience Fund: Bangladesh Climate
Change Resilience Fund (BCCRF) has approved $ 153 million projects to fight adverse impacts of climate
change that may lead to subsiding of droughts. Moreover, emphasis has been placed
on dissemination of information on enhanced disaster and health risks due to climate change. Though
fallacy in adapting with droughts is prevalent among some 24% of the people of around 17%
households have reduced water consumption by limiting bathing in a week in Cambodia (NAPA 2006).
Few countries e.g. Laos and Cambodia have adopted drought monitoring, drought risk mapping and
quantification of drought risks (Terink et al, 2011). The SAARC Meteorological Research Centre (SMRC)
has initiated a drought research project for Bangladesh and Nepal considering the growing uncertainty
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of monsoon precipitation; to calibrate regional climate model baseline data sets with observed values.
Such study could be extended to other countries and regions.

Fig 20 Indigenous traditional mechanism for ~ Fig. 21 Indigenous traditional mechanism for
transferring/ preserving/harvesting water harvesting mountain water through tree-shell
from mud-hole during droughts during droughts

The government of Nepal formulated the National Strategy for Disaster Risk Management (NSDRM) in
2008 to enhance capacity and resilience to respond to disaster risks. This directly contributes to the
national commitment on Hyogo Framework of Action and to the work of the Nepal Risk Reduction
Consortium (NRRC). Effective roles of the ministries have been emphasized in devising and
incorporation of an integrated and comprehensive disaster risk management program into the annual
development plans. The UNICEF and government of Nepal have budgeted US$5.225 million for disaster
risk reduction as well as emergency preparedness in the hazard prone areas for the period of 2013-2017
(UNICEF Report 2013) may lead to improved access to supports for members of the drought affected
communities of the country.

Yemen has drought mitigation plan and drought management actions on project basis. This might be
incorporated into the biodiversity and climate change strategy of the country. This country would need
assistance in drought projection, development of national drought strategy, action plan, and adoption
of standard approach, monitoring and warning system, preparedness and mitigation action, emergency
response and recovery measures as well as impact assessment (DESA and ESCWA Report 2013). The
Integrated Water Resources Management (IWRM) is new to Yemen but the country needs to strike a
balance between water replenishment and usage.

V. Drought Vulnerability Reduction

Adjustment of cropping with changing weather conditions is practiced by many farmers and this might
be replicated. Some drought resistant crop verities have been developed in Bangladesh viz BRRI dhan56
and BRRI dhan57 to reduce vulnerability of droughts and these are giving results and might be
replicated. In case of no alternatives, the replacement of field crops with fruit trees may have to be
resorted but it will have to be ensured that cereal crops are replaced with only fruit trees so production
of food items are ensured.

In many places, permaculture, mulching, and traditional harrowing followed by powdering the soil are
being practiced to protect evaporation to minimize impact of droughts.

Cropping with pumping ground water helps avert immediate effects of droughts but the same has long

term consequences like lowering of water level. Therefore, pumping ground water might be promoted
only in case of emergency. If so is promoted, this should be done with integrated culture with paddy,
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duck, oyster, crabs and turtles so this gives multiple outcomes as well as avert the consequences of less
production of fish due to drying up of the ponds and lakes. This practice might be combined with water
efficient cropping. Adoption of this integrated cultivation would lead to crop diversification and high
yield to meet required demands for food.

Development and use of technologies for bio-fortification of cereal grain crop may be promoted in the
overly populated drought prone areas to meet the nutritional needs of the people during crop failure
due to drought condition. Genetically added micronutrients like zinc, boron and manganese etc are
found to be drought resistent and induce other nutrients to uptake.

The consequences like diseases and malnutrition among children might be minimized through making
juicy foods available during the scarcity of fresh water due to drought condition.

Creation and utilization of deep water reservoirs in the drought prone regions may significantly reduce
the vulnerability to drought conditions. In such cases, a balance between needs for deep water
reservoirs and increased population pressure combined with needs for increased cropping will have to
be drawn.

Development and dissemination of survival techniques among drought prone communities may avert
helplessness and mass suicide emerging from drought conditions.

Education, training and research in the field of remote sensing/geographical information system
(RS/GIS) are needed to integrate drought monitoring study, as well as information sharing.
Development and use of drought forecasting and early warning systems might be promoted in the
drought prone areas. The indexes already developed like Palmer Drought Severity Index (PDSI), the Crop
Moisture Index (CMI), Serial Peripheral Interface (SPI), Surface Water Supply Index (SWSI) and Dry Index
etc may be shared with the individuals and organization working to reduce vulnerability of drought in
the drought prone regions.

Capacity building activities in the drought prone areas in the form of developing scientists to carry out
meteorological and hydrological research on forecasting and warning could have the potential of
developing better forecasting techniques and early warning for adaptation to drought conditions.

Continuous research, education and training programs could increase drought awareness and relevant
knowledge for management of drought in LDCs. Development and sharing of simple toolkits or methods
could assist the community or local government to monitor drought severity and initiate both
mitigation and adaptation measures.

Some institutes and NGOs are providing training to the youth and women bodies for sustainable uses of
water resources, recycling and reuse of grey water, traditional rain water harvesting and purification.

Technical assistance and consulting services is a need for advanced drought monitoring and assessment
study and even move further to establish early warning system for drought. LDCs have recognized that
there is a limited knowledge and understanding of drought disasters, impact assessment, early warning
system with great effort in real time monitoring, ground data and tool for validation of drought
monitoring using RS/GIS are unavailable and inaccurate like soil moisture content, precipitation.
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Knowledge based area development (KBAD — www.iubat.edu/kbad), a unique concept for human
resource development for capacity building of youth with skills to diversify occupation as practiced by
one institution in Bangladesh, specially for famine (monga) affected areas has the potential to reduce
drought related vulnerability in the Asian LDCs.

The Cambodia’s Initial National Communication under the UN Framework Convention on Climate
Change of the Ministry of Environment, Cambodia offers some proactive ways forward for reducing
drought vulnerability viz. (i) development of new high vyielding drought resistant varieties, (ii)
improvement of crop management and cultural practices, (iii) development of capacity for better
adaptation like development of early warning system, development of maps showing rice growing areas
prone to drought (iv) development of irrigation facilities for low lying areas, (v) increasing planting index
in suitable areas and (vi) diversification of food. Cambodia has also incorporated climate change
awareness education into the secondary education curriculum, established forum and trust to reduce
vulnerability. Other LDCs could draw on the Cambodian experience.

Wide ranging gaps in research and knowledge generation on drought hazard prevalent in the Asian LDCs
has made initiative of country level study an imperative for development of a comprehensive
conceptual framework for study, mitigation and adaptation to combat consequences of all types of
droughts.

I. A. Modeling Climate Change Induced Extreme Events including Drought

Vulnerability of Bangladesh due to extreme climatic events has been analyzed by various
models and results of the models showed significant upward trends due to climate change.
Adequate information exists for analysis of various events such as temperature increment, sea
level rise, flood, drought and cyclone at the global scale but the information required for
modeling at the different regions of Bangladesh is very scanty. This work sysnthesed various
climatic models on Bangladesh to predict the future possible adversity of the extreme climatic
events.

1. Drought

Drought frequency and intensity will increase in the coming years having negative impact
during the post-monsoon to pre-monsoon cycle, as rainfall diminishes while temperature
increases. Bangladesh witnessed driest monsoon in 2010 since 1994 (Rajeevan et al 2011).
Production of wheat, rice variety of HYV Aus and Boro might no longer be economically
suitable under climate change induced drought as predicted by the models in 25 to 30 years’
time span.

2. Flood

Flooding and the inundation risk exposure in the Ganges-Brahmaputra-Meghna basin up to
2050 showed that both increase in inundation area and depth due to climate change will be up
to 6% (IWM, 2009). This flood model was developed by Bangladesh Water Development Board
(BWDB). Flooding in Bangladesh in 2007 affected 13.7 million people with 1110 deaths
(Rajeevan et al 2011). Prediction on climate change and flooding in Bangladesh is shown in
Table-4 (Dasgupta et al 2010). In terms of flood risk exposure zones, areas inundated to depths
greater than 0.9 m increased from 34% of total area under the baseline scenario to 40% under
the climate-change scenario (Fig. 22) (IWM 2009).

Table 4: Climate change and flooding in Bangladesh
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Additional Inundation Depth Area (sq km) Share of total area (%)
due to climate change (cm)
No Change 70,249 52.6%
1-5em _ 56,102 42.0%
S5-10cm 5.841 4.4%
10-15¢cm 786 0.6%
“More than 15 cm 544 0.4%
Total 133,522 100.0%
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Fig 22: Flood risk exposure map of Bangladesh

3. Sea Level Rise [SLR]

There will be increasing risk of coastal salinity and fresh drinking water by the Sea Level Rise
(SLR) that will contribute to upward trends in extreme coastal high water levels in the future
predicted by modeling (very likely). This is threatening for Bangladesh as many regions of the
southern part of the country is just one meter above sea level on an average (Fig 23) (Climate
Change Cell, 2006).
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Fig 23: Cyclone prone areas of Bangladesh in climate change condition [1]

4. Cyclone

Bangladesh is a global hotspot for tropical cyclones (UNDP, 2004). To determine potential
future inundation zones by 2050 under the climate change scenario, the storm surge model
was run. Under the climate change scenario, the vulnerable area would be 55% greater than
the baseline scenario (IWM 2009). This will bring loss of lives, property and an increase in the
cost of adaptation in the cyclone prone zones of Bangladesh.

5. Challenges of Climate Change Modeling in Bangladesh

Climate modeling involving different agro-ecological zones of Bangladesh is necessary to
generate region specific adaptation plan for agriculture and economic policy. This is presently
at infancy due to lack of expertise, technology and scientific orientation. Capacity building for
climate change research could bring rich dividend.

I. B. Cereal Production and Drought Risk Management

Rice, wheat and maize are the top three cereal crops that are consumed throughout the world.
Water and nutrition are two major components of environmental variations and together
provide limitations to successful crop production. Mineral nutrients are essential for plant
growth and development through their fundamental roles in metabolism, while drought is
prominent among the most important ecological factors that impact crop growth and
productivity. Many physiological processes in plants are impaired by drought stress, including
photosynthesis, enzyme activity, membrane stability, pollen viability and ultimately growth.
Drought is a major cause of yield and quality loss in cereal crops.

Drought has been found to be one of the major environmental factors which limits both quality
and quantity of rice, maize and wheat production in Asian LDCs. While the interactions of
drought stress and these other stresses have generally received a reasonable amount of
discussion in the literature, the interaction of drought stress and nutritional stress seems to
have received little attention. Asian LDCs soils are deficient in many macro-micronutrients
essential to plant growth and zinc and boron and manganese is no exception although these
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nutrients are involved in a wide range of physiological process and several of these are also
associated with tolerance to drought stress. Drought and low nutritional status of soil often
occur in combination throughout the world’s cropping areas.

Experiments were carried out to find out the effects of drought stress and NPK along with zinc,
boron and manganese nutrition on the growth, grain yield and grain quality of cereal crops. It
was demonstrated that foliar application of Zn, B, and Mn alone can increase grain yield of
cereals under drought stress. Further field experiments are suggested to determine what the
effect is when Zn, B, and Mn are combined and applied in a ‘cocktail’ as two-to-three foliar
applications shortly before flowering. It is also desirable to work with some other micro-
nutrients to find better solution to mitigating drought effects in different drought prone
regions. This work will be highly relevant to farmers and extension workers to increase
efficiency in crop production with less water and under drought stress.

