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Abstract—Bangladesh is one of the most vulnerable countries
in the world to climate changes. In Bangladesh, flood is one of the
most natural hazards which is expected to be aggravated with
future climate change scenario. Early adaptation research and
practice to climate change was concerned with technical
solutions. This trend gradually shifted to concerns with the
institutional context of adaptation. More recently, the emphasis
has been placed on governance followed by multilevel
governance. This study aims to illustrate how governments at all
level can act cooperatively to address climate change adaptation.
To conduct the study climate induced flood for the year 2040 has
been considered as climatic event. This study is based on a case
study to show how climate change induced flood will affect
infrastructure; under such condition what may be the adaptation
strategies at local, regional and national level. Flood exposure
analysis has been considered to examine the impact of climate
induced flood on infrastructure. Flood exposure analysis shows
that about 82.20% road, 91.43% educational infrastructure and
61.54% health facilities will be exposed to more the 1m
inundation due to climate change induced flood in 2040.
Adaptation strategy has been devised based on present practice
across Asian countries, findings from other research and expert
opinion. The study find that flood exposure analysis, flood hazard
and proper landuse planning are needed at local level; regional
level authority should focus on cross-border nature of flooding
such as river basin management; national level authority should
focus on policy level and financial matters to adapt with climate
change.
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l. INTRODUCTION

Climate change is fast becoming one of the most significant
challenges of the 21st century. Urban areas are heavily
vulnerable to climate change; a large scale of people and
infrastructure in urban areas across the world will be affected
by climate change. Bangladesh is one of the most vulnerable
courtiers in the world to climate changes and one of the most
densely populated countries in the world.

In Bangladesh, flood is one of the most natural hazards
which is expected to be aggravated with future climate change
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scenario [1, 2]. Approximately 20% to 25% of its territory is
inundated during the monsoon season [3]. A number of
research works have identified that the monsoon flood scenario
will be aggravated with future climate change context [1, 4, 5,
and 6].

The Fourth Assessment Report of the IPCC defines
adaptation as “Adjustment in natural or human systems in
response to actual or expected climatic stimuli or their effects,
which moderates harm or exploits beneficial opportunities™ [7].
Early adaptation research and practice was overly concerned
with knowledge and information needs on climate risks—and
later on vulnerability—in order to identify technical solutions to
adaptation issues. Research and practice gradually shifted to
concerns with the institutional context of adaptation. More
recently, the emphasis has been placed on governance and city
government and the coordination of knowledge, actions and
how knowledge among diverse actors emerges and influence
decisions and interactions [8, 9, and 10]. It is argued that
climate change adaptation can only be adequately addressed if
action is taken at all levels of government: international,
national, regional, and local [11].

In Bangladesh there is no evidence of multilevel
governance approach of climate change adaptation. This paper
aims to demonstrate how governments at all level can act
cooperatively to address climate change adaptation. Many
sectors will be affected by climate change in many dimension
and adaptation strategy will be different thereof. This study
does not address all climatic events (hazards) and all sectors.
This study has been conducted focusing climate change
induced flood and infrastructure in Bangladesh.

Il.  STUDY AREA

To conduct this study, Ullapara Municipality of Sirajganj
District, Bangladesh has been taken as case study which, due to
its geo-physical setting, urban character, important landuse and
infrastructure, represents other climate change induced flood
prone Municipalities (urban areas) in the country. Ullapara
Municipality, being located in Sirajganj district, represents the
impact of climate induced flood near the area of Jamuna River
(Brahmmaputra), one of the rivers of GBM basin (Ganges-
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Brahmmaputra-Meghna) through which the impact of climate
induced flood will be observed across the country. This
Municipality is located in eastern side of Ullapara Upazila
under Sirajganj District and is bounded by 24016°47.83” N and
24020°02.11” N Latitude and 89032°57.01” E and
89036°01.61”E Longitude. Figure 1 shows the location of
Ullapara Municipality. The mean elevation of Ullapara is about
10.78m. This low elevation and geo-physical settings of
Ullapara Municipality make it most vulnerable to and the
infrastructure within this Municipality will be at risk in climate
change induced flood due to high level of exposure [12].

Figure 1: Location of study area
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I1l. DATA, ScoPE AND METHOD

This study has been carried out mainly based on secondary
data which includes climate change induced flood inundation
data and infrastructure data. The flood inundation map has
been prepared by collecting flood model result from Institute of
Water Modelling (IWM). This Flood model has been
developed for the year 2040. In this model, the 4th IPCC
prediction of the global sea level rise for the 1S92a scenario has
been considered. This study is an empirical research and not
includes all climate affected sectors. Mainly selected urban
infrastructures have been considered for the study. These
include transport infrastructure, educational infrastructure,
health infrastructure, and other urban facilities including
Community center, Fire Station, Police Station and Solid
Waste Disposal Site. These data has been collected from
LGED that has been prepared under UTIDP. ArcGIS 10.1
Software has been used for flood exposure analysis in the
study.

