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ABSTRACT

Land and water are cssential delinic [oodplain resources and their inlerdependence
necessitates an integrated approach for sustainable fand and water résources
management. Since 1980s, sustainuble development has become the key development
planning objective. However, detail procedure 1o achicve sustminable land and water use
as part of sustainable development in a deltaic fioodplain has been lacking.

In this sludy, there are two competing objcctives: socio economic improvement and
maintaining floodplain cnvironment. [lowever, there arc two constraints in attaining
these two ebjectives. Soclo economic improvement must ensure equiablc distribution
of land and water resources. To maintain lluodplain functions, the ccosystem in the
delaic floodplain should be safeguarded. The decision supporl framework has been
developed for suslainable lund and waler use, incorporating three objcetives,
maintaining floodplain {functions, improving socio econmmic condition and comphance
to constraints. Further, this tesearch developed the concept of “Inverted Pyramd®,
whereby, the present generalion is treated not only as uscrs, but also as custodian of
deltaic Moodplain resources for [uture generations.

In this sludy, feodplain functions have been defined for deltmc floodplain fo
characterize (he functions, a set of indicators (e.y. flooded arca, condition of wetland
habitat, change of monsoon/dry scason {low, change in infiltration arca, etc.} have been
developed. In addition to functions and physical indicators, 1o improve socio economic
condition, a set of social indicators have also been developed, including the availabilily
of foodgrain, employment opportunily, gross income, safe drinking water, ctc.
Thercfore, Tor sustainable land and water management framework, cight sub-objectives,
twenty-two critcria and thirty six indicators have been developed.

The devcloped decision support framework has been tested in the Jamalpur distrer, par
of the ©ld Brahmaputra and Jamuna floodplain. The constraints and opporwnities have
been calculated for four types of land and water use based on physical suitability, social
preferences, government policics and sirategies in ihe study arca. RS, GI5,
liydrodynamic and bydrological models were used to generate data for asscssment of
indicator values and objective criteria. For the study arca, three land and water use
options have been developed to test the sustainable land and water usc framework.
These options are, oplion A: autonomous development based on cxisting development
wends, option B: implementation of regional water management plan in FAP 3.1, and
option C: Balanced land and water use activitics developed in this study based on
policies and strategies assuming protecting floodplain environment as SOCIC CCONOMIC
improvement without degrading the ecosystem and continuing {loodplain function for
the future generation. These options have been evaluated through mult erireria analysis
{MCA). Option B scored the highest in achieving the objective of socio economic
improvemnent. On the other hand, option C scored much higher than oplhon B in
protecting floodplain environment through maintainine floodplain functions. To comply
with consiraints, Option C scored Lhe highest.

Finally, the suggested decision framework will be helptul to understand  the
interdependence of socio-cconomic, ccological and environmental resgurces in
developing an integrated management plan for suslainable fand and water management
in a deltaic floodplain.
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Chapter 1
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INTRODUCTION

1.1 Background

The world's largest delta, Bangladesh, is formed by three mighty rivers: Ganges,
Brahmaputra and Meghna, About 80% of the couniry is made out of uvers and
foodplains (Brammer. 2002}, In most parts, during the hotocene period, hnge sediment
load, tectonic subsidence, major seismic events and a near shore canyon system have
led to widespread sediment dispersal and formation of this delta (Goodbred et al.,
2000). Land and water are the essential natural rescurces for the livelihood n the
floodplain. Both these resources coexist and are interdcpendent. As a result, they should
be considered jointly for their utilization (Navalgund, 2002} 1o ensurc €CONQITS
development, social wellbeing and a sustamable environnient. The present pressure on
water, Tood and health facilities will further intensify with future population growih in
third world countries; a coordinated and integrated water resource managenent <ain

address these problems (Bouwer, 2002),

Sustainable development has become the objective of the world conmmumity for every
development scctor in the United Nation's Millennimn Development Goals (MDGs).
Susiainable development requires an i?tcgrﬂted approach in planning of resource
management, but there is no indication about the detail procedurc o achieve
sustainability As g result. these resources are over utilized without considenng their
sustainability. Al {hc same time, contaminants are continuousty released to the
enviromunent from differcat development activity. Society 14 alse penerating dillerent
comaninants that zre being released 1o the environment as shown in Figure 11, Onthe
other hand. environment is supplying different goods and services for the betterment of
the sociely Sustainable development cannot he achieved without considering the
rclationship between natural and human sysiem and the interdependency of resources.
hus harmonization in the use of resources is essential for sustamable resourve

management.



Socio-economic
Improvement

Contamination

ECONoMmie
Activities

Environment

. >
Over utilization of
resources

Figure }.1: Interaction between natural and human systemn
Sustainable resource management means nof only 1o produce goads and services for the
society bul also to maintain functionality of the environment. Risk and uncertainty,
which mainly depend on climate, demographic and other lactors have influence on
sustainability (Howard, 2002). The development and utilization of watcr resources must
be in harmony with economic development and environmental protection (Xucquan et
al, 2002). The econonic benefits provided (o human society from maintaining healthy
aquatic and riparian ecosystems, coupled with the high cost and difficulty of restoring
degraded ecosystems (Bernhardd et al. 2005) have fueled the prowing awareness that
privciples of ecosystem necd to be more fully intepraied into water resource planmag
and management (Polf, 2009). Further, for sustainable resource managemenl, equity
principle is the criterion [or distributive fairmess and impartiality in decision making for

resource use (Matheson et al , 1997 and Chowdhury, 2009,

In Dangladesh. large and medium Flood Control and Drainage (FCD) projects were
implemented by Bangladesh Water Development Board {BWDB). while Local
Government Engineering Department (LGED) implemented the smail water
management projects (less than 1000 ha). Following the devastating [lood of 1974, the
Carly Implementation Projects (E1P, 1975-1995) were started by BWDD. From the mid
1990s, LGLD implemented Small-Scale Water Resource Development Seclor Project
(SSWRDSP) in two phases. The major objectives of these projects was o increase

agticultural production, protection of environment and ultimately to reduce poverty. All

2



these projecis were implemented with an integrated resource management approach and
the goal was to improve quality of life of the people. However, equity was not
considered in this process and also safeguarding ccosystem and maintaining floodplain
functions (natural process) were not adequatcly addressed. W cllbeing camnot be
sustained without ensuring equity. Impact evaluation of these projects (Datia, 1999;
BUET et al., 2003 and BIDS, 2008) concluded that these projects wete implemented on
an isolated basis with no assessment ol averall effect on the Moodplain. Due to the lack
of following a halistic approach, the projcets contributed in increasing food productivity
by reducing damage from floods, but did not safeguard the ecosystem and {loodplain

furctions.

Land, water and ccosystem resources of Bangladesh are subjected 10 degradanon
because of exiensive use in conjunction with the lack of consideration of the
interdependence of land, water, eco-system and socio-economic development. In order
to take into account the interdependencies, integrated management of land and water
use is cssential pant of a nation's economic plan. A holistic approach requires balancing
the competing demands on the resourcc — domestic. agricultural, industrial. and
environmental (GWP, 2000). The National Water Policy (MoWRR, 1999 emphasizes
the need of combining water use and land use planning and consideration ol equity
criteria and ccosvstem needs. 1t indicates that water and land use planning should be

integrated but the process and procedure are not clearly ncntioned.

With an increasing pepulation pressurc, both land and water ase quickly becoming
critical and limiting resources 10 majntain economic susicnance for present as well as
future generational needs Thus resource planning. esperially, land and waler resource
needs carelul planning through an inlegrated management approach Land and water
has become critical elements in strategic resource planning and it's spatial and termporal
contral has become a decision criterion in the trade-off between sotio-econnmic
improvement and cnvironment. For sustainablc land and water resource, Decision
Support System (D38) is able address sirategies and scenarios, water resource system
simulation, user's demand and impact and assessment and cvaluation of management
options/sirategies for planning (EGILS, 20013, This research will develop a framework

to address these needs by using D3S.



1.2 Objectives with Specific Aims and Outcomes
The specific objectives of this study are

+ Develop indicators to charactenize the functions of deliaic Moodplain in arder 1o

assess the opportunities for land and water use activities.

« Formulate consiraints based on equity criteria for distributive fairness in the
management of land, waler and ecological resources in the rural area of deltaic

Tleodplain,

« Develop a decision support framework for integrated management ol land and
waler use in deltaic floodplain based on the principies of sustainable

development.

The expected outcome is a decision making framework f{or land and water use
management that takes into consideration the sustainability eriteria. It will be useful in
planning an integrated management of land and water resources in the deltaic

Nloodplam.

1.3 Limitations of the Sfudy

The ecosystemn and environmental conditions include quantity and guality parameters
and both arc important for the assessment of the conditions. Bul this rescarch only
include the quantity aspect. Equity is an cssenbal element for sustaimng any secio-
economic improvement, Social, cconomic and physical cnvironmentat components are
major pieccs for equity. The present study only locuses on the physical availability and

opporiunity towards equitable resource distribution.

All the physical, social and cconomic parameters are changing constantly and the
\ateractions between therm are also dynamic. In order Lo simulate the future conditions
perlectly, this dynamic nature needs to be considercd. Dul this research followed a

simplistic approach which did not incorporale all the dynamc interactions.

The available madels to simulate the floodplain environment include MIKE by D] and
SONFK by WL | Delll Hydraulics. The rainfall runoft components of these models
(rainfall-runoff model of SOBEK, NAM mode! of DHI MIKE) have limitations in
properly simulating foodplain hydrology and interaction between surface water and
groundwater in situations like rural aress of Bangladesh. As a result, basc [low

estimation has not heen done and the potential recharge has been caleulated using
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empirical formula. The flooding simulations for the research have been done with fixed
cross section data, which are highly dynamic in a floodplain and their hydro-
peomorphic conditions are alse constantly changing. In addition. variation in floodplain
sedimentation (Goodbred et al., 2000}, inconsistent distribution and constant natural
pracess as well as human activities will change the landscape and topography with time.

But in this research, the land elevation data has becn assumed constant.

1.4 Structure of the Thesis

This thesis comprises of six chapters starting with Introduction in Chapfer I. The
Literature Review in Chapter 2 describes the concept, delinitions, the key {actors in
achieving sustainable development and sustainable resource managemen, existing
models of sustainable development and the pressurc-state-response system. This chapter
also describes floodplain characteristics and functions, models and tools used in
decision support framework, decision support framework in resource management and
multi criteria analysis in decision making. Chapfer 3: Developrent af Decision
Support Framework for Sustainable Management of FLand and Water Use highlights
the research methodology where indicators and criteria for sustainable land and water
nse and deeision support lramework has been developed. This chapter also describes
data collection and data gencration by models for sustainable management of water use.
Chapter 4: Dexcription of Stidy Area gives a detail of the study area which includes
physical characteristics, socio-geonomic profile and environmental settings i1t the study
area, Turther this chapter discusses the problems and issues and also present land and
water vse in the study arca. Chapter 5; Applications and Tevting of Decision Support
Sframework explans the driving faciors, opportunities and the three options this thesis
developed for 2030, o cvaluate sustainable land and water usc. Thiv chapter also
exploins the cvaluation resubts of the constraints and indicators, Further, this chapter
explains the computational tool used for mult enteria analysis (MCA) and the results of
the multi criteria analysis, Lastly, Chapter 8 covers the Conclusions and the

Recopnmendations for fulure research.
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institutional change to ensure the continued satisfaction of human uneeds for

present and {uture generations.

Pearce et al. {1990) and Serageldin {1994), define sustainable development as “to
attend long term optimumn of socictal interest, economic welfare and a healthy

environment’.

According to TUCN, sustainable development is “improving the quality of human
life while living within the carrying capacity of supporling ccosystems” (1IUCN,

UNEP, WWF, 1991).

Government of Australia. defines ecologically sustainable development as “using,
conserving, and enhancing the communily’s resgurces 5o that ecological
processes, on which life depends, are maintained, and the total quality of life, now

and in the {urure, can be inergased” {Government of Australia, 1992).

Flint (2003} defined sustainable development as progressive SOCI0-CCONOMIC
betterment without growing beyond ecological carrying capacity: achieving
human wellbeing without exceeding the Larlh’s twin capacities for patural

respuree regencration and waste absorplion,

A study published by the World Bank (Serageldin & Steer, 1994) defines
sustainability in the comtext of capital theory. This study operationaliscd the
concept of sustainable development as “lhe total amount of capital in a society
should be non-declining at any time™. According to capital theary, there are [our
types ol capital:

{1) Matural capital: stock of ens ironmental assets providing a flow of goods and
SEIVICEs.

{2) Human-made capital fabticated capital such as machines, {actories, and
buildings.

{3} Human-capital: Jabour, skills, and other products of imvestments in education.

health, eto.

(4) Secial capital: the institutional and cultural basis of a society. Most of the
social capital assets can not be valued in monetary terms, as is the case of social

and professional networks or social norms (Hatlicld Dodds and Pearson, 2005



The four types of capital and flows between them are illustrated according to
Lorenz {1999) for a river context in Figure 2.1. Here, the capital flows should be
made for the development but total capital should not be declined. For example,
the production of economic gonds from non-tenewable natural tesonrces will
increase human made capital and decrease natural capital. That means, the natural
capital is substiluted by hunian-made capital. This type of substilution ameng
capitals results in a spectrum of possible sustainable states comnprising weak and
sironp sustainability as two exirCmes. According to Loreny (1999), for weak
sustainability, substitution of any capital speeifically natural capital has no
constraints whercas for strong sustainabilily, substitution of natural capital is
either not possible or at least severely constrained. However. there is criticism to

the approach regarding the percentage of natural capital that could be substituted

hy other capitals (Lorenz, 1959).
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Figure 2.1: An example of [lows between different capitals in the context of a river
(Source: Lorenz, 1999}

Capra (2002); and Costanza €t al. {1993); and Costanza (2001) definc an ecological

economics view of sustainability which is incvitably based in systerns thinking, They




present a systems conceptualization of sustainable development where natural, human,

inteliectual and manufactured capitals are transformed continuonsly one into another.

Nossel and Peet (2000) propose a framewark that analyses sustainability from a systems
science perspective. They argue that all systems have a number ol fundamentai
properties (or needs) determined by the environment the system cvolved in. These
fundamental properies are cxpressed as a set of basic needs that are constant. few and
classiliable, and all systems have these same nceds and the thing that changes in theiwr
path (hey are met. The lramework views he sustainability of a system as a function of
the degree 1o which the basic needs for thal system are met. Therefore. developing a set
of sustainability indicators involve measuring the level of the satisflers ol a particular

system against those required for sustainable development.

ince he Brundiland repori, sustainable devclopment has become the focus of
discussions and dcbates (Hufschmidt and Tejwani, 1993; Pearce and Warford, 1993;
Serageldin et al, 1993). Through debates, one {hing is clear that a more specific
definition is needed to help those engaged in development work 1o evaluate their efTorts
with respect 1o sustainability. All of the above delinitions recognize that sustainability
of activities that provide for human welibeing depends on the maintenance of
environmental functions which themselses, directly and indireetly, contribute to human
welfare. This refers 1o the capacity of natural processes and their components to provide

goods and services to satisfy human needs.

In 26072, the world summil on sustainable devclopment further marked the widely used
three pillars of sustainable development: economic, souial and cnvironmnent, The
Johannesbure Declaration created “a collective responsibility to advance and strengthen
the intcrdependent and mutually reinforeing pillars of sustainable development —
economic development. social development and cnvironmental protection — al local,
national and repional and plobal levels” (UN, 2002}, By acting under the principles of
sustainable development, our economic desires/demands become accountable both to an
ecolopical imperative to protect the ccosphere and o a social cquity imperative o

create equal access Lo resources and minimize human suffering.
SD Model

The concept of sustainable development can be represented by three circle modcl

{principal elements) of sustainability (Flint, 2003) as shown in Figure 2.2 These three



elements interact with each other continuously. As a result, we cannot make policies,
decisions anything without considering the effects and costs upon all three

simultaneously.

Vitality inlegrity

Figure 2.2: The Conceptual model of sustainable development (Source: Flint 2003)

According to Flint (2003 ) these three elements are described as [ollows,
o Feonomic Vitality (Compatible with Nature)

Economic vitality is development that protects andfor cnhances natural resource
quantities through improvements 1 management practicea/policies, technology.

efficiency, and changes in life-style.
« Ecologic ntegrity (Natwral Ecosystem Capacity)

Beologic integrity is defined as understanding natural system processes of
landscapes and watersheds to guide design of sound ecnnomic development

strategics that preserve these natutal systems,
. Social Equity (Balancing the Playing Field)

Equity derives from a concept of social justice. It represents a beliefl that there are basic
needs that sbould be luifilled, that burdens and rewards should not be spread {oo
divergently across the community, and that policy should be directed with impartiality,
rness and justice towards these ends (Falk J, et al 1993). Social Lquity guarantees
equal access to jobs (income), education, natural resources, and services resulting in
iotal socieral wellbeing. According to Flint, equity lies at the centre ol sustainable

development.
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21,2 Concept of Sustainable Resource Management

Suslainable management is an esscntial prerequisite fur any sustainable development
(Steiner and Helmut, 1999}, lior sustainable resource management, the critical word is
~sustainable” It means to develop, protect and manage natural resources in such a way,
which enables people and communities to provide for their present social, economic
and cultural well-being while simultaneously sustaining the potential of these natural
resources to meet future  generation neceds. Sustainability always includes a
consideration of the {uture and is ultimately rclated with the risk and uncertainty of the
future. Tt is obvious that the future generation needs cannot be same as the presemt
peneration. But it is very difficult to exact]y anticipate, what future peneration will want
or value. Therefore, sustainability concepts always argue that future gencration will
expect at least as much from these same resource base as the present generation do.
However, over fime as changes in demand becomes certain, plan and policies for
sustainable resources management should adapt with fulure changes. For suslainable
resource management, the use of the resources should be sustainable alse. Sustainable
resource use is defined as, the conservative use of a resource such that it may be used 1
the present and by future generations (Kentucky Divimon of Water. 1997). According to

Daly (1990}, the sustainable usc of patural resoutces has three implications:

(i1 Rencwable resources should not be cxploited al a greater rate than their

regeneration level

(i) Non-recnewable resources should not be depleted at a greater rate than the

developrment rale of rencwable substitutes

(iii} The absorption and regeneralion capacity of the natural environment should

nol be exceeded,

Land and waler resources aré two important natural resources of the foodplain. United
Nationz defines sustainability in terms of resource use, including water rcsource usc
{UN, 1991). So, management of these two Tesources are crucial in mininuizing resource
degradation, rehabilitating degraded resources and ensuring optimal use of these
resources for the benefit of both present and [uture generations. Sustainable land
resource management requires collaboration and parnership among land users,

technical experis and policy-makers to cnsure {hat the causes of degradation and
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corrective measures are propetly identified, and that the policy and regulatory

environment enables the adoption of the most approptiate management mMCasures.

Rath rapid population growth and the substantial uncerainty in projecting future water
resource availability in the face of climate change (Vardsmarly et al. 2000; Miily ¢t al.
2008) are encouraging cxpanded water rcsources planning and development.
Falkenmark (1988) focuses on the role of water plays in sustainahle devclopment. She
\dentifics various conditions of sustainability such as soil permeability and waler
retention capacity have 10 be secured to allow rainfall to infilteate, {ish and other aqualic
biomass have to be preserved and remain edible etc. There are scveral definitions of
sustainable waler resources. UNESCO/WMO define water resources as the "waler
available or capahle of being made available, for use in sufficient guantity and quahty
al a location and over a period of time appropriate for an identifiable demand"
(UNESCO/WMO, 1992). Whereas, sustainable water resource systems are those
designed and managed to fully contribute to the objective of the society, now and in the
Future, while maintaining their ccological, environmental and hydralogical integrity
{T.oucks, 1997, ASCE, 1998 UNESCO, 1999). Numerous sustainability criteria have
heen developed to asscss the sustainability of water resources. Hashimaoto ef af. {1982).
proposed a sct of criteria for evaluating possible performance of water resource system
based on risk criteria related to reliability, resiliency and vulperability (R-R-V) Others
ke Mautheson ef @l {1997), proposed a criterion based on inter-and-intra gencrational
cquity. As sustainability 14 a function of various economic, environmental, ceological,
social and physical goals and objectives, water resource management must involve
mulli-objective tradeoffs in a multi-disciplinary  and mwlti-participatory decision
making process {Loucks. 2000). To Move from vision 1o action, an important procedue
is o make operational mid-to-long-term Waler resourte planning according to real
cocio-economic development (leng, 2001} To change the social and institutional
components of water resource management system is often the most challenging
because this involves changing the way individuals think and act. Individuals arc
primarily responsible for and adapting to changing political and social situations,
Sustainability requires that public and private instititions also change over time in ways

that are responsive to the demands of individuals (Viessman, 1998).
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2.1.3 Key Factors in Achieving Sustainable Luand and Watcr Use

There are somc key factors for achieving sustainabic development. The details about

the factors are as follows:

Balancing environment and socio-cconomic improvement: Economic development
must be achicved in an environmentally sustainable manner. The challenge is to sirike &
balance between socio-economic improvement and degradation of envirommeni, These
two areas are closely interrelated, and if either of them s neglected, the chances are that

the repercussions will be felt on the other.

Intcgrating resource usc activities: Natural resources should manage in a way so that
opportaniiies for future resource uses are maximized and also ensure the maintenance
of ecosystems. Land, water and biomass resources arc currently under pressurc in the
context of highly competing and often conflicting demands from an ever increasing
population. Integrating natural resource management activities inclusive of watcr, land,

and biodiversity is crucial for sustainable land and water use.

Developing resiliency against natural hazards: Resilicnce is the ability of a system to
maintain its most important processcs and characteristics when it is subjected 1o
disturhance. Resilience is measured by the magnitude of disturbance that can be
ahsorbed before the system redefines its structure by changing the variables and
processes that control behavior (Coller, 1997}, Prolonged fnilurc or disturbance event
with a slower recovery procedure can causc serious implications to lhe sysiem
{Hashimoto et al., 1982} Usually resilicnt system daes not collapse casily {Bruijn,

2004).

Nalural hazard is the most common threat that will have a ncpative effect on people or
the environment. To be havard resilient, a socicly need a condilion when the fiequency
and severity of threats docreases over time and in which our cnvironment and
ccosystems are being managed in & way thal prepares people to handle stress when it
oecurs, Thus, the provention, management and control of very extreme events hove a

high pricrity in the achicvement of sustainability.

Ensure equitablc resource distribution: Equity involves the degree of faimess and
inclusivencss with which resources are distributed and ppportunities aflorded. Tt
includes the pravision of comparable opportunities of employment and social scrvices,

including cducation, health and justice. Significant issues related to the achicvement of
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social equity include poverty alleviation; employment and income distribution
including subsistence activity; gender, ethnic and age inclusiveness, access to financial

and natural resources; and intergenerational opportunity.

Safegnarding ecosystem functions: Pelorson ct al. (1998} proposed a model that
relates biological diversity, resilience and scale. The madel siates that the relationship
between ecosystem stability and species richness varies with the depgtee of overlap that
exists among the functional reles of different speeies and the amount of ¥ ariation n the
impact of the functional role of each species in the ecosysiemn. The resilience of
ccosystems would depend upon the distribution of functional groups within and across

scales.

In addition to the ecological interpretation of biological diversity therc is also a socictal
interpretation, most often called biodiversity. Human interest in odiversity relales to
the lite support function and the supply of goods and services, such as the provision of

food, medicine, fucl ete.

Improving socio-economic condition: Human beings use natural resources for
difforent activities for their livelihoods. Censequently, the natural systemn is being
disturbed. The wntervention of human being on natuial system through development
activities are considered as the prime cause of environmental degradation. To comhat
environmental degradation, ‘Sustainable Resource Management’ is the only way

through which both ens ironmental and human needs can be fulfilied,

The present development trends focuscs muinly on improving socio-economic
condition of people. According to Ellis and Allison {2004). protection of livelihoods
depends on the availability/sustainability of: human capital (skills, education, health}.
physical capital (produced mvestment poods), financial capital (money, savings, loan
aceess). natural capital (land, water. trees ctc.), and social capiial (networks and
associations). Jlowever, these capitals/assets arc interconnected and interchangeably
aflecting the socio-economic condition of the Noodplain dwellers. Thus, floodplain
rosource management should be focused on these 1ssues, For instance, livelihood
diversification (1.c. meeting the needs of human using alternative assets based on nisk
and vulperability) is a way of achieving livelihood sustainability through which

resource overexploitation would be reduced. In Bangladesh, people are dependent on
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single crop (boro) to meet the increasing foed demand. However, crop diversification

can increase crop productivity as well as resilience of farmers.

2.2  Pressurc State Response System for Sustainable Resource Manapement

The resources of floodplain areas arc mainly land and waler resources. These resources
have various usages. Socio-economic pressure on foodplain resources have increased
dramatically due to increase population, industnatization and economic growth, The
aver use of goods and services provided by land and water resources has negatively
impacted the Nloodplain ccosystem and its resources through loss of natural wetlands,
decline of water qualily, species extinction ete. The pressure exerted on floodplain
resources by humans and comresponding responscs can be explained by frameworks for
sustainable resource management indicators. The use of frameworks is essential as they
assist in developing and reporting on indicators in a logical fashion so (hat key 1ssues
can be readily identificd and summarized (Gouzee et al., 1995; Walmsley and Pretorius,
1996). There are two main types of frameworks, economic and physical cnvironmental
frameworks. Several physical environmental frameworks have been developed to
measure the interaction between humans and the environment. The most cormnmonly
used [rameworks are the Pressure-Stale-Responsc (PSR) framework and the Driving

forces-Pressure-State-impact-Response (DPSIR) framework.

‘The PSR framewark follows a cause—effect societal-response logic {Walmsley, 2002).
Figure 2.3 represents the PSR framework as illustrated by Walmsley and Pretonus
(1996}, According lo Walmsley (2002), indicalors are divided into three categories

within the [rameweork:

. Tressure indicators that measure the pressures that arc exerted on resourees and
ccosysiems  fromi human  activities (e g. emissions. consumption. and

wiilizaticn);

. Statc indicators that assess the condition of the resource or ecosysteimn as & result

of the pressures, and

+ Response indicators that refate to the socielal responscs via policies, laws,

programmes, research etc,
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Figure 2.3: Pressure-State-Response framework {Source: Walmsley and Pretorius,
1996}

Figure 2.3 illustrates two separale sub-systems: human sub-system and environmental
sub-system. The human sub-system comprises of economic and population sub-systems
and they interact through labour, goods and services among them. While the
environmental sub-systems, comprises of chvironmental compartments and ecosystems.
The human activities and processes create pressures on the environment in the form of
pollution and resource depletion. The pressurcs can result in changes (o the state of the
environment. Measurcs of how society responds to these changes include institutional,
legal. or (inancial measures or changes in management strategics and policy (Walmsley

and Pretotius, 1996).

The PSR framework was lurther developed inlo the DPSIR framework. This framewaork
has five indicalor categorics (driving force, pressure, state, impact, and response} Lhis
same framework provides an overall mechanism for analyzing environmental problems.
The two additional indicator categories can be explained [rom Walmsley (2002) as

Tollonws,

» Driving forces are the human influences and activitics that, when combined with

epvironmental condilions, underpin environmental change.
« Tmpacts are the results of pressures on the current state.