VI. Drought Related Policy Priorities

Deep water reservoir: Traditional surface deep-water reservoirs have been found to have positive
impact on mitigation of drought. However, such water reservoirs are under considerable threat due to
increased population pressure as well as cropping. Therefore, formulation of legal framework and
administrative measures by the LDC governments can contribute to drought mitigation.

Adaptation to Draught: Farmers resort to different measures for adaptation although hopeless
situation sometime lead to extreme consequences like the mass suicide as happened in parts of India
this year.

Crop Diversification: Farmers adapt less water demanding crops and also switch to dry season cropping
with irrigation. In extreme cases, field crops are replaced by tree crops. Promoting information on water
efficient crops and irrigation facilities would lead to extensive practice of these.

Drought Resistant Crop Varieties: Bangladesh has developed two varieties of rice namely BRRI dhan-56
and 57 but the same is going through field experiments. Therefore, more focus is required by scientific
community and developing country governments on drought resistant varieties of produce and efficient
use of water resources.

Indigenous Culture: Permaculture, mulching, and traditional harrowing followed by powdering the soil
to protect evaporation etc. are being practiced in some areas but on a limited scale. Such practices
deserve to be documented for efficiency measures and information sharing for wider practice.

Biofortified Cereals for Drought Management: Asian LDCs, especially those densely populated like
Bangladesh can harness increased bio-fortified cereal grain crop to manage drought and nourish its
huge population. Genetically added micronutrients like zinc, boron and manganese etc. are found to be
drought resistant and induce other nutrients to uptake. In-depth research on locally available
genotypes, their behavior and interaction with climatic conditions is required for this. However, the
limited financial and technical capabilities of LDCs call for support from international agencies and
research laboratories of developed countries to achieve this goal.
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Forecasting for Early Warning: Historical records of managing droughts tell us that early awareness can
reduce its impacts. Draught forecasting and early warning are still at infancy. South Asian and lower
Mekong River countries practice some early assessment in the form of indexes such as Palmer Drought
Severity Index (PDSI), the Crop Moisture Index (CMI), Serial Peripheral Interface (SPI), Surface Water
Supply Index (SWSI) and Dry Index etc. More resource investment by governments and international
agencies is desired to permit scientists to carry on meteorological and hydrological research on
forecasting and early warning

Knowledge Gap on Drought: More work is required on the complex nature of Asian Monsoon which
contributes to drought situations. Farmers in most of the Asian LDCs are suffering from climate change
induced droughts as well as uncertainties of precipitation.

In view of the observed gap in research and knowledge generation, conceptual frameworks need to be
developed to study drought mitigating techniques to gain proper insights into different levels of
vulnerability response to the extreme drought events. Scientific information need to be carefully
gathered and analyzed on a longer timeframe to permit proper investigation of drought which is a
complex phenomenon impacting all levels of LDCs with uncertain recovery period. It is therefore
imperative on the governments of Asian LDCs to initiate country level studies on drought to evolve
mechanisms on forecasting, early warning and mitigation process to reduce losses to human and
property.

Modeling of Climate Change Extreme: The modeling results of extreme events showed significant
upward trends in Bangladesh and if this trend materializes there will be increase in natural calamity
causing destruction to life and properties and increasing the cost of adaptation. A majority of low lying
non-embanked coastal areas may be completely inundated which will increase the risk of coastal
salinity and scarcity of fresh water. Exposure to cyclone induced storm surges is likely to increase
manifold.

Vulnerability Categorization: Climate models with medium confidence show that drought extreme
could be most prominent in the 21*" century in Bangladesh due to reduced precipitation and increased
evapo-transpiration. Production of wheat, rice variety of HYV Aus and Boro may no longer be
economically viable under climate change induced drought condition jeopardizing food security. This
scenario dictates high priority to integrated drought management for Bangladesh.

Sea Level Rise (SLR): SLR is a possibility predicted by modeling (very likely) and Bangladesh, as a low
lying coastal floodplain may face severe threat from SLR. There will be increasing risk of coastal salinity
and fresh drinking water. Integrated coastal zone management plan for infrastructure development and
development of salt tolerant crop variety should receive high priority.

Cyclonic Extreme: Modeling indicates increase in the depth and extent of storm surge induced coastal
inundation intensified by increase in ocean surface temperature and rising sea levels (likely). Under the
model predicted climate-change condition, the vulnerable area of cyclone prone zone would increase
substantially. Disaster management plan in changing climate scenario will have to be redesigned to
cope with this situation.

Capacity Building: Climate modeling involving different agro-ecological zones of Bangladesh is
necessary to generate region specific adaptation plan for agriculture and economic policy. This is
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presently at infancy due to lack of expertise, technology and scientific orientation. Government and
international agencies should consider investment on capacity building for climate research.

3.1.3. Challenges Facing Bangladesh and Myanmar in Nurturing Marine Environment for Sustainable
Development

I. Background

The marine environment of Bangladesh has vast potential for development through sustainable
exploitation. Sharing the Bay of Bengal (BoB), neighboring Myanmar has similar potentials and
challenges in preserving and developing the marine ecosystem. There is over exploitation of fishes and
marine resources to meet increasing demand caused by increasing size of population in Bangladesh and
Myanmar. Besides, discharge of polluted water from the continental area specially with industrial waste,
agricultural pesticide, chemical dyes, oils etc are increasingly polluting the marine environment leading
to sharp depletion as well as loss of biodiversity and unbalancing of ecosystem. There is inadequate
investigation of this phenomenon to understand the status and change of marine environment.

Geologically BoB is filled by sediments washed down from the highlands, especially from the Himalayas
shown in Figure-24 & 25. The ecosystem of BoB is characterized by its tropical monsoon climate
resulting in high rainfall. Intensive fishing is the primary source of occupation of the people habituating
the marine environment. The coastal and marine environment of BoB is under threat due to declining
situation of marine environment (Aziz Ahmad et al, 1998). The BoB is a semi-enclosed tropical ocean
basin, highly influenced by monsoons. In the BoB, there exist thermal domes which are associated with
cyclonic circulation and up-welling (Ali, 1997).
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Fig-24: Geographical Location of BoB in Bangladesh and Myanmaﬁoasts
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Figure-25: The Sedimentation in the BoB

Il. Dynamics of Marine Environment

Marine environment of the BoB plays an important role in the economy of Bangladesh and Myanmar.
The BoB is an enclosed sea influencing the climatic conditions of South and Southeast Asian countries
with monsoon weather. Major rivers like the Ganges, Brahmaputra, Meghna, Karnafuli, and Irrawaddy
are draining huge freshwater to the BoB which make the bay very fertile. Marine fishery sector plays an
important role in the economy of Bangladesh in terms of nutrition, income, employment and foreign
exchange earnings. Alteration of marine ecosystem due to climate change has direct and indirect
adverse effect on fish, flora and fauna for their reproduction, migration and survival. Reproduction of
fish is one of their important life history trails, which is regulated by various exogenous and endogenous
conditions. The reproductive cycle is a harmonious process interlinked with environmentally mediated
routine of various aquatic ecosystems. Therefore, any adverse environmental conditions affect the
natural reproductive process of the marine fish population and ultimately hinder the recruitment
process to the stock through spawning and also the migration process.

The following are some of the changes observed in the marine environment of Bangladesh and
Myanmar: -

i.  Oceanographic changes viz. high turbidity increased flooding, more tidal action and changes of
salinity etc. which have accelerated the change of migration patterns of spawning, growth and
its production. Changing of catch trends has been shifting to further deep seas.

ii.  Shifting of fishing zones to the deep seas resulted in poor catch due to inadequate number of
deepwater fishing trawlers along with fish preservation facilities.

iii. Increasing climate extremes especially frequent tropical cyclones and effects of El Nino and La
Nina's southern oscillation create increased cyclonic activity in the BoB making the sea rough
which in turn makes fishing difficult.

iv. Piracy and fishing by other intruders are hampering fish production as well as catch and which in
turn reduces economic benefits to Bangladesh and Myanmar.
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V. Withdrawal of water in the up streams as well as heavy siltation in the estuaries of the major
rivers viz. the Ganges, Brahmaputra and Meghna have resulted in reduced availability of
anadromous fish the Tenualosa ilisha (Hilsha). Pollution, both industrial and agricultural has also
negative impact and substantially disturbed the spawning habitats. This caused social and
economic crisis among the fishermen communities of the coasts.

lll. Fish Resources in the Marine Environment

a. Fishing Grounds in the BoB

In the BoB within the territorial waters of Bangladesh there are four major fishing grounds as; i). South
patches is situated between 20° 50' N to 21° 40'N latitude and 91° 00'E to 92° 50'E Longitude
covering an area about 6.200 km, ii). South of south patches that lies between 20° 50' N to 21° 40'N
latitude and 91° 00'E to 91° 50'E Longitude covering an area of about 6,200 km, iii). The Middle fishing
ground is situated between 20° 50'N to 21° 20'N latitude and 90° 00'E to 91° 00'E longitude that covers
an area about 4,600 km, iv). Swatch of no ground that lies between 21° 00'N to 21° 21'N latitude and
89°00'E to 90°00’'E longitude which covers an area of about 3,800 km (Shohidullah, 1983) as shown in
Figure-26.

Fishing grounds and distribution of fish and shrimps in the continental she if of Bangladesh. (Source:
Rahman et al, 1935)

Figure-26: Fishing ground in the Marine Environment of BoB

b. Marine Fisheries

Marine fisheries sector plays an important role in the economy of Bangladesh in terms of nutrition,
income, employment and foreign exchange earnings. The marine capture fisheries are exploited under
multi-species strategy from the BoB and about 100 species are being exploited (White and Khan, 1985).
The major species are finfish, shrimp, crabs, lobster, mollusks, starfish, cuttlefish, squid, snakes, turtles,
crocodile and mammals (Khan, 2002; DOF, 2008). Marine fish production increased 1.12 million tons
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(from 3.79 million tons to 4.87 million tons) between 2001 to 2007, but per capita fish consumption
decreased because of increase in the size of population (Hussain and Hoq, 2010). The marine fisheries
provide livelihoods to millions of people in the Bay of Bengal (BoB) region but the coral reefs are quite
limited in the BoB due to high river discharge and turbidity. Alteration of marine ecosystem due to
climate change has direct and indirect adverse effect on fish flora for their reproduction, migration and
survival. Reproduction of fish is regulated by various exogenous and endogenous conditions. The
reproductive cycle is a harmonious process interlinked with environmentally mediated routine of
aquatic ecosystems. Therefore, any adverse environmental conditions may affect the natural
reproductive process of the marine fish population and ultimately hinder the recruitment process to the
stock through spawning and hampered the migration process. Use of unsuitable fishing gears that result
in a high level of wasteful catch and destruction of egg bearing and juvenile fish need to be controlled.
The marine fisheries resources are dominated by finfish and shrimp. The catch in 2005-2006 consisted of
marine Hilsha (Clupeidae; 43.3%); shrimp (10.3%); Bombay duck (Herpodonidae; 8.20%); Jew fishes
(6.78%); catfish (3.78%); pomfret (2.51%); sharks and rays (0.93%); Indian salmon (0.21%); and
miscellaneous marine fishes (26.12 %). The major fishing grounds and their fishery are given in Table 5.