The scope of study threefold: study area and climatic events
and affected sector. As study area Ullapara Municipality has
been selected to represent other flood prone areas of
Bangladesh. As climatic event flood has been considered as it
is the most destructive natural hazard in the country. As sector
only urban infrastructure has been considered. Flood exposure
analysis has been conducted to observe the impact of climate
induced flood on infrastructure. To conduct exposure analysis,
six categories of flood hazard zones have been identified based
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on extent of flood inundation depth. These hazard zones are
Zone-A, Zone-B, Zone-C, Zone-D, Zone-E and Zone-F and
these zones are characterized with 0-.5m, .5-1m, 1-1.5m, 1.5-
2m and 2-25m and 2.5-3m inundation depth respectively
(Figure-2).

This study is based on flood exposure analysis of
infrastructure due to climate change induced flood as a
prototype agent of climate change. Adaptation strategy has
been devised based on present practice across Asian countries,
findings from other research and expert opinion thereof.

Figure 2: Flood Hazard Map of Ullapara Municipality
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IV. CLIMATE CHANGE INDUCED FLOOD AND EXPOSED
IFRASTRUCTURE

This section illustrates how climate change induced flood
will affect the infrastructure in Ullapara Municipality and their
consequences. To examine the climate change impact flood
exposure analysis of various infrastructures has been
conducted. Exposure is a measure describing the external
stress brought about by climate change threats in relation to
population, resources and property. It indicates the nature and
degree to which a system is exposed to significant climatic
variations. Exposed elements refer to the elements located in
an area where hazard event is occurred.
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A. Transport Infratsructure

In Ullapara Municipality there are about 64.36% Pucca and
33.22% Katcha road (Author own Calculation). The flood
exposure analysis illustrates that about 20.41%, 33.99% and
26.35% Pucca road will be exposed to 1-1.5m, 1.5-2m and 2-
2.5m inundation respectively. About 28.69%, 28.72% and
29.99% Katcha road will be exposed to 1-1.5m, 1.5-2m and 2-
2.5m flood inundation respectively. Overall 23.07%, 31.97%
and 27.16% road will be exposed to 1-1.5m, 1.5-2m and 2-
2.5m inundation respectively indicating about 82.20% road
will be exposed to more than 1m flood inundation depth.

Transport infrastructure, as a means of access to basic
services, residence, workplace, and other urban facilities, is the
key factor to accelerate economic growth and sustainable
development. If this infrastructure does not perform properly
economic growth and development will be hampered. In
Ullapara Municipality, it is found that most of the road will be
inundated in climate change induced flood resulting disruption
of communication hampering access to all urban services.

B. Educational Infrastructure

Educational infrastructure is considered as one of the
critical facilities that are supposed to be heavily affected by
climate change induced flood in developing countries. In
Bangladesh, there are already instances of very negative
impact on educational infrastructure due to severe flood that
had destroyed educational infrastructure all over the countries
[13]. Exposure analysis shows that in Ullapara Municipality
about 68.75% Primary School and 72.72% Secondary School
will be exposed to more than 2m inundation; 87.50% College
will be exposed to 1-2m inundation. Overall 91.43%
educational institution will be exposed to more than 1m
inundation due to climate change induced flood. Access to
education has long been considered as an important vehicle for
poverty [14]. Education empowers a person and it helps them
to become more proactive, gain control over their lives, and to
broaden the range of available options [15]. The findings of
the study shows that most of the educational institution in
Ullapara Municipality will be highly exposed to climate
change induced flood resulting educational institution remain
to be closed during this period which may lead to increase the
children dropout rate.

C. Health Infrastructure

In climate change scenario it will be a great challenge to
maintain the health services during flood because health
infrastructures are supposed to be exposed in climate change
induced flood. The study finds that about 15.38%, 30.77%,
23.08 and 15.38% Community Clinics will be exposed to 1-
1.5m, 1.5-2.0m, 2-2.5 and 2.5-3m inundation respectively due
to climate change induced flood. Bangladesh is vulnerable to
outbreaks of infectious, waterborne and other types of diseases
[16] and global warming would cause increase of vector borne
and water borne diseases in the tropics [17]. The increase
diseases rate would require more health facilities to meet the
unavoidable situation. The inundation scenario indicates that it
will be a great challenge to meet the increasing health care
facilities in climate change induced flood in Bangladesh.
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D. Urban Facilities

Some of the important urban facilities are included in this
study for flood exposure analysis. These are Community
center, Fire Station, Police station and Solid Waste Disposal
Site. The study finds that Community Center, Water Pump
Station, Fire Service Station will be exposed to about 2-2.5m;
Solid Waste Disposal Site and Police station will be exposed
to 1.5-2m and 1-1.5m inundation respectively. Community
centers are public locations where members of a community
tend to gather for group activities, social support, public
information, and other purposes. Fire station and Police station
are also known as critical facilities because of their function,
size, service area, or uniqueness. They have the potential to
cause serious bodily harm, extensive property damage, or
disruption of vital socioeconomic activities if they are
destroyed, damaged, or if their functionality is impaired.
These facilities are essential for the delivery of vital services
and for the protection of the community. The study indicates
that facilities will be highly exposed to flood resulting
disruption in their services which may lead to further loss of
lives and properties. Solid waste disposal site is an important
urban facility which is much more related to environmental
pollution. The proposed waste disposal site in Ullapara
Municipality is supposed to be exposed to 1.5-2m inundation
which will pose a threat to surrounding areas and
surface/groundwater bodies of Ullapara Municipality due to
waste emissions and subsequent pollution. The social impact
and damage in this area would be worse if the flood waters
transport waste to residential areas. The high level of exposure
of water pump station will lead to decrease the access to pure
water supply which may cause diseases.