In DPSIR framework, the different indicator categaries cover the vanous aspects of an
environmental issue as illustrated in Figure 2.4 according to OECD (1995) and ¥YRDC
{2001).
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From Figure 2.4, it can be seen that driving forces (industry and transpert) produce
pressure on the environment, such as pollution anti emissions. As a result, environment
gets degraded which affects human healih and eco-systems, causing society to respond
with various policy measuores, such as regulations, information and taxes, which can be

directed to any part of the system.
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Figure 2.4, DPSIR framework (OECL. 1993 and VRIIC, 2001)
2.3 Floodplsin Characteristics and Functions

2.3.1  Floodplain Formation

Floodplains can be defined from several different perspectives, As a topographic
calegory it is quite Mat and lies adjaccnt to a sireant. pecomaorphologically, it is a
tandform composed primavily of unconsohdated depositional material derived from
sediments being transported by the related stream; hydrologically, it 15 best delined as a
landforn subject to peiiodic flooding by a parent strcaun. A combination of these
characteristics perhaps comprises the essential criteria lor defining the floodplain
(Schmudde, 1968). Simply, a [loodplain iz defined as "a strip of relatively smooth land

hordering a stream and overflowed in times of high water™ (Leopold et al, 1964)

Floodplains are extremely complex bionetworlk, which are continuously transforming in
response to physical and social inllucnees. Floodplains form in response 10 a range of

processes including climatic and crosion forecs arising from {loods and the deposition
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of sediment transporied from catchments. Floodplains may undergo a variety of
geomorphological changes and ils shape largely depends on the deposition and erosion
during floods. The size of floodplain is determined by the frequency and amount of
water flowing through it. The two fundamental types of deposits that make up a
floodplain arc the point bar and the overbank deposit as described in various literaturcs
{Fennemar, 1906; Melton, 1936; Mackin, 1937; Happ, Rittenhouse and Dobson, 1940;
Challinor. 1946; Fisk, 1947; Jahns, 1947). Thesc two lypes may respectively be
described as deposits of lateral and vertical acereton of the river system {Wolman and
Leopold, 1957). The lateral and vertical aceretion processes are shown schematically in

Figure 2.5

Tateral accretion: Dcposition within a | Vertical accretion: Sediment dcposition
channel, as it migrates from overbank flow

Meandar bencd
— Quisida Inzide —

Erasitn Depoziion —
7 |

Remaved .
by erosian Lateral
acicratiin

Present ground

gurface Verical accretion

el
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Figure 2 5: Floodplain formation processcs of lateral and vertical accretion
The lateral accretion is the deposition within a channel as 1t migrates due to meander
scrolls of the meandering river but can also occur as braided channels shift location as

shown in Figure 2.6.

1 he vertical aceretion may oceur in three major forms: deposition on natural levees. in
splays and in lood basins, The natural levees arc the low ridges bordering stream
channels and arc often coarser grained than rest of the (loodplam. Splays are fan-shaped
deposit, which are formed by decp. fast flowing water spitling out of channel and
generally oecur at breaks in natwral or artificial lovees. The sediment in splays 13
predominantly bed load. The (eod basin is the low area, far from channel where water
is ponded during and after floods and the deposit comprises [ine-grained suspended
load (clay and silt) that slowly drops out of still water. Miller (2010}, illustrated the

vertical accretion process as presented in Figure 2.7,
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Figure 2.7: Yertical accretion due 10 overbank [low of river {(Miller, 2010)
The floodplain formatian process continues with time and its elevation increases due o
overbank deposition. Wolman and Leepold (1957) developed a hypotbetical curve
(Figure 2.8) of foodplain clevation against time for Brandywine creek at Chadds Ford,
Pennsylvania, USA. Hassan et al. (1999). developed a similar ¢urve for Brahmaputra
river Moodplain char (Figure 2.9). From the figures it can be scen that, rpid floodplain

formation occurs in first ten years at Brundywine creck while the same pheromena
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occurs at Brahmaputra [oodplain in first six years. Afterwards, this rate slows down to

a constant rate in the Brahmaputra floodplain.
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Figure 2.8: Hypothetical formation and rate of increase in Noodplain
elevation (Wolman and Leopold, 1957)
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Fiaure 2.9: Relation between elevation and age of Brahmaputra Tloodplam
chars (Hassan ct al., 1999}

As the frinpe between land and water based ecosystem, floodplains provide habitals for
plant and animal communilies, ranging from semi-aquatic to those on the margins of the

floodplam.

Based on the physiographic features, five kinds of floedplain are classibied, such as,
active river floodplains, meander floedplains, piedmont plains, estuanine floodplains
and tida! floodplains, Active river floodplains are the youngest alluvial land within and
alongside the main rivers which is subjeet to alternate deposition of new scdiments and
erosion by shifting of channels within thc main river course. Meander floodplain 15
relatively stable landscape wilh complex patterns of curved ridges (former river banks),

basins (back-swamps) and cut-off channels, crossed by a {ew active nver channcls
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(tributary or distributary channels of the main rivers). Piedmont plains are gently sloped
tand at the foot hills where colluvial and alluvial sediments are deposited by rivers and
streams subject to flash flood. Estuarine floodplains are smooth, almost level land with
few or no river channels. Tidal foodplains are crossed by innumcrable Gidal rivers and
creeks. Under natural conditions, the land is subject to flooding with silty water at high

tide.

In Bangladesh, three distinct types of flondplains are observed {I'AP 24, 1995). 'L hese

A=

Aetive floodplain comprising natural levee and chars The active floodplains of
Bangladesh rivers are the most dynamic regions with high bank ercsion rates and

channel migration.

Seasonally drained floodplains or back swamps: These arc adjacent topographically
lower areas which work as storage basins with low flows both in transversc and
longitudinal directions. These areas arc mostly characterized by alluvial silt and clay
deposits, Fine sediments are deposiled in these arcas through vertical accretion. The

back swamps are at least a few decimeters lower than the natural levees.

Standing waterbodies and maorshes, Standing waterbodics or marshes belong to
topographically depressed arcas known as haors, baors and beels with neghgible flows.
The otal standing waterbodies in Bangaidesh are about 1,236 km®, 60% of which is
located in the Haor basin in the normth-eastern part of the country. Haors arc the large
basing comprising ‘Df several small and large depressions, called beels. There are
seasonal and perennial beels, which during the monsoon may heeome a single bady ol
water together with the river, and remain under water for about hatf of the vear. During

winter, waler begins 1o recede 1n these walerbodies, concentraling in the beels.
2.3.2  Characteristics of the Floodplain

Floedplain Hydrology: Floodplain hydrology is mainly governed by spill from river
and Rooding by precipitation. The transformation of precipitation into runoff is a
complex process, influenced by a numerous climatic and physiographic factors. The
precipitated water may be intercepted and taken up by plants; it may be stored in small
depressions or lakes; it can infiltrate (he soil; and it can {low over the surface o a

nearby stream channel. This process 1s shown in Figure 2.10.
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Figure 2.10: Flow movement in a {loodplain
Rainfall and river (looding are the principal sources of water in the floodplains. Some
of the precipitation that falls is lost as interceplion, due to infiltration and other
abstractions. Large portion of the falling precipitation is added to the existing surlace
storage in ponds, beels, haor, baor ete. The bunds surrounding agricullural lands help to
store rain water on the surface. When this water excecds the storage capacity it
overflows and goes to stream as overlund flow. As rainwater reaches the land surface, it
can infiltrate throngh pores hetween soul particles and reach the proundwater. A portion
of the ground warer, flows to stream as hase flow. The river water flows to the land as

Nood water when il goes over the bank,

Habitat and ceology: Floodplains support a range of valuable terrestrial and aquatic
ecosystems. The margins of floodplains provide habitats for plant and animal

communities specialized 1o take advantage of this land - watcr interface.

The California department of water resources (2005) identified four major types of
habitats for the Noodplain management These include aquatic, riparian, wetland and
upland habitat. The aquatic habitat include areas that have standing or moving water at
some time during the year, such as rivers, strcams, lakes, ete. The riparian habitats are

areas that border rivers, streams and creeks and typically include the channel banks and
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over bank areas. Wetlands comsist of special aquatic areas which olten develop in
transitional zones between aqualic and riparian habilats, 1 hese arc either permancntly
or seasonally wet and support specially adapted vegetation and wildlife. Uplands are
not the part of a floodplain but integrally hinked with it. Upland habitats extend beyvond
the riparian habitats up to the top of the ridges separating watersheds. ITuman activitics
in the uplands can have profound cffects in downstream Noodplains. For example,
increasing upland urbanization increases the amount of runoff and decreascs the ume

necded for its discharge to the Noodplain,

All of these habitats, along with their underlying physical, chemical and moelogical
procesacs, make up the structure of floodplains, Figure 2,17 provides 4 conceptual

i ustration of these habitats and how they everlap (alter CPA, 1989).
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Fipure 2.11: Floodplain habitat (Source: AL 1989)
Based on hydro-geomorphic characteristics floodplains are claswificd into three types.
Lhey are bankfull, active flondplain and terrace Bangladesh i¢ an active and dynamic
delta. Fvery 1-2 year flooding 20-25% ol (he country is regularly flooded and in an
extreme case 70-80% of the country may be inundated in one in 100 year flocding.

Whereas, in case of other floodplains, 5-10% may flooded in one in 100 year looding.

Groundwater and surface waler are linked and interdependent. Any change in
groundwater will affect surlace water and vice versa. For example. excess extraction of

groundwater might lead to reduced base flow.

Ecosystem is a major resource of a floedplain and provides various services to people
(Costanza, 2003; Emerton & Bos. 2004; Pearce et al,, 2006). The ecosystem Services

are a subset of scrvices provided by environmental flow. The services from

a3



environmentat flow comprises of flow services (e.g. flushing of sediments, support {0
navigation) and ecosystem services via ecosystem functions. The availability of
ecosystem services through ccosystem functions depcnds not only on environmenial
flow but also on the cultural, socio-economic and technical setting (Korsgaard, 2000}
The influence of fow on aguatic ecosystem functions has been propused by Bunn and
Arthington {2002) by means of four flow-related key principles. These principles state
that aquatic habitat availability, biotic compaosition and evolution of aquatic species
depends on natural {low regimes and their connectivity while alteration of flow regimes
coniribute to changes in habitat and species composition in a ecosystem. According 1o
several researches (Poff et al., 1997: Posicl & Richter, 2003 Tharme, 2003), the
sustainability of an ecosystem is influenced largely by natural flow rcgime of a river
(comprising the five main components of variability, magnitude, frequency, duration,

timing and rate of change).

Floodplains are supposed to be flooded regularly. Duc to huge population pressure,
peoplc are even living in the river corridors It is estimated that & million people are
living within the braided belt of Jamuna (FAP 16, 1995). This huge population in the

floodplain is vulnerable to natural disasters.

Bangladesh being an active delta, it is very sensitive to any change/development or
human intervention. Suppose a new landmass is forming by regular flooding and
deposition of sediments But due to consleuction of an embankment its natural process
of development might be hindered, For example, BWDB has constructed 10,000 ke
cmbankments and thousands ol regulators to metease smitable land for agriculiure
production by proecting the land from fooding. storm surge and salinity intruson,
Whereas, Agriculture Ministry’s main farget s 1o mcrease food grain production by
introducing high yielding varietics, application of chemical fertihzers, pesticides and
use of modern technology. On the other hand, RAD and LGED are construciing new
roads for improved communication and access o markets. The major target of all these
depariments is poverty alleviation. Unfortunately, these sectoral departments are all uni-
focused instead of being multi focused. They lack cooperation and integration among
them. As a result, none of these development activities can praduce goods and scrvices

as targeted.

Land and water use have to be planned and development plans should consider the

sensitiveness of the deltaic floodplain to any change. Resource management should
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look at productivity as well as regeneration function for sustainable management of
resources. Finally, integrated land and water resoutce management plan is crueial for

suslainable resource management.

Fioodplain Resources and its interactions: Land and water are the two 1mportant
Noodplain resources. [and is a delineable area of the earth's terrestrial surface,
encomprassing all atiributes of (he biosphcre. The components of the natural land can be
tenmed as land resources, including physical, bionic, envirenmental, nfrastructural,
social and economic components, in as much as they are fixed 1o the land unit, Land has
direct and indirect linkages with human being in every sense such as production system,

cconomic, social and cultural activities.

Water resources are sources ol water that are useful or potentally useful to hurnans.
Many usage of water include agricultural, industnal, domestic, recreational and
cnvironmental activities. 97% of water on the Earth is salt water, leaving only 3% as
fresh water (Gleick, 1996a). Out of these 3%, 68.7% is frozen in glaciers and polar ice
caps and remaining unfrozen freshwater is mainly found as groundwater (30%), with
only a smali fraction present as surface water (0.3%) or in the air (Gleick, 1996a).
Surface water is water in rivers, khals, lakes and wetlands, The tota! amount of surface
water in the world is distributed 1n Lakes (87%), Swamps (11%4) and rivers (2%)
(Gleick, 1996a). Surface water is naturally replenished by precipitanon and lost through

discharge to the cceans, evaporation and groundwater seepage.

The total quantity of water in a system at any given time is dependent on many faclors.
These factors include storage capacity in lakes, wetlands and artificial reservoirs; the
permeability of the sml beneath these storage hodies; the runoil charactenstics ol the
lund in the watershed, the timing of the precipitation and local cvaporation rates.
Human can often increase storage capacity by constrocting reservoir and decrease it by
draning wetlands, Runoff quantities and velocities are often increased by paving arcas

and channelizing stream flow.

Soil moisture s the water that is held in the spaces between soil particles. Surface soil
moisture is (he water that is in the upper 10cm of soil wherzas root zone soil moisturc is
the water that ;s available 1o plants, which is gencrally considered to be in the upper
200c¢m of soil, And the process of water cntering into the soil is called infiltration, The

rate of infiltration is maximum when the soil has stable structue and continupus pores



to the surface. A low rate of infiltration is often produced by surface seals resulling

from weakened structure and clogged or discontinuous pores.

Groundwater is water which may be flowing within aquifers below the water table.
Groundwater is recharged from, and eventually flows to, the surface naturally; natural
discharge often occurs at springs and sceps and can form ©ases or Swamps.
Groundwater is also often withdrawn for agricultural, municipal and industrial use

through man-made wells,

CGroundwater is paturally teplenished by surface waler from precipitation, sireams, and
rivers when ihis recharge reaches the water table. It 1s estimated that the volume of
ground water js fifty times that of surface freshwater; the icecaps and glaciers arc the

only larger reservoir of fresh water on earth

Usable groundwater is contained in aquifers, which are subterrancan areas (or layers) of
permeable material (like sand and gravel} that channel the groundwater's {low.
Typically, groundwater is thought of as ligaud walter Nowing through shailow aquifers,
but technically it can also include soil moisture. permafrost (frozen soil), immobile
water in very low permeability bedrock, and deep geothermal or oil formation watcr.
Groundwater 1s believed to provide lubrication and buoyancy that allows thrust faults to

mMove.

Natural resources are very much inter-related and inter-comnected. Included in the land
resources are surface and near-surface freshwater resources Pant of this moves through
successive land unit. T he loval flow characteristics can be considered as part of 1the Jand
unit. The linkages between water and land are so intimate al the management level that
the watcr eiement cannot be exeluded. Land as a unit 15 intermixed with watcr, with its
land use in part depending on access 1o that watcr, and at the same time, the unit is

affecling the qualily and quantity of the passing water,

At the throshold of the tweaty-first century, widespread poverty. food insecurity, and
environmental degradation cause scvere human suficring and threaten o destabilize
global, regional, and national economic and ecological conduions (Andersen and Lorceh,
1998). Due to unplanned and extensive use of land and water resources by humans,
these resources arc depleting at a faster rate. There is a rapid degradation of the
environmental conditions. In Bangladesh, emphasis has been placed on crop

production, as the growing population demands mare food (Nishat, 2003). To meet this
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increasing demand mere land has been brought under cultivation. In addition to this
horizontal expansion, High Yielding Verities (HY V) were introduced to increase both
intensity and yield. In the dry season cultivation is carried out by applying irrigation.
flence, it led to more usage of fertilizer and water usage for irrigation. Figure 2.12
shows the yearly fertilizer use scenario based on data from Bangladesh Burcau of
Statistics (BBS). From the figure, it can be noted that in 1981 around 60 kg ferlilizer
was used for producing per metric ton of rice whete as in 2004 this amount increased to
150 kg. Therefure, fertilizer usage is mote than double within this time period. But the
productivity did not increasc at the rate of increase in fertilizer use. This may indicate
the degradation of the soil productivity due fo increased application of femilizer. This

soil degradation may also be due 1o the lack of Nushing from Neod waler.

mietricbon Rice

Fartilizer Wsed (kg) for producing per

Figure 2.12: Fertilizer use scenalio in Bangladesh
Tn addition to soil degradation, cxcessive use of fertilizer deprades water quality. On an
average 372 kg of urea is applied w per heclare of agricultural land and 5.35% nitrogen
of this fertilizer has gone to watetbody causing eutrophication which means loss of

aquatic habitat,

Unplanned land use also causes water pollution, The chicf sources of water pollution 1n
the urhan areas are urban runoff, domestic sewage {(most of which 15 untreated), and
untreated industrial ¢ffluents including heavy metals (from tanneries). The water of
Buriganga viver is senously polluted by discharge of industeial efllucats into river
water, indiscriminate throwing of houschold, clinical, pathological & commercial
wastes, and discharge of fuel and human excreta. Up to 40,000 tons af tannery waste

flows into the river daily along with sewage (IEDS, 2003). In fact, the river has become
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a dumping ground of all kinds of solid, hquid and chemical waste mainly in and around

uthan population centres.
2.3.3 Floodplain Functions

Floodplains perform a muttitude of compiex Functions that provide basic ecological
support within the floodplain as well as valuable goods and services to society.
According 1o Scodari {1997} Lee (1994) and ESCAP (1994}, the functions of

Aoodplains inciude both water and land related functions.

The water resources functions of floodplain are hydrological functions, envirommental
functions, ecological {unctions and socio-economic functions. Hydrological function
includes maintaining natural channel processes and flows. Floodplains allow chanmels
to maintain the natural processes like movement, migration, redundant old channel and
maintain the whole momphelogical processes. Floodplains support and maintain Now
movement during dry and wet season by natural levees and channels. Floodplains
perform a wide range of functions such as basc flow maintenance, detention of (locd
low, and recharge of groundwater, Floodplains store water on the surfaces in (orm of
20il moisture and in the groundwater aquifers. It manages the channel flows by
providing increased area to spread water and resistance to flows wilh vegetation and

helps in groundwater recharging through infiltration and percolation.

Bnvironmental functions include maintaining quality of water, soil and air. Floodplain
vegetation and soils (especially those associated with wetlands) serve as water filters by
rrapping hutrients and (oxic substances, intercepting surface water runofl butore it
reaches the lake, stream or river, Flood flows leave nuttient rich sediments over the
Noodplains which improve soil  guality for betier agriculmral produclion and
environmental puposes. Vegetation on floodplains can improve air quality by
photosynthesis. which removes carbon diowide from the wir and returns oxygen.
Vegetation can also absorb ocone, sulphur dioxide, carbon monexide, and airborne

particles of heavy metals

Maintaining plant and wildlife habitats iy ceological function. Floodplains mantain
diversc plant and animal communities. Hvdrolegic and vegetation diversity provides
important testing, feeding and nesling areas for many species. River corridors are

frequently used as flyways for migrating birds. Aquatic and wetland atcas provide
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habitats for fish. Inundated floodplaing are important nursery and fecding areas of

juvenile fish and other aquatic lifc.

Socio-economic fonctions of water resources 1n a floodplain mainly include
maintaining water supply and sustaining agricultural food production. In addition lo
flow management, (loodplains maintain water supplics by providing opportunities of
water use from the surface and groundwaler storage. Water could be used for domestic,
agricultural, indusirial. commercial and recreational purposes. Floodplains provide
areas for agricultural food production and helps in making the agricultural land fertile
by depositing silt and supplying immigation water. Az a result, productivity increases

which leads to more food production.

The tand resources provide various functions as part of the loodplain, These functions
consist of maintaining production and life support, providing hahitat and living space,
acting as storage etc. Land is the basis for life supporl systems, through the preduction
of biomass that provides food, fodder, fibre, fuel. timber and other biotic materials lor
human use either directly or indirectly. Land resources facilitate in maintaining
terrestrial biodiversity by providing the biological habitats and gene reserves for plasts,
animals and micro-orpanisms. above and below ground. Land is a storchouse of raw
materials and minerals for human use. Land provides the physical basis for human
settlements, industrial plants and social activities such as sports and recreation {the

living space function).

2.4  Decision Support Framework (DSF)

Decision Support Systems (DSS) has been developed and applicd for solving problems
in maty seclors over past few decades {Fedra and Loucks, 1985; Koch and Allen. 1986;
Or, 1991). 1ISS is defined as a computer system (hat helps to make decisions more
effectively Tor semi-structured problems such as, water resources management {Barbosa
and ko, 1980). The concept and theories ol DSS has been developed from two major
research ficlds. The first, a theorctical rescarch of orgamization decision-making at
Camegic Institute of Technology in USA during 50's and early 60°s (Sunon, 1976).
The second, a technical work on interactive computing systems carricd oul mainly at
the Maszsachusetts Institute of Technology (MIT). USA in 60's {Keen and Moerlon,

1978). At the carly stage, the DSSs werce termed as Intcractive Computer Systems
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(Keen and Merton, 1978; Loucks ot al., 1985a,b), and later il was titled as Decision

Support Systems.

Decision-making is general hulman activities performed in everyday life. Mel.eod
(1995) identified four phases of the decision making process for solving problems such
as {2) searching the environment for conditions calling for a solution, (b) investigating,
developing and analysing the possible course of actions, (¢) selecting a parlicular course
of action from the above actions, and (d) assessing the selected particular course ol
action and/or past choice. Thesc phases are similar to the previously developed Simon’s
famous model for the decision making process which had three phases: intelligence,
design and choice {Simon, 1976; Power, 2002). This model has been broadly accepted

as one of the base decision making models (MeLeod, 1995: Srinivasan ¢t al., 2000).

Decision making process depends on the type of problems. The problems can be
structured, serni-structured and non-structured. If deeision algorithms or rules are found
for the above first three phases of the decision making process of a complex problem, as
described by McLeod (1995), then the problem can be termed as structured. On the
other hand. a semi-structured problem consists of ong or two structured phases of the
above three phases. A non-structured problem has no structured phases. Water resource

and land use management are considered as semi-structured problems,

Beller conceptualization of the problem is crucial to develop appropriate system 1o
solve the problem. For instance, a Management Information System {(MIS) can be used
for struciured prohlems, an Fxpert System (LS3) far non-structured problem and a TISS
for semi-structured problems (Keen and Morton, 1978; McLleod, 1995, Sprague and
Watson, 1996: Sauter, 1997). Nevertheless, there are some exceptions where one type
of syslem may be apphed to solve different structured moblem, For instance, DSS can

be appiied Lo solve non-stractured problems (Watkins and McKinney, 19943,
2.4.1  Delinitions and Components

The concept of PSS was developed by differcat researchers with difterent views. Gorry
and Morton (1971) defincd DSS, as a system that supporls managerial decision makers
in making decisions of unstructured or semi-structured decision problems. Silver (1991)
defined a DSS as a computerized information system for making decisions for seom-
structured problems. Barbosa and Hirko {(1580) stated that DSS can be used to selve

unsiructured or semni-structured problems. A more comprehensive definition of DSS 1s

30



given by Ginzberg and Stohr (1982). They defined DSS as a computer—based
inforrnation system to support decision making activities in situations where it was not
possible to have an automated system for performing the whole decision process.
Similar concepts have been provided by Simonovic (1998) and Sprague and Watson
(1996) with explanation of guantitative models and database elements needed for
solving problem With respect 10 water resources management, Watkins and McKinncy
(1994} stated that a DSS is an intcprated, interactive computer system, consisting of
analytical toels and information management capabilities, designed to support decision

makers in solving relatively large and unstructured problems.

Similar to the development of DSS concepts, components of DSS arc defined by
differcnt researchers. Sprague and Watson {1996) identified that the major components
of DS include a database, models, and a software systemn Ihat allows the user, via an
interface, access o database and moedels. These components are also supported by
Johnson (1986), [.abadie and Sullivan (1986) and Hopple (1988). A combination of
Gengraphic Information Systems (GISs) and DSS. which is termed as Spatial Decision
Support System (SDSS), has been develaped by Walsh (1993) to solve problems with
spatial dimension. This SDSS included three main components: database, model base
and user imterface. The GIS system was the opcrational environment of the D55
Loucks (1995) pointed out that modem technologies such as GIS, optimisation and
simulation models, genetic algorithms, neural networks, expert and knowledge bases.

and statistical and graphical packages may bhe included in D&%,

A two-layer DSS design has been explained by Srinivasan ot al. (2000) which include
Conceplual Component layer and Tmpiementation Component layer, The Conceptual
Component lavel s required technological capabilities such as data part for large
volume of data handling, models part for deseribing and maintaining models that define
rules for manipulating data, selver part lor trans [arming model specifications 1o system
components, inierface part for uscr interaction with system components. The
Implementation Component layer may have several parls such as relational database
managemenl systems, object relational database management systems, spreadsheets,

visual interface, linking technologies.
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2.4.2 Models and Tools Used in Decision Support Framework

Water resources management in a floodplain requires analysis of hydrological,
hydraulic and economic conditions for planning, design and management projects.
Usually the purpose of the project and data availability determines which methods or
models will be used for analysis, For instance, hydrological analysis for flood control
and managemeni needs the peak discharge of certain probabilitics of exceedance by
frequency analysis, or preparation of the flood hydrograph through rainfall-runoff
models, Statistical distributions and parameler cstimation procedures are wsed in
hydrological frequency analysis. Some popular distributions such as Pearson Type 3
(33, Log-Pearson Type 3 (LP3}, Extreme Value Type | (Gumbel or LV 1} (ieneralized
Extreme Valuc (GEV) and Exponential are used in frequency analysis. The Maximum
[ikelihood (ML), Probability Weighted Moments (PWM), Method of Moment (MOM),
Least Squarcs and Graphical methods are generally used for estimating the parameters

in frequency analysis {Cunnane, 1989},

The popular computer models available for hydrologic analysis of rivers and floodplain
include TIEC-HMS by the Hydrologic Engineering Center of U.S. Army Corps of
Engincers {UUSACE}, NAM model of DHI MIKE by, the Danish Hydraulic Institute
(DU and rainfall-runoff module of SOBCK-Rural by WL | Delft Hydraulies [he
HEC-HMS includes distributed runoft model and continuous soil-moisture-accounting
mode! and provides stream discharge and ume series of peaks and volume totals for
decision-making, The NAM model is a determinisue, lumped and conceptual Rainfall-
runoff model accounting for the waler content in several difterent storages. The rainfall-
runoff module of SOBEK-Rural is a semi distributed maodel accounting for various
types of land vse, the unsaturated zone, proundwater, capillary risc and the interaction

with water levels in open channels (WL | Delft Hydraulics, 2009).

1 he hydrodynamic models avallable for estimation of river flow and flooding compnisc
HEC-RAS by USACE, MIKEILI hydrodynamic module {(HD) of DHI MIKL and
IDFLOW and Overland fow (21) modules of SOBLK-Rural. In hydraulic analysis, the
flood water levels are computed due to flood hydrographs. Usually steady and unsteady
types of hydraulic models are used in flood modelling. The flood water levels due to a
steady discharge such as the peak discharge are compwied by the steady models,
whereas total flood hydrograph are generated by the unsteady models. HEC-RAS can

determine one dimensional, steady and unsteady gradually varied fow equation to
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predict water-surface elevation along natural rivers or constructed canals. The MIKE 11
IID uses an implicil, finite difference scheme for the computation of unsteady flows in
rivers and estuaries and can describe both sub-critical and supercritical flow conditions
through a numerical scheme winch adapts according to the local flow conditions (in
time and space). The 11} and 2D modules of SOBEK-Rural are implicitly coupled and
solved simultaneously based on momentum balance and mass conservancy between
separate computational layers while both layers use finite difference formula tor
volume and momentum equations based upon the staggered gnd approach (WL | Delli

Hydraulics, 2009 and Dhondia & Stelling, 2002},

Although. hydrological and hydraulic models are common in D83 for waler resources
management. view examples are found for socio-economic models used in DSS of
water management. Onishi et al. {(2607) presented water supply and demand
management model in the Yeilow river basin, China that incorporated socio-economic

framework into decision making.

One of the principle techniques used for estimating urban flood risk reduction benefits
has been the Property Damage Avoid (PDA} approach (Mays, 1996), which reflects the
present value of expected property damage avoided.by the project or poticy. The
bepefits that can be obtained from the flood mitigation stratcoies in the Maribyrnong
Wiver in Victoria (Australiz) had been calculated by the PDA Approach (Melboume and
Metropolitan Board of Works, 1986).