Table 5: Estimated biomass by family/group of marine fish in Bangladesh
Family/Group Common Name (s) Biomass (t)
(% catch in parenthesis)

10. Clupeidae

11. Scrombridae
12. Priacanthidae
13. Stromateidae
14. Cephalopods
15. Engraulidae
16. Gerridae

17. Harpodontidae
18. Lutjanidae

19. Rajidae

20. Hilsa plus others

Serdines, Shades
Mackerels, Tunas
Bullseyes

Pomfrets

Squid, Cuttle fishes
Anchovies
Silver-biddies
Bombay duck
Snappers

Skates, rays

1. Sciaenidae Croakers 20,670 (12.8%)
2. Ariidae Cat fishes 18,729 (11.6%)
3. Nemipteridae Threadfin breams 7,117 (4.4%)
4. Carangidae Jack, Scads 5,039 (3.2%)
5. Mullidae Goat fishes 4,811 (3.0%)
6. Synodontidae Lizard fishes 4,663 (2.9%)
7. Trichiurdae Hairtail/Ribbon fishes 4,043 (2.5%)
8. Leiognathidae Pony fishes 3,998 (2.5%)

9. Pomadasyidae Grunters 3,415 (2.1%)

3,109 (1.9%)
1,836 (1.1%)
1,433 (0.9%)
1,348 (0.8%)
1,296(0.8%)
1,082 (0.7%)
959(0.6%)
783 (0.5 %)
356 (0.2%)
6,714 (4.2%)
69,679 (43.3%)

The year wise total marine catch are shown in Table-6. (World Fish Center 2008)
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Table 6: Production (MT) of fish from the Bay of Bengal

Year Industrial Artisanal Total

1997-1998 15,273 (5.60) 257,545 (94.40) 272,818
1998-1999 15,818 (5.11) 293,979 (94.89) 309,797
1999-2000 16,304 (4.88) 317,495 (95.12) 333,799
2000-2001 23,901 (6.30) 344,596 (93.70) 379,497
2001-2002 25,165 (6.06) 390,255 (93.94) 415,420
2002-2003 27,954 (6.47) 403,954 (93.53) 431,908
2003-2004 32,606 (7.16) 422,601 (92.84) 455,207
2004-2005 34,114 (7.18) 440,483 (92.81) 474,597
2005-2006 34,084 (7.10) 445,726 (92.90) 479,810
2006-2007 35,391 (7.26) 452,047 (92.74) 487,438
Average 26,061 (6.30) 376,868 (93.70) 404,029

Note: The figures in parenthesis indicate percent of total

IV. Hilsa Spawning Pattern in the Bay of Bengal:

The global Hilsa catch is reported to be 75% from Bangladesh water, 15% from Myanmar, 5% from
India and 5% from other countries such as Thailand and Iran. Hilsa is a highly migratory and anadromous
fish (Fig:-27) with the same migratory and same breeding behavior as that of Atlantic Salmon fish (Salmo
sp.). During last two decades Hilsa production from inland water declined about 20%, whereas marine
water vyield increased about 3 times. Major Hilsa to catch has been gradually shifted from inland to
marine water. Hilsa fish ascend for spawning migration from sea into estuaries. It has been found that
the major spawning areas have been shifted to the lower estuarine regions of Hatia, Sandwip and Bhola
islands. Oceanographic changes viz. high turbidity increased flooding, more tidal action and changes of
salinity etc. have accelerated the change of migration patterns of spawning, growth and its production.

Hilsa fecundity ranges from 1.5 to 2.0 million eggs for fish ranging in length from 35 to 50 cm. Hilsa
fecundity is declining in different areas. Hilsa fecundity is declining in different areas due to climate
change and the declining fecundity impacting greatly on Hilsa production. Due to shifting of the
spawning ground at the lower zone, the survival rate of juvenile Hilsa is seriously affected. This declining
of fecundity has natural impact on Hilsa productivity. During breeding season plenty of fully ripe and
oozing male and female Hilsa were found and their ratio was 1: 1.6 at the spawning ground (Miah et al.,
1999). About 80% of the female fish were found ready for egg realizing condition at the spawning
ground (Hatia, Sandwip and Bhola islands). Major spawning is held during the full moon and new moon
with high river flow the peak of spawning period in September and October (Miah, et. al., 1997). Due to
various anthropogenic activities, climate change effect, increased siltation and rising of the river basins,
the migratory routes as well as spawning grounds of Hilsa are disturbed, displaced or even destroyed. It
has been found that the major spawning areas have been shifted to the lower estuarine regions of
Hatia, Sandwip and Bhola in Southern region of Bangladesh. Oceanographic changes viz. high turbidity,
increased flooding, more tidal action and changes of salinity, etc. have accelerated the change of
migration patterns of spawning, growth and its production. The present fishing level F=1.36 yr *(where
the Frs,=0.6 yr Y and exploitation rate E =0.70 (E,, > 0.5). It indicated that the exploitation rate of Hilsa
population is in over exploitation level. The fishing level has became now near double than the fishing
level where maximum vyield could be achieved (Fy,) at the spawning ground (Miah et al., 1999, 1997,
1998). Therefore, in the long run the Hilsa population will be affected for getting maximum sustainable
yield (MSY) from the BoB.
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Fig: 27. Hilsa (Tenualosa ilisha)

The average annual production of Hilsa is around 3 million tonnes in Bangladesh (Fig. 28). In order to
increase annual production, the GoB has been providing over 38.84 tonnes of rice in subsidy to 2.24 lakh
fishermen. The government has also taken an initiative to introduce long-liner commercial fishing
trawlers to catch fish from deep sea areas. The recent international arbitration has established the
lawful rights of Bangladesh over 118.81 square km area of the sea. Taking this into perspective, the
Government of Bangladesh (GoB) has already taken an initiative for preservation of marine fishery
resources by imposing a ban on catching of all types of fisheries by commercial trawlers at the blue
economics zone of Bay of Bengal for the first time in 2015. Under the welfare program, the government
has distributed grants amounting to Tk 11.9 million during the past three years to the families of 247
fishermen who lost their lives while fishing in the sea due to natural disasters. Presently the Government
has also taken some strong policy initiatives such as establishment of Hilsa Development Trust Fund for
sustainable production of hilsa in the country. The production of the Hilsa has now reached 3.85 lakh
tonnes which is worth Tk 170,000 million. As of 2015, the government has decided to increase the
duration of the ban on catching brood Hilsa from 10 days to 15 days in the month of October for
sustainable Hilsa production
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Fig-28: Hilsa Landmg at the sea shore areas which contnbutes 43.3% of the total marine catch in BoB

a. Catch Per Unit Effort (CPUE) in the Marine Environment

The catch per unit effort (CPUE) is steadily decreasing since the early nineties and the CPUE has
decreased up to 50%. Currently 299 trawlers have been licensed for fishing in the BoB for deep sea
fishing and the GoB has given license to 25 more trawlers for deep sea fishing. The two
organizations, the Bangladesh Fisheries Development Cooperation (BFDC) and the Bangladesh Jatyo
Matshyajibi Samabaya Samity (BJMSS) have started the process of mechanized fishing in the BoB.
Besides, the some research initiatives have also been taken by the BFDC through commissioning a
research vessel (Fig-29).

Fig-29: Fisheries Research Vessel M.V. SEAFDEC- in the Bay of Bengal-operated by BFDC

V. Marine Fisheries in Myanmar

Myanmar has diverse marine habitats, including coral reefs, seagrass beds, mangroves, sandy beaches
and mudflats. Currently the threats facing Myanmar’s marine environments are — overfishing and the
continuous use of destructive fishing practices (Fig-30). The Myanmar government has expressed its
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commitment, through international conventions, to put 10% of its marine areas under protection by
2020 for protecting fauna and flora of its marine environment. In Myanmar, marine environment is
jointly managed by the government departments and local fishing communities but the detail of which
needs to be investigated at the field level.

Fig-30: Trawl Fishing by the Myanmar- Department of Fisheries

VI. Sea Food Products and Coral Reef in the Marine environment

Sea food products include live seafood such as live yellow eels, live mud crabs, chilled seafood, dried
shark fins, fish maws, dried shrimps, dried fish, all types of black tiger shrimps, freshwater shrimps,
white, pink and tiger shrimps, hilsha fish, silver pomfret, black pomfret, yellow croaker, cuttlefish,
tongue sole, conger eels, kati fish, ribbonfish, red snapper, Indian mackerel, spanish mackerel. People in
Bangladesh have limited habit of consumption of sea food. This along with limitation of transportation
and preservation facilities results in inadequate human consumption of sea foods in Bangladesh.

Coral reefs and sea grasses are the most economically important resources of marine environment (Fig.-
31). Saint-Martin's island is the only coral reef island in Bangladesh. Around 10 species of coral reefs are
found in the BoB (Haider and Mahmood, 1992). Sea grass bed also found at the Saint-Martin island
(Islam, 1980).
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Fig-31: Sea Food and Coral reef resources from Bay of Bengal

VII. Policy Priorities on Marine Environment

Livelihood of people: Employment and income from marine fisheries are contributing at least 20% of
total fish production in Bangladesh while more than 90% of fish catch comes from artisanal fishing and
the remaining comes from trawl fishing. Recent data on total catch in the Bay of Bengal has steadily
increased for all fish types including Hilsha but the Catch Per Unit Effort ( CPUE) data has declined up to
50% in terms of fish available. The CPUE increase calls for policy measures to increase fish stock through
protecting spawners, nursery ground, reinforcing catch of immature fish with mesh sizes <10 cm for
Hilsha.

Seasonal Occupation for Fishermen: Hilsha fishing is a seasonal activity while fishermen need year
round occupation for sustenance. In absence of alternate occupation, they are forced to fish in the
spawning season as well as catch undersized fish affecting total production. Occupational alternatives
for fishermen during spawning season through training, developing micro-business activities on
individual or cooperative basis of cottage products through facilitation of easy and low interest finance
and marketing could have a positive effect on Hilsha and other fish production.

Protecting Spawners: Department of fisheries has a positive policy on protecting spawners through
prohibiting catch during the peak breeding season ( September-October) of the indicative spawning area
in the Northern Bay. But this is subjected to many loopholes. Upgrading the policy through establishing
seasonally closed protected areas and enforcing the same would greatly help in preserving spawners
and increasing fish stock of Hilsha.

Marine Pollution: Marine pollution in the Bay of Bengal caused through industrial activities and ship
breaking is a major concern affecting the marine environment. Environment friendly industrial practices
and ship breaking can significantly reduce pollution to improve marine environment in the Bay.

Hilsha Laboratory and Hatchery: Presently, research on Hilsha fish breeding literally is non-existent in
the country although 50-60% of the global catch of approximately 5 million ton is in Bangladesh.
Investment of resources in breeding laboratory pointed to floating Hilsha breeding in the Bay may lead
to improving breeding and production in the light of experiences of other fish breeding countries
particularly in Nordic countries.
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3.1.4. Floods in the Context of Environmental Changes and Sustainability in Bangladesh and Nepal

I. Background

Among the oldest and known disasters, floods have threatening humanities for ages (Ferreira, 2011).
Around the world accelerations in population growth and changes in land use patterns have increased
human vulnerability to floods. Harmful impacts of floods include direct mortality and morbidity and
indirect displacement and widespread damage of crops, infrastructure and property. There are several
types of floods: riverine, estuarine, coastal, catastrophic, flash, hill torrential or, the recent trend:
skewed urban practices. Every year floods take thousands of lives, leave millions homeless and cause
significant loss to properties and infrastructures all over the world.