V. CONCEPT OF MULTILEVEL GOVERNANCE

Governance is a concept and a process linking political
system with its institutional environment. It is about how to
steer society and the environment through social coordination.
The choice of governance structure for adaptation and disaster
risk management is politically contested and not obvious [18].
A multi-level governance framework provides a useful entry
point for understanding the relationships between cities,
regions and national governments — including also international
institutions - across relevant policy issues as well as across a
range of non-state and civil society actors [11]. It also provides
a starting point for understanding how central governments and
other public and private actors interface to design and
implement policies from international to national and local
levels of action [19].

Any multilevel governance framework will encompass at
least two different dimensions of action and influence: the first
is the vertical dimension across scales or levels of governance
and the second is the horizontal dimension of governance [19,
20, and 21].

The vertical dimension of multilevel governance recognizes
that national governments cannot effectively implement
national climate strategies without working closely with
regional and local governments as agents of change. On the
other hand, to take action, cities cannot be effective and do not
operate in isolation from other parts of government. Local
governmental authority to act in areas related to climate change
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is often “nested” in legal and institutional frameworks at higher
scales [18, 22].

On the horizontal axis, there is increasing evidence of
multi-level patterns of governance and transnational networks
on climate change and other global environmental issues where
actors work across organizational boundaries to influence
outcomes. Within the multilevel regulatory framework,
learning, information transmission and cooperation also occurs
horizontally with linkages increasingly being forged between
cities, regions and national governments [23].

Forms of governance at multi-levels have taken off
increasingly at the local scale, building upon the notion of
‘think global, act local’, in cities in particular [20]. Climate
change becomes an increasingly important policy driver for
regional and urban economic development policies that leads to
require sound public policy development and implementation.
A multi-level governance framework is now being used in
several areas of work related to multi-level governance
including on cities and climate change, regulatory governance,
sub-national finance and water governance

VI. MULTILEVEL GOVERNANCE AND CLIMATE CHANGE
ADAPTATION

In relation to climate change, it is widely assumed that the
response to the impacts of climate extremes such as floods,
raise complex development issues that are best addressed at the
local level with substantive community involvement. It is
however also recognized that local and city level actors require
firm linkage and support from higher levels of government,
including also from international agencies, if the aim is to
further adaptive capacity and resilience on a broad city-wide
scale [24]. Thus adaptation to climate-related disaster risks is a
concern of multiple actors, working across scales from
international, national, and sub-national and community levels,
and often in partnership, to ultimately help individuals,
households, communities, and societies to reduce their risks
[25, 26, and 27]. Recent studies on climate change adaptation
strategies underscore the need for attention to multilevel
governance, i.e. governance across all levels of government
and active engagement with stakeholders within a particular
level for successful adaptation with climate extremes (28, 29,
30, 31, 32, 33]. It is now understood that climate change
adaptation can be best addressed under multilevel governance
framework each having different level of contribution and
coordination. Now this chapter will discusses how different
level of government can play their role to adapt with climate
change induced flood in Ullapara Pourashava.

A. The Local Level

Local authorities are in a unique position to develop
tailored responses to the impacts of climate change. They have
first-hand knowledge of local conditions and can develop
proactive strategies in response to climate change,
experimenting with local solutions and committing to
ambitious targets. Local authorities can work together with
voluntary efforts such as city networks, the private sector and
community organizations to develop new institutional models
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for local adaptation [34]. There are many adaptation strategies
at local level. Many studies suggest that spatial planning or
structural measures should be considered as indispensible part
and be given as utmost priority to adapt with climate change
induced flood [35, 36, 37, 38, and 39]. Among others, this
study focuses mainly on spatial planning and/or structural
measures as adaptation strategies in response to climate change
induced flood in Ullapara Pourashava. The following sections
discuss adaptation strategies for selected infrastructures in
Ullapara Pourashava in climate change induced flood scenario.