2.4.3  GYS and RS Application in DSF

With the devciopment of ISS, Spatial and graphic data display and analysis (SGDDA]
has become a very important part in the decision making process (Walsh, 1993).
Geographical Information System (GIS) and Remate Sensing (RS} softwares cnables
users for gathering, storing, manipulating, and displaying geographically referenced
‘nformation in water resources problems (Zheng and Daels. 19098) Most of the
apphications do not use all functions to make complete integration with GIS which 1s
cssential Tor decision making process in complex problems {e.¢. Chiueh and Lo, 1997}
Howcver. ali DSS may not need to develop in GIS system environment Goonetilleke
and Jepkins {1994) reported the use of GIS with hydrological models. Two broad
approaches- ~Loose Coupling” and “Tight Coupling” which integrate GIS with

hydrological medels were Jiscussed in their paper. The “Loose Coupling™ method uses
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external linkage, while the ather uses GI5 toolbox to implement the key elements of the
model. Goonetilleke and Jenkins (1994) suggested that the Loose Coupling method can
be used for inlegration of GIS with hydrological models. On the other hand, although
[ight Coupling in DSS development docs not use the whole (IS environment, it has
advantages such as its consistency in data transfer, eliminating data transter errors and
faster simulation. Arclnfo GIS software was used to study a selenium discharge
problem where location, concentrations and type of sample media of selenium were
displayed on the map through GIS (See et al., 1992). Further, GIS tools were used to
display water use data in Texas, USA using different colours on a three-dimensional
map correspending to the amount of water use (Schoolmaster and Marr, 1992). View
based DSS were also enabled by GIS applications for landuse planning (Arentze ct al.,
1996). A GIS-based mathematical model for simulation of ﬂmdplmn sedimentation
was presented by Middelkoop and Van Der Perk (1998). The model consisted of two
components: hydrodynamic WAQUA model and SEDIFLUX model (Van der Petk et
al., 1992). The WAQUA model was used to simulate two-dimensional water [low
patterns, while the SEDIFLUX model, based on a simple mass balance concept with
less model parameters, was uscd to estimate the deposition of sediments. The models
were applied to simndate floodplain scdiment depaosition over river reaches ol the lower
River Rhinc in the Nethertands, The raster maps of observed sediment deposition
during the Nood in December 1993 were used to calibrate and validate the SEDIFLUX
mode!. DSS coupled with GIS was also applied to urban storm water manageinent to
provide mode complex on site hydrological analysis (Sample al,, 2001). Morcover.
(1S was apphied in DS$ for hydro-ecological studies. Urbanski (1999) presented the
wse of GIS for evaluation of the vulnerability of coastal waters and a method for
mapping their vilnerability to algal blooms, The produced maps of vulnerabiliry could
be used 10 discover water sources in cutrophication. I.ehmann and Lachavanne {1999)
used GlS for processing data and presenting results of analysis and comparing the
distribution of submerged macrophytes in Lake Geneva in Switzerland in the years of
1972, 1984 and 1995. In this study, GIS was used (o map and store information of
submerged vegetation, as its functions were powerful for casy interrogation, updating
and plotting of spatial information at various scales, and providing a relercnce for future
comparisons. [n some cases, remote sensing technigues are oflen integrated with GIS
techniques to solve spatial problems in water resources problems; for instance, the

detoetion of flood hazard impacts in Southeast Florida in USA (Finkl, 2000}, flood
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inundation modeling in River Mutray in South Australia (Overton, 2003) and the
asscssment of hydrolopic response of a watershed due tfo various tand use and

management changes (Sharma et at., 2001; Githut et al., 2009).
2.4.4 DSF in Resources Manapcment

DSS has been applied to diverse resource management problems all over the world.

Some of the examples are illustrated below,

Water Resources: Water resources management requires complex decision making
process. Multiple jssues and stakcholders involved in water resources sectors are linked
to decision making, Fxamples of use of DSS in water rcsources and envircnmental
management were presented in a speelal issue of water resources research in 1985
(Loucks et al., 1985a,b; Kunreuther and Milier, 1985; Fedra and Loucks, 1985, and
Cospriff et al, 1985). Labadic and Sullivan (1986) and Johnson (1986} explained
separately the major components and iheories of DSS for water resources management
and the fulurc development requirements. Loucks and da Costa {1991} described a
systematic overview of the past research work in DSS in water resources, some of

which are still used today for DSS development.

NeGagne et al. (1996) presented numerical mode!l analysis of a DSS for analysis and
use of stape-discharge vating curves. Cortes ct al. {2001} explained how the results of
Knowledge Management could improve some 1ypes ol Environmental Systems,
particufarly Environmental Decision Support Systems (EDSS). These methodologies
arc still developing, For more complicated systems such as erological systems, water
treatment plants and technical devices, more complex reasoning should be considered
for situanon assessment that will help in deeision making. To supporl this kind of
problems, ‘Consistency-based Problem Solving' approach has been investigated by
Heller and Struss (2002). Alter development and generalization of the theory, they have
apphed the approach Lo a water treatment problem. Foxon ct al, {2002} illustrated the
devclopment and application of u set of sustainability criteria for decision support
considering the requirements of sustainahlily assessment into decision-making for
water service providers. It was developed under the Sustainable Water [ndustry Assel
Resource Decisions project that was intended finally to develop a multi-criteria analysis
decision support system. These criteria were developed and tested in the UK and

Romania. This NSS was developed to assess the relative sustainability of
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waler/wastewater system asset development decisions. Emphasizing on the spatial
aspects, o prototype of spatial decision supporl system {SDS8S) was developed for
integrated, real-time flood control in a niver basin in Korca which provided integrated
operational strategies to reduce Nood impaects (Shim et al, 2002). Surlace waler
planning policies with scenario based management strategies can be supported by DSS
as presented by Tto et al. (2001) for Chikugo river basin in lapan. Disregarding the
sound sciemtific principles, a DSS for rapid assessment of water resources has been

proposed by de Kok and Wind (2002).

Land apd Water Use; DSS for land and water use management has becn applied to
many cases similar to water resource management. van Walsum and Drent (1987}
lustrated a DSS for environmental management with high-intensity land cultivation in
The Netherlands. Wetland and forest fandscape restoration projects in Mississippi river
floodplain were supported by DSS Jor prioritizing restoration sites (Licwellyn et al,
1996). Several cases of DSS, some of themn are enabied in GIS technologies, has been
developed for agricultural land and watcr management (Martthews et al., 1999: Lefroy et
al. 2000; Lohani et al, 2002). Westphal et al. (2003) provided examples of the
development of a real-time DSS for adaptive management of the reser oI SYstems
which is used for drinking water supply to Boston metropohitan area. in vasc of
agricultural irmigation system, a PSS has been developed for regional water
management in India that optimized groundwater withdrawal (Kumar and Singh. 2003)
Parker et al. (2003) illustrated overview of multi-agent system models of land-use/cover

change (MAS/LUCC models) and found that MAS/LUCC models are specially suitable |
for representing complex spatial interactions under heterogencous conditions and for

modeling decentralized, autonemous decision making.

Resolution of water use conflicts in watershed can also be supported by DSS, Zarghami
gt al. (2008) presented a group decision suppart system for water Tesourees projecls i
Gefidrad watershed in lran. A generalized conceptual waler allocation framework
considering interactions among agriculture and other watcr users in upstream-
downstream areas in the tiver basin was developed by Letcher et al. (2007, In thus
model, nodal network approach was adopted where nodes represent the key point of
exiraction or instream usc. Korsgaard et al. (2007) suggested that linkages among
cnvironmental flow, ecosystcm services and cconomic values of water can be

established using Service provision Index (SPI). This can provide efficient water
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allocation among stakeholders. Although, DSS for landuse planning are esscntial,
combination of DSS results with stakeholders perspective may provide better planning

strategies (Matthews et al., 2006}

Water Quality and Environment: 1SS theorics have also been applied to decision
making lor water quality and environmental systcm analysis. For example, a DSS for
predicting the impact of alternative eutrophication stratepies on water guality in
reservoirs was applicd by Crobler et al. {1987). Arnold and Orlob (1980% presented a
DSS for cstuarine water quality management. Newell ct al. (1990) established a
Graphical DSS named OASIS for proundwater contamninant modelling. All these
applications are not DSSs as defined by current theories, hecause they are strong in

numerical modelling but weak in decision support.

Considering the pollution loading as the decision variable, a DSS for cstuarine wator-
quality management was used by Camara et al. {1990). The systemn was designed using
the HyperCard. Srinivasan and Engel (1994) prescnted a spatial DSS for water quality
in a river basin consisting of Agricultural Non Point Source {AGNPS) numerical model,
GRASS (a GIS software) and other tools. An application of DSS for water quality
planning has been developed by Lotov et al, {1997). The DSS included six subsystems
such as (a) the data-preparation subsystem, {b} the subsystem for approximation ol the
Edgeworth Pareto hull of the feasible set in criterion space, {¢) the subsystem for visual
exploration of the decision maps, (d) the subsystem for deecision computing, (e) the
subsystern for decision display, and (f) the subsystem for preparalion of output data.
Moreover. a DSS has been developed by Chen ct al. (1999) for cstimating total
maximum daily loads of various pollutants. The DS5 mciuded live integrated meodules,
namely the enginecring madule, the data module, the knowledpe module, the total
maximum daily loads {TMDL) module, and the consensus module. Geographical User

Interface (GUI) is used to integrate all these modules.
2.4.5 Multi-criteria Analysis in Decision Making

Difficultics arise for natural resource planning and management when there are a large
number of heterogeneous stakeholders, objectives, goals, expectations and stakehalder
conflicts. Planning requires a multi-objective approach to make decisions in complex
natural resource management. Multi-criteria analysis (MCA} is the most useful decision

making approach. Community involvement is indispensable in mulii-objective analysis
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approach to manage natural resources. Involvement of stakcholders in planning,
management and policy analysis helps to resolve conflicts, increase public cominitment
and reduce suspicion between governmental agencies and stakcholders. The practical
sipnificance of MCA is that it improves the information basis of stralegic planning.
communication, and understanding in natural resourcc management. MCA can be used
in interactive decision making for resource management. The procedure progresses in
an interactive manner until the decision maker has found a satisfactory solution. [n tius
manner, MCA provides a decision support system for pohey makers. Sustainable
resource INANAgernent requirts maintaining environmental quality and ccological

integrity for fulure generaiions.

Multiple criteria anaiysis (MCA) is a framework for ranking or scoring the overail
performance of decision options apainst multiple objectives. The approach has
widespread and growing application in the field of natural resource management MCA
is a technique that allows for the measurement and aggregation of the performance of
alternatives or options, involving a varicty of both gualitative and quantitative
dimensions. A form of MCA that has found many applications in both public and
private sector organizations is multi-criteria decision analysis or MCDA for short {also
koown as multi-attribute decision analysis, or MADA)Y (DCLG, 2009}, Several critena
used for the sclection of MCA techniques such as intemal consistency and logical
soundness. transparency, simplicity of use, realistic time and manpower resoutce
requirernents for the analysis process, ability to provide an audit trail, and Software
availabitity, where nceded. Gencerally six steps are uscd for multi-criteria analysis that
includes Problem ldentification, Problem Structuring, Preference Modeling or Decision

Making, Examine the Result, Sensitivity Analysis and Select the best options.

The most eotnmonly nsed methods used in MCA are: Sconing hMethod, Weighted Sum
Method, Standardization Method and Analytic Ilierarchy Process { AHP). In the scoring
methods, performance of alternatives is scored with respect to the criteria. These
methods provide a simple means of evaluating the performance of different options
over a range of different criteria. Scored by Participatory approach or using model

tools,

Weighted summation is the simplest form of multi-attnibute utility analysis that applics
a linear refationship. It involves standardizing the scores across all criteria, asgigning

prefercnce weights, multiplying the weights by the scores, adding up the resuiting
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scores 10 obtain total weighted scores for each option, and detcrmining the ranking of
the total weighted scores. The weighted coefficients of various criteria arc assigned on
(he basis of public consultation and expert opinion. The total value of the alternative is
caleulated based on the weighted sum method given in equation 2.3 {Marttunen and
Suomalainen, 2003):
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Wherc, w, is the weight of the criterion #, w (@} is the score of the allemnative with

respect to criterion § and ¥ {4) is the value of the alternative A.

In standardization method, all scores are converled in (he same unit. Standardization
means that the score of a sirategy “with respect to a criterion’ is expressed as @ funection
of the score of the other strategies. The difference between the individual and the
minimum score is divided by the differcnce between the maximum and the mirimun
score ‘The best strategy has a standardized score of ome and the worst strategy has a
standardized score of zero. Mathematically, the method is expressed for alternative k

with respect to criterion j in equation 2.2 below:

Where, STDS is the standardized score, X is the actual score, Xpn 15 the worst
(tninimum) score and Xpgy 15 the best (maximumy} score., Finally, the sensitivity analysis
was cartied out by changing weights of differcnt criteria so that the role of cach
criterion on the seleetion of alternatives can be understood (Chowdbury & Rabman,

2008).

The analytic hicrarchy process (AHP) posscsses certain characteristics that make it a
useful tool for natural resource decision making. The AHP hierarchy consists of un
overall goal, a group of options or alternatives for reaching the poal, and a goup of
factors or critena that relate the altermatives to the goal. The criteiia can be further
broken down into sub criteria, sub-sub criteria, and so on as the problem requires
(http:/fen wikipedia.org). The AHP's capabilities include: participatory decision
making. problem structuring and alternative development, group facilitation, consensus
building. fairness, qualitative and quantitative information, conflict reselution, decision
support and preferences structuring. There arc various Applications of AHP in

resources management such as peer metworking, site-specilic managemcnt, forest
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managernent planning, statistical analyscs and software ephancemenis. The ability of
the AHP to incorporate the human dimension (subjective preference) and to aid group
decisions of choice is seen as the method’s most noteworthy fealurc. Pair wise
comparisons provide the basis for the AHT (Schmeoldt et al., 2001}, Tn the Pair wise
comparisons method the criteria will be compared as to how important they are to the
decision makers with respect to the goal, the aim will to derive quantitative scores and
weights from qualitative statements of altcrnatives. ‘Lhis method can be used not only o
assess relative criteria weights but also to assess the performance of options through

pair wisc comparisons (Tanssen, 1994).

Improving decision making for natural resource management requires consideration of
a large number of non-economic objectives, such as biodiversity, ccological imegrity,
and recreation potential. Decision making related to the sustainable use of natural
resources is essential because increasing onc benefit typically decreases other benefits.
For example, converting a natural forest to a plantation forest increases timber output,
but reduces wildlife habitat. Further, the values of environmental attributes, such as
biodiversity, cannot be properly measured using monetary criteria; appropriate non-

monetary criteria need to be developed.

MCA is requirced to facilitate better management and policy decisions for the vanation
in stakeholders' prefercnces for attributes and conflicting stakeholder interests and
values. As the complexity of decisions increases, it hecomes more difficult for decision
makers to identify a management alternative that maximizes all decision criteria. There
is a preat deal of interest among policy makers regarding community invelvement in
collaborative cfforls to manape natural resources. Stakeholder paricipation in decision
making process improve public understanding of the policy making process, {her the
past two decades, considerable attention has heen focused un developing and using
multi-criteria decision making (MCDA) echniques to 1dentify optimal alternalives for
managing natural resources. Involvement of stakcholder groups in the planning,
management, and policy analysis (hrough MCA helps to resolve conflicts, increase
public commitment and reduce doubt between governmenlal agencies and stakeholders

{Tanz and Howard 1991},

Management of water resources has become very important duc to increasing scarcity
and rising demand. Availability and development of water resources nced to be

evaluated in terms of household, irrigation and recreational needs, cost, global clhimate
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change and water pollution. In general, natural resource devclopment, use and
management decisions involve muitiple conflicting objectives and criteria. MCDA has
been widely used in environmental management, water resources management and

encrgy policy analysis (Ifaimes and Hall 1974},

Integrated Watcrshed Management has emerged worldwide as the preferred model for
watershed planning. Integrated Watershed Management uses the watershed as the basic
geographic planning unit while intcgrating social. cconomic, ecological and palicy
concems with science to develop the best plan Stakeholder input is the key to
successful Integrated Watcrshed Management. However, stakcheolder participation can
present problems when the public Is uncertain or unclear about the Intcorated
Watershed Management planning criteria. The Anaiytic Hierarchy Proccss is a decision
method for assisting Integrated Watershed Munagemenl because it treats planning

criteria and criteria weighting in an open and explicit manner {dc Steiguer et al , 2003},

The management of wetlands needs to be changed in order to improve their quality and
cnsure that economic development does not degrade their health, Wetlands perform a
variety of critical functions in maintaining healthy river systems and have ecological,
hydrologic and cconomic value (Herath 2004). They improve water quality, replenish
groundwaler, retain floodwater, provide habitat for a diversity of plants and animals,
trap sediment, reduce nutrients and remave contaminants. For the preference modeling

to protect and manage wetlands MCA analysis 1s a milestone.

Forest management has become exitical beeause of & multitude ol compeling uses and
fanctions of forests, including limber harvesting, rccreation, water supply, flood
control, preservation of air, soil and water quality, biodiversity conservation and
proundwater retention {Ananda and Herath 2003). The multiple and competing uses of
forests have increased the frequency and intensity of forest management conilicts. For
cxample, there have been major conflicts between timber harvesting and conservation
of biodiversity in old-growth forests in the Pacilic Norhwest region of the U5, and
tropical rain forests in the Amazon River Basin. By increasing the application of MCA
in forest management the arising conflict can be minimized.

Rapid sociocconomic improvements driven by increased income and wealth have
increased the demand for ecosystern services, such as aesthetic emjoyment and
cecreation. Nature-based (ourism is an imporiant income source ln many countries and

having a well-preserved environment IS paramount {or its success. Planning and
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management of natural areas are inhercntly difficult because of the multiple attributes
of nature-based tourism and conflicts between use and preservation of those areas.
Management of naturs-based tourisrr: and natura! areas through MCA could ensure the
quahty of environment in any tourist spot without jeopardizes its ecology, culture and
social values (Figgis 1993, Prato and Fagre 2005).

The Malnichara is one of the major channels in Sylhet. In this study, three alternatives
of its improvement have been evaluated by the MCDA method. 1lydrologically, the
channel is divided into two portons: upper portien {(C houkidekhi-Kanishail) and lower
portion (Kanishail-Topoban). Both parts were analyzed separately. Nine criteria were
sclected from four proups of technical. cconomic, environment and social aspecis.
Techmical and environmental criteria were assigned a weighed coelficient of 1 whereas
economic and social criteria were assigned a weighed coeflicient of 1.5, The interviews
with stakeholders and consultation with experts were carried out throughout the study
period [rom the selection of critetia to assignment of weighed coefficients and scores to
altcrnatives. For both portions of the channel, sodding natural channel was found to be
the best alternative {Chowdhury & Rahman, 2008).

in Finland, use of AIIP in participatory natural resource decision making has attracied a
lot of attention, especially within 1hc forestry sector. With state-owned forests in
Tinland covering one-third of all forest land, AHP principles have been widely applied
in parlicipatory stratcgic forest planning. However, the first participatory applications
were carricd out in nature conservation planning (Kangas 1994}, Individual veting, or
solicitation. of expert judgments via pair-wisc COMpansans was vsed in the AHP that is
a pood match for including multiple stakcholders {Schmoldt et al, 2001),
Environmental impact assessment {E1A) is an intrinsically complex multi-dimensional
process, wvolving multiple ciiteria and multiple actors. Multi-criteria methods can
serve as usefud decision aids for catrying out the LA, AHP has been used to carry out
EIA which has (he Nexibility to combine guantitative and qualitative factors, to handle
differcnt groups of actors, to combine the opinions expressed by many experls and can
help in stakeholder analysis. The main shorteomings of AHP and some modilications to
it to overcome the shortcomings are briefly described. Finaily, the usc of AHP 1s
lustrated for @ case study involving socioeconomic impact assessment. In this case
study, AHP has been used for capturing the perceptions of stakeholders on the relative
severity of different socio-economic impacts, which will help the aathorities in
prioritizing their environmental management plan {Ramanathan, 2001).
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The application of the AHP to natural resoutce problems has been surprisingly limited.
Despite its widespread use as a decision methed, the AHP hag received some criticism.
1) becanse no theoretical hasis exists for the, formation of hierarchies, decision makers,
when faced with identical decision situations, can derive ditTerent hicrarchics, thus
different solutions, 2) the rankings produced by the AHP are arbitrary because they are
produced by a subjective opinion using a ratio scale and these arbitrary rankings can
lead to “rank reversal,” 3) flaws exist in the mothods for aggregating individual weights
into composite weights, and 4) an absence of a sound underlying staustical theory.
Despite these concerns, the AHP remains immensely popular ameng private and public

sector decision-makers (Schmoldt et al,, 2001).

2.5 Tesearch Need on Floodplain

Since the Brundtland report of 1987 (WCED), sustainable development has becoine the
focus of discussions and debate throughout ihe world (for example; Falkenmark, 1988;
Pezzey, 1992; Pearce, 1993, Serageldin, 1993; Rotmans and de Vries, 1997, Svedin,
1958). From the debate, one thing is clear. a more specific definition is necded to help
those who are cngaged in development work to evaluate their efforts with respect to
sustainability (Loucks, 2000). In this regard, sustainable management ol natural
Lesources is 4 prerequisite for sustainable development while, procedural diiection for

implementing sustainable management 15 also required.

Land and water are essential and interdependent floodplain resources. There are
individual research on the sustainable management of thesc resources {for example
Kieldsen and Dan, 2001; Steiner and Helmut, 1999, Xuequan and Gao, 2002 cte) but
there is no study on the sustainable management of land and water resourees together.
This research intends to develop a framework for sustainable management of thesc twao
resources in a floodplain, Along with this, characterization of the floodplain functions

on the basis of criteria and indicators will be base of this study.

| he natural system is a pressure tesponse system. Any human dctivity exeris pressure
on the cnvironment which actually changes ils properties and functionality of the
Novdplain resources, which also affects societal needs and the ecosystem. This
Pressurc-State-Response Framework has been defined by OLCD in the late 1980s.
However, this [ramework starts with plan, policies and strategies, which creates

pressure on the system. In reality, policies should be translated into economic activities,
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such as land and water use activities, which creates pressure on the system. This study
will incorporate these issues in the framework.

Floodplain land and water resource management is critical for a foodplain country, like
Bangladesh. Water resource prajects in Bangladesh by BWDB and LGED arc aimed (o
henefit the rural people. but they are deficient in several areas with respect 1o
sustainability. For example, in the Early Implementation Projects, the imteprated
approach has been laken into consideration only in the fourth phase. The projects do not
have an effective mechanism for ensuring peoples participation in project activities
(Datta, 1999). The projects lacked proper and elfective communication between the
slakeholders and a clear conflict resolution system. As a result, the representation of
various groups in comemittees became the cause of their ineflectiveness, or failure. The
projects has been successful in involving institutions such as landless contracting
socicty (LCS), embankment maintenance group (EMG) and NGOs in mobilizing the-
landless, with regard to construction and maintenance. The LCS and EMG acilivities
have, to some extent, contributed to the income of the local destitute men and women
labourers whe, apart from manual labour, have very few alternative sources al income.
Moreover, through consumnption linkages. such acbvitics have created indirect
employment and income generating opportunities in other activities, at least within the
projeet areas. Unfortunately. sustainability in terms of fair distribution of resources,
safeguarding ecosystern and maintaining floodplain functions has not been addressed in
EIP projects. [he LGED projects strongly considered environmental mitigation
measures using TWRM principles. Fven then, environmental degradation could not be
mitigated during project implementation (BUET et al., 2003) The projects contribuled
to poverly alleviation but not in salcguarding ccosystem. FFurther, floodplain functions

as the principle of sustainability was not considered

To study the feaubility of these projects, benefit cost ratio {B/C). internal rate of return
(IRR), environmental impact assessment {E1A) and environmental management plan
(M) had been uscd. But EMP iz nol reliable as an ultimate solufion. dMoreover, no
monitoring arranpement was made for EMD implementation. No baseline has been
identificd for these activities and the ecosystemn was not properly addressed, [n most of
the cases, evainations are done by obsersing the owtputs, but the productivity and

functionality of the resources are never taken into account,
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A recent study shows that there is hardly any beneht of flood control and drainage
(FCD} projects in deep floodplain areas {(Chowdhury, 2003). The FCD projects
specifically in wetland dominated arcas were unsuccessfil due to disruption of storage
function of wetlands {Chowdhury, 2003). According to Dyson ct al. (2004), providing
for environmental flow is not exclusively a matter ol sustainable ccosystems, but also a
matter of supporling humankind/ livelihoods. Nevertheless, environmental [lows are
ofien undervalued and thus frequently emitled from decision-making {Emerion & Bos,
2004, Millennium Leosystem Assessment, 2005). The national policies {or land use and
water rcsources management in Bangladesh has been established but not et
implemented. Further, practical aspects were not considercd in the policy preparatiom. It
lacks integration between different sectors of the implementing agencies (c.g. BWDB,
BADC, LGED, RHD elc.) who are engaged in utilization and management of land and
water resources. Some of the drawbacks of the projects are: lack In considenng
environment and cquity criteria in a holistic way, mutigating measures instead of
safeguarding had been implemented, risks were transferrcd from one area to another,
access to opportunities is not equitably distributed, project bencfits arc not shared
equitably and (he project created opportunitics and bencfits from land acquisition and
resettlement are highly skewed and served manly large farmers and land owners
instead of landless and marginal farmers. Henee, food control or Mood management
should aim at reducing risks, increasing resitience and safeguarding ecosyslems and this
study will do that.

Most of the DSS developed for land use and waler resources managemaent considercd
only decision making for optimum resource use in terms of productivily and cost
efficiency. Few examples ave found which incorporated ecological sustainability as key
elements of decision making process in water and land management projscts IS and
RS technolopics were used successfully in view-based DSS to make easter for decision
makers. However, land and water manapement issues in Hoodplains are closely linked
o social improvement and emsironmental sustainatnlity. A comprehensive Decision
Support Framework (DSF) will be developed and used i this study which will integrate
these elements, which is needed for decision makers and also integrate social and

ceological sustainability in floodplains.
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Chapter 3
DEVELOPMENT OF DECISION SUPPORT FRAMEWORK FOR
SUSTAINABLE MANAGEMENT OF LAND AND WATER USE

3.1 Development of Indicators to Characterize Floodplain Functions

This chapter describes methodology of developing the Decision Support Framework
(DSF) for sustainable management of land and water use to altain three vbjectives as
mentioncd in Chapter one. Detail methodologies for accomplishing cach objective are

explained in the following scctions,

The first objective is to develop indicators to charactenize the flogdplain functions.
Floodplain is a natural resource, which produce goods and services to the socicty.
Population pressure and social and economic development has made the Moodplain
cnvironment to decline. Hence to protect and maintain floodplain fonctions it is
important to characterize floodplain functions. Floodplains perform a multitude of
complex functions that provide basic ecological support within the floodplain as well as
valuable goods and services to the society. The lunctions refers to the capacity 1o
support and control either natural system processcs such as the storage of floads,
(acilitation of (ish migration or the assimilation of wastes, or human and ECONOIMIC
activities, such as supplying water for domestic purposes or providing navigable
conditions in rivers. According to people’s perception, floedplains have two functions:
productive and service function. People grow rice and other crops in the ficld and catch
fishes in the flondplain and beels, is defined as productive function. Service functions
include the capacity ol the floodplains to carry water, sediment as well as goods.
HBesides this, scientists classified Moodplain [unctions as land related functions and
waler related [unctions. Water velated functions include maintaining natural channcl
processes, managing flows, maintaining water quality, waste/soil guality. plant and
wildlile habitats, agriculture and sustaining agricultural production eie. Maintaining
production and life support, providing habitat, acting as storage of raw materials and
minerals and providing living spacc are part of land related functions. I'loodplain
function should be maintained in a way so that it continues its functionality to serve the
future gencrations, A set of indicators is needed to deline the floodplain functions.