Il. Experience of Flood in South Asian LDCs (Bangladesh and Nepal)

Among the 14 LDCs in the Asia Pacific Region mostly affected by flood, Bangladesh and Nepal belonging
to South Asia region are subjected to frequent moderate to severe floods of all types with adverse
impacts on their people and economy. It is known that South Asia’s geography makes it particularly
vulnerable to natural hazards and disasters. The World Risk Index (WRI) published in 2011 shows that
Bangladesh and Nepal display a high level of vulnerability due to their lack of coping and adaptive
capacities and high level of exposure. According to WRI, among the 173 countries Bangladesh was
ranked 6 and Nepal 99. Bangladesh has been declared the second most disaster-risk country in Asia
with exposure of 27.52% while Nepal is 9.97% (WRI 2011). Analysis of history of disasters in South Asia
reveals that Bangladesh and Nepal are the two densely populated LDCs that experience different types
of flood every year with negative impacts on their people and economies. The plains of the foothills of
Nepal and the entire floodplains of Bangladesh are mostly traversed by the rivers and tributaries mainly
originated from the same source, the Himalayans. Both countries fall under the Indian Monsoon region
with heavy precipitation during the wet monsoon that frequently cause severe floods destroying
infrastructure, crops, vegetation and displace millions of people (Mirza, 2010). The aftermath of floods is
water pollution, waterborne diseases and other epidemics. Loss of human life and livestock, escalation
of prices, social insecurity and costs of rebuilding infrastructure are additional layers of constraints that
affected regions have to bear after the floods along with resource diversion for immediate response,
rescue, relief and early recovery activities (Ghatak et al 2012). Scientific projections affirm that risks of
flooding will increase considerably in the main river basins of India, Bangladesh and Nepal. In
Bangladesh, a rapid shift in extent and depth of flooding will occur with a global mean temperature rise
of 2.6°C above pre-industrial levels. Widespread-glaciations in the Himalayas are likely to adversely
impact the hydrological regime of the region (ICIMOD and UNEP, 2002, Regmi et al 2008).

a. Bangladesh

Among other South Asian countries, the geographical setting of flood risk is heavily concentrated in
Bangladesh, causing high human and material losses. An average of 844,000 million cubic meter of
water flows into the country during the wet season (May to October) through the three key rivers; the
Ganges, the Brahmaputra and the Meghna (fig: 32). Most part of the country is low-lying and 80% of the
landmass is flood plain thereby leaving the country highly vulnerable to the threat of repeated floods
(Ghatak 2012, Choudhury 1998, Brammer 1989, Islam 1999).
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Figure 2: Types of Flooding
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Fig: 32 Source: http://mapofbangladesh.blogspot.com/2011/12/flood-prone-area-bangladesh.html

Fig: 33 Source: http://old.ddm.gov.bd/flood.php

Flooding in Bangladesh is a normal and frequently recurrent phenomenon. The common types of floods
in Bangladesh include flash floods from the overflowing hilly rivers, rain floods due to poor drainage,
monsoon floods in the flood plains of major rivers and coastal floods following storm surge (fig: 33). The
IPCC Special Report on Extreme Events (IPCC SREX, 2012) estimated that in a normal year, river spills and
drainage congestions cause inundation of 20 to 25% of the country’s area, but in 1987, 1988 and 1998
floods inundated more than 60% of the country causing death toll to rise to thousands and leaving
millions homeless. The 1998 flood resulted in 1,100 deaths and 30 million people left homeless (IPCC
SREX 2012). The flooding pattern in Bangladesh points towards an increase in frequency over the years.
Historical and recent data shows that during the past 40 years at least seven major floods have taken
place in Bangladesh (Table 7). Some of the worst ones have occurred during the years of 1987, 1988,
1998, 2004 and 2007, making an average of one in six years (Ghatak 2012).

Table: 7: Historical Floods in Bangladesh

Year Affected people People killed Economic Damage (USS
X 1,000)

1988 45,000,000 2,379 2,137,000

2004 36,000,000 No Data 2,200,000

1984 30,000,000 1,200 No Data

1987 29,700,000 2,055 727,500

1998 15,000,050 1,050 4,300,000

2007 13,771,380 1,110 No Data

1995 12,656,006 No Data No Data

1993 11,469,537 No Data No Data

Source: http://www.preventionweb.net/english/countries/statistics

Page 46 of 90


http://mapofbangladesh.blogspot.com/2011/12/flood-prone-area-bangladesh.html

b. Nepal

Floods of 1985, 1993 and 2004 destroyed large tracks of land terraces, farm lands, pastures and
orchards in Bhasedwa leaving the country food insecure (Dixit et al 2007). Nepal witnessed major flood
in Tinao basin (1978), Koshi River (1980), Tadi River Basin (1985), Sunkoshi Basin (1987) and devastating
cloud outburst in Kulekhani area (1993) which alone claimed 1,336 lives (Ghatak 2012). A flood at
TinauKholan 19™ August, 2008, affected 200 to 250 households with 500 to 600 individuals of Hattisud,
Butwal Municipality affected.

lll. Causes of Floods in Bangladesh and Nepal

Accelerated retreat of glaciers and increased intensity of monsoon precipitation observed during recent
years have contributed to increased frequency of floods in Bangladesh and Nepal (Agrawala 2003).
Monsoonal influences in particular are the major driver of floods in South Asia. Changes in rainfall
patterns of the Indian monsoon due to climate change have increased the frequencies of high-intensity
and prolonged rainfall. Ghataket.al. (2012) stated that generally, Bangladesh and Nepal receive the
southwest monsoon that accounts for 70 to 80% of the rain fall from June to September. This skewed
distribution of rainfall, two-third of which is received in 4 months span, results in overflowing riverbanks
leading to flooding.
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Some Causes of Flooding in Bangladesh
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Nepal has more than 6,000 snow-fed and perennial rivers and rivulets and floods are a common
occurrence every year. Most of those rivers originated from the Himalayas and after sliding from hills,
flow through the Terai plains making the entire Terai floodplain prone to severe floods. During wet
monsoon, these rivers swell and cause damages to the floodplain habitats. In last five decades, the Terai
region witnessed a tremendous growth and development with infrastructure like roads, railways and
urbanization which constrained the proper drainage of rainwater and thereby causing floods frequently
(Dixit et al 2007). The impact of increasingly variable monsoons and intense rainfall in the floodplains of
the Himalayas are catastrophic, affecting up to 1.5 billion people including 600 million in the Ganges
river basin alone (Weisman et al 2011).

The probability of potential damages due to floods is likely to increase as a consequence of the increase
in the intensity of extreme precipitation events due to global warming for example, up to above
100mm/day (Baida et al 2007). The Global Circulation Model projects a wide range of precipitation
changes, especially in the monsoon, 14 to 40% by the 2030s increasing to 52 to 135% by the 2090s (Dixit
et al 2010) and this is likely to cause more floods.
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In Bangladesh, rapid population growth is creating an extra pressure on the land required for
agriculture, settlements, and construction of roads and highways etc. and thus creating more flooding
problem (Khalequzzaman, 1994). Due to unplanned urbanization the towns and cities are most
vulnerable to floods especially during the non-stop rainfall even if it is for a small period (Rahman 2011).

IV. Flood Impacts

Floods in developing countries pose a greater threat to human life, health and well-being than in
developed countries. In general, two-thirds of deaths directly related to flood events are caused by
drowning and one-third by physical trauma, heart attack and electrocution (W. Du 2010). The most
vulnerable members of the community are the elderly and the youngest ones who also often require
special assistance (Dewan et al 2012).While economic losses are rising, direct deaths from flooding may
be declining over time as measures to prevent flooding are increasingly being deployed.

The impacts of flooding in Bangladesh and Nepal are severe in both rural and urban areas affecting
majority of the population, infrastructures, and family assets. Below is a discussion of some of the
impacts of floods that were observed in this synthesis.

a. Personal security

In Bangladesh and Nepal, the major impact of floods is death, caused by drowning, water-borne
diseases, diarrhea, snakebites, landslides and also by structural damages (Few et al 2004). During the
2007 monsoon floods in Bangladesh, snake bites were estimated to be the second most significant cause
of death after drowning and contributed to more deaths than even diarrheal and respiratory diseases
(ICHARM 2008 ).

Other major impacts result from being traumatized by witnessing death, loss of employment and access
to basic needs such as getting adequate supply of fuel required for cooking in urban, semi-urban and
rural areas. Fuel such as cow dung, jute stick, wood that are used in rural areas are usually all washed
away or become wet making these unusable while in urban area, the water damages the gas pipe line
leading to non-availability of gas for cooking (Dewan et al 2012, Ninno et al 2011). Further, day laborers
often starve to death due to staying a long period with no work or due to sickness. During the 1988,
1998 and 1999 floods in Bangladesh hundreds of industries, especially garments factories went under
water which destroyed raw materials, machineries worth millions of dollars and some factories never
recovered. Due to this, thousands of workers went unemployed leaving the country dependent on
foreign aid (NAPA 2005, Ahmed 2012, Dewan et al 2012).

Direct impacts occur through the increased floods, drainage congestion and water logging as well as
infrastructure damage during extreme events. The important urban sectors that suffered severely by the
floods include urban infrastructure, industry, trade, commerce and utility services etc. As consequence,
it hampered usual productivity during and after major floods and hence increased the vulnerability of
the urban poor by many folds (Denissen 2012).

A major tourism destination in western Nepal faces increased risk of natural disasters following a

devastating flood, sudden flood on the Seti river, which killed more than 60 people, has brought changes
in the course and flow-pattern of the river (Denissen 2012).
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b. Buildings and Infrastructures

Research shows that the impact of flooding on housing and households can be extensive. Fast flowing
floodwaters are capable of washing away entire slums while the slow rising water damages buildings
(USACE 1988).In rural area of Bangladesh houses with “Mud Walls”, “Coconut leaf Walls” and “Tin
Walls” collapse leaving people and assets exposed and vulnerable. About 32% of total population in
Bangladesh lives in slums (Miyan 2012, Rahman 2011). A large number of people are left homeless and
stranded for days due to flooding. In Nepal 20%of Nepalese live in urban area, one of their direct
impacts of flooding includes physical damage caused to buildings.

According to Jha et.al. (2012), damages caused to public buildings such as hospitals, clinics, educational
buildings, and significant cultural sites such as mosques and temples can lead to further indirect
impacts. For example, the disruption to education could contribute to poor performance long after the
flood incident. Similarly, there is likely to be a reduction in the capacity for providing both immediate
and longer term healthcare and support in Nepal. During the flood most of the roads become unusable
and or partially destroyed. The city waste management system is negatively affected with garbage
scattered all over clogging drainage system and polluting environment in both Bangladesh and Nepal
(Jha et al 2012, NAPA 2005, Moench2004).

In Nepal cloud outburst in low monsoon weather system in 1993, affected the catchments of the
Gandaki river system and caused great Bagmati flood which damaged the Kulekhani Hydroelectric
project and the Bagmati barrage (MoWR 1993, Dixit et al 2007).

c. Crops and Animals

Bangladesh and Nepal have large agrarian economy. In Nepal the agriculture sector provides over 30%
of country’s GDP and supports more than 86% of the population, whereas in Bangladesh agriculture
comprises about 18.6% of the country's GDP and employs around 45% of the total labor force (Weisman
2011). Majority of the poor in these two countries live in areas of high risk to floods and landslides and
are more reliant on local natural resources. In Nepal, monsoon floods result in inundation and sand
deposition over large areas and thus damage crops and land resulting in long term food insecurity.

Rice and wheat are staple foods in both countries. A special type of rain fed rice, “Aman” grown in
Bangladesh is highly susceptible to river floods and has been affected in all years of flooding (Baky et al
2012). During the Bangladesh 1998 floods, 69% of Aus rice production, 82% of deep water Aman and
91%of transplanted Aman were lost leaving the whole country food insecure (Ninno et al 2001). Usually
most of the floods occur during the wet monsoon (July-August) and severely affect the summer
vegetable crops specially the creeper and climbers e.g. cucumber and bitter gourd. Floods in Bangladesh
also affect small agriculture farms such as mushroom industries. The whole mushroom industry was
seriously affected by the floods of 1998 and 2007 causing huge loss of foreign currency (IPCC 2007).