1) Transport Infrastructure

A number of international studies including studies
conducted in Asian countries regarding climate resilient road
infrastructure suggest that raising road elevation or height
above the anticipated highest flood level may be one of the
strategies to adapt with climate change [40, 41, and 42].
Several studies suggest that construction of culvert along the
road may be one option to protect road infrastructure that may
be vulnerable due to heavy load and pressure to be incurred by
extreme flow of water due to climate change induced flood [38,
41, and 42]. If there is not sufficient number of culverts along
the roads, the flood water may overtop and thereby causing
destruction to the roads. So, sufficient number of culvert may
be constructed along different roads of Ullapara Pourashava to
allow free flow of water. Priority should be given to those
roads that benefit the highest number of people and connect
village markets with each other and growth centers. Design
specifications of culverts should be such that water flows in
canals, small rivers and heavily flooded area are not obstructed.
The location, size and number of culverts are related to existing
canals and the main flow pattern during floods. To quantify the
location, size and number of culverts a hydrological study is
required. It will assess the number, location and width of
culverts needed. The period of inundation by floodwater affects
the load bearing capacity and strength of pavement layers
significantly. According to [43] in case of inundation for 30-
days, the stability of road materials reduces by 26 percent. So
climate change induced flood should be considered as a design
parameter for designing roads in Ullapara Pourashava and
other flood prone area of Bangladesh. Several studies [38, 41,
and 42] suggest that selection of material for construction of
road is one of the design considerations for climate proofing
infrastructure. There is no much study in Bangladesh regarding
climate proofing construction material. However, a recent
project by LGED with financial assistance from IFAD suggests
that Bituminous Carpet (BC) and/or Reinforced Concrete
Cement (RCC) can be used as surface material for road
construction to cope with climate change induced flood [6].

I1) Educational Infrastructure

Several studies have been conducted on “climate change
and education” especially in developing countries and these
studies suggests several structural and non-structural
adaptations measures for education in response to climate
change induced flood [12, 44]. However, three types of
alternative structural solutions can be devised from these
studies to face the challenge of climate change induced flood.
These are Relocation, Height Enhancement and Floodwall
Construction.
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I11) Health Infrastructure

Flooding is one of the most widespread of climatic hazards
and poses multiple risks to human health, yet there has been
little systematic research work on health outcomes and the
means by which vulnerable populations and health systems
respond to those risks. According to IPCC global warming
would cause increase of vector borne and water borne diseases
in the tropics [17]. Given the prospect that flood hazards may
increase as a result of climate change, it is high time now to
make a strategic assessment of the existing knowledge base on
health and flood risk. Thus, the planning, design and
construction of health infrastructure needs to take into account
the likely physical threat from flood events. Anticipated
disruption in access to health care infrastructure during flood in
Ullapara Pourashava emphasize the need for guidelines to
ensure as far as possible that health care infrastructure is built
outside flood zones or designed to function effectively in a
flooded environment. For this, existing codes and regulations
on the design and construction of facilities should need to be
revised and adapted to local requirements, and mitigation
objectives should be integrated into every step of new health
infrastructure construction.

IV) Land Use Planning and Flood Zoning

Where exposure to events is unavoidable, land use planning
and location decisions can be accompanied by structural or
non-structural methods for preventing or mitigating risk [35,
45]. River engineering and land use may have altered flood
probability. In growing and expanding urban settlements, flood
hazard may be seen to be of lesser importance than other land
management concerns, such as providing land for existing or
new businesses or housing. Ongoing development and
encroachment of floodplains and other flood-prone areas is a
consistent problem throughout the urbanized world. The need
to integrate flood risk management into land use planning is
vital in order to minimize the rise in exposure to hazard, and to
seek to manage the consequences of flooding. Land use
planning provides a policy and regulatory mechanism that
enables diverse and often conflicting objectives to be integrated
and addressed in a development framework — with this process
and its output, is referred to as ‘integrated land use planning’.
Integrating flood risk management objectives and principles
into land use planning is an essential component of
contemporary flood risk management.

V) Storm water storage pond and drainage system

In many study it has been reported that due to climate
change rainfall will increase in this region. It has been reported
that monsoon rainfall may increase by 10-15% by the year
2030 and by 15-20% by the year 2050 [46]; 11% and 28%
increases over Bangladesh by the year 2030 and 2075,
respectively [47]. The increase in precipitation may lead to
rianfed flood in urban area. To tackle this type of rainfed flood
researcher and practitioners suggest to concentrate on storm
water retention pond and improved drainage system in urban
area [48, 49]. This storage pond and improved drainage system
will manage storm water runoff to prevent sudden flooding in
urban area that may be caused by heavy rainfall due to climate
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change. The depth and design of pond and drainage system
should be based on specific hydrological characteristics of the
locality.

B. Regional Level

Local authorities face different obstacles in their efforts to
design and implement adaptation policies. Such obstacles to
local policy design can be of a variety of natures including
jurisdictional and institutional and economic and budgetary
[50, 51]. Important limitations of local level authority relate to
the scale of intervention. For example, local level authority can
raise road elevation to safe road infrastructure from inundation
but municipalities cannot solve the problems of climate change
induced river flooding of their own; they are not able to operate
at the basin level management of river. This requires up-stream
interventions of regional approach [52]. Moreover, the cross-
border nature of flooding requires a regional approach in which
local measures should embedded. Under changing climate
scenario, flood risk management plans should involve a region
much larger than the city itself [53]. Thus effective climate
change adaptation requires consideration of cross-scale
management concerns and at the same way any action that
crosses jurisdictions from local to regional to national can be
best planned using a perspective that takes into account all
levels of management [54].