Indicator is a parameter or a value derived from  parameters, which provides
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information about a phenomenon. The indicator has significance that extends beyond
the properties dircetly associated with the parameter values. Indicators possess a
synthetic meaning and are developed for a specilic purpose (OECI, 1994}, Floodplain

functions for sustainable land and water uscs are explained in the following seetions.

3.1.1 Hydrology

Hydrological function refers to the capacity of the floodplain to regulate and store water
and maintain connectivity between wetlands and rivers. Over the centuries, floodplains
have been managing flood wiih natural features that provide floodwatcr storage and
conveyance, reduce flood velocitics and flood peak and finally to drain the excess
water, Floodplains allow surface water percolation and ulumately facilitate proundwaler
recharge. In addition. releasing ol mensoon water and providing it during the dry period
is also an important function of the floodplain. Table 3.1 shows the hydrological
functions of floodplain along with its indicalors. These indicators have becn developed
based on three criteria. These include representation of the characteristics of the
function; indicators can be evalnated by using models and tools or any logical function
and scnsitiveness to reflect changes in land and water use. For hydrological function
five sub functions have been developed lhey are: regulatory, carrying, connectivity,
storage and regeneration. The regulatory function refers to the capacity of the
floodplain to alleviate river floods during the monsoon season through storage of peak
river discharge in the floodplain. During the dry season a main function of the
floodplain is to retain and supply water. This refates to the capacily of the system 1o
store water during the monsoon and to make this water together with additional eross
boundary river inflows and local rainfall, available during the dry period. Recharge 1s
one of the important function which refills groundwater and surface water. One or more
indicators have been develaped to repiesent a sub function, which aie shown in Table

3.1,

Assessment of the indicators of different hydrological functions requires speeific
methodologies. The data used for the estimation of indicators include both observed and
modelled data. Change in monsoon and dry season water level values represent the
differences between the long term average water level and the estimated water levels
{or different conditions. For this caleulation, firsi the water level valucs at several

important locations of the study arca will be averaged for corresponding time period.
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Then these values will be subtracted from the long term average values (1986-2004) at
corresponding locations. Finally, these values will be averaged to Nind the change in

meonsoon or dry season water level,

Table 3.1: Sub-functions and indicators of hydrological functions of floodplain

Sub-functions Indicators Unit
Change in monsoon water level of river m
Regudatory/carrying ] i
Change in dry season water level of niver m
. - Duration of flow in connecting river/ khal with
Conpectivity days
becl/ waterbody
Crroundwater storage (Permeabie Area) ha
Starage
L Flooded arca Y
Recharge Million m’
. Estimatcd base {low m’/s
Regenvration
Depth of groundwater table (from  ground m

surface}

Duration of flow in connecting river/ khal with becl/ water body is assessed based on
daily water level. This function refers 10 the capacity Numbcer of connecting days at
specific points will be assessed observing the watcr level value. Finally, yearly values

of connecting days at each point will be averaged to generatc one indicator value.

The storage function has three components, such as, surface storape. soll storage and
groundwater storage. Of these, groundwater storage and flooded arca (for surface
storage) has been used as indicators and the pther one is included in regeneration sub

{unction. as well as in ceological function.
) &

For simplification 1 calculation, groundwater storage is represcated by permeable area,
which facilitates the entrance of rainfall and other overland flow to groundwater table.
In this study, the permeable area will include all unpaved area. For thig total area

excluding that of settlements and roads will be considered.

The Tlooded arca is presented as percentage of the total study area For this estimation,
at first, the peak water level values at diffcrent locations within the study area will be
sorted from hydrodynamic model outputs. Then water surfaces will be generated from

these water Jevel data and comesponding GIS data of infrastructures (embankments,
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roads etc.) using Tnverse Distance Weighted (IDW) interpolation technique in Arc(IS
platform. The inundation depth maps will be generated by subtracting the Digital
Elevation Model (DEM) and land use from the watcr surfaces. Finally, the area having

depths of one mcter or higher will be selected as flooded area.

The regencration sub function has three indicators, such as, estimated basc flow,
recharge and depth of groundwater table. The recharge represents the regencration
capacity of groundwater. Whereas, base flow represents the generation of surface water
flow [rom the groundwater flow and depth of groundwater table indicatcs the
regeneration of groundwater. Recharge will be estimated from the rainfall and the
Aloaded arca. Estimnation of rainfall recharge will be done utilizing the MPO snggested
logarithmic formula from MPO Technical Report No. 3 (MPO, 1987). The formula is

slated as;
Recharge in mm =A + B log (Annual rainfall in mmj
Where. A and B3 are two constants.

Distribution of flooding recharge depends on soil texture and particle size. According Lo
['WM study in the Barind area (TWM. 2006h), particle sire varies with elevation In
higher elevation, pariicles are coarser and in lower elevation particles are [inet,
Consequently, recharge from Mooding gradually decreases from high to low arcas. In

this rescarch, an additional 12.5% recharge has been taken as recharge from flooding.

Computation of ¢stimated base fow follows basic principle that base [ow 1s the
resubtant Now of catehment outflow minus inflow plus surface water use. For estimation
of this indicator, hydrological model (NAM) will be used. The groundwaler table depth
values indicate the groundwater avalability condition, The depth of groundwater lable

will be estimated from hydrological model.
3.1,2 Environment

The function, which mantains the quality of water and soil of the foodplain, is the
environmental function. Environmental function must maintain a rahional movement
between the biotic and abiotic components of the habitat. To characterize the
environmental function, three sub functions have been developed for floodplain
ervironment. These sub functions are; Adequate flow to maintain the [loodplain

environment, i.e, the environmental flow; tand and water quality and biodiversity.
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Environmental function allows the capacily of the system to deal with wastes and
reduces the concentration of polluting substances to an acceptable level for the exposed
environment, human and activities, The indicators sefected to assess the environmental

functions of the floodplain are shown in Table 3.2.

Table 3.2: Sub-functions and indicators of environmental functions of floodplain

Suhb-functions Indirators Unit

Monsoon FAow with respect to Flushing

il
Requirement (200% of mean annual flow) &

Adequate flow fo maintain theDry  scason floow  with  respect  fo

floadplain environment environmental flow {20% of mean annuall®;
flow )
Naturality of the flow
Fertilizer use kg/ton
Land and water quality .
Pesticide use ko/ton

These indicators will be computed from varions secondary data sources. The discharge
data will be collecled from hydrodyname model outputs for different conditions. The
ferrilizer and pesticide data will be collected from the farmers through FGD and
household survey along with secondary data from BBS publications and upazila level

TIAE offices.

Environmental Flow is a comprehensive term that encompasses all components of the
river and its associated habitats, for example, wetlands, cstuaries, floodplains, cte, It is
defined as the water that is lelt in & river ceosystem or released into 1t for the speeilie
purpose of managing the condition of that ecosystem. There are four main categorics of
cavironmental [ow assessment methods according to Jowett (1997). Gordon et al.

{1992) and King ct al. (2000}. These arc:
1) Hydrological methods
i) Hydraulic rating mecthods
iiiy Ifabitat simulation methods

iv} Holistic approaches



For the analysis of current 1esearch, Hydrelogical method specifically Tennant method
(Mean Annual Flow Mcthod) bas been used (Tenmant, 1976). It is based on the premise
that the flow of a stream is a composite manifestation of characteristics, such as, size of
the drainage area, geomorphology. climate, vegetation and land use. According to Bari
and Marchand (2006), the monsoon flow requirement with respect to environmental
Alow for flushing is 200% of mean annual Mow, while dry season flow should be good
condition for aquatic habitat and the good condition requires 20% of mean annual {low

during dry season.

For compulation of monsoon or dry season flow, first the mean annual flow will be
calcutated for cach of the selected locations. The estimated mean annual flow wilt be
used to estimate monsoon flow requirement (200%) and dry season requirement {20%%},
The average flow during monsoon season (June-October) and dry season {November-
May) will be estimated for ditferent jocations. Finally, flow values for dry or monsoon

season are averaged o present a single value for the indicator.

‘The natural behavior of a river or stream is floods and cbbs (Figure 3.1, that is, the
fluctuation of the level of waler that allows the inlerchange of food between floodplains

and rivers {de Graaf et al, 1999 and Bonetto, 1975).
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Figure 3.1; Interchange of food between {loodplain and river with luctuation of water
level

To maintain the environment, natural behavior is critical. T'o analyze the naturality of
low of a river or stream, three scenarios will be observed. First, flow with no
interventions, that is, a fully functioning natural system. Second, [ow with
interventions (regulators). Third, the natural system has been totally closed due to

siltation or man-made closure. In this study, a factor for each of these scenarios is
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assumod. The factors are two, one and zero for first, second and third scenario
respeetively, For calculation of the indicator, factors for different rivers or streams in
the study area will be assessed. Then these valucs will be averaged for one single

indicator value.

Dased on fertilizer and pesticide use data from field and BBS data, rate of fertilizer/
pesticide application for different conditions will be donc. The total fertilizer and
pesticide use will be computed from total cercal production, total fertilizer and pesticide
use which is computed from individual application rates. Tinally, it is presented as

fertilizer/ pesticide used per ton of cereal production.
313 Ecology

One ol the most imponant functions of floodplain is the maintenance of diverse
characleristic of plant and animal communities. Hydrologic and vegetation diversity
provides important testing, feeding and nesting areas for many species. Undisturbed
floodplains have higher natural biotogical diversity due to connectivity resulting in
greater productivity than a disturbed one. Connectivity between river and [loodplain
helps aguatic movements and migration. The wetland areas provide habitats for tish.
Floodplains {especially wetiands) contain habitats for specics of special concern.
Inundated foodplains are imperiant nursery and feeding areas of juvenile fish and other
aquatic life and helps fish migration, The ccological functions have three Sub-functions
which include: aquatic habitat, migration/movement and lerrcstrial habital. The
ecological functions of the floodplain along with the indicators ate presented in lable

3.5,

Table 3.3; Sub-functions and indicators of ecologica! functions of the floodplain

Sub-{function Indicators LInit

Aquaiic habitot Wetland area ha

Favourable duration for hatchling movement |day

Migration/ movement i -
Favourable duration for fish migration day

Terrestrial habitat Social forestry area ha

The amount of wetland area indicates the opportunity and diversity of aguatic species.

%0, wetland area has been selected as indicator for aguatic habitat sub function For



computing the wetland area, the total area af heels, khals and rivers within the sludy

area will be considerad.

Cor fish resources, availability of required flow during their migration and movement
period is of great importance. According to Hassan (2002), lish hatchling’ migration
period is May-July. Hatehling movement is possible when velocity is greater than 0.1
m/s and depth is more than ene metre while fish migration requires a depth of one metre
or more. For computing favourable duration for fish migration and batehling
movement, number of days fulfilling the depth and velocity criteria within the required
period will be assessed for different locations and then weighted averaged using

averape discharge at corresponding locations.

In order to assess the terrestrial habitat condition social forestry area has been used as

indicator. The social forestry area will be estimated using the following equation.

Social forestry area = 0.3 x Urban settlement + 0.3 x Rural settlement + 0.3 x Shoulder

area of rouad

2.1.4 Socio-economic

Floodplains are highly productive and provide the inercasing food demand of a growing
population. The flat land, fertile soils and proximity to water have historically made
Noodplains valuable for agriculture. Human settlement and industrial development also
oceurs on {loodplains for a variety of reasons including proximity to water suppiy,
water (ranspori. eic. In this rescarch, four indicators have been considered as socin-
cconomic indicators for three sub-fanctions, productivity, navigation and human
habitat. The indicators are. rice productivity. fish productivity, navigable channel icngth

and human settlement arca (Table 3.4},

Table 3.4' Socio-economic functions of Noodplain along with its indicators

Sub-functions Indicators Unit
Productivity Rice productivity ton'ha
Fish productivity ku'ha
Navigation Navigable channel length [km
Provide human habitat | Population live in per unit scttlement area [#/ha

53



The socio-economic indicators will be estimated from the land use patterns, Cropping
distribution, fish production, scttlement area and pepulation projection data. The data
sources include BRS publicanons, national water resources database (NWRD), and

RS/GIS data,

Based on the available crop and fish production data, rice and fish production for
different conditions will be estimated. From this estimation the indicator values for nce
and {ish productivity will be assessed. The navigation channe! length is considered as
the unohstructed water bedy length (km) of navigation routes used by small water
vessels to carry goods and people. This will be cafculated by multip!ying the lengths of
each channel by a factor depending en the flow condition. The factor values are 1 for
natural flowing channel, 0.5 for regulated channel and 0 for channel having closure or
closed due to siltation or other causes. The navigation lengih of 2001 is 1aken as base
value lor the analysis. The indicator population per unit settlement area will be assessed

dividing total population by total settlement area for di ffercnt conditions.

3.2 Formulating Constraints based on Fquity Criteria and Fcosystem Needs

The term constraint means the state of being restricied or confined within prescribed
bounds. This study does not imply constraints as obstacic. Here constraints are
development constraints which has two aspects such as social and cnvironmental.
Social constraints usually fix the minimum limit, which must be ensured, and
envirommental constraints identify the higher imit, which should not be crossed. The
study considers two eongtrainls, such as, cquitable respurce distribution  and

safeguarding ccosyslem.

Lquity denves from a concept of social Justice. Jt represents a hehef that there are basic
needs that should be fulfitled, that burdens and rewards should not be spread too
divergenily across the communty, and that policy should be dirccted with impartiahiy,
fairess and justice towards these ends (Talk J, ot al 1993). Equity nceds o consider
social, political and physicat drives. whercas this rescarch only focuses on physical
resource distribution. Tt is presumed that equitable distribution of the physical resourecs

(land and water) will create opportunity to achieve pverall equity of the society.
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3.2.1 Fulillment of basic nceds

The elements required for survival and to sustain normal mental and physical health of
human beings are fundamental human needs. Basic needs include the demand to meet
the necessary nutritional requirement from food and water, safe shelters, clathes, access
1o health and education services etc. Meeting these basic nceds is the most important
indicator of equitable resource distribution. Basic needs are met when people have food
to nourish them, a safe place to sleep, and clothes to protect their bodies. It alzo include
education, health assistance etc. This research has selected some of 1thesc basic needs as
constraints, which are shown in Table 3.5. From the table, it is obscrved that safe
drinking watcr, housing space, cereal and animal protein requirement arc selecied as
constraint, According to WHO, every adult human being should take 2-3 litres of water
per day (WHO, 1971). In case of housing space, the requirements vary according Lo the
income level. For example, per capita housing space requiremcnt for a lower income
country like Bangladesh is 120 squarc feet (sit} and for middle income country it 18 1350

sft while for developed country it is 300 sft (Chiara & Callender, 1973).

Table 3.5: Minimum requirements of basic nceds

Criteria Counstraints Lnit * Minimum requirements
Sale drinking watet ipcd 2-3 Iped (WHO. 1971}
2 )
Housing space fi’/capita :;2 ;;r (Chiara & Callender,
Fullill basic ] :
needs Cereal {rice) gicapita/day ?gg%’tﬂp’m’ﬁay (Waorld Bank,
. . 40 g/capita/day (Hosaain ef
Jeapita‘day ;
Animal protein {fish} | g/capita‘day al.. 2008)

In a developing country like Bangladesh, peaple are mainiy dependent on cercal
consumption for their daily caloric requirements. On average, per capita rice
comsumption in DBangiadesh is 450 gm per day, whereas, FAO standard 15 400
gleapitaday (World Dank, 1983) Therefore, it can be said that cereal consumption is
more than the requirements. But still everybody is not getting the required amount. At
(hc same time people are net taking required amount of protein. It is recommended that

per capita fish consumption should be 40 gm/day {Hosaain ct al., 2008). However, a
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major share of population is below these standards. But for equitable resource

distribution these standards should be fullilled.

With development the requirement of basic needs may change as income is a major
driver of changing consumption patterns. In Bangladesh, the average calorie intake
from fish is 26 kilocalorie/capita/day, whereas, in a developed country this amount is 46
kcal /capita/day (Hosaain et al., 2008). Therafore, it can be inferred with ihe changing

income level consnmption patiern may change
3.2.2 Fairness in land and water resource distribution

According 10 Beder 2000, equity implies a need for fairness (not neeessarily equality) in
the distribution of gains and losscs, and the entitiement of everyone 10 an acceplable
quality and standard of living. Jn this research, faimcss in land and water resource
distribution only refers to the fairness in opporiunity of labour force fo access to
common propery resources (subsistence Hshing} and land resources. Thus the selected
constraints of faimess in land and water resource distribution are defined in terms of

employment opportunity related to agricuirure and subsistence fishing (Tahle 3.6).

Table 3.6: Constraints of fairness in resource distribution

Minimum

Crilena Constraints Tinit .
reqUIreInents

More than nine months

L Depends on socio-
employment opportunity in Number P

Fairness in I econonuc $iatc
land and water |2gnenlture

resource Pcrcentage of settlement area 3% of

distribution within % km of the flooded arca for puopul'ﬂmn 50%

subsistence fishing

The employment cpportunity docs hot Temain same throughout the year. And this
difference is mainly observed 11 agriculture seclor than the others. [n agriculture, labour
requirements usually vary based on the cropping pattern and ultimatcly seasvnality of
the crops. Tt is observed that from September to November. the employment
opportunily in agriculture is very limited. Thetefore, there is a seasonal crisis during
this period. So this research has taken temporal distribution of Iabour in agriculture as a

conslraint.
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To calculate the tcmporal distribution of labour, at first, the employment is distributed
throughout the year according to the scasonality of the crops and the labour requirement
in different stages of the crops. For example, to cultivate per ha of Boro (HY V) rice 160
man-days is required and usually it is planicd in January and harvested n May. 15% of
this total tabour required for land preparation, 15% for pianting, 25% for mter-culturat
operation and 45% during the harvesting period. Therefore, these 160 days will be
divided among lhese five months according to the above mentoncd proportions and
multiplied by the arca of the tespective crops. Using this same procedure, the labour
requirement for every crop will be distributed throughout the vear and finally swmming
up the labour requircment for every individual month and converting them into man-

maonth.

Accessibility to common resources is another constraint considered under faimess in
land and water resourec distribution. This constraint is mainly targeted to measure the
accessibility for subsistence fishing. The percentage of sctlement area within half km
of the flooded area is the indicator sclected 1o assess this constraint as it is assumed that
settlement with close proximity to the Noodplain will get betier access to the floedplain
fisheries. This indicator will be estimated using hydrodynamic model results and GIS
overlay technique. At first, the flooded area will be generated for dilferent conditions
from hydrodynamic model results. Then using GIS, the Mooded arca will be overlaid
over sctilement area and the proaimity analysis will be conducted. Based on the results
of the proximity amalysis, the percentage of settlement area within one km of the

floaded area will be determined.

3.2.3 Safepuarding the ecosysiem

Leosystem services are required to sustain human lifc and enhance its quality. These
services come from the ceosystem components such as soil, animals, plants, water and
air, which usually differ across ecosystems, If these asscts are depleted, the ability or
capacity of the ecosystem to provide services also diminishes The ecosystem is of
signilicant social and economic value. It serves as underpin of our econommic prosperity
because it produces most of the living needs of humans and others. This research
considers environmental flow duning dry season, welland habitat and floedplain

vepetation arca as constraints of safeguard ccosystemn {Table 3.7).
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For evaluating the environmental flow criteria, dry seasen cnvironmental flow
requirements will be checked at different locations. The minimum dry scason
environmental flow requircment is 20% of the mean annual flow. This value for
different options will be computed from the hydrodynamic model results for di flerent

locations and then averaged to represent a single value.

Table 3.7: Constraints of safeguard ecosystem

el . . . MMinimum
Criteria Comnstraints Unit "
requirements
LTS 1 1enta ATOHUTIE '
Ensure ernvironm | Envirg ntal flow % of annual mean 20%
flow (Dry season flow)
Protecting wetiand .
; Dry s aterarca |%olarossa S
habitats y scason wal Yool g rea o
. laits ve on

Ensure water quality Ei:;dp getatio % of gross arca 6%

. T Aquatic species Score (on a scale
Susta biodiversi . ; 3

imrg ' diversity of 6}

The minimum requirement lor protecting the wetland habitat is 5% of the gross area,
lor estimating the constraint, total wetland area during dry scason will be used. The

arca under becls and rivers during dry season is considered as dry season wetland.

Fioodplain vegetation and soils {cspecially those associated with wetlands) help to
maintain water quality by filtering nutrients and impurities, intercepling surface water
runoff before it reaches the lake, stream or river. Surface water percolates into the
ground, where the quality of water is maintained by filtering the impurities by soil. To
ensure watet quality. the foodplan vegetation area is important. The minimum
requircment for this constraint is 60% of the gross area. The net cultivable area will be

considerad as the Moodplan vegetation area.
Wilhm (1970) expressed the aquatic species biodiversity as shown in equation 3.1

H= —.g 2, implog_{n, M)
i- 1 i PO PPUTRUOPUY o' P P |

where IT = species diversity, n, = namber of individuals in the § th speeies,
1 = number of individuals in the sample, and s = number of species.

Generally, the species diversity value less than 1O indicate severcly degraded
conditions, 1.0 - 3.0 indicate moderately polluted streams, and greater than 3.0 indicate

clean water streams (Wilhm and Daorris. 1968).
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The species biodiversity mainly depends on thrce parameters. These are, connectivity,
watcr quality and vegelation. Landscape connectivily is a function of both the
epvironmential features of a corridor and the behavior of wildlife species thar may
attempt to use the corridor (Merriam, 1984). The general assumplion tnderlying the
value of landscape connectivity is that a fragmented landscape that is interconnected, is
more likely te support viable faunal and floral poputation and maintain ecological
processes, than a landscape that is comprised of only isolated fragments (Hams, 1984,
Bennett, 1998). abitat quality is rarely uniform in landscapes because of natural
variation in topography, soils, and vegetation (Foster, 1980). Further, vegctation
provides nutrients to aquatic life. In this rescarch. duration of fow in connecting river/
khal with beel/ waterbody is used as connectivity, total feerilizer use during boro scason
as water quality and nct cultivable area as vegetation. For the estimation of biodiversity,
the values of three parameters are first normalized and then weighted averaged based on
TOPSIS Method (Hwang and Yoon, 1981). Connectivity and vegetation is weighted on
benefit criteria and water quality is weighted on cost criteria. I'inally, the weighted

averaged values are multiplicd by 6 and presenied on a scale of 6.

3.3  Development of Criteria and Indicators to Assess the Impacts on Socio —
economic Improvement

Sacial wellbeing is a state in which basic human needs are met and the population is
able 1o coexist peacefully in communitics with oppoftunities lor advancement. This is
characterized by cqual access to and delivery of basic needs (water, food. shelier) and
services (health services and the provision of education}. In case of income, not only the
amount but its distribution is equally important For example, in the last four decades.
por capila GDP of Banpladesh increased (ront LUISE203 in 1973 o 1IS3621 in 2008-09,
[Jowever, Bangladesh has been unable 1o eliminate extreme poverty apd hunger at the
wame rale as the GDP increment In addition, a significant disparity cxists in income
distribution in the society. According to Ahmed and Byron (2006), the incomc gini co-
ellicicnt, a measure 10 asscss income inequality, shows an increase from 0.451 in 2000
(o 0.467 in 2005, mostly due (o ncreasing rucal ineguality. A higher gipi co-cfficient
reflects 2 worsening situation for income inequality. Income share of the lower ticr
people has decreased while the top 50 percent’s has increased, widening the gap
between the rich and the poor. The lower 50 percent of the population claims only

20,32 percent of total income. Therefore, economic sustcnance is not enough to
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understand the socio-economic improvement of a country, its distribution, accessibility,
rick reduction and increased resilience is also important. Floodplain produces goods
and services to the society for the socic-economic improvement. To improve socio-
economic condition, thirteen decision support indicators have been identified under 3
criteria: economic sustenmance, food availability and public services. Improvement ol
socio-economic condition needs to be assessed for different land and water use
activities in the floodplains, These criteria also have sub-cniteria such as economic
sustenance has five sub-criteria; gross income, 1ncome by occupation, satvings,
employment and risk. The sub-criteria of food availability includes production and
nutrition. lable 3.8 presents the sub-criteria and the indicators of socio-gconomnmic
improvement. A procedure has been developed to evaluate these sub-critena using
indicators. All these sub-criteria along with its respective indicators are described in the

following section.

Tahle 3.8: Indicators of socio-economic improvement

Criteria Sub-criteria Indicators Unit
Gross income Income from land use Adiliion Tk
Tncome by Income of landless farmer Thyear
oecupation Income of fisherman Tk vear
Fmployment
Eeonomic opportunity Percentage of employment Yo
suslenance - .
Household Savings of farmer ([.andless) Thk! year
Savings Savings of fishermen 1k vear
Risk from Crop al risk from flooding Mt
flonding Household at risk from Nooding Tk
] Total rice production Mt
Production - -
Fond Total fish preduchon M1
availability R
Nutriton ﬁtmcrage calorie availability from keal/capita/day
tice and fish
Number of population served by WNumber
unil health center
Public Access to public | Number of population have access Wumhber
zervices SETVICES to per km of road
Number of population have access Number
to education center ]
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3.3.1 Ecoennomic Sustenance
The economic sustenance has five sub-criteria and cight indicators.

Gross Iacome

Income is a quantity received by an individual, a group or a nation that iz usually
recurrent, [t ordinarily derives from wages, property rent, earned interest, o profits, It is
a Now that acerues per unit of time (Serafy, 2009). Income can be derived from vanous
sources, but this study only considers land use refated incomes. Herc land usce includes

agriculture, settlement, wetland, and other uses like transport, industry ete.

[ncome related indicators are computed based on land use and occupation. The basic
principle used here is Lo collect a rate of income per unit land use for different land use
from either field survey or other secondary data sources, multiply this by area under
specific land use and {inally get the total income. Gross income per year is calculated at
constant prices for all the scenarios. To determine the gross income from the land, the
area of specific land usc is identilied. Then income from unit area of that land use in a
vear will be calculated and multiplied with the total area of that land use to get the total
ncome {rom that land use. Suppose for agriculture; the cropping pattern area will be
- dentified. Then the income of per ha of agricubtural land with different cropping patiern
will be estimated. To estimate the income from per ha agricultural land, the input caost
and output {production from that crops) for every crop types are calculated Then the
production is multiplied by the selling price. Finally, the input cost is deducted from
this price and total income from specific crop is obtained. This is the income of a land
with g single crop. But if the cropping pattern comprises two ot threc crops, then
individual income from every crop is caleufated and all the income will be added to gel
the income from land uses. 1he income from this unit area is multiplied by that area of

the cropping pattern and finally aggregating the income from all agricultural land.

Similarly, to calculate the income from wetland, only the capture fisheries are
considered. Here per ha productivity (ketha) for different sources like beel, river and
khals and floodplains are taken from fisheries statistical year hook of Bangladesh and
the prices of [shes arc collected from ficld survey or other secondary data sources. In
case of settlement. only the income from rural settlements will be considered which

includes income from livestock and chicken. From field survey, the tolal number of
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chicken and livestock will be collected. Based on these data per ha income from rural

sctlement is computed for different scenatios.

To compute the income from industries only the income of the workers are taken. From
field survey, the area and number of cmployces, their wage rate and seasonality of
operation of different types of industries were obtained. Using this data, per ha income
of the industry is caleulated and multiplied by the tolal industrial area. Similar process
is followed for growth centre. Finally, all the income Jrom different land uscs are added

together to obtain the gross income.

Income by occupation

Besides the gross income, yearly income of the landless farmer and the fisherman will
be computed. In order to estimate the future income of the farmers and fishermen.
income by occupation has been calculated. The average land area cultivated by a
landless farmer and the contribution of agriculture in his income will be colleeted
through field survey. From the gross income of land, the income of landless farmer will
be computed. In case of fisherman, the total income fron1 the wetiands will he divided
by the total numnber of fishermen of that respective year and thus the income ol the

{isherman will be obtamecd.