Within rural and semi-urban areas the impacts of flood are severe on domestic animals like poultry and
dairy which are the major sources of earning. Cultivated fish (catfish, shrimp and carps etc.) drift away
due to erosion of embankments and boundaries of the lakes or ponds and resulting in economic losses
to the fish farmers as well as export industry of Bangladesh. Both Bangladesh and Nepal are developing
countries and a large portion of food supply depends on agricultural production. Due to flooding leading
to losses in crop vyield, dairy, poultry and fisheries, these countries are driven to depend on foreign aid
(Weir 2009).

Page 50 of 90



V. Coping with Flood

Government and NGOs both in Bangladesh and Nepal have initiated a number of activities to minimize
the adverse effects of floods. According to the NAPA report (NAPA 2005), the GOB has established an
inter-ministerial committee on climate change headed by Minister for Environment and Forest (MoEF)
and with representation from relevant government ministries and department as well as NGOs and
research institutions. The Department of Environment (DoE) under the MoEF has also set up a Climate
Change Cell within the government to work on mitigating flood and other disasters.

In addition to constructing 5,695 km of embankments including 3,931 km long coastal embankments to
protect coastal land from inundation, GOB has dug 4,774 km of drainage channels for proper flow of
flood water. They also constructed 200 flood shelters for evacuation of people threatened by floods
[28]. In Bangladesh, people along with their domestic animal usually take shelter in schools, colleges,
Union Council complex, Killas (3-4 metre elevated parcel of earth) and even on the embankments of the
rivers. GOB and different NGOs have taken initiatives to build brick latrine with proper septic tanks to
minimize water contamination. In Nepal, tube-wells with pipes of long height (above flood level) have
been built so that drinking water is available during floods (NAPA 2005). In the last decade, Bangladesh
and Nepal Governments and NGOs organized different relief programs e.g. Gratuitous Relief (GR) in
Bangladesh, Vulnerable Group Feeding (VGF) in Nepal to help the flood victims (Ninno et al 2001).

Recently in Nepal, besides government efforts, NGOs have started different programs to build
awareness to the community through different activities. Activities include immediate response during
flood, training for preparedness, training for flood response activities, providing information of flood
shelters and for post rehabilitation through distributing pamphlets, posters and other materials for
assisting with emergency relief (monetary and non-monetary).

The traditional and indigenous practices of coping with floods are as important and vital as the modern
approaches. Households adjust to the shock of a flood disaster in several ways such as reducing
expenditure, selling assets. One major coping behavior is borrowing which is common among women
although borrowing is not a long term solution (Ninno et al 2001).

In Bangladesh farmers reduce flood impact by cultivating deep water rice known as “Jola Rice” which
has proved to be resilient to even to severe floods. To reduce the impact of flooding on homesteads,
traditionally people raise the homes by digging ponds around the house. It is important to note that the
pond that is dug to uplift land also serves the purpose of securing portable water for use during flood.
Moreover, ponds hold excess water from the wet monsoon and are also used for fish and aquaculture
(Dewan et al 2012). Besides ponds, other practices are terracotta pitcher and bottle Gourd Shell pot are
still used for saving drinking water in flood season in Bangladesh.

Regardless of their volume, floods affect infrastructures and leave citizens commuting less. In
Bangladesh, traditional practices for commuting in rural and semi-urban is to build “Vela” a float made
of either Bamboo or Banana tree, and/or using small hand rowed boats . Although shelters are
organized by the government, often it is not enough to accommodate all the flood victims and the
traditional practice, to create “Matcha” elevated surface made out of bamboo or woods or use the
“Vela” to live until otherwise is still valuable.

In Both the countries, although  government does organize relief with food, cloth, money and

healthcare services these usually do not reach the victims in time due to transportation problem
However, traditionally people of the flood prone area used to keep or store puff rice (Muri), flat rice
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(Chira) and jiggery as immediate food supply during the flooding period to protect them from starvation
and these dry foods are safe and hygienic. Green coconut water is used both in Bangladesh and Nepal to
rehydrate the victims of waterborne diseases like diarrhea, cholera and dysentery (Dewan et al 2012).

In Nepal, traditional flood forecasting, early warning system and community based flood management
saves many lives and properties. Some of the indicators for the people for forecasting heavy storms
include position of the cloud in the sky, extent of rainfall in upper catchments, mobility of ants,
abnormal fly bite, abnormal crying/voices of animals and birds, intensity of thunderstorm and wind,
position of stars, and magnitude of hotness. Strange sounds from river/torrents, muddy smell in the
water, rising level of water flow are some indicators perceived as early warning of flood (ICHARM 2008).
These local knowledge are the most valuable asset for any flood management planning in Nepal.
Communities apply pre-flood preparations as part of the flood management. These include
management of basic materials in advance, psychological preparedness for floods, collection of non-
timber forest products (NTFPs) to treat livestock, creation of small drainage in each plot of land and
storage of the valuable materials in aati/attaiya (attic). Other practices include storage of the valuables
in attaiya, preparation of the khatiya/palang of bigger height, Weaving Doko (big bamboo basket) to
save poultry from flood, storage of grains and dry foods, preparation of informal self plan for
evacuation, arrangement of evacuation place, and management of livestock in advance and making of
temporary aatiya (attic). Similarly, procurement of essential drugs in advance, management of firewood,
storage of dry food for livestock, construction of pihan (cooking stand), arrangement of evacuation place
and plan, drainage improvements, homestead raising, and increase of the height of hand pumps are
other activities people perform as part of their preparedness to flood disaster. They use tents and
plastics to live, manage proper places for livestock, aware children not to swim in the muddy water and
fill sand bags to divert the flood. Immediately after the flood, there is a general practice to assess
damage, dry grains and clothes, construct/repair the houses, and manage food and clothes. Likewise,
maintenance of tube well for drinking water and use of local treatments to manage the water borne
diseases are other practices taken by the community to cope with the flood disaster.

The Hyogo Framework for Action (HFA 2005-2015) on Building the Resilience of Nations and
Communities to Disasters provides the latest framework and strategy for disaster risk management.
Both Bangladesh and Nepal signed the HFA and thereby committed themselves to achieve the HFA’s
objectives and priorities by 2015. Bangladesh Disaster Management Bureau prepared the SOD in 1997
which was further developed in 2010. The key roles and responsibilities particularly of Disaster
Management Committees (DMCs) have been divided into two major categories: 1. Risk
Reduction; 2. Emergency Response - During warning period, - During hazard onset and - Post hazard
period.

Efficacy of these preventive practices is hardly documented.

VI. Flood and Forest Trees in Bangladesh

Since mid 1970s, Bangladesh Forest Department, NGOs, private organizations and individuals have
planted about 10 millions of trees per year. However, during the plantation, they hardly take into
consideration the habits and habitats of plants showing preference for fast-growing and exotic plants.
The exotics plants include varieties like Acassia, Eucalyptus, Epil-epil, Mehogany and Albizia species. The
more enduring and environment friendly varieties are the indigenous one which includes Mango, Neem,
Gamar, Jackfruit and some medicinal plants. During the floods of 1988, 1998, 2001, 2004, 2006, 2008,
2009, 2010 and 2011 the plantations were seriously damaged and innumerable plants died. In one study
relating to the death of huge number of Dalbergia sissoo trees (fig 34 and 35), it was observed that in
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some of the monoculture plantations the incidence of death was as much as 64% and the lowest rate
was about 22% of the planted trees. The data on death of trees in different districts of Bangladesh can
be seen in figure-36. It had been observed that in the roadside and strip plantations including
community forestry, large number of plants were badly affected due to floods and water-logging. This
was a great loss in terms of money and also in consideration of environment. This calls for initiatives at
policy level to make choice of plants in terms of habits and habitats for plantation in a flood prone
country like Bangladesh.
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Fig. 36 Status of death of Dalbergia sissoo in several districts of Bangladesh (Year 2001)

Although some isolated studies have been conducted but there is little record on the number of
damaged plants due to floods and water-logging.

VII. Flood Policy Priorities

Standing Orders on Disaster (SOD): Bangladesh has developed SOD to cope with flood disasters for
flood risk reduction and emergency response during warning, hazard and post hazard phases. SOD has
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limited reflection of traditional wisdom and practices and community involvement which can be
corrected through policy revision.

Flood Shelter: The ongoing practice of constructing flood shelters in the form of schools, madrashas,
and community centers, local government offices by the government and non-government
organizations (NGOs) should be reinforced through making a nation-wide policy for living with flood.

Flood Resilient Housing: Fast flowing water washes away most houses constructed with mud, leafs and
corrugated iron sheets in rural areas destroying assets and making people homeless. Developing housing
codes for non-engineered structures could contribute to flood resilient housing.

Environmental Impact Assessment: Poorly planned construction of roads, embankments, canals and
water reservoirs interrupts the natural water flows accentuating flood in many areas. Policy of
mandatory environment impact assessment prior to construction of such structures could preserve
natural water flows and reduce flood damage.

Community Integration: Bangladesh is a low lying delta and people have been coping with flood
through using their hereditary wisdom and practices. These need to be integrated in NAPA through field
research on these and also through assessment of actions initiated by the community on flood warning.

Choice of Plant: Indigenous plants have been found to be adapted to adverse situations created by flood
and water-logging, however, plant varieties imported from other continents (Acacia mangium,
Eucalyptus camaldulensis) are causing loss to plantations. Due to lack of information, farmers choose
non-adaptive exotic varieties. Business interest as opposed to environment dominates import of species
in private and public sectors. Most of the indigenous varieties are being eliminated from species list of
the Department of Forestry. This needs to be reversed through policy intervention and scientific
investigation of habits and habitats of plants to flood-prone condition.

Plantation Site: Growing plants according to adaptation requirements of every plant species to specific
climate and physiographic conditions can reduce damage to plants due to floods. This aspect is largely
ignored in growing site-specific plants particularly in organized plantations by Department of Forest,
although Bangladesh is flood-prone and subjected to water-logging. Development of a policy framework
on site specificity of plants has potential of improving the situation.

Flood-Resistant Tree Crop: Flood-resistant tree crops can be of particular benefit to flood conditions in
Bangladesh.  Such trees have been identified in neighboring India (e.g. Acacia nilotica and
Neolamarckia cadamba etc.) and Pakistan (e.g. Albizia procera etc). Government may consider allocation
of resources to engage scientific community in identifying flood-resistant tree-crops for Bangladesh.

3.1.5. Coastal Zone Management in Bangladesh

. Introduction

Coastal zones are the interfaces of land and ocean balancing geosphere, atmosphere and biosphere.
These are major biological activity centers congenial for easy living and around 3 billion people reside in
the coastal zones of the world (Enemark, 2007). Coastal zones are highly productive with important
sources of food and raw materials, energy, minerals, recreation, transport, and trade and these are
created through accumulation of huge geochemical substances which are the results of hydrological
cycles consisting of rivers and distributaries originating from the land and ocean currents and waves.
Coasts also host an impressive array of valuable habitats with an equally extraordinary collection of

Page 54 of 90



species (Bird et al., 1979). Excellent landscapes are found on sea shores where many spas and recreation
zones are located. At the same time, wide and clean sea beach are located near green coastal forests
shrubbery including mangroves, palms and nuts which are of particular value. These are the most
effective natural defense for keeping the shoreline intact from abrasions (Astanin et al. 1983).

Bangladesh has a large coastal zone along the BoB that provides highly productive sources of terrestrial,
oceanic and marine resources. Its coastal areas are one of the most poorly studied areas of the world
although it possesses high potential for economic development. The Bay has substantive potentials for
development from local as well as global perspectives (Islam, 2003).