It has already been stated that Sirajganj district is located in
the bank of Jamuna River which is one of the rivers of GBM
basin ~ (Ganges-Brahmmaputra-Meghna) through which the
impact of climate change induced flood will be observed across
the country [4, 12, 13]. So increase in water level in Jamuna
River due to climate change will cause flooding in the
surrounding area. Solutions to flooding problems under climate
change conditions can be achieved by adopting and exercising
watershed-scale best management practices that include:
floodplain  zoning, planned urbanization, restoration of
abundant channels and lakes, dredging rivers and streams,
efficient storm sewer systems, establishing buffer zones along
rivers, and improvement on flood warning/preparedness
systems [55, 56]. But Ullapara Pourashava, as a local level
authority, is not capable to address river management and even
they are not responsible for river basin management. It requires
regional approach of river basin management from upper level
authority. In Bangladesh, BWDB, RRI and WARPO are
responsible for such course of actions. Most importantly,
BWDB is responsible to develop and manage water resources
in the country. So these organizations can take initiative for
flood management strategies in Jamuna River to adapt with
climate change induced flood.

Experts from various organizations suggested the following
adaptation strategies at regional level in response to climate
change

a) Dredging of major rivers, tributaries and distributaries
for mitigation of flood and erosion and to improve navigability.

b)  Floodplain policy and act can be formulated. Under
this provision floodplain zoning should be introduced to reduce
flood plain development; to reserve space for water.
Landowners who wish to develop in these areas should require
permission from the concerned authority prior to any
development. In such case, if permitted, the authority should
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determine site specific design criteria e.g elevation, drainage
etc.

¢) Planned urbanization should be ensured; flood risk
management should be incorporated in regular urban planning
practice that can cope with a changing climate and
uncertainties.

d) Restoration of abundant channels, lakes and khals to
allow free flow of water during flood

e) Construction of embankment with adequate sluice
gates for controlled water flow.

f)  Controlling flood through structural measures is
impossible in Bangladesh. As part of non-structural measures,
flood forecasting and effective and organized early warning
system should be introduced to reduce the flood risks. People-
centered early warning systems will empower communities to
prepare for and confront the destructive nature of flood.

C. National Level

Another level in climate change adaptation strategies is the
National Level. Cities do not act in a vacuum. They are
embedded in a legal and institutional context set by national
governments [57]. Although regional level authority is
significant in climate change adaptation, Regional level
authority has limitations in national policy level action in terms
of their scope, mandate and institutional backing. The specific
role that regional governments can take depends on the
dynamics of national structures [58, 59]. This leads to need for
national level authority to be strongly engaged in climate
change adaptation. National governments can provide a
strategic framework. They can set the framework by
developing national legislation and creating a variety of
standards and incentives [60]. National governments can
formulate climate-proof national legislation and policy: and
mainstream adaptation into different areas whilst ensuring that
national policies are also coherent and supportive for local
adaptation [11]. Many countries including Japan, Finland,
Denmark, Sweden, Germany and Norway have their own
national adaptation strategies and policy in response to climate
change [60].

Likewise other countries, Bangladesh has also national
adaptation strategies and policy in response to climate change.
There are mainly two national level strategies and policy exist
in Bangladesh namely National Adaptation Programme of
Action (NAPA) and Bangladesh Climate Change Strategy and
Action Plan (BCCSAP).

Now the challenge is to translate the national policy into
local level planning and implementation. As the magnitude and
long-term nature of the climate change threat is increasingly
better understood, it is becoming clear that simply
implementing a set of adaptation projects, although useful, is
not going to be sufficient. If long-term resilience to climate
change impacts is to be built into the economy and society of
the country, then climate change adaptation (as well as
mitigation) needs to be embedded (or mainstreamed) into
regular national development planning and actions. Moreover,
mainstreaming climate change into planning needs to be done
at every level, not just national plans. Thus sectoral ministries
such as local government, water management, agriculture,
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health and others also need to mainstream climate change into
their respective sectoral plans.

Experts from various institutions suggest the national level
recommendations for infrastructure planning in response to
climate change induced flood:

a) Climate change adaptation needs to be mainstreamed
into national development planning including policy-making,
budgeting and implementation processes.

b)  Priority activities as outlined in NAPA should be
implemented. There are four types of activities viz
intervention, research, capacity building and Awareness
Building. In NAPA, about 15 projects have been identified as
priority activities following iterative process as adaptation
strategies. Among them project no 3 and 8 are most important
for the current research (in respect of infrastructure). These two
projects are as follows:

. Capacity building for integrating Climate Change in
planning, designing of infrastructure, conflict management and
land-water zoning for water management institutions.
Responsible agencies are WARPO, DoE (Climate Cell) CEGIS,
IWM and BWDB, LGED,RHD, MoL, MoWR, MoEF, DAE,
DoF.(Project No-3)

. Enhancing resilience of urban infrastructure and
industries to impacts of climate change. Responsible agencies
are DoE and LGED, UDD (project No-8)

c) There should be interdisciplinary co-operation at all
level of government for a co-ordination of sectoral policies
regarding environmental protection, physical planning, landuse
planning, agriculture, transport and urban development, and a
co-ordination regarding all phases of risk management: risk
assessment, mitigation planning and implementation of
measures.

d) International cooperation on climate risk adaptation
and flood risk management is necessary to strengthen the
knowledge and information base as well as financial assistance.