Employment opportunity

Population projection by age group is needed to project the employment requirement of
the future gencration. In a Aoodplain country like Banpladesh population is increasing.
A recent demographic projection has revealed that middle age population (20-39) will
increase al a higher rale than any other age group. Itom this. we can deducc, more
people from the middie age proup will join the labour [orce: Thus, providing

employment to (his Increasing population will be a challenge for the government.

Agriculture is the single largest producing sector of the economy. Tt employs around
48% of the tatal labour force {MaF, 2009). Percentage of employment is sclected as
‘ndicator to assess (he employment opporiunity. The employment by occupation will be
caleulated for different types of Jand use and then added all together fo gel the total
number of cmployment. In agriculture, the labour requirement (man-days) per Ccrop per

ha is multiplied by the respective arcas of the crop and then converted 1nto man-year.

62



This is considered as the employment opportunity in agriculture. The employment
apportunity in per ha of wetlands is multiplied by the area of the respective wetlands
and thus the total employment in wetlands is calculated. Number of employment
opportunity in the scttlement Is congidered in this research as it is complex and also

avoid double counting in computers.
Honsehold savings

Savings is one of the meost important indicators of socip-economic improvement.
Increasing savings will increase community resilience and ultimately will improve
sacio-economic condition. According to Ragnar Nurkse's vicious cvele of poverty, less
saving will lead to less investment which will lead to reduced income and increascd
poverty (Nurkse, 1952). Poverty is a complex socletal issue. Fovery refers 1o the
condition of not having the means to afford basic human needs such as nutrition, clean

water, ¢lothing, shelter, health care and edocation.

Since 1970s, in developing countrics like Bangladesh, government has taken several
measures aimed at eliminating poverty and social inequality. Thesc measures mainky
rarpeted at increasing the literacy rate, providing access to safe drinking watet, family
planning, and provide micro-credit o the poorest and most disadvantaged groups in the
community. Though the government achieved some positive results but not at the
expeeted rate. Bangladesh being a disaster prone country, almost every vear the country
faces natural disasters, which impedey the success of these initiatives particularly
affecting the most vulnerable groups in the society. Hengce. if the savings of the poor
peaple could be increased, it will help the peaple to better cope with disaster 1.

inercase the resilience of the society

In this study, the gap between income and cost for basic necds (food) will be assessed.
IJere, the cost for basic needs includes only the cost of food. However, the cost of hasic
nceds also includes cloth. shelter, medicine, education ete. According to BBS food
baskel 2,122 keal is required for cach person per day. This food basket shows the food
items and the amount of those foods a person should consume everyday to get that
calorie, but this calorie requircment varies from country to country. Using the prices of
those foods obtained from statistical pocket book of BBS, the cost of basic needs will
be estimated. This food basket will be considered constant for all the scenarios, Savings

will be calculated by deducting this cost from the income.
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Risk from flooding

Risk is considered as the outcome of hazard and vnlnerability. Hazard includes
probable loss/ damage by a hazard event and inlensity or frequency of hazard.
Vulnerability includes the resources exposed for that hazard. Using this principle, risk
from flooding will be computed in this research. For this, household asset and crop at
ficld will be considered, The cconomic value of household asset and amount of crop

production will be taken to estimate the risks.

The cstimated average household asset values for different scenarios will be used for
houschold Tisk assessment from flooding. For the risk analysis, damage percentage is
required. A study on Brahmaputra flogdplain (FAP 3.1, 1997a), shows that scvere
damage has oceurred to 16% houscholds 1n medium floods like 1995 {1 in 10 years)
whereas, it gocs uple 32% in large Moods like 1988 (1 in 50 vears). In this context. the
houschold damage in rural areas is assumed to be 20%, while that of urban area 1s
assumed 10% based on Islam (2006) for this research. The plinth level ol houses in
rural areas are normally above 1 in 5 year flood level, whereas, 1 in 10 year in urban
areas. So, in a hundred year time, rural households are exposed 20 times while, urban
houses are exposed 10 times. This exposure/ flood frequency represents the
vilnerability. The average household assel value in the study area should be asscssed
from field survey or other reliable sccondary sources. Using these asset values, damage
percents and flood frequency, the potential asset at risk from flooding will be
calculated The resulting asset values represent cumulative household assel at risk from

{looding for a 100 vear periad.

The crop production at risk from flooding is computed in a similar procedure Here, the
estimaled aman crop production values are nsed Jor assessing the crop production at
risk from {looding as aman is & monsoon crop and it is more susceptible to Mood. The
crop damage perceniages will be assumed based on available fleld survey data or
relevant studies In this research, the MPO flood land type categories (MPO, 1987) will
be used for assuming crop damages. 'L his classification is based on depth of flooding on
the respective land. The flood frequency is taken similar to that for tucal areas. Based
on the crop production values, damage percentages and flood frequency the polential
productions al nisk from fleoding will be calculated. The rcsulting values represent

cumnulative production at risk from floeding for a 100 year poriod.
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3.3.2 Food Availability

Food availability is one of lhe criteria for improving socio-gconomic condition for land
and water usc activities in the floodplain. Two sub-criteria: production and nutrition has

been assessed under this criteria.
Production

This study considers food praduction of cereals and fish. Available cereal production is
the most important indicator of food availability. If the demanded amount of cereal is
vailable then it is calied (hat food availability situation is achieved. In this research
both the availability of rice and fish is sclected as the indicators of food availability. To
calculate the total rice production, per ha rice yicld is multiplied by the total area under
rice cultivation and per ha fish prodoction of different types of wetland will be

multiplied by the area of the respective wetland to get the total fish production.
Nutrition

In addition to land and water resources, healthy nutritious human resource is a key
clement for socio-cconomic improvement. On average, 75% of the calorie intake of the
population in Bangladesh comes from rice (Bhuivan ef af, 2002). At the same time, fish
is the main source of protein in Bangladesh. If the required! standard amount of rice and
fish demand can be fulfilled, a major share of nutritional demand can be met. Based on
this assumption, the average daily calorie availability fromn rice and fish has been
selected as an wndicator of sociv-cconomic improvement, Morcover, in this study, rice

and fish production is also dircctly related with the welected Jand use.

To calcutate daily average calories availability per person from rice and fish, first per
day per capita average consumption of rice and fish will be computed (in grams).
However, to abtain per day per capita average availahility ol rice, the total production
of rice per vear is divided by the popuiation. '] her this value is converted to daily
consumption value. Now this value is muluplied by the caloric contain in per gram of
rice. Usually one gm of rice contains 3.5 keal (BIDS, 2001), Mutltiplying those values,
avorage calone availability from rice per person per day will be determined. The same
procedure is followed to calculate the average calorie intake availability from fish per
person per day. The calorie contain of per gram of white fresh water fish is 1.06 kcal
(BIDS, 2001). Finally, adding these two values per day per capita calorie availability
from rice and fish is obtained.
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3,23 Public serviees

Access 1o public service has been identified as the sub-criteria for public services. The
important indicalors here are: access to health centre, education centre and roads. If the
acecssibility to the public utility services like health, education, transporlation facility
ete. can be impraved, it will indicate an improvement of socio-economic condition.
This criterion has two indicators such as number of population served/unit health
center, and number of population having access to per km of road. These indicators are
calculated by dividing the population by the number of health centres or total length of

road respectively.

3.4 Development of Decision Support Framework
14,1 Conceptual Framework for Sustainable Land and Water Management

The concept of sustainability is improvement in the guality of life of the presemt
gencration while safcpuarding the ability of future generations to meet thelr own nceds.
A better quality of life means a higher standard of living, usually measured in terms of
income level and uses of resources and technology. The major challenge for devcloping
countries, is feeding its ever increasing population According to FAO. world food
production will have to double in order Lo provide food security for 7.8 billion people
cxpected by 2025 (AFP, 2009} To meet the increasing food demand, most developing
countries are mainly concentrating on food production without giving consideration to
safeguarding the ecosystem. As a result, ervironmental degradation is occuning at a
rapid scale. 1t is abso inherent in the concepl of sustainable land and water use that
gquity principle shouid be maniained in erder 1o achieve cconomic, social and
environmental sustainability, Fauity and particulatly intergenerational equity is the
central ethucal pnnciple behind sustainable resource management. Lquity consideration
in water munapgement is an imporant requirement for the promotion ol geals of

sustainablc deselopment (Chowdhury, 2009).

Floodplain contains a variety of ccosyslems and habitats, including indigenous
vegetation, wetlands, becls and rivers. Due to unpianned development activities, these
valuable ecosystemns have been degrading over the years. At the same lime. ecoSySICms
have a limited capacily to absorb the effects of envirenmental pollution. The
consegquence of increasing degradation bevond the absorption capacity of the ecosystem
is rcsulting in the extingtion of some animal and plant specics. Thus, the principle of
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sustainability includes safeguarding the life supporiing capacity of ecosystems. So,
protection of significant habitats of indigenous fauna and flora should be ensured for

achieving sustainable resource management.

Socio-
economic
Improvement

Environment

Flocdplain Funetions

Economic

Land and Watcer Use
Activities

Constraint

» Equitabrle Resources
Distribulion
= Fulfi!l basic neads
= Disteibutive faimess
» Safeguard ecosystem
— Env flow

Vigure 3.2: Conceptual basis for sustainable land and water use activities

The basis for sustainable resource management should be 10 improve the socio-
economic condition of the society for the prescnt gencration by ensuring equitable
resource  distribulion without depriving future generational needs In addition,
maintaining the floodplain fanctions and safeguarding the ecosystem, so that land and
walcr Tesources can continue to produce goods and services for socio-cconomic

improvement. This sustainable development is illustrated in Figure 3.2,

In developing countries, most emphasis is placed on employment creation. However, it
is not enough to address the temporzl distribution of employment. The distnbution of
employment throughout the year is cqually important, Unforunately, not cnough
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emphasis is given on whether the resources are equitably distributed. Not only that, its
effect on the ecosystem is totally ignored. For these cconomics, two stage evaluation is
needed before embarking on socio-economic progress. First, it should be assessed
whether the project is ensuring equitable resource distribution and safeguarding the
ecosystem, Second, the outcome should be able to improve socio-economic condition

and also protect floodplain environment through maintaining floodplain functions.

| he philosophy of utilizing natural resources for secielal development 15 like siiting on
top of a pyramid (Odum, 1971). The planners overlook at the reproductive and
functional capacity of natural system which results in degradation of natural floodplain
resources. This in tun creales acute threat to meet future gencration needs. Tn this
research, the pyramid has been reversed, that is, nto an upside down pyramid as shown
in Figure 3.3, In (his approach, the planners should devise a system whereby, the
present peneration should not only be the user, but also the custodian of floedplain
resources. They should wtilize these resources for improvement of socio-economic
condition and should alse be able to mest the needs of luture generation without

depicting resources and degrading the environment.

Sustainable development model had three pillars: Feonomic, Lovironment and Social
(Stevens, 2005). In thiv model, all threc pillars are interlinked and have equal
imponance and therefare, are evaluated topether, However, in this research, cconomic
activity, such as. land and water use activitics are geared twward 8OCID-E2COnomic
improvement. The socio-cconomic improvement cannol be sustained without a
profected and funetional environment as well as fair and equitable distribution of

natural resources

Socio-cconomme improvement in conjunction with future generalion needs should be
one of the key development objectives. Dilterent land and water use activities in a
dcltaic floodplain are essential ingredients to achieve these objectives. These activities
utilizc natural {(lloodplain resources) and human resources (o produce goods and
scrvices for socio-economic improvement. Maintaining foodplain {unctions should be
the basis {or utilizing land and water rcsources In a floadplain for sustainable resoucce
management. In addition, socio-cconomic improvement of the socicty cannot sustain
without equitable resource distribution and safegnarding the ecosystem, which are the

two constraints for sustainable land and water use as shown in Figure 5.3.
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The conceplual framework for land and water use s shown in Figure 3.3 shows these
are two competing objeclives: socio-cconomic improvements nnd  maintining
Moodplain cnvironment. However, there are two constraints in echicving these two
abjectives. Socio-cconomic improvement must ensure equitable distribution of land and
water resources. To maintain flocdplain functions, the ecasystem in a floodplain should
be sofeguarded. These 1wo constraints act as en objective in fulfilling the consurints.
Land and weter use activitics uses Moodplain resources to echicve these two competing
objectives. Not only Lhat, it also meets the cansirint requirement in such a way that it

fulfilis present generation aceds withoun depriving the future generations.

FUTURE GENERATION NEEDS

PRESENT GENERATION NEEDS

Figure 3.3; Conceptuat frrmework for sustainable land and water use activitics

14.2 Analytienl Framework for Sustalnable Resource Management

In the study, a decision suppont framework (a process to enalyee and implement the
conceptunl framework shown in Figure 3.3) hes been developed far sustainable 1and
and water management (shown in Figure 3.4) to assess the changes and impacts of

various options of laml and water use ectivities in a [loodplain. This framework
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comprises several components like, driving factors, activities, data and models. change
in state, impact assessment, equity and environmental constraints, evaluation of impacts

by multi criteria analysis (MCA) and recommended land and water use activities.

Driving factors include demands and necds from various social and economic aspecis,
government policies and plans, opportunities for resource use and flood management
and several other external factors like climate change and upstream water managenient

aclivities,

The options for land and water use activities are derived products of the dniving faciors.
These activities criginate from the driving factors and changes with changes in driving
faclors. Thesc activities result in the changes in state of varous fi unctions of floodplain

associated socicty and economy.
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Figure 3.4: Decision support framcwork tor sustainable management of land and water
use in the floodplain

‘The data and models component is used for observation of changes duc to vanous land
and water use activities, Data types include hydrological, land cover, environmental and
socio economic data. The available data will be collected from various secondary
sources and if not available will be generated by hydrodynamic and hydrological
models. The data and models component is dependent on dnving factors and options for

TERQUTCC USE
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The changes in state and impact assessment is the next segment of the framcwork. Tt
will be generated using data and modets for various options of resource use activities.
This segment includes changes in floodplain functions, Noodplain environmental
finpacts and socio-economic impacts. The change of state will be assessed in tenms of
improvement or degradation of floodplain functions compared to historical daia. The
changes in floodplain functions include changes in state of various functions while the
floodplain environmenlal impact comprises hydrological, ecological and environmental
impacts. The socio economic impact include various impacts on income, employment
etc, with changes in land and water usc activitics. The changes in state are nfluenced

by driving factors and land and water use aclivitics.

The equity and environmental constraints are the guiding conditions which ensure the
cquity in resource distribution and safepuard the ecosystem. The constraints include
ceveral criteria like, basic human need, accessibility and distribution of resource,
ecosystem requirements and cnvironmental flow requiremcnts. The constraints measure
various physical and socio-economic condition of a floodplain based on some threshold
values which should be maintained to protect life and livelihood of people and also 1o

protect the Noodplain environment.

‘Two major objectives will be evaluated by MCA based on results from change in state
due (o different land and water use activity options. Finally, an option for land and

water use activity will be recommended.

3.4.3 Compuiational Framework for Decision Support System

Based on the coneeptual framework, a computational framework has been developed to
evaluste land and water nse activities in terms of measurable criteria and indicatots for
altaining sustainable managemnent of land and waler resources. The framework has two
major objectives: protection  of floodplain - environment  and  socio-cconomic
inprovement. The sub  objectives of maintaining {loodplain  environment  arc:
mawtaining hydrology, protecting environment and safeguarding ccosystem. Fulfilling
basic nceds, faimess in resource distribulion, economic sustcnance, access o publie
services and food availability are the sub objectives of socio-economic improvement.
Each sub objective will be evaluated by one or more criteria. For cxample, maintaining
hydrological conditions will be evalualed by three criteria, such as, maintaining
regulatory function, maintain connectivity and maintain storage and regeneration.
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Similarly, two criteria have been developed to evaluate fairness in resource distribution.
These are: access to flooded area for sustaining fishing and temporal distribution of

occupation.

All the eriteria will be evaluated hased on options of land and water usc activities. The
land use activines include agriculiurc, settlement, wetland and  other use
(infrastructurc). The water use activities compiise irrigation, domestic use, environment
and other use (industrics). The land and water use options will be gencrated basced on
the driving factors like, policies, plam, strategies, people’s preference, availability of
resources elc. For each option, hydrological, hydrodynamic and land use models will be
used to generate values for the indicators to assess the criterion and consequently the

abjectives and goal as shown in Figure 3.3,

Analylical Hierarchy Procedure (AHP) will be used to evajuate the critena, sub-critctia
and objectives in order to attain the goal. The AHP is a comprchensive methodology
that provides groups and individuals with the ability to incorporate both qualitative and
quaniitative factors in the decision making process. Finally, an option for land and

water use will be evaluated using AP which will aid in decision making process.

3.5 Scleeiion Criteria for Study Area

This research aims to develop a decision support framework for integrated management
of land and water nse in a floodplain. In order to test the framework, a study area shonld

be selected based on the following crileria,

— Tt should be a floodplain: A {loodplain is a strip of relatively flat land adjacent to
a streams which is periodicully overflowed during high water. So, the study arca

should have a flat topography, uewly formied young and acuve flondplain,

— The area is adequate to represent a region or sub region: The dewision suppomt
framework developed in this research is targeted o macro level planming. In
order to tesl this framework a repion or sub region is required where cnough
opportunitics and altemative use options for Jand and water rcsources arc

available for implementing structural and non-structural measures.
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—  Availability of land and water use information: In order to test the framework
properly, detail information of land and water resource use in rivers, streams and
floodplains are required. So, it is preferable if secondary information in the

study area is availabic from hydrological and hydrodynamic models.

— Floodplain characteristics shoutd prevail: The study area should be an active
floodplain and the floodplain characteristics should prevail. To ensure this
condition. the arca should be free from major man made intervention such as

embankinent.

_  Accessibility: This research needs data on vanous physical, social and economic
parameters. In case of unavailabiluy of dala, information from the study arca
should he collected through surveys, focus group discussion or meetings with

stakeholders, In this regard, good accessibility of the study area is imporiant.

3.6 Data Source and Data Generation by Models

For assessment of the developed deeision support [ramework data of Various physical,
social and economic conditions are required. Data needs can be classified in broad
catcpories like socio-cconemic data, land use! land cover data, hydrologieal and
hydrodynamic data and environmental data. Details of data need, data collection and

data generation by models arc described in following paragraphs.
3.6.1 Socio-economic Data

This research requires various socio-ceonomic data like incorne, employment, condition
ol basic necds, resource distribution, fuod availability etc. These data will be collected
from both primary and sccondary sources For primary data collection, Focus Group
Discussion (FGD), Koy Informunts Interview (K1I), and houschold survey will be dene
in the study alea. Sccondary data will be collected from available reporis ol Bangladesh

Bureau of Statistics and other relevant organizations, local goveriment offices etc.
3.6.2 Hyirological aml Hydrodynamic Data

In order to assess the impacts of various land and water usc activities in & Noodplain
arca, time series data of rainfall, surface water level, discharge and ground water in the
floodplain is required. For this data, hydrological and hydrodynamic model results will
be necded. This data for the study area should be collected if model results arc already

available,
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In this research, time series data of observed rainfall, water level, discharge and ground
water will be collected from meteorological and hydrological measurement stations
near the study area. For generating data in the floodplain under different land and water
usc scenarios. Sobek-Rural developed by WL | Dellt Hydraulics and NAM model of
DHI MIKE will be used. Sobek-Rural has two hydrodynamic modules, IDFLOW for
generating 1D analysis and Overland Flow (2D) for simulating flooding. Both of these
modules will be used in the present study. For pencrating groundwater data in diflerent
lncations of the study arca NAM medel based {umped rainfall-tunoff analysis will be
carricd on dwviding the study area into several sub-catchments considering the land use

and topographic features and using GIS techniques like flow accumulation
3.6.3 Land us¢/ Land cover Data

The land use/ land cover data in the study area is of great importance. In this study,
these data will be collected from remote sensing (RS) and GIS data. Using these data,
tand use maps for different time and scenario of land and water use will be prepared.
The land use map preparation includes steps like, classification of different Jand usc’
land cover from RS data, collcetion of statistical data, preferences of land use/ land
cover otc. Three different temporat perspectives {Dry season crop coverage, Monsoon

scason crop coverage and other perennial land use) wilt be assessed using RS images

Monsoon crop in [loodplain area of Bangladesh is mainly Aman. 1he area under Aman
cropping can be accuratcly measured using RS imapes. RS images are of two types,
optical and radar images. Duning monsoon, cloud covers the sky and optical images
cannot penetrate the cloud. So, monsoon crop coverage canmot be assessed using optical
images. The radar images can penetrate the cloud. and as a resull, this is suitable for
estimating Aman clop coverage. In the current study, Aman crop estimalion will be
done with RADARSAT ScanSAR wide beam images. Then, the single dated images
will be used to penerate the multi-termporal image and classified using ISODATA

clustering techniques to delineate the aman area.

Fach individual RADARSAT scenc contains one channel of data and is produced by
using a single microwave frequency known as the C-band (5.3 GHz frequency or 5.6
cm wave length). The nominal resolution of the ScanSAR Wide image and ScanSAR
Narrow image are 100 m and 50 m respectively. ScanSAR Wide images are acquired in

the SW?2 beam position (incidence angle 20 - 46 and swath width 450 km) during an

15



ascending orbit with beam combinations of W1, W2, 85 and $6. The beam combination

of the ScanSAR Narrow image (SN2} is W2, 55 and 56 with 300 km swath width.

in case of monsoon crop coverage mapping, perennial land [eatures jike urban
schlements (i.e., comer reflectors), rural settlements, forests, waterbodics, and seasonal
variations in the agricultural fields will be considered. The dominant agricultural crop
in the monsoon is the aman ice, which is a rain-fed crop and grows from Junefluly to
October/November. Some of the depressed land areas restrict agniculbtural usc and
remain fallow due (o the presence of higher water levels in those areas. Agqualic weeds
such as prasses and hyacinihs grow in these depressions, but their canopics are
generally very low in percentage (typically less than 30%). Based on the land use/ land
cover conditions described above, several monsoon land usc classes will be identified
from the multi-temporal image set. Thesc land usc classes are, open water, aman ¢rop,
other crops, rural settlements, built up areas and forest areas (if present). Figure 3.6
Mlustrates the methodology followed in preparing the aman crop coveragc. In this
process, the geo-reforenced images will be stacked first to generate a multi-temporal
data set. Through unsupervised classification, 100 ciasses will be gencrated with 30
iterations and with a converpence threshold of 0.95. A set of parametric signature will
be produced based on statistical paramcters of the image elements. Analyzing
signatures and pround truth data, similar signatures will be grouped together and the
classified image will be merged and recoded into seven road classes. It is generally
difficult to isolate the rural scttlements and other crops from each other using the
unsupervised classification approach. So, a set of signatures will be generated from the
multi-temporal image vsing some previously known rural scitlement area polygons.
Using these signatures, a supervised classification will be done with the option of
maximum likelihood classifier, and thus, the extent of rural scttlement image plane will
be generated. Then the extent of rural settlements will be merged with 7 broad classes

image plane and (inally the monsoon land use/ land cover map will be prepared.
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Figure 3.6: Schematic diagram of land use mapping

Figure 3.7 shows an example of merged signature patterns that can be used for

unsupervised classification. In the merged wignatures, the water (in all dates) and Buit-

up arca (corner teflectors) were found in the lower and upper end of the IIN values

range respectively. From the signature pattern one can ¢ fterentiale the damaged aman

crop from the survived aman The survived aman shows an inereasing trend n the DN

values with the growth stages of the crop. The damaged aman crop shows a gradual

decline in DN vatues with inundation. In case of rural settlements and other crops, 1t is

clear that these two classcs are mixed with each other. For identifying these two classes

separately, a further investigation of supervised classification might be done.
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Figure 3.7: Merged signatures extracted [rom unsupervised masimum likelihood
classification

Dry/ winter scason crop in Bangladesh is mainly boro rice. During dry season the sky 15
usually clear and the optical images can capturc any ground condition. So, for
cstimating the boro crop coverage, optical images from LLANDSAT TM (resclution
30my, TRS LISS (23.5 m) and Terra MODIS satcllites will be used. The MODIS
(Moderate-Resolution Image Spectroradiometer) data of Terra satellite will be used for
boro crop area mapping and estimation. MODIS is a key instrument aboard the lerta
(FEOS AM) and Aqua (EOS PM) satelliies. Terra MODIS and Agua MODIS view Lhe
entire Barth's surface every 1 to 2 days, acquiring data in 36 spectral bands or groups of
wavelengths. It has a viewing swath width of 2,330 km. Its detectors measure 36
spectral bands berween 0.405 and 14.383 pm, and it acquires data at three spatial
resolutions 250m. S00m, and 1,000m. Only one scene is required to cover the whole
country. The ground resolution of the image is 230 meter and the bands uscd for the

analysis are red, infrared and mid-infrared.

The RS optical images will be wsed in identifying other perennial land use or land
covers like, settlements. waterhodies, khals, rivers etc. lor this LANDSAT 'I'M optical
images will be used to generate multi lemporal images. The land use coverage data for
eetllements and waterbodies will be estimated for 1991, 2001 and 2008, The data for
2001 will be generated from National Water Resourees Tatabase (NWRD) and the
other two using sateflite images from LANDSAT TM and also from Google Larth
images. The perennial waterbody data have been captured by NWRD from SPOT89,
LANDSATO7 and [RS images. This data will be used in the present study.
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In preparing the land usc maps, the year 2001 has been taken as the base. The prepared
land use map gives four basic land use types. These types include agricultural use,
water use, settlement use and infrastructures use. The basic methodolegy for preparing
the land use map is presented in ligure 3.8, For preparing the land use maps, several
data layers will be used. Thesc are, remote sensing image derived data, land type
classification. data from BRS and other secondary soutces, crop suitability and local

preferences All these data will be combined and analysed in GIS platform.

Remote Sensing

and Preferences

Crop Suitability J

Figure 3.8: Land usc mapping procedure
For GIS analysis, a Digital Elevation Model (DEM) of 25 metre resolution will be used.
‘The width of road will be considered as 2 pixels. Width of rivers and beels will be
assumed as constant {(or beels the width is 4 pixels and for nivers is 6 pixels). Tn
preparing the land use map. the sequence of GIS layers used in GIS analysis is assumed
as, first agriculture, then settlement, waterbody, roads, embankments and finally river

notbwork.
3.6.4 FEnviroumental Duata

The environmental data for the study include environmental flow requircments, land
and water quality represented by fertilizer and pesticide use, aquatic habitat represcnted
by wetland area, terrestial habitat represented by social [orestry area, favourable
duration for fish migration and movement, aquatic speeies diversity and information on
flora and fauna specics available in the study area. These data wili be collected from
both pnmary and secondary sources. Primary dala like fertilizer use rate, informalion on
[lora and fauna species will be collected through field survey. The data required will be
mainly collccted from available secondary sources like rcievant local government

pflices, statistical vcar books, hydrological and hydrodynamic models ete.
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Chapter 4
STUDY AREA AND DATA ANALYSIS

4,1 Physical Characteristics
4,1.1 Location and Topography

The study area is in the Jamalpur district, which is located in the Northern part of North
Cenlral Region (NCR) of Bangladesh. Tl covers an arca of about 600 square kKilometers.
The extent of this area spreads within the latitude of N-24"46" 10 N-25"11" and the
longitude of E-89"42" to E-89"57" (see Figure 4.1).The study arca includes floodplains
of Chatal, Jhinai and Dadbhanga rivers, which are the distributaries of the old
Brahmaputra and Jamuna river. The study area comprises of six upazilas in Jamalpur
district. This area is bounded by lslampur and Jamalpur Sadar upazila of Jamalpur
district, Dewanganj upazila on the north, Islampur and Madarganj upazila on the wesl
and Sarishabari upazila on the south. The total area of each upazila and the contributing

atea percentage of those upazila to the study area arc presented in Table 4.1,

Table 4.1: Upazila wise total area and contnibuting pereentage to study arca

Upazila Total Area (km”) Upazila percent

Dewangan) 207 13

[slampur 343 30

Jamalpur Sadar 490 12

Madarpganj 223 66

Melandaha 240 96

Sanshabarn 263 10 _]

Yrom Table 4.1, it is observed that the study area comprises about 96% area of
Melandaha upazila. 66% Madarganj upazila and 30% of [slampur upazila. Further, only

10% of Sarishabari upazila is under the study area.
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The topography of the study area has a peneral gradient from north to south. The
elevation vatics from 19.8 m (o 13.7 m is measurcd with respect (o the Public Works
Department (PWD) datum of mean sea level. The maximuem elevation of the study area
is 20 m, minimum elevations is 10 m and mean elevation is 16.7 m. The opographical

disiribution of the area which is represented by Digital Elevation Model (DEM) is

Figuee 4.1: Location map of the study area

shown in annex-A. Table 4.2 presents the elevation distribution in the study area.
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‘Table 4.2: Area distribution by clevation in the study area

Elevation (m, PWD) |  Percentage of Area

$.48.9.92 0.08
9.93-11.36 0.36
11.37-12.80 0.72
12.81-14.24 2.43
14.25-15.68 1775
15.69-17.12 40.12
17.13—18.56 29.75

18 57-20.00 720
20.01-21.45 1.58

4.1.2 Climate, IIvdrology and River System

The climate of the study arca is dominated by monsoon. The mean annual rainfall is
2,240 mny, but 90% of rain occurs in six months from May to October and only 2% of
rainfall occurs between Decernber to February. The distribution of rainfall according to
the cropping seasons is different than that of general rainfall. During the pre-monsoon
{Kharif-1) March (o June, generally 20-25% of the total rainfall occurs 1n the study arca.
brom June to October (Kharif-II) most of the heavy raintall {74-80% ol the total
rainfall) occurs The rainfall data was collected through NWRD sources from three
rainfall observation stations of BWDD within a close proximity of the sludy area (see
Iigure 4.1). These three measuring stations are located at Jamalpur, Sarishabari and
Dewangan] with their tespective station Id’s as 67, 32 and 62. The mcteorologwcal
station data covers a time span of 1962-2005. Of these three stalions, two art located

inside the studv area and the remaining onc is on the periphery ol the study arca.