The coastal zone of Bangladesh is comprised of fertile land, river estuaries, mangroves, seashore and
islands adjacent to the land-water interface of southern part of the country with a great diversity of
natural resources including coastal and marine biodiversity, scenic beauty, fisheries, forests, salt,
minerals, easy transportation and sailing facilities, as well as high potential for exploration of both
onshore and offshore natural gas. It harbors ports, tourism facilities, and other development
opportunities and affects the livelihood of about 50 million people. Although Bangladesh is most
vulnerable to frequent disasters like floods, cyclones and droughts but historically, the people have
adapted to these, making their homes and homesteads safe following disaster resilient traditional
practices; adopting climatic-season-based cropping, fish-farming, transportation by boat, traditional
flood plain management, and natural and traditional defense mechanisms. However, over the last few
decades with increasing urbanization, unplanned road construction, industrialization and population
growth, many aspects of traditional life have been changing very fast (Rahman, 2011).

Coastal population, including three million inhabitants of the 72 offshore islands, is extremely
vulnerable. About 18% households of the southwestern coastal zone are dependent on resources of the
Sundarbans, viz. shrimp-fry, honey, Golpata, mollusks, shell, crabs and medicinal plants etc. Because of
increasing rough weather in the Bay, about 0.5 million people, dependent primarily on fishing, are losing
their works. Over 160,000 coastal fishermen and 185,000 shrimp-fry collectors involved in marine
fisheries are threatened due to cyclonic disasters and tidal surges and reduced fish and aquatic
resources (NPDM-2015). According to a recent study of Soil Research Development Institute (SRDI), it is
found that Sundarbans has lost 8.3% area (about 50,000 ha) of its northern front due to deforestation
for shrimp culture during the period of 2000 to 2010. This destruction has been done by clear-felling of
mangrove trees and creating un-noticed pockets (The Daily Star, September 16, 2013). As a result, the
pockets have become low depression zones and more vulnerable to climate-induced cyclones and tidal
surges.

Such losses are caused by recent changes in the coastal zones through human pressure, misuse of
resources, introduction of inappropriate technologies; industrial and agricultural expansion and
pollution. Vulnerabilities in the coastal zone are increasing with accentuations of natural hazards caused
by environmental degradation, climate change and human activities as well as exploitation of mangrove.
Coastal zones have already been affected by land erosion, salinity intrusion and loss in biodiversity. The
potential threats are going to be even worse in future. Due to climate change effects, the incidences of
tropical storms and tidal surges have been increased in the coastal belts of Bangladesh, India, Myanmar
and Sri Lanka. The vast coastal zone is facing increasing vulnerability due to multiple stressors such as
environmental degradation and climate change which needs to be explored to identify causes, effects
and reformative measures.
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. Environmental Change: Natural and Anthropogenic

With the environmental change, agriculture has been suffering from uncertainty and having disasters
from floods, droughts, salinity, cyclones and hailstorms and cropping is being hampered due to erratic
precipitation pattern; and it has been predicted that rice and wheat production will reduce 8% and 32%
respectively by 2050 (Bhattacharya 2013) and fisheries are also expected to be impacted negatively .

Increased precipitation brings more water in the catchments which are beyond the drainage capacity,
causes damage of infrastructure and drainage congestion in the urban areas due to faulty drainage and
insufficient channels (Biswas et al 2010). Salinity intrusion hampers irrigation, domestic use and drinking
water. Trans-boundary withdrawal of water disrupts hydrological cycle and cause increased rainfall
during the pre-monsoon, wet monsoon and post-monsoon in upper catchments and/or within
Bangladesh leads to more floods and water-logging; causes more river bank and coastal erosion (CCC,
2009, Bangladesh: State Of The Environment 2001, Rahman 2004).

Faced with natural disasters, using government and donor funds, considerable investment has been
made in flood control works in the form of embankments, roads and highways which has blocked
traditional navigation routes and water flows. These measures including embankments and
polderization (fig 37) as well as unplanned afforestation have negative impact on environmental
condition in the coastal zones. Poor maintenance and inadequate management of the polders have also
contributed to internal drainage congestion and heavy external siltation. As a result, soil fertility and
agriculture production in some areas of the coast are declining because of water logging and increased
salinity inside the polders (BWDB 2013). In 2008, IWM studied the impact of Sea level rise in coastal
rivers of Bangladesh and assessed the change in the tidal characteristics of the surrounding rivers due to
sea level rise and its impact on inundation area of the polder. Studies reveal that high water level at the
surrounding rivers of polders increases in the range of 30-80 cm for sea level rise of 32 cm and 88 cm
respectively and hampered the smooth drainage of the polders.

Fig: 37 Polderization Under Threé:c,.Source: http://reliefweb.int/

Prolonged water-logging affected cropping, thick wind-barriers increased the wind-speed and damaged
the structures; uprooted trees damaged buildings, transmission lines, bridges and agricultural crops.
However, increased awareness has significantly reduced the death tolls (Rahman 2011).

Embankments, polderization, coastal afforestation and shelterbelts, construction of shelter-house are

important activities for protection against calamities. But in most cases these are constructed against
the natural forces nay unscientifically and inefficiently. Embankment and polders have caused
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permanent water-logging in many parts of the coastal zones. Many coastal polders, constructed to
protect agricultural land from saltwater inundation, were subsequently turned into large shrimp farms.
Saltwater was allowed into the polders in order to raise shrimps. Driven by commercial interests, the
land used for agriculture and mangroves was converted, often forcibly, to shrimp farming (Haque 2004)
leading to many land-use conflicts (Karim 1998, Deb 1998), environmental pollution and social unrest
(Firoz 2003, Rahman 2011, Miyan 2012).

Figs. 38 Coastal erosion due to shrimp hatcheries in Cox’s Bazar

Shrimp hatcheries pose a great threat to coast line. Cox’s Bazar, the world’s longest sea beach, is under
threat of erosion due to disposal of effluents from the shrimp hatcheries (Fig. 38). Moreover, expansion
of sea beach hotels, motels and recreation zone by cutting shoreline hills has destroyed a great part of
the beach which needs immediate attention to prevent further destruction (Rahman 2011, Miyan 2012).

M. Coastal Green Belt

Dense forests can attenuate wave velocity (Mascarenhas 2006). To protect local, coastal and regional
areas from storms, cyclones, tornadoes and tidal upsurges it is essential to reduce the wind speeds by
planting appropriate tree species those can withstand the high speed wind and break the wind speeds.
Naturally grown halophytic plants e.g. Sundri (Heritiera minor), Geoa (Excoecaria agallocha), Goran
(Ceriops sp.), Kankra (Bruguiera gymnorhiza), Khamo (Rhizophora mucronata), Baen (Avicennia
officinalis), Keora (Sonneratia apetala) and Kulsi (Aegiceros majus) etc. have the special adaptation for
withstanding in the littoral zones with clayey alluvial soil, tides and strong salinity and winds. There are
several palm species e.g. Golpata (Nipa fruticans), Hital (Phoenix paludosa), Coconut (Cocos nucifera)
and Cane (Calamus tenuis) and some swamp elephant grasses (Typha angustata and T. elephantiana),
Alpinia allughas and screw pine (Pandanus facicularis) etc. have the soil binding capacity and control
erosion. These also reduce the speed of tidal upsurges. Moreover, these maintain a gradual hierarchy
and reduce the speed of the strong winds. Most of the palms can withstand winds at a speed more than
250 km/hour. They can easily break strong wind-flow and reduce the speed (Rahman 2012).

With the above context in view, from 1966 the Forest Department developed mangrove plantation
program outside the protective coastal embankments for eastern coastal area. The program received
additional impetus from the evidence of the Sundarbans natural mangrove forests which provided
effective protection from wind and waves for the western coastal areas. Quite naturally, it has been
expected that the plantation of mangrove would give a worthwhile degree of protection to other coastal
areas of the country open to the sea. The Coastal Afforestation Scheme had been operated from 1966 to
1974, and established 4,745 hectares of plantations; the project was extended to 1980, by which time
another 29,700 hectares were raised. All these plantations were concentrated on the offshore islands
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and new accretions. The afforestation species were Keora (Sonneretia apetala), Baen (Avicennia
officinalis), Kankra (Bruguiera gymnorrhiza), Golpata (Nypa fruticans) and Gewa (Excoecaria agallocha).

Recently, it has been observed that the coastal green belt has been undergoing indiscriminate
destruction and encroachment due to human activities. The administrative machinery of the
government as well as the community efforts have not been able to contain this type of destructive
behavior. A program of participatory mangrove plantation involving nearby coastal communities, which
has proved successful in other countries, could be a sustainable mechanism to protect mangrove

Thick shelterbelts on the embankments and along the roads and highways although protect the coastal
zone but it causes adverse effect by increasing wind speed as per Pascal’s law and pass through the
passages like river with high speed (Fig. 39). In both cyclones Sidr and Aila this effect increased the wind-
speed of the cyclones and caused more damages in the interior region especially where shallow water-
bodies for shrimp culture were made by removing mangrove forests (Rahman 2012).

Iv. Selection of Species and Methods of Afforestation

Massive plantation was done without caring their habit and habitats and disrespecting natural
adaptation processes, millions of exotic trees especially the Acacia spp., Raintree (Albizia saman),
Mahogany (Swietenia macrophyla), Royal Sirish (Albizia richardiana) and Eucalyptus spp. etc., were
planted in the coastal embankments and in the homesteads replacing the indigenous species. However,
still there lies problems with the selection of species, it has been studied that the species planted along
the coastal embankment are not according to their habit and habitats, on many occasions the damage
during the cyclones increased because of inappropriate of choice of species (Rahman 2011).

Moreover, during the plantation, the optimum spacing was not followed and the safe distances were
not maintained. As the trees are shallow-rooted and in the high water-table zone the root system could
not develop for proper anchorage and thus during the cyclonic storms and tornadoes they were
uprooted and damaged the structures and utilities and crops. The post-Sidr study showed that about
16.84 million woody and fruit trees were uprooted by Sidr. Haq (et.al. 2012) claimed that due to
raising saplings in the earthen pots the taproot system could not develop which is found to be
contradictory in field observations as it is solely an adaptive practice of habit and habitats of the plants
(Rahman 2012). So-called Sorjan planting system is not a new practice as the people traditionally
excavated several ponds in every home for landscaping to make their homes and to grow trees on raised
lands.
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Plants absorb millions of liters of water every day and about 95% of water transpirate to the
atmosphere using 5% only (Verma 1999, Rahman 2013) and thus the plants keeps the atmosphere
humid and maintain the hydrological cycle through transpiration and precipitation. Physiological studies
revealed that Eucalyptus as a xerophytic plant has a low transpiration rate and control stomatal opening
according to water availability (Kumar 1994, Brown et al, 1976, Ackerson 1980, Sing et al 1990). Similarly
comparisons have been done among xerophytic Acacia auriculuformis, A. magium and native
Pterocarpus indicus and observed that the stomatal size is almost half in case of A. auriculuformis and A.
magium than that of P indicus (Combalicer et al 2012). Verma (1999) also reported very low
transpiration of Acacia sp. Thus it is proved that these exotic species provide less transpiration and
impacts upon humidity and low precipitation in the region and thus huge Eucalyptus and Acacia species
are causing dryness and changing the climate. Moreover, these exotic species do not provide food and
shelter for birds and wild-lives and do not favor undergrowths. Thus, choice of indigenous plants and
mangroves could have brought healthy environment in the coastal zones.

V. Destruction of Mangrove Forest

Since 1980’s the mangroves of the South and South-western coast has been indiscriminately destroyed
and the land was excavated for shrimp and fishery projects. These shallow large ponds holding saline
water raise the local temperature and create pockets for low pressure depression and it is one of the
major causes of huge damages of Sidr-2007 and Aila-2009.