In case of infrastructure (urban) planning in Bangladesh,
concerned ministries are Ministry of Local Government, Rural
Development & Cooperatives and Ministry of Housing and
Public Works. Different departments including UDD, LGED,
Municipalities, City  Corporations and Development
Authorities (e.g. RAJUK, CDA, KDA, RDA etc) are engaged
in urban planning of Bangladesh. These ministries along with
Ministry of Environment and Forest can prepare national
adaptation policy for urban and/or infrastructure planning.
Once adaptation policy is prepared it has to be circulated
among concerned departments to be followed while preparing
urban plan and thus the adaptation strategies should be
mainstreamed and translated into local level planning.

VII. CONCLUSION

In this study it has been tried to illustrate how multilevel
governance at local, regional and national level can work in
response to climate change adaptation. Climate induced flood
has been considered as climatic event and adaptation strategies
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have been devised from this point of view. This study
concludes that climate change adaptation cannot be successful
without strong participation of all level of government: local,
regional and national. This study recommends that there should
be effective coordination among all level of government and
effort should be made as a whole ensuring implementation of
desired plan of action.

REFERENCES

[1] Ahmed, A. U., & Mirza, M. M, Review of causes and dimension of Floods
with Particular Reference to Flood '98. In Q. K. Chowdhuri, A. K. Azad,
S. H. Imam, & M. Sarker (Eds.), Prespectives on Flood 1998 (pp. 67-84).
Dhaka, Bangladesh: University Press Limited, 2000

[2] World Meteorological Organization and Global Water Partnership (WMO
and GWP), Integrated flood management. The Associated Programme on
Flood Management, 2003

[3] Hossain, A. A., APFM news no. 4). Bangladesh: Flood Management.
WMO/GWP Associated Programme on Flood Management, 2003.

[4] World Bank (WB), Climate Proofing Infrastructure in Bangladesh.
Wshington, DC, 2010.

[5] Organisation for Economic Co-operation and Development (OECD).,
Development and Climate change In bangladesh: Focus on coastal
flooding and The sundarbans, Paris, France, 2003.

[6] International Fund for Agricultural Development (IFAD), Enabling poor

rural people to overcome poverty in Bangladesh, 2012.

Intergovernmental Panel on Climate Change (IPCC). , Climate Change

2007: Synthesis Report, Fourth Assessment Report of the

Intergovernmental Panel on Climate Change, Geneva, Switzerland, 2007.

[8] Adger, Neil, Lorenzoni, Irene, and Karen O’Brien, Adapting to climate

change. Thresholds, values, governance, New York: Cambridge

University Press, 2009.

Ziervogel, G. and F. Zermoglio, Climate-change scenarios and-the

development of adaptation strategies in Africa: Challenges and

opportunities. Climate Research, 40(2-3), 133-146, 2009

[10] Winsvold, M., K.B. Stokke, J.E. Klausen, and I. Saglie, Organizational
learning and governance in adaptation in urban development. In:
Adapting to Climate Change: Thresholds, Values and Governance, 2009.

[11] Corfee-Morlot, J., Kamal-Chaoui, L, Donovan, M., Cochran, I, Robert,
A. and Teasdale, P. J., Cities, climate change and multilevel governance,
OECD Environmental Working Papers No 14, OECD Publishing, Paris,
20009.

[12] Department of Environment (DoE), Impact Assessment of Climate
Change and Sea Level Rise on Monsoon Flooding. Dhaka, Bangladesh,
2008.

[13] DFID, Climate Change and Education: Bangladesh, 2010

[14] Khan. H., Williams.J.B., Poverty Alleviation through Access to
Education: Can E-Learning Deliver?, 2006

[15] UNESCO , Adult Education in a Polarizing World, Paris: UNESCO
1997.