The mean annual temperature of the study arca is 25°C. The average temprature ranges
from 13°C 1o 28°C between December to February and 18°C 1o 28°C from Apri to
September. During the Kharif-l penod the temperature sometimes rises more than 35°C,
while the temperature ranges in the study arca during the Kharif-11 season is from 25°C
to 31°C. The annual evapoiranspiration is 1,290 mm with deficit supply of 309 mm
during the dry season. Thereforc, the availability of soil moisture during the period

(from December to February) Tulls short of crop requirements. There is no evaporahion
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stations located in the study ares. Twe evaporation stations namely Bogra and

Mymenshingh stations data are usualty used for this area.

Rainfall and cross-boundary (lows of different river systems arc the principal sources of
water in the (loodplains. A porlion of precipitation falls on the fand and it is lost
through infiitration, evaporation and other abstractions. Light boundary of agnculture
ficlds aiso reserves some rain water from different rivers, particularly from two major
rivers, Jamuna and Old Brahmaputra. Remainder of precipitation s received from
streaun flow that is stored in the study area as surface water reservour in ponds, Tivers,
canals, beels and seasonal {loodplains; as recharged form in the aquifer and as saturated
form in the lop soil or as soil moisture. A portion of the ground water (lows to siream as

base flow,

The hydrology of the study arca is complex by nature of its surrounding rivers. The
Jamuna and Old Brahmaputra River dominates the hydrological characteristics in the
arca. Besides these rivers there are several small rivers, seasonal and permanent
waterbodies which have also been playing role in hydrological process in the study
area. The study area is {lat and complex in its {low pattern and somelimes it is diffrcult

to predict the hydrological phenomenaon.,

Rivers, khals, ponds and wetiands are the main sources ol surface watcr in the study
arca. And it is mainly used for fisheries, irrigation, domestic use, navigation and
commereial purposes. Low lift pump. dhun, swing busket cte. are the most common
mode of surface water inigation. About 26 km® arca is imgated by surface water of
which 13 km’ is by low lift pump and the remaining 13 km? is by waditional method. &

total of 31 Mm® of surface watcr is used for Irrigation.

For hydrological data mainly water level and discharge is required for the analysis
process. Water level data was collected from four BWDEB water fovel stations. There
arc four Water level stations within or in the peripbety of the study area. Of these four
water level stations, two stations {Id 46.9L and 134A) are water level as well as
discharge station and the remaining two gre water level station All these stations are

rmaintained by BWDB. The name and 1d of these stations are given in Table 4.3,

Water level hydrograph of Bahadurabad station, for the ycar 1979 14 presented 1n Figure
4.2. (Hydrograph of the other three stations are shown in antuex-Aj. The annual

fluctuation between monsoon and dry scason for the internal rivers, Old Brahmaputra
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and Baushi on an average varies up to Sm and that of Jamuna up to 6m which is an

cxternal river.

Table 4.3: Name and IT? of hydrological data collection stations

Station Nume River Name Station 1T | Remarks

(BWDH)
Bahadyurabad (Tr) | Brahmaputra-Jamuna 46.9L Discharge & WL station
Baushi Bridge Jhenai 1344 Discharge & WL siation
Uff—tatke of Thenai 134B W1, station
Jhenai
Jamalpur Old Bralumaputra 225 WL Station

Wauter Leval Hydrograph
Siation: Bahadurabad {46 L)

Year: 1979
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Figure 4.2: Water Jevel hydrograph for Bahadurabad {49.6].) station

The discharge hydrograph of Bahadurabad station for the year 1979 is given in Fipure
4.3, (Discharge hydropraph ol Baushi Bridge and Mymensingh station arc presented
annex-A). The data of Bahadwabad and Mymensingh is available, bul for Baushi
Bridge Station, mainly wet scason flow is available, These figures show yearly
fluctuation of discharge between dry and wet season At Bahadurabad station, dry
season Aow varies between 5,000 and 10,0030 m' s and wet season flow varies between
10,000 and 646,100 m’fs. In Mymensingh, dry season flow varies between 50 amd 300
m’/s and wet season flow varies between 250 and 2,600 m’fs. The peak flow occurs

during July to October The fiow at Baushi bridge ranges between 21 and 150 m'ss.
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Discharge [yidregraph
Siarian: Bahadurabad (46.91.)
Year: 1979
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Figure 4.3: Discharge hydrograph of Bahadurabad {46.9L) station, 1979

Ground water is a major source of water, especially during dry season. The sources of
pround water are raihfall and flood water. Groundwater is the main source of irmgation
and 1t is aiso used for domestic purpose mainly as c}rinking water, Croundwater is
abstracted by deep tube-well and shatlow tube-well. In 2008, about 304 km?® arca was
irrigated by groundwater and the amount of water withdrawal was 365 M.
Croundwater data  was collected from  six  groundwater observation stations.

Groundwater level stations along with their [D's are presented in Table 4.4,

Table 4.4: Groundwater level stations with 1D

. Thana Name Well Td
Islarmpur 3520005
1 3936009

Jamalpur Sadar 3936013
. 3058014
Madarganj 3958015
hiclandaha 1051016
Sharishabari 3083017

Figure 4 4 illustrates the time series data of depth of groundwater table for Madargan]
Stations (Groundwater depth of other stations are presented in annex-A). The figure
shows a wide variation in groundwater table between dry and wet seasons. This

variation shows decreasing groundwatcr table from January, reaching a peak decrease
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in April and then increasing in wet season. Aficr September, the groundwater table
again decreases. This variation is causcd by abstraction of water from groundwater
table for irrigation. Groundwater abstraction is mainly caused in the dry seasen and
recharee occurs in the wet season. Ground water draw down even 6-7in and 1t varies

From location to location.
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TFigure 4.4; Groundwater depth for Madargan) {Well IT: 3058015)

The Jamuna and Old Brahmaputra are the main two rivers dominate in the study ared.
The Jamuna river is Mlowing by the west side and the Old Brahmaputra niver is flowing
by the easlern side of the study area The (Chatal, Jhinal and Dadbhanga/Madardaha
viver which arc the distributory of old Brahmaputra and Jamuna river are (lowing over
the study arca. Besides the rivers. a number of khals criss-crosses the area. T'hese rivers
and khals play vital rele in feeding waler to the Noodplain as well as v receding
floadwater. These rivers and khals play an important role in recharging of groundwater

for irripating croplands, domestic and other usages.

The rivers arc also responsible Jor accumulating floodplain. The stndy area lics within
the 1h1ahmaputra—~Jamuna Noodplain. On the basis of the relative age of the floodplain,
nature of deposits and characteristics of relict, the physiographic unit, the study area has
been classified as active [loodpiain, young floodplain and old floodplain.The study area
is under three floodplains namely active Brahmaputra-Jamuna floodplain, Ofd
Rrahmaputra {loodplain and young Brahmaputra and Jamuna floodplain. Among these

three, Young Brahmaputra and Jamuna constitute 47% of the study area. Old
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Brahmaputrn Mocdploin constitute 46% of the arcn and the remaining 7% is under
active Drohmaputro-Jamuna Roodplain. These Nloadplaing are frequently subjected to
flooding fram Old Brahmaputre, Jamuna and other internal rivers. The floodplain map
of the ares is presented in Figurc 4.5.
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Il Yourg Brstrnapuira snd Jamona
) id Eratmaputra

Figure 4,5: Floodplain type map of the stndy arca



4.2 Enviroomcntal Settlings

Environment and {lgodplain mainly dcpeﬁds on hydrological characteristics, habitat
condition and man made interventions. Floodplain hydrology plays an important rolc to
mect and maintain the ecalopical requirements of the respective habitats. There arc
three types of aquatic habitat, rivers, floodplains and beels. The terrestrial habitats

include homeland and other habitats,

T'he natural forests are very few in the study arca but public and private afforestation 18
seattored and increasing over the vears. Social forestry is widely practiced in the study
area. Roadside vegetation is observed along most of the roads {total length of road 15
410 ki) conducted under social forestry program. In addution, homestead vegetation is
obscrved in the settlement arcas. Homestead vegetation includes two types of plants:
ihose cullivated for their economic value and those that are self propagating. There is
no reserve forest in this arca. Based on reconnaissance [ield survey, the afforestation
along with roadsidc vegetation in this area mainly includes mehegoni, babia,
akashmoni, shishu, kathal etc. Mehegoni is a dominant species of sacial forest in the

study area. A list of the tree species found in the study arca is prescnted in annex-A.

The wetlands support a wide range of flora and fauna in the study area, The common
aquatic (lora includes: Hydrilla (Hydrilia verticillate), Lows (Nelumbo nucifera),
Helencha (Enhyvdra fluctuans), Kalmi (fpomoca aquatic) and Blue moming glory
(Ipomoes fistulosa). Water hyacinth (Eickhornia crassipes} 1 the singlc most dominant
species followed by Salvima, Azolla and Lemna. The estimated total area of
waterbadics in the study area is 8.5 km®. There arc some big rivers and a numcrous
khals criss-cross the study area. The length of the river iy about 235 km and khal lengih

15 about 280 km

The hydrological cycle and the presence ol perennial and seasonal wetland provide a
diversified habitat {or all biota, especially for {ish. A morc detailed descniption of the
fish populations and speeics is shown 1n section 4.5.3. Among amphibians, Skipper frog
(Euphlyetis cyanophiyeiis) and Ornate Microhylid Frog (Micrehyla oraaia) is common
and found in most wetland habitat and has been the most successtul in adapting to the
tabitat. The common turtle species found in the project areas are Spotred Flapshell
Turde (Lissemys punctatd). Common aquatic snakes include: Checkered Keclback

(Xenochraphis piscator), Striped Keelback (Amphiesma stolatum) and Common
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Smoolh Water Snake (Erhydris enhydris). Turther, common wetlands bird species
available in the study area are Litlle Egret (Egretta garzeits), Little Cormorant
(Phalacrocorax niger), Indian Pond IHeron {Ardevla grayii), Commen Kingfisher
(dicedo afthis), White Breasted Kingfisher (Haleyon smyrnensis), Common Snipe
(Gallinage gallinago). There are fow aquatic mammals. There iz evidence of the

presence of Common/ Eurasian Otter (Lutra futra) und Fishing Cat (Felis viverring).

The external river system in the study arca i.e. the Jamuna and old Brahmaputra with a
length of 98 km and 50 km on the western side and easlern side tespectively. The total
length of the internal river in the study area is around 380 km comprising of rivers
Fhenai, Chatal and Debdanpa™adardhaw system. The study area consist ol different
types of waterbodies i.e. lowlands (beels). adjacent Nogdplains, and pends. Beels are
lowlands which are permanent or seasonal waterbodies and are generally linked through
a drainage channct (khal) to another becl and/or an internal river. In the study arca 93
waterbodies have been found. The waterbodies of the study area can be classified us
permanent  beels, seasonal beels and  adjacent floodplain. lhe study area is
hydrologically complex and dynamic that the asscssment and classification of
watcrbodies is difficult. The area of beels or waterbodies vary scasonally and also year
to vear depending upon the nature of flooding which may oviginate from both river and
local rain water. Statistics has been gencrated taking the length of the river by Thana.

The statistics of Thana wise professional fisherman are shown in Tablc 4.5,

Tahle 4.5: Thana wise fisherman number and fength of river segment in the study area

| Thana Length of [ Pcrmanent Seasonal Number of prof.
rivers (kin) | segment (km) | segment (ki) fisherman

Melandah 42 3 20 440

Madargan] | 37 23 14 575
Sharizabari 8.5 4.5 14 185

| Dewangan 6 0 6 47
Islampur 245 11.5 13 33
JTamalpur 8.5 { 8.5 0
‘Total 136.5 52.0 B4.5 1280

{Source: FAP 3.1, 19970

In the pocket of the seasonal beels, fish can survive during the dry seasons. The hish

production of the fisheries by habitats is shown in Table 4.6. It can be cbserved that
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{loedplain contributes around 180 tons of the total production, where us, in the beel area

the production is highest being around 300 tons.

Table 4.6: Habitat wise production

Habitat Tength Arca Production Praduction Production

(km) (hay | (tons) (ke/km) (kgha)
Rivers 380 798 60.1 158 743
Beels 1550 794.5 514.1
Floodplam 1800 1824 140.1
Total 10410 1

(Source. FAP 3.1, 1997g)

The productivity and biodiversity of floodplain depends on three crucial factors on
fisherics, which are, timing and level of first floods into the area, changes in the extent
and average depth of flood and changes of duration of Noods. Therefore, considering

these three factors, it is necessary to develop mitigation alternates.

4,3  Sociv-economic I'rofile

The population of the study area 1s calculated aceording to the area proportion of the
study area to Jamalpur district. The total population of study area is 6,32,160, of which,
16% live in the urban arcas and the rest live in rural arcas. This population belongs to
1,43,600 househelds (BBS, 2006} The ratio of male o female in the study area is
104:100. More than 60% of the population of Jamalpur distriet lies below the upper
poverty line {receives calories 2122) as defined by World Bank (BIDS. 2001). The year
wise distwibution of population of the study area 18 presented in Figure 4.6 1t is
ohserved that the population of the study area is growing at a rake of 1.18% and the

pational prowth rale was 1.39% in 2008 (BRS, 2006 and BES, 2008).

Year wise Pepulntion of S{ody Arca
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Figure 4.6: Year wise population distribution of the study area
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The population of the study area are involved in & variety of employment opportunity
(BBS, 2006) which is presented in Figure 4.7. From the figure, it is observed that about
64 % of the popalation are employed in the agricultural seclor. Of which, 40% are
agriculture farmers, and 24% are agricultural labour. The other livelihood groups are 12
% in bugincss, 6% are involved in service, 3% are non-agricultural labour, 3% are
involved in trapsportation sector. 1% are involved in fisherics, consteuction and
industrial work and the remaining 9% arc involved in activities Iike handloom, religious

work ete,
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Figure 4.7: Differcnt livelihood groups in the study arca

Fisherman of the study area can be categorised as full time, parl time and uccasional
fisherman (Hassan, 2002). A socio-econonue pilat survey (FAT 3.1, 19974} shows that
60% (within 532 sample houscholds) are nol involved in any Mshing. Only 40%
households practice fishing. The distribution of fishing households is shown in Table

4.7.

Table 4.7: Percentape distribution of fishing household type

Houschold Type | Becls j Floodplain | Rivers
Occasional 47% | 41% 12%
Part-time 53% | 29% 16%
All 52% | 33% 15%

fSource: FAT 3.1, 19%7a)
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There are 237 primary schools, 50 high schools, 40 madrasas and 6 colleges in the
study area. The average literncy rate is about 32 %. However, the female literacy rate is
lower than the male ratc (DBS, 2006). Upazila wise numbers of educational institutions

are presented in Table 4.8.

‘Table 4.8: Upazila wise number of educational instihute

Part of Upazila under the study area | Primary School | High School | Collepe | Madrasa
Dewangar] 17 7 i 1
Islampur 37 12 1 4.
Tamalpur Sadar 33 11 P 2
Madargan) 67 19
Welandaha 76 18 2 14
Sharishabari 7 2 - -
Total 237 50 H 40

The principal source of drinking water in the study arca is tube-well. A small portion of
inhabitants of this arca use water (rom other sources, such as, tap, decp tube-well. pond
etc. People use river, khal, pond water for their kitchen use and bathing purposcs.
Statistics show that about 91% of the population uses hand tubc-well water, 1% uses
deep tube-well water and 8% uises water from other sources hike pond, tap. Tiver water
etc lor drinking water (BBS, 2006). [Iygicnic condition of an area depends on the
coverage of sanitary latrines, Only 18% household of this area wse samitary latrines,
31% use non sanilary latnnes and 31% of the houschold with no latrine facility (BBS,

2006)

Health instilutions in the locality, is mainly developed to serve ihc low-income people.
Among the health institules, some are operated by the Bangladesh Government, some
are private and some arc operated by the NGO's. The privaic health centres are
expensive than the government operated ones. Path finder, USA implemented a prﬂ ject
titied “The NGO Service Nelivery Project (NSDPY” which surveyed famly healthcare
[acilities in Bangladesh. According to the NSDP survey. there are 6 hospilals and 3
family heaith care centres in the study area. On the other hand, growlih centres, mainly
comprises of hats and bazars. Bazars are permanciit market places and hats are usually

held on onee or twice a week. There is | growth centre in Jamalpur sadar Lipazila, 3 in

92




Islampur, Madarganj and Melandaha upazila. ‘The details about the health centres and

growth centres in the study arca are presented in Table 4.9.

Table 4.9: Upazila wise number of health cenlres and growth centres in the study area

Part of upazila under the sludy area Hospilals Family health Growth Centre
CAre cenlres

Jamalpur Sadar 3 1 ]

Dewanganj 1 1 i

Islampur 1 0 3

Melandaha 1 1 3

Madarganj - 3
]_Tolu! & 3 11

Source: NWRD

Terrestrial road is the principal mode of transportation of goods and communication i
the area. The terrestrial roads are categorized into (hree major types, such as, national,
regional and feeder roads. Regional roads arc national highways which connects district
headquarter. There are two types of feeder toads, A and B. Feader A roads connects
district headquarer with upasila headquarter and feeder B connects upazilas, Rural
roads, mainly connects upavilas and unions. The derails about the road length of the
study area in 1991, 2001 and 2008 arc presented in Table 4.10. It can be observed that
over the periods road length has been increasing. For cxample, there 1s atotal of 230 km
road in 1991 which became 303 km in 2001 and 410 km in 2008, Besides roads,
railway is also an important mode of transporiation in this area. There 15 about 60 km

railway lings in the siudy area. Railway 15 mainly used for transporting goods.

Table 4 10: Road length according to road type

) Road Length {km)

Road ype [991 | 2001 2008
Feeder road A 43 65 79
Feeder road 13 T4 103 13%
Rural 112 134 159
Regional RS 0.85 083
Lotal 231 303 | 407
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4.4 Problems and Jssues P
4.4.1 Floods

The study area is highly vulnerable to Mood. Recent foods, in year 1988, 1995, 1998,
2004 and 2007, has cause lot of damages to lives and livelihoods. The major seurces of
floods in the study area are over bank flow from Jamuna river and internal river banks.
Tn general, 80% ol study area is under seasonal imundation. The norih-east border of the
sludy area which is about 20% of (he total arca is above normal flood level. The central
part of the study area is mixed with hiph land and medium low land, which is subjected
10 shallow floeding. Around 40% of the area is under moderate to deep flooding, which
i« located in the western part of the study atea, There is a small area which is under
deep to very deep flooding. Normal seasonal Mood starts in July and generally recede n
Septerber. The depth of floodwater in the study arca varies from year to year. Nearly
every year floading occurs, mostly caused by over bank spillage of Jamuna river, old
Brahmaputra and their distribularies, The regular Moods are angmented by local rainfall
in the study area. Sometime, this flood may cause major damages, Figure 4.8 iilustrates
open water extent flooding on three di erent dates of 1998 monsoon season derived

from RADARSAT SCW Images.

26 August 1998 10 September 1998 17 September 1598

Tigurc 4.8: Open water extent ({looding} on different dates of 1998 flood derived from
RADARSAT SCW image
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442 Frosinn

ANer MNond, crosion is the major hazard in the study area. Every year river bank erosion
is observed along the bank using time serics of RS image for Jemuna and Old
Hrohmaputea river in the study area. Accrction was estimated in the study arca during
1973.83 and Tound total accretion is much smaller than crosion. It is observed, fram
|98 to 2009. aboul 1.22% ha land has croded. OF which, about 210 ha was human
settlement. ‘This nrea provided settlement for sbout 10,000-15,000 people. |lue 10
riverbank crosion they become bomeless and had to migmic elsewhere. Frequent

displacement is a great couse of poverty in this area. Figure 4.9 shows the croded arca.
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Figure 4.9: Dynamics of Jamuna lel banklines
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From Figure 4.9, it is found that left hank lines of Jamuna is shifling to the lefl due to
crosion. At Dewanganj, the lcft bank lines of the river has shifted about 2.5 km to the
jefl. At Pacha Behala Hat, it has shifted about 6 km and at Madarganj about 5 km to the
left. However, afler 1992, erosion has stopped at Madarganj. From the ligure, it can be
observed that Gurtail hat which is only 70 km away from the river is highly vulnerable

L& CrOsion.
4.4.3 FEnpvironment

Increasing population and urbanization are creating continuous pressurc on land and
water resources which leads to degradation of environment. Besides this, due to
unplanned and extensive usc of { ertilizer in crop fields, various types of chemicals arc
celeased from industrial production and continuous cultivation of high yielding crops,
has eaused the degradation of soil quality and pollution in land resources. As population
is increasing rapidly, they need mere land for human setticment and develop new
infrastructute such as roads, markets etc. Thig land is mainly being convered from
agricultural land and wetland. Te meet the increasing food demand for the orowing
population, wetlands arc also brought under agricultural production, To grow more

crops, fertilizer is used at & higher rate cansing degradation of land and waterbodies.

[ue to erosion and geomorphological pro€csses, rivers like Chatal, Jhenat and
Madardaha ofien become silted by deposition of significant amount of sediments. In
addition to natutal processes. manmade interferences like comstruction of regulators.
sceelerate the siltation of rivers and tributarics, Off-take silfation hinders fish migration
from river to beel and vice-versa. As a result, fish production 15 dechining sharply. So
far. in the last decade, 15% to 20% calch per unit effort (CPUE) has been reduced.
Borween January to May the connectivity remains dry even up to June This
phenomenon hampers the ypawning and feeding migration of the carp as well as

indigenous specics of lish,

Over the vears, human settlement and infrastructure, such as road, markets ete. have
been increasing. As a result, impermeable area has also been increasing which has not
only reduced recharge but also increased overland flow. Because of conversion of
wetlands into agricultural land and infrastructure, it resulted in less surface water

storage causing an increase in flooding.
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Unplanned construction of roads, culverts etc. are causing drainage congestion in the
study area. Culverts or other kinds of water passing structures on the roads are
inadequate for proper drainage and thus flushing of waler is being hindered causing

water pollution and degradation of land qual ity.

‘The wetlands are being reduced and deterioration of quality of water causes reduction
of biadiversity. The natural wetlands are habitat to 2 large varicty of flora and fauna and
it plays a crucial role in maintaining the ecological balance Many speeies of flora and
fauna arc being threatened resulting in the degradation of wetlands-based ecosystem. As
the wetlands, starl w disappear fishes become habitat tess. Therefore, many fish specics
arc in stress. Table 4.11 depicts the rare and unavailable species of Mish in the study

arca.

Table 4.11: Rare and unavailable fish species in the study area

I.ocal Status
. Scientific Name Local Name ]
Rare | Unavailable
Notopterus chitala Chital Y
Batasio batasio Bataiya/Batashi y
Aoricthyes spp. Guzl Aveer ~ ¥
Anabas festudinens Koi X
Channa marulius Gazar "ul
Notopterus notopierus | Foli X

4.5 FEand and Water Use

Four major types of land use activitics are considered 1w this stondy, They are
agriculture, wetlands, scrilement and other usc includes infrastructurc/commercial use.
Infrastructural uses inciudes land that is used for roads, cducatienal institutes, health
centres. growlh centres etc. The percentage of land used for these four purposes arc
presented in Figure 4.10. From the figure, it is observed that about 78% of the land is

wsed for apriculture, 16% for seitlement, cic.
2 :
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Figure 4.10: Major Tand use activilies in the study arca

Agriculture being the principal land usc in (he area, its activities consists predominantly
of rice production in the varietics Boro and Aman. where the varietics are local and
high yielding types. However, farmers generally grow two Crops a year in the medium
highlands (Doro and Aman) and a single crop (Boro) in the lowlands. In 2001 the total
NCA was 47,819 ha, of which, total Aman area was 24 981 ha and total Boro area was
28,181 ha. In 2008. although the total NCA deelined but individual crop arca has
increased being 25,258 ha and 31,775 ha for Aman and Boro respectively. The other
important crops which grows in the study area are _jLIJ.TC, wheat, mustard, sugarcane,
potato, pulses. vepetables and spices. The main rice crops Aman and Boro grows in
mansoon and dry season respectively. The study area is well known for its high quality
jule production. Mustard has also heen cultivated in the study arca as a major oil seed

Crop.

The present area of wetlands {permanent waterbodyy 15 7.78 km?. In 2001, there was 8.5
km? of beels, which has been reduced to 79 km” in 2008, Wellands are cssential
seological featurcs. They are primary habitat for hundreds of species ol fish, walerfow]

as well ag many other birds, mammals and jnsects.

‘I he area of lotal setttement in the study area is about 99 k2. Of which, about 19 kin® is
urhan setilement and 80 xm? is rural. Other uses of land include, land uscd for roads,

infrasteuctures such as schools, colleges, markets, hospitals ete.
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Water is mainly used for imigation, domestic purposes, fisheries and commercial
purposes as shown in Figurc 4.11. From the figure, it is obscrved that impation use

alonc accounts for 52% of use, fisheries is 3.5% and domestic sector uses another 3.8%.

Fisheries
3.50%

Other use
0.17%

Domestic
3.80%

e e = I [ e ——— P
-

Irrigation
92.54%

Figurc 4.11: Major water use activitics in the study arca

Apriculture is the predominant economic activity in the study area and a main user of
water. According to 2008 statistics, there are 431 km?® of cultivable land in the study
arca, of which, 318 km® are imgated land. Irrigation is carried out by different means
wuch as Low Lilt Pump {LLP}, decp tube-well, shallow tube-well, hand tube-well, khals
and traditional method {doons, swing baskels and others). Shallow tube-weli 1s mamly
used for irrigation, which imgated 263 km® of agricultural land. The imigated area in

the study ares according to the modes of irrigation is presented in Table 4.12.

Table 4.12: Jrrigated arca in the study area under difterent means

Mode of Irigation | limgated Area (km?) |
Deep tube-well 252
Shallow tube-well 2651
LLF 12.5
Traditional 15

] Total 3178

Domestic watcr uses include water used for drinking, cooking, washing. bathing ete.
hand tubc-well is the principal source of domestic water use. Fisherics are un important
resource of the study area. Four types of fish production system cxists in the study area.
They are riverine fisheries, floodplain fisheries, beels and culture {isheries. Among the

other uses of water include, water used for commercial purposes, such as, water used in
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the industries, growth centres cte. Some industries arc operating in the siudy area but

there is no data available on water use of those industnes.