It is to be noted that mangrove forests were developed by the Forest Department following the pattern
of Sundarban in the eastern and north-eastern coasts involving Chakaria Sundarban at Cox’s Bazar and
areas around Sitakund, Baroawlia, Bhatiari and Kumira in Chittagong over the BoB coast. The Chakaria
Sundarban has been adversely affected by shrimp cultivation which is still continuing. The ship-breaking
industry which has been developed in the Sitakund area not only destroyed the mangrove forest belt
but also has a very negative impact on the entire coastal zone through pollution.

In both these activities, involving shrimp cultivation and ship-breaking industry, environmental
consideration should prevail to protect the coastal zone.

VI. Industrial and Commercial Activities in the Coast

A ship-breaking activity is a threat to both the terrestrial and marine environment as well as to public
health. It is like a mini version of a city that discharges every kind of pollutants a metropolis can
generate like liquid, metal, gaseous and solid pollutants. Qil films on water reduce the exchange of
oxygen and carbon dioxide across the air-sea interface which is harmful to aquatic life. It also causes
damage to the bird population by coating their feathers with oil which causes buoyancy and insulation
losses. Sometimes spilling may cause wide spread mortality amongst the population of fish, mammals,
worms, crabs, mollusks and other water organisms. Furthermore, oil spilling may cause serious damage
by reduction of light intensity, inhibiting the exchange of oxygen and carbon dioxide across the air-sea
water interface, and by acute toxicity. As a result the growth and abundance of marine organisms
especially plankton and fishes may seriously affected. Indiscriminate expansion of ship-breaking
activities poses a real threat to the coastal inter-tidal zone and its habitat (YPSA 2005, YPSA 2010,
Rahman 2011, Miyan 2012).

Moreover, cutting of hill and hillocks for industrial establishment in Chittagong, is causing a great land

area loss and exposure of the rocky strata. Some folded ranges in Cox’s Bazar are being cut for
residential accommodation. The coast line of Cox’s Bazaar has been dug for shrimp-culture which will in
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the long run make the coastal belt vulnerable to sea current erosion. Hill-cutting may cause land-slides,
faults during earth quake.

Unplanned development of resort area after cutting the hills and establishment of shrimp hatcheries
along the coast threatens the beach with erosion, while waste from tourists and vendors are damaging
the aquatic habitat. About 15 km of the Cox’s Bazar beach is at high risk of erosion, especially the shrimp
hatcheries at Himchari and Kolatoli, and also motel and hotel zone, and the Diabetic Hospital areas of
Kolatoli. A half of the Kolatoli village has already been lost to erosion due to unplanned discharges of
water to the sea from 55 shrimp hatcheries (The Daily Ajker Deshbidesh, October 16, 2008). Sea current
has damaged 3.4 km of beach of the Old Marine Drive Road from Kolatoli to Himchari in Cox’s Bazar
(Rahman 2011). All these industrial and commercial activities carried out in the name of development
are to be adjusted to conform to the prevailing environmental laws as well as good practices for sound
coastal zone management.

VII. Traditional Adaptation Practices

Since the Tropic of Cancer has passed through the center, Bangladesh is very prone to tornadoes due to
wide-spread terrestrial wet-bodies all over the country; the coastal zone is more prone to tornadoes and
cyclonic storms. The coastal zones have excellent natural defense systems with Arakan hill ranges along
Chittagong and Cox’s Bazar shoreline, strong windbreaks with hill forests in the eastern coast of the Bay
of Bengal. Sea currents, web and tides and upstream fresh water flows play very important roles for
enriching the coastal zones of Bangladesh (Rahman 2010). The Sundarbans is the world’s largest
Mangrove forests, the National Park of Bangladesh, has been declared as Tiger Reserve in 1973, UNESCO
World Heritage Site (UNESCO-1987) and a Biosphere Reserve in 1989 is located in the Ganges,
Brahmaputra, Meghna (GBM) in Bangladesh and West Bengal (India) coast with an area 16,902 km®.
Sundarbans' green cover has been standing firm against natural disasters for ages (Chand 2012). The
vegetation consists of 64 plant species (UNEP-WCMC-2008) and they have the capacity to withstand
estuarine conditions and saline inundation on account of tidal effects, can face strong winds. Sundari
(Heritiera fomes), Gewa (Excoecaria agallocha), Kankra (Bruguiera gymnorrhiza), Passur (Xylocarpus
mekongensis, Rhizophora spp., Sundari (Heritiera fomes), Goran (Ceriops decandra) and Baen (Avicennia
alba) etc., are important. The Sundarbans mangrove forests with triple tier natural protection
mechanisms protect the inlands from cyclonic storms originated in the Bay of Bengal. Most of the plant
species have special physical and physiological adaptation to protect themselves as well as these
prevent the mounting wind pressure of the cyclones, and storm surges. Viviparous germination,
pneumatophore, stilt roots, buttresses, floating behavior of drupes and pods etc., are the unique natural
adaptation features of many mangrove species (Morton 1988). Some trees e.g. Baen and Sundri are so
strong that they can easily resist 11,100 psi load (Sattar et al 1987). Tornado-prone zone areas have
specially adapted growing bamboo clumps which are extremely strong with high elasticity and can easily
disband the tornadoes. Therefore, every homestead has have bamboo clumps in the west and or north-
west sides (Rahman 2004). Bamboos also protect erosion with their strong anchorage-fibrous root
system; similarly many palms and nuts also break the wind speed and protect the habitats and the lives
from disasters especially, the cyclones and erosion (Rahman 2013b). Local communities developed many
adaptation techniques, innovations and knowledge to address climatic vulnerability. Rural people,
farmers and other developed their location specific knowledge and practices of agriculture, natural
resource management, human and animal health care. They know far more about their environment,
livelihoods and how their society functions than those from the outside (BARCIK 2013).
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The inhabitants of the coastal zone used to adapt and manage the frequent storms and cyclones using
their wisdoms usually building their homes on raised floor, low height and surrounded by highly
protective windbreaks with coconut, areca nut and fishtail palm etc. (Fig 40).

Fig.40 Homes with windbreaks of the coastal zone

Hill forests of the eastern and northern region and the central Sal forests are the natural defense system
used to protect the human habitats from storms and tornadoes, erosion and land-sliding. Traditionally,
the homes of the 1960’s or before, the people used to choose the multipurpose tree and shrubby plants
those are specially established thinking to serve the specific purpose e.g. wind protection, erosion
control and habitat restoration and of course for health conscious drinks and foods (Rahman 2004).
Maintaining their appropriate spacing, coconut, areca nut, dates, Palmyra palm, fish-tail palm, Cyperus,
and Screw pine etc., are suitable for crop production, as well as, natural protection of the shelter home
from the adverse condition. Palms can withstand 350 km/hour wind speed and their specially designed
highly elastic leaves can break the wind speed. These plants altogether provide a triple-tier protection
measure against tidal surges and strong winds (Rahman 2012).

The houses of the coastal zone are usually made on wooden platforms on raised earth excavating two or
three ponds in each and every home. The flood plains were nicely conserved by digging deep ponds for
multipurpose uses. Excavated earth used to meet the purpose of house building on raised landscape and
the houses were designed to face the south. Large ponds with an area above 1 acre are termed as Dighi;
above 10 acres is Sagor and smaller ponds of area less than an acre are called as Pukur.

The houses of the coastal hilly areas of Chittagong and Chittagong Hill Tracts are traditionally designed
with a central king post with suspended roof to protect from the earthquakes. Still in Chittagong and
Cox,s Bazar, there are Khyangs, the Buddhist temples with traditional king posts. There are other
traditional practices e.g. rainwater harvesting and storage in large earthen vats for domestic usages, this
practice is a very common one for the coastal island-dwellers (Rahman 2012). Among the other
traditional practices, people of the coastal zone used to do their marketing in the Haats and Bazars
during the daytime using natural lights and to avoid the transportation problems at night.

The traditional adaptation practices have been documented herein and their scientific evaluation

requires in-depth field level studies to generate the knowledge and promote the more resilient practices
to benefit the coastal community.
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VIIl.  Traditional Landscaping for Homes in the Floodplains:

Typically, rural homesteads follow a courtyard layout. The basic features are: a group of separate
structures surround an open space which is defined as the courtyard. Each structure is essentially a one-
roomed accommodating different function such as dwelling units for extended family members,
kitchens and granaries. Toilets and outhouses such as cowsheds are located on the periphery of the
homestead and where recycling of biomass takes place. The layout is introverted, that is, the buildings
face away from the outside and are accessed through the courtyard. Entry into the compound from the
outside is through gaps between structures. The homestead is extensively planted with trees along the
boundary which strengthens the introverted layout. In flood-prone areas, an indigenous practice is to
build homesteads on a raised mound, built with earth from the excavation of canals and ponds.
Presently, because of resource constraints, it is not always possible for people to raise homesteads
adequately above flood level. Planting design and selection of trees is the main aspect of landscaping.
Land selection, preparation and homesteads are also part of landscaping. Homestead cropping
maintains special adaptation procedure for raising creeper and climber crops on raised mound made
with earth boulders to prevent water-logging in the wet monsoon. This is a scientific process to break
the capillary system by the air-spaces among the earth-boulders (Rahman 2004, ADPC 2005).

Among the other traditional adaptation practices, the season-based cropping to maintain the flora and
fauna of soils of dry and wet phases; floating agriculture and deepwater rice cultivation are also
important. People used to aware of getting the indication of storms and winds watching the mouth of
the nests of the weaving birds (Randy Peppler 2010).

IX. Coastal Cities

Most of the coastal cities in Bangladesh are situated on the riverbanks of low-lying tidal zones at an
average elevation of 1.0-1.5 m from the sea level. Construction and management of buildings, roads,
power and telecommunication transmission lines, drainage and sewerage and waste management are
mostly mismanaged and vulnerable to climate change disasters. Cyclonic storms associated with tidal
floods impact seriously the infrastructures and thus the livelihoods. Although coastal cities are the
ultimate shelters of the coastal people during the extremes events, the coastal cities are not safe and
cannot support them due to poor infrastructure.

X. Coastal City Governance

Weak local governance and municipal management coupled with high poverty incidence, and remote
locations, create persistent development challenges to these areas. Poor coordination between City
Development Authority and the Ministry of Housing and Public Works, and high dependency on the
central government are the important causes of hindrance in infrastructure development of the coastal
cities. Climate change, climate variability, and natural disasters further aggravate development in coastal
towns, with a disproportionate impact on women and the poor. Local level initiative for planning is
mostly missing with top down governance and very limited participation of the stakeholders. Such low
participation makes the city planning unrelated to the needs of the stakeholders on the one hand and
that of reflection of ground realities on the other.

Xl Policy Priorities

Defense Mechanism: Triple-tier defense mechanism of Sundarban mangrove reduces sea current and
tidal surges by the lower storey, middle storey resists strong wind and the higher storey breaks the
strong wind. However, continuous destruction of these through pen shrimp culture has increased
intensity of cyclonic and tidal surges as observed in cyclone SIDR and AILA. Formulation of a standing
policy on pen shrimp culture (gher) could help in preserving and restoring mangrove ecosystem.
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Coastal Cities: Coastal cities are very important to coastal people as these provide basic shelters to them
during climate extremes. Analysis of development of coastal cities involving buildings, roads, power and
telecommunication, transmission lines, drainage and sewerage etc point to climate change impacts
increase such as long term water logging, sea level rise leading to tidal surges, cyclones, flood, erosion
etc. An integrated urban coastal policy for rainwater harvesting, reuse of surface and grey water in the
urban cities could help in reducing impact of climate extremes.