[16] World Bank. Bangladesh: Climate Change & Sustainable Development,
report prepared by South Asia Development Team. Report No. 21104 BD,
2000

[17] IPCC, Climate change 2001: the scientific basis. Contribution of
Working Group | to the Third Assessment Report of the Inter-
governmental Panel on Climate Change (ed. By J.T. Houghton, Y., 2001

[18] Pierre, Jon and Guy. B. Peters, Governance, Politics and the State,
Political Analysis, New York: St. Martin’s Press, 2000

[19] Hooghe, L. and G. Marks, “Unravelling the Central State, but How?
Types of Multi-level governance”, American Political Science Review,
Vol. 97, No. 2, pp.233-43, 2003

[20] Bulkeley, Harriet, and Michele M. Betsill, “Rethinking Sustainable
Cities: Multilevel Governance and the 'Urban' Politics of Climate
Change”, Environmental Politics, Vol. 14 No.1, pp.42 63, 2005

[7

—

[9

—

www.ijert.org

[21] OECD, Competitive Cities in the Global Economy, OECD, Paris, 2006

[22] Dietz, T., E. Ostrom and P.C. Stern, “The Struggle to Govern the
Commons”, Science, Vol. 302, pp.1907 1912, 2003

[23] Bulkeley, H. and S. C. Moser, “Responding to Climate Change:
Governance and Social Action beyond Kyoto.” Global Environmental
Politics, Vol. 7.2 pp. 1-10, 2007

[24] Bicknell, J., Dodman, D. and Satterthwaite, D. (eds), Adapting Cities to
Climate Change. Understanding and Addressing the Development
Challenges . London: Earthscan Climate, 2009.

[25] Twigg, J., Project planning. In: Disaster Risk Reduction: Mitigation and
Preparedness in  Development and Emergency Programming.
Humanitarian Practice Network, Overseas Development Institute,
London, UK, pp. 31-60, 2004.

[26] Schipper, L., and M. Pelling, Disaster risk, climate change and
international development: Scope and challenges for integration.
Disasters, 30, 19-38, 2006.

[27] Wisner, B., P. Blaikie, T. Cannon, and |. Davis, At Risk: Natural
Hazards, People’s

[28] Corfee-Morlot, J., 1. Cochran, S. Hallegatte, and P.-J. Teasdale,
Multilevel risk governance and urban adaptation policy. Climatic Change,
104(1) (Special Issue: Understanding Climate Change Impacts,
Vulnerability and Adaptation at City Scale), 169-197, 2011.

[29] Vidal, J.P., E. Martin, L. Franchisteguy, F. Habets, J.M. Soubeyroux, M.
Blanchard, and M. Baillon, 2010: Multilevel and multiscale drought
reanalysis over France with the Safran-Isba-Modcou hydrometeorological
suite. Hydrology and Earth System Sciences, 14(3), 459-478.

[30] Brondizio, E., E. Ostrom, and O. Young, Connectivity and the
governance of multilevel social-ecological systems: The role of social
capital. Annual Review of Environment and Resources, 34, 253-278,
2009.

[31] Milbert, E., Slums, slum dwellers and multilevel governance. European
Journal of Development Research, 18(2), 299-318, 2006.

[32] Jordan, A., The politics of multilevel environmental governance:
Subsidiarity and environmental policy in the European Union.
Environment and Planning A, 32(7), 1307-1324, 2000.

[33] Cash, D.W., W. Adger, F. Berkes, P. Garden, L. Lebel, P. Olsson, L.
Pritchard, and O. Young, Scale and cross-scale dynamics: governance and
information in a multilevel world. Ecology and Society, 11(2), 8, 2006.

[34] Piorr, A., Ravetz, J. and Tosics, I, Peri urbanisation in Europe,
PLUREL, Berlin, 2011.

[35] UNISDR. Global Assessment Report on Disaster Risk Reduction - Risk
and Poverty in a Changing Climate: Invest Today for a Safer Tomorrow.
United Nations International Strategy for Disaster Reduction, Geneva,
Switzerland, p.207, 2009.

[36] Cardona, O.D., Disaster risk and vulnerability: Notions and measurement
of human and environmental insecurity. In: Coping with Global
Environmental Change, Disasters and Security — Threats, Challenges,
Vulnerabilities and Risks [Brauch, H.G., U. Oswald Spring, C. Mesjasz, J.
Grin, P. Kameri-Mbote, B. Chourou, P. Dunay, J. Birkmann]. Springer
Verlag, Berlin, Germany, pp. 107-122, 2011.

[37] Mercer J., I. Kelman, L. Taranis, and S. Suchet-Pearson, Framework for
integrating indigenous and scientific knowledge for disaster risk
reduction. Disasters, 34(1), 214-239, 2010.

[38] Metzger, M.J., M.D.A. Rounsevell, L. Acosta-Michlik, R. Leemans, and
D. Schréter, The vulnerability of ecosystem services to land use change.
Agriculture, Ecosystems and Environment, 114, 69-85, 2006.

[39] McLeman, R. and B. Smit, Vulnerability to climate change hazards and
risks: crop and flood insurance. Canadian Geographer, 50(2), 217-226,
2006.

[40] Douven, W.J.A.M., M. Goichot and H.J. Verheij, Best Practice
Guidelines for the Integrated Planning and Design of Economically Sound
and Environmentally Friendly Roads in the Mekong Floodplains of
Cambodia and Viet Nam, synthesis report of the ‘Roads and Floods’
project (part of MRC-FMMP Component 2. MRC Technical Paper No.
35, Mekong River Commission, Office of the Secretariate in Phnom Penh.
143 pp, 2009.