4.6 Socio-cconomic Survey Findings

in the study area, agriculture is the main source of income and farmers are the major
livelihood groups. Dry season crop {Boto) and wet season crop {Aman) are considered
a3 the main sources of income [or farmers. Farmers are also classified as landless and
Jandowner The land use dependent livclihonds ate divided into six occupational
groups. They are: landowner farmer, landless farmer, fisherman, wage labour, industry

workers and workers in the transport sector.

Focus group discussion ([FGD) was used as a tool 1o cxplore the secio economic data.
The population in the study arca are jnvolved in diversified professiens from farmer to
rickshaw puller, from day labourer to carpenter €ic. But for this research, land usc
dependent different occupation groups have been identified and six major occupation
groups were selected for FGD. The study arca comprises of five upazilas (shown in
Table 4.13), In every upazila, one FGD was conducted on each occupation group. Some
hasic information was collected, such as, present status of basic needs and
requircments, income and expenditure profile of cach pccupation group and season Wise

gmnployment opportunity.

Table 4.13: Upaziia wise list of FGD in the study area

Number of

ate Place . .
Participanis

Village: Nangla, Union: Nangla, Upazila:

10.12.2009 welandaha, Jamalpur 38
13.12.2009 ‘v’11liage: l?illﬂ Barl, Mouza: Belgachha, Union: 33

Chinaduli, Upazla: [slampur, Famalpur

Village: Paschun Tarlapara, LUnion: Balijuri, 34
18.12.2009 ; Upazila: Madargan]. Jamalpur

Village: Char para, Union: Mesta, Upaala: 32

12.02.2010 .
Jamalpur Sadar, Jamalpur

Mondol Barar |\ Vitlape: Kazlapara, Mouza:
14.02.2010 | Kazlapara Union: Chikajani, Upazila: Dewangan, 36

Jamalpur _‘
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Key informants interview technique was also used to collect information on current
agriculture practices, industries and growth centres in the study area. Key informants
were selected randomly, who provided detailed information based on his or her

knowledge and cxperience of a particular issue.

To find and validate the variations in the socio-economic data collected through FGD,
some household survey was conducted in the study area Depending on the selected
occupation, the samples for household survey were selecied. The questionnaire used

for household survey is gisen in annex-B.

4.6.1 Income and cxpenditure prefile by different occupation
Upazila wise yearly income of different occupation groups are presented in Figure 4.12.

It is observed that income of fanners varies according to season. Income is higher in dry
season than in the wet season. In dry season, landless farmer’s income may vary from
1,000 Tkimonth to 5,000 Tlk/month while in the wet season, their income dechnes to
1.700-3.200 Tk/month. Fisherman's annual income is highest in Melandaha upazila
(42000 Tk) and lowest in Dewanganj upazila (14.000 Tk). Industrial workers annual
income alse varies between upazilas, 1t may vary from 24,000 Tkivear to 36,000

T'kfyear. Wage Tabours and industrial workers incame is almost equal in all upazilas.

Lxpenditure profile ol different occupation group is almost similas {Figure 4.13). Food
'y the pain item on which the honsehold of all categories spent their major sharc of
carnings. It is observed that ihe households spent around 60 pereent of their income on
food Lurther, this expenditure on food depends on {amily size, age of family memhers
and the income of houscholds. Besides food, other househeld expenditure includes.

sheller/housing, clothing, health, education, transpeort cte.
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4.6.2 Asscssment of basic needs

Foods, cloths, shelter, health, education, cte. are considered as basic human nceds. In

this study, current consuniption and requirements of food (rice, [ish and water), living

space of the population of the area were collected, According to FAO standard, per

capita cereal requirements per day s 397 gm, but our national average consumption of
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rice is 460 pmvcapitarday (BBS, 2006). The per capita rice consumption in the study
area is shown in Figure 4.14. From the survey, 1t is observed that only 10 percent of the
population consumncd less than 397 gm/capita’day and 20% of the population were

found below current national consumption,

Rice cansumptlon per capita per day

i

|

Oewangar] Islampur Jamalgur  Modargan prelanddna Al
Sadar

W <307 pm/rapitafday M 307-360 gmitapitafday b waB0 pmfeapltafday

Figure 4.14: Distribution of population against the rice consumption standard

Fish provide the main source of animal protein in Bangladesh. Fish also supplies other
essential nutrients to reduce malnutrition in urban and rural areas. It can be inferred
from Figure 4.15 that the current state of [ish consumption in the study area 1s not
satisTactory. Average fish consuinption in the study area i lower than both the national
average of 37g and intcrnational requirements of 49g (Hossain, & al., 2008). Further, it
i ohscrved that, 44 % of the population in the study area are below the national average

and 52 % of the population cannot meet the inlcrnational standard.

Fish consumption per capita per day
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Figure 4.15: Distribution of population against the [ish consumption standard
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Access to sufficient and safe drinking water is a basic human right. The survey findings
roven] that in terms of quantity, people are getting sufficient amount of water for
drinking. Tube-well is the principal source of water for drinking and other use. Though,
some people are taking water from ponds and ather sources for drinking and their daily

uses. So quality of this water source is not ensured for all population in that area.

In developing countries the standard living space per person is 120 fi2 {Chiara, &
Callender, 1973). The survey revealed that in the study arca only 16 % of the

poputation are living with more than 120 f2 space as shown in Figure 4 16.
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Figure 4.16: Distribution of population against the living space standard

4.6.3 Land utilization for commercial purposcs

Agriculture i3 the major land use in the arca, Pesides agricnlture, a small porfion ol Tand
is used for commetcial purposes such as brickfield, poultry fanming. rice mill, markets,
and industrics ete. The details of the industries in the study area are prescnited in Table
414, Some of the very common types of industries are surveyed to determine how
much land is occupied by cach type of industiies, how much input {water) is used, how
many people are employed and the seasonality of operation, Detail of the survey finding

are presented in annex-C.

‘Table 4.14: Upazila wise number of industries

Thana Brick {;lnsed Rice mill] Rice mill| Poultiry|  Fish | Saw| Milk| ice
field | brick ficld] {aute} | {noemal}| [arm 1 hatchery mill | vita | ¢ream
Dewangan] I { i 2 o { 3 0 1
Islampur 1 U 4 13 4] 0 10 1 2
Jamalpur Sadar| 0 0 | 3 ] 0 § 0 ]
Maderganj 3 2 4 7 7 1 18 0 5
Melandaha 8 d g 32 3 2 34 { f
Total 13 & 18 70 12 3 T2 1 14
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Rice mill is commeon in the area. T'ive rice mills were surveyed in the study area and it
tias been observed that two types of rice mills are operated. Onc is auto rice mill and the
ather iz non-aute ree mill, Non-auto rice mills arc very common. The list of the
surveyed rice mills are shown in Table 4.15. Usually rice mills operate from Pebruary-
October month and it remains almost closed from MNovember-January, 1t has becn

observed that almost 80%% of the work 13 conducted within these 8-2 months.

Table 4.15: Details about surveyed rice mills

Name ol Location Area E‘:gz Labuour input (Man-year) Waler use E’;‘:?ml
Industry ha tor Permanent | Temporary | Total | litre Taka
Mrs Broti Rice | Jamalpur | 461 | jo34 | 3.89 2152|2541 | 35000 | 29250
mill Sadar

Milon Auto

Hice milling Melandaha | ©.61 | 3011 2.51 66.62 69.13 | 4000430 6300
plant

MNobab Aule

Rice milling Islampur .34 | 591 3.63 20,48 2411 00000 16200
pHant

Alal Rice mill Dewanzan) | 0.14 1 46 1.25 6.30 7.55 4500 2341
Salim Rice mill | Madargan} | 4% | 266 1.59 16.78 18.77 | 514286 4675
Average 0.438 | 98%.4 766 1 2634 200 | 10708332 | 2247

Usually awo rice mills can produce three times more than the non-auto cnes. With an
increasing land arca the production of niee mill increascs but at a decreasing rate. The
averape production from all ihe rice mills accounts around 1,000 tons. Rice mitls
provide a wide range ot cmploymenl apporiunities. A tice mill with half 4 hectare lund
area usually provides employment for 35 people Of which, only 3 o 4 pzople work
permanently and the rest are seasonal woikers. Among the woikers, a significant
numnber is women, A discrepancy is obscrved between male and female workers waycs,
I'emales pel less wage than a male waorker Usually male workers wage vary from 1 20-
160 Tkiday where as, [emale workers wage vary from70-100 Tk/day. Cimployment s
also related to production, It shows that for producing per 1000 tons of rice, on average
40 man year is needed, Of which, only 5 man year is permanently cmployed and the
rest 35 man year is employed scasonally, Waler is used for paddy processing to
produce rice. It shows (hat on average, for producing per 1000 MT of rice 15000 My

of water s used.
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There are approximately 24 brick felds in the study area. They produce million of
bricks annually and thus meet the demand for construction material for buildings and

streets. [n this study, live brick felds were surveyed from four upazilas. The name ol

the brick fields along with their location and area are given in Table 4.16.

Table 4.16: Details about surveyed brick fields

. Brick . Sail Water
H:;mr;t Q.F Location Arca | oo Labout input {Mun-year) se use
INCUSY ha | million | Permanent | Temporary | Tatal | m3 Iitre
Badsha | projandaha | 243 | 38 12 680 | 80.9 | 8495 | 1425
Brick Field
Sadia Brick | Jamalpur
Ficld & adar (.61 2 T a7 67.75 | 4248 720
E:;EB”CI‘ Dewanganj | 0.81 | 2 7 63 70 | 2830 | 750
E]’:]" f’““k Madargany | 1.62 | 1.5 5.4 58 634 | 4200 | 650
Bashona . .
Brick Field Madarganj | 1.6 2.3 12.76 64.4 77.10 | 4000 | 1312
Average 1354 | 2.36 8.83 63.01 7184 | 47546 | 971.4

The majority of brickfields arc located along rivers since boats deliver soil and fuel.
Production lime in a brick fliclds 1s 5-6 months per year. On average 0.73 hectare of
land is needed to produce a million brick About 70 man-vear 15 working per hectare.
Of which, only 10 man-years is permanent and the rest 60 man-year is required
temporarily. For producing per mithon of bricks 55 man-vear is necded. Soil and water
arc the main inputs in brick production. Ior producing 2 millions ol bricks 4,000 m3 of

soil und 1,000 13 of water is used.

For the past decade, poultry farming has been one of the faslest growing and most
promising sector that has contributed significantly to the Bangladesh economy. Poultry
scctor s playing a vital role in the reduction of poverty. malnutrition and
uncmployment problems of our country. T here are 21 poultry farms in the study area.
The details of six poultry farms, that have been surveyed, are shown in Table 4.17. The
average production valuc from the farms accounts for about five lacs taka and the

reguired labour input is 4,92 man years.

107



Table 4.17: Details about surveyed peultry farms

Prod, . Water
Name of the Location Area Value Labour input (Man-year) nse
farm la Taka | Permanent | Temporary | Total | litre
Jarppooliny | yumpur | 005 | 303750 | 12 ' 2 24 | 3900
arm
Bhai Bhai Agro 1y e | 061 [ 1417775 | 6 3 9 | 54000
podeltry farm
ﬁ':::‘ poultry Melandaha | 0.40 | 570500 3 2.7 5.7 | 2415
;ar'ﬂ”lh poullry | \rodargany | 0.02 | 116000 | 1.5 29 a4 | 3420
Tm 1=
[r;:r:l poulry |y | 002 | 60000 | 165 145 | 3.0 | 2000
Average Go1 | 493605 | 267 | 225 | 492 [ 13147

Two types of growth centres are found in the study area: hat, which is held once or

twice a week and bazar which opens every day. Six bazars were sarveyed in this study.

The average sale per day from these growth centres are neatly three lacs taka The
details ubout the growth centres are shown in Tablc 4.18.
Tablc 4.18: Details about the growth centres
Area Number
Upazrila Name Types of Employment | Sale/day
{ha)
Shops
Kamarbari - -
) . Regular | 013 24 30 §0000
Dewanganj | Bazar
Maulvibazar | Regular | 0.13 32 40 50000
Fulkocha
ur p 3
Melandaha | Bazar Repular | 0127 30 4-:—1 100000
Adra Bazar Regular | 0.81 50 35 100000
Gaberaram | pooylar | 0.95 |30 65 1000000
. Bazar
Madargan A mrial:
il Regular | 0.41 |23 50 400000
Bazar
Avcrage i 0.448 | 31.83 44 288333

Growth centres provide a wide range of employment. However, the number of

employment depends on the number and the size of shops. Usually per day 300-1,200

pcople gather in every hat/bazar. Tt1s ahserved that people from 4-5 km distance also
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come to the hat/bozar. Thesc hal/bazars are the main place of buying and selling of

produets.
4.6.4 Conflict and preferences of land and water use activities

The fishermen of the sludy area want some protection of walcr aganst its use for
irrigation. They afso want to keep at least the present area of wetlands without [urther
degredation. The restoration of wetlands 1 also possible since most of the wetlands are
khas land. Over the years, these common resources have beconie private property. Fven

(he wetlands owned by government are being grabbed by landlords.

Most of the roads lack enough opening, and as a result, during the monsoen road act as
2 barricr to reach water from the river to the beels and hinder drainage of water. They
want to improve the quality, connectivity and functionality of the wetland About 20
years ago, water used 1o be retained in the beels and khals till March, But now, water
level in the khals, beels are declining due to extraction of water for irrigation by deep

tube-well and shallow tube-well.

The local population have complained that over usage of fertilizers in the crop field is
causing water pollution in the nearest waterbodies. As a result, fish and other aquatic
organisms are becoming endangered. In Dewanganj upazila, Panilal (a special kinds of
fruit) is cultivated in the waterbodies. But panifal requires fertilizer for its growth After

application of fertilizer on that waterbodics fish mortality rate has increased.

Farmers wani to convert the wetland into agricultural land. According to them most of
(he wetlands are already silted and fish s not available n the wetlands. Both farmers
and fishermen want augmentation of water in the rivers and khals during the dry scason.,
They want immediate dredging of rivers and khals. Presently, there 15 no mechanizm Lo
manage this commen property resources. The government should take an initiative for

better management ol these resources with communily participation,

The local population do not want to increase the road length anymore because they do
not want to lose agricultural land. They want o increasc the capacity of the roads by
widening the roads and reduce the flood risks of the roads by increasing the road height.
They suggest that feeder type B road can be converled to feeder type A, feeder type A
can be converted to ropional roads and regiomal roads can be converted to national
roads. Tt is also important to reduce the flood damage of these roads by creating more

opening in them. In this regard, local people have suggested that pipe culvert can be
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installed after every 100-150 metre on the road. The people also recommended roadside

tree plantation for economic and environmental perspeetive.

Smoke from rice mill and brick feld creates poilution contributing towards health
hazards. Brick [ields bum tires usually during night, which rcleases bad smell. Bad
smells are also released from poultry farms. Sometimes hatcheries drain ont excess
waler to the nearby field that damages the standing crops in the field. Saw mills are
usually located along the side of rivers, khals and near growth centres. It creates noise
pollution. So peopte are reluctant to have saw mills near a seitlement. According o the
Jocal population, industries should be set up in places which arc away from the
pourashava, distant from human settlement and good commuriicalon  access.
Unforunately, concerns of local population arc never considered in deciding to set up

industries.

Usually people want 1o stay where they are. But when it is not possible to remain in the
existing settlement or expansion of existing settlement, people choose sultable land for
new settlement based on the criteria like; close proximity (100-150 metre) from the
existing settlement, high Jand and preferable agnenltural fallow land {land remains
fallow in the DBore scason), 250 metre close proximity from the nearby toads etc.
Usually peoplc do not build setilement in an open field. One possible reason is that they
feel insecure in an isolated place. Moteover, building settlernent in an open place also
creates some problems to the neighboring cropland. Such as their chickens might

damage the crops, trees of the homestead might create shadow on the nearby erop field.

In the survey conducted, some responders stated that about 10-15% of cultivable area
remains water logged during monsoon, If the drainage systems can be improved then
additional areas can be brought under Aman cubtivalion, One of the major problem of
Aman cultivation 18 its dependence on rainfall [or cultivation, But rain water cannot
fully meet the water demand for Aman ¢rop. Therefore, dependency on rainfall should
be reduced and supplementary imrigation facilily shoutd be provided for better
production. People have started practicing supplementary imi gation facilities and they
are getting better production. Therefore, Aman is vulnerable to both flood and droupht.

In the FGD, none talked about controlling flood. The participants stated that they need
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water without sand in the monsoon, irrigation facilities when it is required and good

drainage (o convert more land to Aman production.

Access to good seed and efectricity is a major problem for Boro cultivation, Althpugh,
some of the farmers collect seed from BADC but do not get expected production. As
access (o electricity is limited, irrigation cost is high. The farmers do not have any
problem regarding fertilizer. The farmers want agricultural extension officer to visit
repulatly and advise them to get better production. The farmers also do not face any
problem regarding tube-well irmpation. But Li.P users have problem as rivers and khals
are drying up. The farmers were asked what they will do if they need more production
as population increases. The farmers realized that herizontal expansion is not possible,
therefore, they would like to go for vertical expansion. One agriculture extension o[ficer
recommended that hybrid and super hybrid is the way to increase agricullural
production. A group of farmers suggested for wetlands and river banks to be converted

to agricultural land,

4.7 NS and GIS Data

Remote sensing (RS) and Geographic Information System (GIS) can play a
fundamental role in assessing land and water resources. Remete sensing offers the
advaniage of analysing long term (years fo decades) temporal and spectral data sets
over relatively large regions (focal to global scale) and thereby monitor the temporal,
spectral and spatial variations of objects at the carths surface (Baumgarmer et al,, 1926).
On the ather hand. (IS technology can provide Tesouree mManagers and decision makers
with tools Tor effective and cfficient stoTagc aﬁd manipulation of remotely sensed
information and other spatial and non-spatial information (Estes, 1992). RS data
coupled with conventional data (e.g. hydrolagical, climatological, topographical etc.}
within a GIS framework give a digial 1epresentation of the temporal and spatial

variations of selected variables and can serve as input to vanous analysis tools.

‘The Tollowing sections illustrate the GIS and RS dara Jayers used in the study and the

methods nsed to derive the data layers from available RS images.
4.7.1 RS dats

Remole scnsing data includes satellite images of different category and date. Two types
of RS data hiave becn used in this research from CEGIS archive. These are: optical and

radar images. The available RS data of CEGIS archive covening the study area is listed
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in Table 4.19. The optical images are effcctive for identification of land use for
agricullure, settlement, rivers, wetland etc. during the dry/ winter season. During welf
monsoon scason it is difficult to assess land use from opticat images due to cloud
coverage. T'o overcome this problem, radar images are used for assessment of wel

SEASON CTOP CoveTage.

Table 4.19: Available remote sensing data

Satellite Sensor Resolution l Acquisition dates

Optical images

28-02-89, 30-01-90, 8-03-92, 11-03-93, 25-
01-04, 15-04-94, 28-01-95, 28-11-95, 31-
01-96, 18-02-97, 5-02-98, 4-11-98, 23-01-

Landsat ™ Som 99, 28-03-99, 19-02-00, 28-01-01, 20-11-
01, 24-02-02, 28-05-02, 13-04.02 and 26-
(01-03.

RS L1SS 735 m 10-02-04, 17-01-05, 5-02-06, 8-12-07, 13-
02-09,

Terra ASTER 15m 14-01-07.

RS Pan I 5.8 m 27-02-00 and 8-03-03.

Radar images

EADARSAT-1 | SN2 30 m 10-09-98,

17-09-98, 26-08-98, 6-09-00, 13-08-00, 20-
07-00, 23-10-00, 30-09-00, 8-08-01, 1-09-
01, 21-06-01, 25-09-01, 15-07-01, 3-08-02.
16-06-02, 10-07-02, 27-08-02, 7-11-02, 20-
09.02, 14-10-02, 26-07-03, 15-09-03, 5-07-
03, 11-06-03, 22-08-03, 9-10-03, 12-05-04,
5-06-04, 29-06-04, 23-07-04, 9-09-04, 16-
] 0%-04, 16-07-04, 23-07-04 and 3-08-07.

RADARSAT-1 | ScanSAR | 100 m

Land use maps are primaeily prepared from the remotc sensing data. RS data is mainly
used to classify the images to delincate the land cover/land use for the study area, The
method used ta classify the SAR and optical iu;lage to generate wet and dry season land
usc has already been explained in chapter 3. After the classification of available image
for year 2001 and 2008, the field data taken from FAP 3.1 has been rectilied and
improved 1o adjust with the land use classification The Agriculture Land use has been
filiered from images and other types of land, such as, settlement, watcr body and

infrastructures which are digitized from the available Satellite images. Using this data,




the land use maps have been prepared as raster grid. Land use map for year 1991, 2001
and 2008 has been prepared to see the land use changes on agriculture, wetlands and
settlement. "1 he grid values represent the code of different type of land use. But land use
maps preparcd from remote sensing data are not so accurate because (he images
available are of coarser resolution. Theretore, these primary land use data are adjusted
using the field survey data. The field surveved cullivation statistics of 1997 of the study

arca have been collected [rom FAP 3.1 report (FAP 3.1, 1997a).
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Figure 4.17: Land usc map showing ditterent ctopping patlemns in the year 2001
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Land usc maps prepared from remote sensing data of 2001 shows greater cultivated
area than the 2001 field survey data. The agricultural statistics of 1997 is taken from
FAD 3.1 Agrculture Report (FAP 3.1, 1997a) has been assumed as the statistical base
of 2001. The ratio of different type of crop and cropping pattem has been maintained in
the filtered land use maps of 2001. The extent and acreage of Aman {monsoon crop)
area has been cstimated from classified RADARSAT ScanSAR wide beam images of
1991, 2001 and 2008 and for estimating the dry season crop, i.c Boio crop coverage,
optical images from LANDSAT TM {resolution 30m), [RS LISS (23.5 m) and Terra
MODIS satellites are used. The Aman and Boro cultivation arca have been slightly
increased and jute and sugarcane cultivation arca have decreased slightly from the 1997
data to adjust with the 2001 land use maps. Rabi and ather crop area have decreased
from 1997 slatistics. Aman and Doro cultivation has been calibrated against the land use

model results,

Land use maps of 2008 have been prepared from remote seusing data primarily. For
preparing the land use maps, several data layers were uscd. These are, remote sensing
image derived data, land type classification, data from DBS and other secondary
sourccs, crop suilability and local preferences. All these data were combined and
analysed in GIS platform. Because of coarscr resolution these land usc maps have been
adjusted from the land use maps of 2001 (Figure: 4.17). The results (Figure 4.18) show
that Boro cultivation area has increased and the Aman area 15 almost the same.
Sygarcane and Rabi culuvation arca have decreased and Jute cultivation area 1s half of

that of year 2001,

Agricultural land use of 2001 and 2008 has been simutated apainst RS classified image.
After calibration, errors have been summarized tor the two craps in Table 4.20. where
omission and commission error has been shown against remote sensing data for the
crops. Regarding Boro, amission error 1y 18% and commission error is 37%, while for
Aman, it is 20% and 12% respectively. An error mapping has also been donc for both
crops. It is clearly seen in the table that the model delingated as Aman area matched
63% with remote sensing data, whereas, Bore matched about 88%. Further, 2008 model

shows 20% less in Aman eultivation and 15% less in Boro cultivation from ficld data,
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Figure 4.18: Land use map showing difterent cropping patterns in the year 2008

Table 4,20: Accuracy, omission and comission error of crop model with respect to
classified RS image for Aman and Boro

| Accuracy | Omission error | Comission crror
Crop model | Aman a3% 18% 37%
wilh BS Bom 88% 2% 12%
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The RS optical images have been used in identifying other perennial land use or land
covers like, setlements, waterbodies, khals, rivers ele. For this LANDSAT TM optical

images were used to generate multi temporal images.
4.7.2 GIS data

Several GIS data layers have been used in this research. These data sets provide the
hase for analyzing different paramcters and conditions required for developing the
decision supporl framework, G18 is very impoitant and useful in planning and research

PUTPOSCS.

Infrastructure data needed for this 1esearch arc embankment, railway, roads, industrics
and growth centres, health centres and education centres. Figure 4.19 illustrates the

various infrastructures in the study area.

The Mahmudpur-Delalerpar FCD scheme 13 located in Madargan) and Mclandaha
npazilas of Jamalpur district. This scheme area is 2665 ha and it is a small type FCD
scherne, The starting and completion date of the scheme are 1990-91 and 1994-95
respectively. The main surrounding rivers of the scheme are Chatal on the west,
Jharkata in the south-west side and Dat Bhanga river on the westem side. The scheme
has a 13.6 km long cmbunkment on the bank of Chatal and Tharkanta River. About
1890 ha lund under the scheme is available for cultivation. The cropping intensity of the
arca is 165%. There are aboul 1,955 ha of capture fish habitat area and about 5 ha of
culture fish habitat area inside the scheme. The GIS data laycr of embankment for the

sludy area has becn collected from the NWRD database.

L here are four types of roads in the study area. These arc: National Highway, Regional
Highway, Feeder road and Rural Road. The GIS data lavers for road coverage in the
area ave {or three titne span 1991, 2001 and 2008 The source of 1991 road coverage is
the topographic maps, the 20071 coverage has heen collected from NWRD and the 2008
covetage has been prepared by updating NW RDD coverage from geo-referenced Guogle
Earth image.

The study area contains (wo major railway lines, Main railway lae which is bewng
connected from Jamalpur to Bahadurabad runs along the north-cast limit of the study

area. The other line runs along the southern Jimit. The railway network (IS layer has

been used in the study is from NWRD.
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Figure 4.19: Infrastruciures in the study area

A detail river network with rccent alignment is the key inforrmation required for
analysis. The GLS data layer of river network have been used from NWRD. This detail
river system has been captured from SPOT89 and LANDSAT TM image. This GI5
layer has been ediled further to include river order and Now direction. There are two
types of river system in the study area: 1) the extemnal river system i.c. the Jarmuna and
old Brahmaputra with a length of 98 km and 50 km on the western side and eastern side

respectively. 2) [mernal river system represented by the Jhenai (36km). the Chalal
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(55km) and (he DebdangaMadardhaw system which is linked to the completed network
of secondary channel (khals). The total length of the internal river under the study arca

is around 380 km.

The study area consist of different types of waterbodies i.c. beels (local depressions),
adjacent flood plains, and ponds. Beels are lowlands, which are permanent or seasonal
waterbodies and generally linked through a khal (drainage channel) to another beel
andfor an interpal river. In the study arca there arc 118 beels covering 1550 ha and
among them 32 permanent beels covering around 500 ha, The watcrbodics in the study
area can be classificd as permanent beels, seasonal beels and adjacent {lcodplain. The
arca of beels or watcrbodies varies seasonally and also year to year depending upon the
nature of fooding which may originate from both river and local rain water. The
coverage of watcrbadies of the study area has been collected (rom RS images of three

time period.

The GIS data layer of settiement coverage in the study area has been prepared for
different time periods, 1991, 2001 and 2008, The 2001 coverage is used from NWRD
captured LANDSAT TM images. The 1991 and 2008 coverage has been prepared using
RS optical images from LANDSAT TM, IRS and Terra satellites. Figure 4,19 tustrates

the scHlements in the study arca.

The GIS data laver [or soil texture of the siudy area has been collected from NWRIDD,
which has digitized and converted the SRDI soil maps of 1:50.000 scale to GIS
platform  For crop suitability analysis, groundwater modeling, hydrodynamic and
hydrological modeling the scil lexture data is needed. Table 4.21 presents the
distribution of soil texturc in the study area. From the table. it is scen that the

predominant soil types are Loam, Clay Loam and Clay.

Table 4.21: Soil texture distribution in the study arca

Soil Type Percentage of area
E]uy’ 223

Clay Loam 212

Clay T.oam/ Sandy Loam 1.03

Clay/ Clay Loam 0.02

Loam 373

Sand 427

Sandy Loamn 1.94

Sandy Loamy Loam 5.91
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4.8 Modecl data

To gencrate floodplain data, hydrodynamic and hydrological data were used. In gencral,
land usc, flooding information observation data was not available for the study arca.