Involvement of Stakeholders: Bangladesh government has already taken a few steps towards
infrastructure development. But it has been observed that the government policies concerning coastal
communities are often not rooted in ground realities and too remote to be accessible. An integrated
coastal policy involving the areas of sanitation, arsenic, road transportation, power, water-logging,
salinity, land-sliding and erosion could contribute to development of smart coastal cities.

Xil. Conclusions

Drought is one of the most important natural and climate induced disasters affecting millions almost
every year in the LDCs including Bangladesh. Mitigation and adaptation measures can reduce drought
vulnerability through appropriate policy intervention and community participation.

Marine environment of the BoB is changing in terms of rise in sea water temperature, salinity and sea
level, pH of the sea water, changes in the current, upwelling, water mass movement and anthropogenic
activities affecting the marine lives, coastal zone as well as infrastructure. Over 400 million people in the
BoB are dependent on marine and coastal resources for food and livelihood. Environmental changes,
anthropogenic activity, high dependency, over exploitation etc. have degraded the ecological
phenomena which need to be balanced through corrective actions.

Flood is one of the pervasive natural and climate induced phenomena causing millions to suffer in
almost every year in Bangladesh and Nepal. Historical data shows that the scale, intensity and duration
of floods have increased in Bangladesh with adverse consequences. National Adaptation Program
(NAPA) has prioritized flood as the most challenging disaster which affects 80% of the land area. Both
the countries initiated administrative measures for flood mitigation while the communities use
traditional knowledge for adaptation to floods.

Analysis of Coastal Zone Management (CZM) practices in Bangladesh involving establishment of
windbreak without pacing for wind flow, gher ( pen culture) for shrimp cultivation replacing mangroves,
polderization etc. has adversely affected natural systems (natural forest hills, Sundarban trees) that
reduce impact of cyclones and tornadoes as well as wetlands and reduce impact of floods, droughts in
the coast. Establishing an integrated CZM policy with adequate attention to natural systems and
scientific connotation of these systems could help in mitigation of impacts of natural disasters in the
coast.

It is evident from the synthesis that global environmental changes are affecting sustainable
development worldwide with worst impacts on the LDCs. Findings of a synthesis work on the Global
Environment Change and Sustainable Development: Needs of the Least Developed Countries support
this conclusion and presents the reasons of environmental changes, adaption mechanisms as well as
policy options for sustainable development of Asian LDCs and SIDs. The findings of the synthesis indicate
that most of the environmental changes are induced by human activities leading to changes in the
marine ecosystems and costal zones as well as changing the patterns, intensity and frequency of natural
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disasters like floods and droughts that are affecting sustainable development in Asian LDCs and SIDSs.
The susceptible human-nature interactions has established a firm relation between environmental
change and natural disaster where each giving the other intensity and perpetuity. In most of the cases,
the countries of investigations are found to cope with the environmental changes and induced natural
disasters using indigenous knowledge as well as natural and traditional practices.

XIil. Future Directions

This project has documented very important aspects like traditional deep water reservoirs, natural and
traditional defense mechanism, triple-tier defense of mangroves, which are very essential for long-term
solution of disasters like flood, marine and coastal ecology, tidal surges and cyclones etc. These
outcomes open up opportunity for new study to assess long term options for mitigation as well as
adaptation to climate extremes. Importance of plantation with right plant at right place according to
their habitats and habit will also open the door of sustainable living and resource management.
Scientific validation and consequent institutionalization as well as awareness building of the indigenous
and traditional knowledge and practices identified could be the policy options for community based
sustainable development in many LDCs including SIDS.
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Appendices (numerical Appendices attached seperately)

Appendix A

Least Developed Countries:

LDCs according to the UNCTAD report on LDCs (UNCTAD, 2008):

e African LDCs (and Haiti): Angola, Benin, Burkina Faso, Burundi, Central African Republic, Chad,
Democratic Republic of the Congo, Djibouti, Equatorial Guinea, Eritrea, Ethiopia, Gambia, Guinea,
Guinea-Bissau, Haiti, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mozambique, Niger,
Rwanda, Senegal, Sierra Leone, Somalia, Sudan, Togo, Uganda, United Republic of Tanzania, Zambia
(32).

e Asian LDCs: Afghanistan, Bangladesh, Bhutan, Cambodia, Lao People’s Democratic Republic,
Myanmar, Nepal, Yemen (8).

e |sland LDCs: Cape Verde, Comoros, Kiribati, Sao Tome and Principe, Solomon Islands, Timor-Leste,
Tuvalu, Vanuatu (10).

e Some of the island LDCs are geographically in Africa or Asia, but they are grouped together with the
Pacific islands due to their structural similarities. Similarly, Haiti and Madagascar are grouped
together with African LDCs.
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Appendix B: The IGBP/LDCs Synthesis International Steering Committee formed to guide the initially
stages of the synthesis

Opha Pauline Dube - (IGBP, Vice Chair), University of Botswana

Balgis Elisha — IHDP, African Development Bank and IPCC SREX

Isabelle Niang - START, 5th IPCC Assessment Coordinating Lead Author

Rik Leemans — Earth System Science Partnership (ESSP) Chair

Jodo de Morais - IGBP Deputy Director, Social Sciences

Mark Stafford Smith — CSIRO and IGBP synthesis Theme Leader: Adaptation
Carlos Nobre —Brazil IGBP Regional Office

Rosa Perez - IPCC SREX Lead Author, Ateneo de Manila University Campus
Alice Newton — IGBP/IHDP core project, LOICZ

Coleen Vogel — IHDP, University of the Witwatersrand, South Africa
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Appendix C:

Table 1. Asia-Pacific Least developed countries (including Oceania SIDS LDCs) as of 2014 (UNCTAD,

2013).

LDC Land surface Population- Index

area(000sgkm) 2011 Income level

(thousands)

Afghanistan 652.2 29105 Low income
Bangladesh 130.2 152862 Low income
Cambodia 176.5 14606 Lower middle income
Bhutan 38.4 729 Low income
Kiribati 0.8 99 Lower middle income
Lao People's Dem. | 230.8 6521 Lower middle income
Rep.
Myanmar 653.3 52351 Lower middle income
Nepal 143.4 27156 Low income
Timor-Leste 14.9 1176 Lower middle income
Yemen 528 23304 Lower middle income
Samoa 2.8 9908 Lower middle income
Solomon Islands 28 538 Lower middle income
Tuvalu 0 (26 sq km) 10 Upper middle Income
Vanuatu 12.2 242 Lower middle income
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Conferences/Symposia/Workshops
Seminars and Workshops organized under the Project:

1.

Workshop on Disaster Management on October 26, 2012, Department of Disaster
Management, Patuakhali University of Science and Technology, Patuakhali, Bangladesh
Workshop on Environment Change in 12" November, 2012 : Institute of Forestry and
Environmental Science Chittagong University (IFESCU), Chittagong, Bangladesh

Write a paper workshop 25-30 August 2013 Windsor Hotel, Bangkok, Thailand
Workshop Environment change and disaster management, 8 December, 2014 Bhola,
Bangladesh

Workshop on Drought Management on 14 October at Rajshahi, Bangladesh

Participation at International Conferences and Scientific Meetings

Co-Convening an Oral and Poster sessions (Session No.: NH32A and NH33B) on
Hydrometeorological and Geophysical Hazards and Disasters in Developing Countries: Risk
Perception, Management, and Adaptation. 2015 AGU Fall Meeting, 14-18 December, in San
Francisco

Participant: The Gobeshona Conference for Research on Climate Change in Bangladesh 8-11
January 2015, ICCCAD, Independent Univ. Bangladesh, Banani, Dhaka, Bangladesh

Paper Presentation: International Conference on Climate Change in relation to Water and
Environment (I3CWE-2015) on 09-11, April, 2015 at Dhaka University of Engineering &
Technology, Gazipur, Bangladesh.

Resource Person: 9th Global RCE Conference, Okayama, Japan, November 4-7, 2014.
Participant: UNESCO World Conference on ESD Nagoya, Japan, November 10-12, 2014.
Resource Person, 2nd Regional Consultation Meeting of Experts on “Engaging SAARC for
Resilience and Cross Border facilitation for rapid response in disasters”, Kathmandu, Nepal,
March 27-28, 2014.

Speaker, Policy Dialogue on Dangerous Demographics on Women, Leadership and the
Looming Crisis in Higher Education Colombo, Sri Lanka, March 17-18, 2014.

Resource Person, Conference on Revisiting the MBA in the Asia Pacific Context, Bangalore,
India, January 30-31, 2014.

Resource Person, 8th Global RCE Conference, Nairobi, Kenya, November 26-29, 2013.

Team Leader, Write a paper workshop: Global Environmental Change and Sustainable
Development in the Asia-Pacific and SIDS Least Developed Countries, Bangkok, Thailand,
August 26-30, 2013.

Resource Person, South Asia Regional Consultation on “Climate Change Adaptation —
Managing Risk for Resilience (SACCA)”, New Delhi, India, June 24-27, 2013.

Resource Person, Asia Leadership Program on Sustainable Development and Climate Change,
New Delhi, India, February 2-17 2013

Resource Person, SAARC Regional Consultation Meeting on “Engaging SAARC for Disaster
Resilience”, Islamabad, Pakistan, November 1-2, 2012.

Participant, 7th Global RCE Conference, Tongyeong, the Republic of Korea, September 21-24,
2012.

Resource Person, ADB Leadership Program for Sustainable Development and Climate
Change, Manila, Philippines, September 10-14, 2012.

Panelist, 24" AIMS Annual Management Education Convention, Hyderabad, India, August
25-27,2012.

Attendee Member, 58" Executive Board Meeting of Association of Management Development
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Institutions in South Asia (AMDISA) , Hyderabad, India, August 24, 2012.

Participant, Launching of IPCC’s Summary Report on 'Managing the Risks of Climate Extremes
and Disasters in Asia - What can we learn from the IPCC Special Report?', Karachi, Pakistan,
June 27, 2012.

Participant, Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology
(JCOMM-4), Yeosu, Republic of Korea, May 23-31, 2012.

Participant, Rotary International 103" Annual Convention, Bangkok, Thailand, 6-9 May, 2012.
Participant, Managing the Risks of Climate Extremes and Disasters in Asia - What can we learn
from the IPCC Special Report?, New Delhi, India, May 2-3, 2012.

Convened a session on Global environmental change and sustainable development in least
developed countries Impacts of changing planetary pressures: adaptation strategies and
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Glossary of Terms

APN Asia Pacific Network

BCCRF Bangladesh Climate Change Resilience Fund

FAO Food and Agricultural Organization

GEC Global-Environmental-Change

GOB Government of Bangladesh

ICIMOD International Centre for Integrated Mountain Development
IGBP International Geosphere Biosphere Program

IPCC Intergovernmental Panel on Climate Change

IUBAT International University of Business Agriculture and Technology
IWRM Integrated Water Resources Management

LDC Least Developed Countries

MODIS Moderate Resolution Imaging Spectroradiometer
NAPA National Action Plan for Adaptation

NCDM National Committee for Disaster Management

NDMC National Drought Mitigation Centre

NGO Non-Government Organizations

NRRC Nepal Risk Reduction Consortium

NSDRM National Strategy for Disaster Risk Management
SAARC South Asian Association for Regional Cooperation
SADMC South Asian Disaster Management Centre

SIDS Small Island Developing States

SMRC SAARC Meteorological Research Centre

SOD Standing Orders for Disasters

UN United Nations

UN-ESCWA UN Economic and Social Commission for Western Asia
WFP World Food Programme
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