1613



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue 5, May - 2014

1JERTV31S051933

[41] Douven, W.J.A.M, Douben, K.J., Goichot, M., Ngoc, H.M., Ruyt, M. van
der, and H.J. Verheij, Roads and Floods: Towards improved guidelines
for road development and reconstruction in the Mekong floodplains of
Cambodia and Viet Nam, 5th Annual Mekong Flood Forum, Regional
Flood Management and Mitigation Centre, Phnom Penh, Cambodia,
2007.

[42] ADPC, Incorporating disaster risk assessment as part of planning process
before construction of new roads; RCC Guideline 3.1, Consultation
Version 2.1, April 2008.

[43] M. J. B. Alam and M. Zakaria, Design and Construction of Roads in
Flood Affected Areas. Ali, M. A,, Seraj, S. M. and Ahmad, S., (Editors),
(2002) “Engineering Concerns of Flood” (Edited books)

[44] Federal Emergency Management Agency (FEMA). (1982). Design
Guidelines for Flood Damage Reduction. New York, FEMA.

[45] International Council for Scientific Union (ICSU-LAC), Science for a
better life: Developing regional scientific programs in priority areas for
Latin America and the Caribbean. In Cardona, O.D., J.C. Bertoni, A.
Gibbs, M. Hermelin, and A. Lavell (eds.), Understanding and Managing
Risk Associated with Natural Hazards: An Integrated Scientific Approach
in Latin America and the Caribbean, 2. ICSU Regional Office for Latin
America and the Caribbean (LAC), Rio de Janeiro, Brazil, 2010.

[46] Warrick, R. A., Bhuiya, A. H., and Mirza, M. Q, The greenhouse effect
and climate change, In The implications of climate and sea-level change
for Bangladesh , R. A. Warrick and Q. K. Ahmad, eds., Kluwer Academic
Publishers, Dordrecht, The Netherlands, 1996.

[47] Alam, M., Nishat, A., and Siddiqui, S. M., Water resources vulnerability
to climate change with special reference to inundation, In Vulnerability
and adaptation to climate change for Bangladesh , S. Hug, Z. Karim, M.
Asaduzzaman, and F. Mahtab, eds., Kluwer Academic Publishers,
Dordrecht, The Netherlands, 1996.

[48] Catherine T. Morgan, Kate V. Heal, Steve G. Wallis& Rebecca J. Lunn,
(2007) Assessing the effects of design and climate change on sediment
removal in urban stormwater ponds. Proceedings of Symposium HS2005
at IUGG2007, Perugia, July 2007. IAHS Publ. 314, 2007

[49] Morgan, C. T., Assessment of the design of stormwater ponds for flow
attenuation and water quality treatment. PhD Thesis, Heriot-Watt
University, Edinburgh, Scotland, UK, 2007.

[50] Juhola, S., 'Mainstreaming Climate Change Adaptation: The Case of
Multi-level Governance in Finland', in: Keskitalo, E. C. H. (ed.)
Developing adaptation policy and practice in Europe: Multi-level
governance of climate change, Springer, Dordrecht, 2010.

[51] Pahl-Wostl, C., ‘A conceptual framework for analysing adaptive capacity
and multi-level learning processes in resource governance regimes',
Global Environmental Change, 19(3) 354-365, 2009.

www.ijert.org

[52] Nicholls, R. J.,'Coastal flooding and wetland loss in the 21st century:
changes under the SRES climate and socio-economic scenarios', Global
Environmental Change, 14(1) 69-86, 2004.

[53] European Environment Agency (EEA 2012), Urban adaptation to
climate change in Europe

[54] Adger, W.N., N.W. Arnell, and E.L. Tompkins, Successful adaptation to
climate change across scales. Global Environmental Change, 15, 77-86,
2005.

[55] Haque, C. E., and Zaman, M. Q., Human response to river hazards in
Bangladesh: A proposal for sustainable floodplain development. World
Development, v. 21(1), p. 217-29, 1993.

[56] Khalequzzaman, Md., Recent floods in Bangladesh: Possible causes and
solutions. Natural Hazards, v. 9, p. 65-80, 1994.

[57] Keskitalo, E. C. H., ‘Climate change adaptation in the United Kingdom:
England and South-East England’, in: Developing of adaptation policy
and practice in Europe: Multi-level governance of climate change,
Springer, Dordrecht, 2010.

[58] Young, O.R., The institutional dimensions of environmental change. Fit,
interplay, and scale, MIT Press, Cambridge and London, 2002.

[59] Haddad, B. M., 'Ranking the adaptive capacity of nations to climate
change when socio-political goals are explicit, Global Environmental
Change Part A, 15(2) 165-176, 2005.

[60] Swart, R., Biesbroek, R., Binnerup, S, Carter, T.R., Cowan, C, Henrichs,
T, Loquen, S., Mela, H., Morecroft, M., Reese, M. and Rey, D., 2009,
Europe adapts to climate change comparing national adaptation strategies,
PEER, Helsinki.

1614