Hence, floodplain data has been generated nsing models.

4.5} Hydrological model

The hydrological model ‘NAM® is 8 deterministic, lumped and conceptual Ranfall-
runofl model accounting for the water content in upto four different storages. As
default, NAM is prepared with 9 parameters represcnting the Surface zone, Rootl sone
and the Groundwater storages. The hydrolopical model was used to simulate and
estimate the depth of groundwater table and to find the limits ol ground water
abstraction. The whole study area has been divided into 6 sub-catchments from GIS
based water shed analysis using DEM, Figure 4.20 shows the sub-catchments of NAM

model.

Sub-caichment is defined as an area of land from which ranwater drains nto a
reservoir, pond, lake, river or stream. The sub-catchinent houndary is defined as the
local sub-catchment arca, Considering the fand use and topographic features of
Jamalpur study area and using GIS technigues lke Mow accumulation, the sub

catchnents boundary hasve been selected.

Several parameters have been used in NAM model. These parameters have been
assurcd for different sub-catchment based on the values used for North Central Region
Mode! (IWM, 2006a). These values are presented 1n annex-A. Rainfall and cvaporation
data has been cotlecied from BWDE Lor determining the arcal averape precipitation
and cvaporation weighted average method has been used The results of NAM model
have been calibrated with the Groundwater fluctuation graph of the observation well.
Figurc 4,21 shows the culibration for sub-catchments 3 with the observation wells

(catibrations of other sub-catchments are presented in annex-A),
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From the NAM mode! the botom level of Groundwater Table (GWT) for different

states have been determined. The bottom level of GWT was 6.5m from the ground level

in 2001 and 7.5m in 2008,

By increasing the irrigation area and thereby increasing the irrigation requirement, the

declination of the groundwater lablc has been plotied. From the graphs, it 15 observed

(hat for most of the sub-catchments with the current frmigation requirement, the

proundwater table has been lowered to 5 to 6 m. Hence, there is no poicntial for

withdrawal of water using hand pump for domestic use.
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The hydrological model demonstrates that even if the wholc area is brought under
trrigation using groundwater as source, the groundwater table will be fully recharged by
(he rainfall without declining. A simulation has been carried out to estimate the depth of
groundwater table from land surface for incremental usc of groundwater irrigation for
all sub-catchments as shown in Figure 4.22. Tt shows that, in sub catchments 1 and 3
maximum suction limit (7 metre) have been reached and in sub catchment 6, Lhe
groundwater have been over eaploited. In sub catchments 2, 3 and 4 more extraction of
groundwater is possible. By keeping the proundwater table within the suction limit,

maximum possible irrigation area is 334 sq. km. in the study area.

The recharges have also been cstimated from the MPO suggested Jogarithmic formuia

from MPO Technical Report No. 5 (1987b}.
Recharge fmm)=4 + B logiAnnual rainfalt (mm} )
Where , A=-10744 , B=-3547, for the study area

The values of A and B has been taken from MPO’s technical report no. 5 and IWM’s
report. From the cstimation of the equation it is found that recharge from rain was 454
Mm?® in 2001 and 445 Mm’ in 2008. Additional 12 5% recharge bas been taken as
rccharge from flooding.

4.8.2 Hyvdrodynamic model

The 1DFlow module of Sobek is the hydrodynamic component. For the current research
purpose Lhis tool has been used to gencrate the river flows i the study arca. In
hydrodynamic maodel settings, the [ollowing data can be defined,

+ The simulation period and the computational ime step

» Imitial data and restar data

»  Output options includes parameters like water level, discharge, velocity cte, and

time interval for output.

For model calibration, simulation period is taken as 1st Aprl 1987 to 28th February
2005 and the computational time step is 24 hour. As the output option, watcr level and

water depth has been selected and the output time interval is selected 24 hr.

For modeling the rivers in the study arca, the whole tiver system in the area has been

schematised in Sobek. During schematization. data related to eross section, [low

(22



boundary, friction etc. was given as input. Figure 423 is showing the complete river

system and the schematized form.

[ Jamuna
~Haiweark Hoduw
upsirealt  Fiow - Conpaction Node (159
W Fizw - Bourcery ()
O Mlowy = Caicsdetian Poes (52
Fow = Croaq Sechar (56)
e " [y
Jaimilt
Drirnstreatm
Cild Bramhaputra
Prownstreant
Chalal Thenai
Dorsnsireant Do nstream
River netwark digitization Schematized tiver network

Figure 4.23: Schematization of river network in Sobek, 1979

Scveral boundary nodes were used in Sobek. The upstrcam boundary is placed at
upstregm of Jamuna river (chainage: 77700). The lower boundaries are placed at
downstream of Jamuna (chainage: 123900), downstrcam of Old Bramhaputra
{chamage: 63580). downstream of Thenai (chainage. 48000) and downstream of Chatal
(chainage: 58000). Discharpe data is ysed as upstream boundary and water level data 18
wscd a¢ the downstreamn boundaries. Sobek hydrodynamic model has also been
calibrated in several other points in the smaller rivers in the study area {or year 1997
For this, observed data has been used from FAP 3.1 study (FAP 3.1, 1997a and 1997b).

Figure 4.24 illustrates the calibration results of Sobek for two locations.

I'he overland Mow (20 module of Sobck has been used for simulating 2 dimensional
overland Now in the study area. The elevation reference value is the land height and
DITM has been used in this resgarch. ‘The time step s taken 10 days for GIS outpui. The
putput parameters are: water depth and velocity in both directions. The friction factor

for the Moodplain has been taken as 0.03. Cuiput hydrograph at each calculatien node
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from the 1DFlow module has been used as the boundary data for the overland Mow

module.
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Figure 4.24: Model calibration of internal rivers in the study arca using Sobek
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The overiand flow pattern has been simulated in Sobek 2D overland flow module, For

validation, the output result has been comparcd with flood maps generated from

RADARSAT SCW images of different dates. Fignre 4.25 shows three sets of Mood

maps generated for 26th August, 10th and 12th September 1998. From three pair of

images it can be stated that Sobek 2D averland flow module is correctly simulating the

flooding patter.

25 ALigust 1952 10 Septamber 1598

17 Sepmember 1998

RADARSAT SCW image

26 August 1998 10 Sepcember 1920

17 Septambes 1098

Subek 2D Overland (low module result

Figure 4.25: Mode! calibration for 2D overland Now
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Flooded area has becn estimated by overlaying interpolated water surface, gencrated
from SOBEK HD maodel results and DEM. The model results have been compared with
RS data. The RADARSAT SCW image has been classified into open water and others.
The model results were compared against open flooding for 2001 monsoon watct.
There were classified images of [ive dates to compare the mode! results. Unfortunately,
the developed model has underestimated flooded area than satellite image vaines. The
resufts show that during monsoon peak the error is around 6%, whereas, during
recession, erTor goes as high as 30% because some sianding waters are picked up by
satellite images but not by the model. Those vanations in results are shown in Figure

4.26.

Comparigon between image and model

100 100
G o - - e o e -+ 80
BO 4o - e e o |- B

§ 70 L e e L 70

E &0 -

a m——— - 1= === == aEE - - arr=  ==-- ---4h L LI - :

E [ . :

o A0 e

Lo}

1 1 S

=2

o

21-06-2001% 15-07-2G01 0g-08-2001 01-08-20MHM 25-08.2001
Date
[®)rage Waodel B Error Percentege)

Figure 4.26: Flooded arca estimation error with respect to classified RADARSAT
image for ditfcrent dates in 2001

126



Chapter 5
APPLICATION AND TESTING OF DECISION SUPPORT
FRAMEWORK

5.1 Driving Factors: Needs and Requircments

As described in Chapter 3, the major driving factors that creale pressure on land and
water resources are social demand and nceds, government plan and policy,
opportnnities for land and water use; and climate change and development scenarios.

The magnitude and limits of driving factors are described in the following sections.
5.1.1 Social Demands and Needs

Social demand and needs are defined in terms of food, shelter emplovment, water
supply and sanitation, forest cover and disaster risk reduction measures. These are
estimated based on demographic projections as well as projection ol public service and
enviranment! development works. Each of the social demands and needs are discussed

below.

The population projections in the study area had been done as an integral part of sacio-
economic asscssment to know the future generation’s needs and requirements, The
estimates for the year 2010-50 are approximatc in nature and the study followed the
NWMP methodology for population projection as stated below. The steps are as

follows:

1. Average growth rale (1) is calculated for the sub-class populations (urban, rural,

male, fermale and households) separately as:
t = (Pop(t)-Pop(t- 10/ Pop(tHPop(t-1312. ..o cqg. 3.1

with o minimum Pop(t) of zero, where Popit}) iy the most recemly availuble data and

Pap(t+1j 15 the projected population Jor the next interval,
2. Future population for the study area is catculated as:

Popit=1) = Pop(ty* {1417K) oo eq. 52
r is calculated as above and K iy a constam

It has been observed that total population in the study area in year 2001, as estimaled by
BBS was 0.625 million, which has been further estimated to 0.845 million for 2030 and
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one million for 2050 and for every 10 years the growth is around 72,000, Overall, male
fornale ratio for the base case is 105; 100, and this proportion of male and female witl
not deviate much at the end of 2050. The total population from the vear 2001 to year

2050 (10 years interval) is presented in Table 5.1.

Table 5.1: Total population from 2001 to 2050 (10 years interval)

| Year Population
2001 6,25, 314

L 2010 6, 96, 607
2020 7,69,748
20350 8.44,870
2040 9,22, 077
2030 10,61 4335

The simulation exercise is very essential as it helps to assess the availabihity of human
resources. In this regard, population by age and scx group has been projected from the
base vear (2001} to 2050 at 10 year intervat, [he time series data needed for the
projection excreise was nol available from naticnally published sources. Hence,
population data disaggregated by male, fernale and 5- year age group has been taken
from the website of Population Division of the Department of Ecmmmic- and Social
Affairs of the United Nations Secrctariat. The population pyramid has bren constructed
showing the male and female population, disaggregated by 5- year age group intervals,
Overall, Tour age groups are derived for the analysis, which are:

= Child Ape <@

»  Adolescent Age > 9o 519

v Middle age proup Age> 191w <60

» Old Age = 60

Resulis of the age group simulation showed that the shape of the population pyramid
has heen changing from pyramid to tomb shape over the projection period due to
decreasing growlh rate as well as decreasing death rate of the population (Tig. 3.1
Decreasing growih rate has reduced the width of the pyramid base and deereasing death
rale increased the bluntness of the pyramid edge. Overall, it has been found from the
apc group simulation that over the prajection period the population within the child age
group and adolescent will be reduced from 25% o 13% and 22% to 14% of the total

population respectively (Table 5.2). Other than this, the percentage of population whe
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will join the labour force will increase by 11% (46% to 57%) and the proportion of

senior citizen will be increased from 5% to 16% (Table 5.2).

Age-group simulation
The simulation excreise is very essential as it helps to assess the availability of human
resources. In this regard, population disagpregated by 5- ycar age group and sex has

been projected from the base year (2001) to 2050 at 16 vear interval.

The time series data nceded for the projection cxercise was not available [rom
nationally published sources. Hence, population data disaggregated by male, female and
5. vear age group has been taken from the website of Population Division of the
Department of Economic and Social Affairs of the United Nations Secrctariat. The
population pyramid has been constructed incorporating the male and female population,
disaggregated by 5- ycar age group intervals, Overall, four age groups are derived for

the analysis, which arc:
»  Child Age <y
r  Adolescent Age > 910 <19
«  pMiddle ape group Age> 1910 <60

= Old Age > 60

Wesults derived from the age group simulation has been presenied through a scries of
population pyramids as shown in Table 6.17 and Figure 6.33 respuctively 1t is observed
that the shape of the population pyramid has been changing from pyramid shape to
tomh shape over the projection period due to decreasing prowth rate as well as
decreasing death rate ol the population. Decreasing growth rate has reduced the width
of the pyramid base and decreasing death rate increased the bluntness of the pyramid
edee. Overall, it has been found (rom the age group simulation that over the projection
period the population within the child age group and adolescent will be reduced from
239 to 13% and 22% to 14% of the total population respectively. Other than this, the
percentage of population who will join the labour force will increase by 11% (46% to
57%) and the proportion of senior citizen will be increased from 3% to 16%.
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Figure 5.1: Population pyramid of study arca

‘Table 5.2: Proportion of total population within difterent broad head age group

;ugc Class Agc Group | Yr 2000| Yr 2010| Yr 2020 Yr 2030 | Yr 2040 | Yy 2030

Child <9 25% 22% 15% 17% 15% 13%

Adotescent =0 <19 | 22% 200 19%0 17% 15% 14%

Middle age group = 1% 1o <600 46% 5% 53% 54% 55% 57%

Old = 60 3% B% 9o 12% 1 5% 6%
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Labour force has been projected taking into account the middic age group {20-5%
years). The total labour foree in 2001 was nearly 0.3 million. The male to female ratio
ol labour force is 105: 100. In the year 2030 and 2050 the total population will be
around .45 million and 0.55 million. The maie to female ratio of the labour force will
be 103:100 and 102:100 in 2030 and 2050 respectively. It should be noted that 11%

more middle age group {20-59) will join the labour force over (he projection period.

The school-going children fall in the age group of 5-14 years, The rate of school gommg
children will reduce with the reduetion of number of children and adolescents in the
future. The number of schoo! going children will be 0.147 million n 2030 and will
decline to 0.140 million in 2050 compared to 0,153 million in the basc year 2001, The
percentage decrease will be 10% (24%-14%). But the ratio of male to fernale of the

school going children will remain almost same (104:100).

Several studies have estimated increasing trend of food geain demand for the study arca,
This impact assessment project has taken an aflempt 10 project the food demand based
on the calorie need projection, disaggregated by different income groups. It has been
seen that the consumption of non-grain crops and animal products are increasing for the
mmd and upper income proup. The NWMP team assumed the baseline calotie intake of
around 2,200 calorics per capita per day as a realistic esumate. NWMP also considered.
even with real prosperity, calorie intake in Banpladesh would mot increase more than

2500 calories per capita per day.

Table 5.3: Categories of food

Grains Non-graing Animal Prodocts Miscellaneous
Ricc Qil crop Meat and poultry Mainly
Wheat Potato Feps stimulants and
Maize Other roots Fish beverages
(yther cercals Vegetables Milk have been
Pulses Fruits covered

Supar and sweetencrs

Based on types of food, the food demand has been divided into four major catcgories-
grains, non-grains, animal products and miscellanecus (Table 5.3). The cereal crops
catcgory include rice and wheat (milled equivalent). Other cereals (such as barley,
millet, sorghum etc.), mutien, beef, chicken, ducks, birds, and eggs fall under the meat

and poultry catcpgory; fish means the consumption of swect fish and dry fish. Oil crops
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can be treated as the non-grain crops mainly includes vegetable oils as oil crop
equivalent and other non-grain crops are potato and other starchy roots, vegctables,

fruits and sugar.

Te calculate the total food demand for the base year, quantity demand for each food
categories has been computed and converted 1o quantity demanded into calorie intake,
the level of consumption of animal prodnets has been asscssed 10 terms of feed demand.
The allacation for seeds and waste has been kept for the total demand computation as a

percentage of total demand. The total demand for each crop is then cstimated as:

Total demand = (food demand + feed demand) / (1 - seeds and waste as a

percentage of 1otal demand)

For food demand prejection up to year 2050, trends of energy intake of different food
categories with respect (o changes in dillerent income groups have been computed. In
most cases, annual growth rate has been computed on the basis of historical trend of per
capita intake. Same methodology of total {oed demand calculation (as stated above) has
been adopted for individual yearly demand calculation. Using the same methodology
for converling the caloric demand to the gross population demand, consumption

demand has been projected up to 2050 at 10 years interval,

In general, the cereal crops category include rice and wheat (miiled equivalent). But this
study considers only rice. Total rice demand in Jamalpur in 2050 can be increased by
185% from 0.125 Mmit in 2001 to §.236 Mmt in 2050. Fish resource is defined as sweet
fish and dry fish. Fish demand ean be increased by 60% in 2030 compared to the base

vear. In 2030, the total demand can became 18,277 metric ton.

In PRST target has been made to reduce the number of served population per tube-well
from present 103 to 50. According to MDD data, the 2009 rate of population using safe
dnnking water and sanitation in Dangladesh 1s 86% and 54% respectively. By 20151
can be 89% and 70% respectively (UNDP, 2010) Following the MDG data, 1 can be
projected that the proportion of population using safe drinking water can be increased to
96% by 2030 and it will reach 100% belore 2050.-In casce of sanitation, it can reach 1o
83% by 2030 and reach 100% before 2050.

MDG has targeted 100% net enroliment in primary schools by 2015 (UNDP, 2010).

The number of school going children in study area can become 0.14 million in 2050.

The male female ratio of school going children can be 104:100. PRSP has emphasized
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on leasing policy for land and water usc for casy accessibility of the poor community.
The current proportion of total waler resource use is 6.6%. The proportion of terrestrial
area currently protected is 1.78%, which has been targeted to increase to 5% by 20135
(UNDP, 2010). At present the total fand area of the country under forest coverape Is
19.2% (UNDP, 2010). Both PRSP and MDG have targeted to increase this {orest
coverage to 20% of the land area through social and participatory forestry. PRSP has
also given imporlance to reduce {lood vulnerability through vatjous structural and non-
siruetural measures. Prevention of river erosion and protechion of [orestry has also been

focused.
5.1.2 Polivies Plans and Strategics
National land use pelicy

In 2001, the Ministry of Land (Mol), Government of DBangladesh prepared the
“National Land Use Pohcy (NLLUP)' to fill an important policy gap in the country. The
NLUP deals with land uses for several purposes including agriculture {crop production.
fishery and livestock). housing. forestry, industrialization, railways, roads, tea and
rubber. The document basically identifies land use constraints in all these sectors. Some
of the major ones include declining land productivity due to unplanned and improper
uses of land and decreasing soil fertility, diminishing wetland and aquatic bio-diversity,

dwindling natura! forest and environment.

in Bangladesh, there are different types of government owned {Khas) land and Khas
walerbodies. From a total ol 10.073 square km khas land, about 3,250 sg. km. i3
agricultural khas land and remaining 6,824 sq. km. is non-agricuitural land, which
includes forests and urban areas {(Barkat ct. al, 2001). Distributed Khas land is about
1400 sq. k., which is 43 47% of the total apricullural khas land (Osman. 2009). Khas
land is legally reserved for distribution to landless households, with priovity being given
as follows {Barkat ct. al, 2001 ).

) Diluviated tenant’s family

i) Martyred or crippled freedom fighter’s family

iy Widowed or divorced lady with working son

iv)  Family without a homestead and agricultural land

v)  Landless family with homestead land only

vi}  Family with homestead land and Jess than 0.5 acres agricultural land
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The quantity of khas land to be distributed to individual houscholds varies by class as

follows:

« Class 1: Triple-cropped with irrigation facilities -1.00 acre

« Class 2: Double cropped with irrigation facilities - .1.50 acres

«  Class 3: Single cropped with no irrigation facilities - 2.00 acres
Issues in land nse

I he National land use policy (GoB, 2001) prioritises land zoning, This should be done
in order to ensure sustainable land use. However, except policy directives, land zoning

has not yet been done. Hence, the policy directions have not been implemented.

In Bangladesh, different concerned agencies have different land use policies. These

policies often conflict with cach other. So, harmonization of these policies is required.

The NLUP does not provide any policy guideline for preservation and protection of
land resources. This is a major drawback of the policy. An authority should be

estahlished. to preserve, protect and manage the land resources.

The NLUP policy does not have any directions aboul resettlement of the low-income
pecople, who are hecoming landless due Lo land acquisition for various development

works.

Further, in a delaic countsy like Bangladesh. land n floodplain is greatly related to
water. For ensuring sustainable management of Jand resources, an inlcgrated approach

of both land and water resources is required.
Water use policy

In the last decade, the water resources management has received warldwide attention
and concentrated ciforts were undertaken to formulate the World Water Vision and
develop guidelines for future actions at international, national and local levels
(Cosgrove and Rijsberman, 2000). The vision states that “There is a water crisis today.
Rut the crisis is not ahout having too linde water fo satisfy our needs. I is a crisis af
managing water so badly that bitlions of people and the environment suffer badly”.
Bangladesh is no exception. They have to adopt a holistic, participatory, and integrated
approach for water resource management. It has to take into account a variety of

geographic, economic, social and environmental factors. Bangladesh is a lower riparian
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country. Most of the land is located wilhin the Floodplains of three larges rivers: the
(anges, the Brahmaputra, and the Meghna and {heir tributaries and distributaries. These
alluvial Tivers carries a huge annual discharge and sediment load, gausing channel
Jhifting and bank erosion and accretion, Withdrawals in upsireamn areas scriously aflect
socioeconomic growth, the environment, and the ecology. The habital of fish is under
threat from an increasing agriculture use and population pressure. Inland navigation is
hindered by blockages of river siltation and need {resh water 1o push back the salinity of

the coastal belt.
National water policy, 1999

In 1999 the waler policy guided both public and private actions in the future o ensure
optima! development and management of water, which will benefit both individuals and

the society at larpe. The main theme of the national water policy is:

"Ihe policies set forth herein are corsidered essential for addressing the
objectives of improved water resonrces management and protection of the
enviromment Every public agency, community and village, and each individual
has an important rofe to play in ensuring that the water and associated natural
resources of Bungladesh are used judiciously s¢ that the future generation can
be assured of at least the same, it not better, availakility and guality of these

resources”
1 he Objectives of the National Water Policy (GoB. 1999) is:

v o address issues related to the harnessing and devclopment of all forms of
surface water and groundwater and management of (hese resourecs in an

cfficient and equitable mannei

»  To ensurc the availability of water to all clements of the sociely including the
poor and the underprivileged, and to take into account the particular nceds of

women and children

= To accelerate ihe development of sustainable public and private water delivery
systems with appropriate legal and financial measurcs and incentives, including

delineation of water rights and water pricing

= To bring institutional changes that will help decentralise the management of

water resources and enhance the role of women in water Imanagement
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= To develop a legal and regulatory environment that will help the process of
decentralisation, sound environmental management, and improve the investment

climate for the private sector in water development and management

s To develop a level of knowledge and capability that will enable the country to
design future water resources management plans by itself with economic
efficiency. gender cquity, social justice and environmental awarencss to
facilitate achievement of the water management objectives through broad public

participation

In the agriculture scctor, paddy is the dominant land use in the Aoodplain. The goal of
agriculture policy issucd in 1999 is to maintain self-sulficicney in foad. The policy also
emphasizes on efficient irrigation, integrated pest management and more use ol
composite fertilizer. The fisheries policy is aimed at increasing fisherics production and
give importance to capture fish to meet the need for animal protein and also gives
crmphasis on conserving fish habitats, In the forestry policy. it proposes about 20% area
to be afforested. Environmental policy highlights the need to maintain an ecological
balance and development through protecting and improving environment.  The safe
water supply and sanitation palicy stated that all population should have wceess to safe
drinking water and sanitation al an affordable cost, The policy emphasizes (o reduce the
number of served population per tube-well from 105 to 50 in near future and one
sanitary latrine for each houschold. Labour intensive manufacturing industry should be
core business and to create enough employment opportunity for future genmeration as

mentioned in the indusinal policy of 1999,

Poverty Reduction Strategies in Bangladesh
1n 2003, Goverrunent has adopted the Poverty Reduction Strategy Paper (PRSP), as a
development guideline for Bangladesh, which will assist in the eventual cnd of poverly.

The major sectors to be challenged for PRSP with their strategics are discussed bolow,

To move agricultural production from a predominantly subsistence level o a mare
diversified commercial pursuit with appropriate attention to the challenges of
productivity increasc and environmental sustainability, PRSP focuses on four issues:
intensification of major crops (i.e. cereals). diversification to high-value non-cereal

crops (i.e. vegetables and fruits), development of non-crop agriculture fi.c. fishery,
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poultry, livestock), and promotion of rural non-farm activities (i.e. rural construction,

transport and services).

In case of food securily, action on iwo front will be taken: First, assure a conlinuous,
hygienically sound low cost food supply. Second, aim an income distribution that
provides adequate purchasing power in the hands of the low-income people. However,

in attaining these changes both behavioral and developmental changes will be needed.

The overall strategy of PRSP in fishery sector development envisions intensilication of
aguaculture by species and ecosystems, addition of export-oriented species, ensuring
bio-diversity and preserving natural breeding grounds, product diversification and value
addition and development of appropriate marketing infrasteucture. The underlying
strategy will be to promote a dynamic rural aquaculture, involving the key actors among
NGOs, private scctor entrepreneuts and community-based fishing groups (o ensurc

access of the low-income people and community groups to waterbodics.

The leasing policy of jalmakals seeks to optimize equity and ensure adequatc
opportunities for poor fishermen and community groups to be participant in the process.
These steps will not only increase access of the low-income people to open water

resources for fish culture but also increase productivity of inland capture fishery.

The PRSP target in the forcstry sector is 1o bring at least 20 pereent of the country’s
jand under the afforestation program through a coordinated eflorts of the government,
NGOs, private sector and the local people. The major areas of intervention include
eapansion of forest in depleted hills and khas land, tree plantation in rural arcas on
private land and along the roadsides, railway tracks, embankment slopes and courtyards

of rural orpatizations through community participation of the low-income people.

To minimize risk and vulnerability of natural disasters, among all, PRSP has given the
topmost priotity to flood protection. It will be implemented for zila and upazila towns
in phases using both structural and non-structural measures, The programs emphasizes
on distress/vulnerable pockets. [t will reduce overdependence on groundwater. The
main niver systems will be developed and managed for multipurpose use through

various structural and non-structural measunes,

For environmental and natural resource conservation, PRSP has given attention mainly

to five issues. These are: i) agricultural land degradation and salimity; {ii) biodiversity,
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(tii) public commons; (iv) afforestation and tree planiation; and (v} urbanization-related

environmental issues,

The suggested interventions of government inctude ensuring adequale water flow, legal
and institulional imeasures for sustainable abstraction of wetland tesources by the poor,
introduction of public hearings, prepare Environmental Impact Assessment (E1A}
docurncnts, increase  expenditure  on envirommental awarensss and  underlake
environment-related projects and programs with a view (o cnsunng biodiversity.
preventing land degradation, protecting forests and expanding social forestation. In this
regard, cnacting laws and regulatory {rameworks and recognizing the rights of the
ethmc minorily and rural people to local common properly fesources are essential,
Further, policies and actions of the Government must not ¢ause marginalization of the
fow-income people and [orce them to intensify over utilization of the open access

natural resource base. or make them more vulnerable to poliution hazards.

National Water Management Plan

In 2001, Bangladesh prepared a National Water Management Plan (NWMP). [his plan
is puided by six national goals, which has been developed under National Water Policy
(NWPo), These goals are: 1) Economic Development i} Poverty Alleviation 1) Food
Security iviPublic health and Safety v) Decent standard of living for the people and vi)

Protection of the natural environment.

T'o achieve national goals, NWMY has three immediate objectives. They are mspired by
a clause, which appears in both the DSNWMP and NWMPP ToR, which, says that the
Flan is intended to coniribute to national economic growth through rational
management of water resources in a way that protects the natural environnment and
improves the quality of life for the people of Dangladesh The Nevelopment and

immediate objcctives of the plan is shown in Figure 5.2.

In NWMP, the strategic planning framework began with an assessment of the nceds
arising within the human and physical environment, from the national goals and policy
directives, and have been divided into six clusters based on capital needs and
opportunities covering i) major rivers i) towns and rural areas iii) major citics iv)
disaster management v) agricufture and water management and vi) environunent and

aquatic resources.
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Fipure 5.2: Overall objectives of national watcr management plan (WARPO, 2001)

Fach of these clusters includes a range of program recommended for implementation
under the NWMT, Each remaining programs where then considered in order to reflect
various strategic prioritization ol the nanonal goals. These are: i) Balance development
strategy- where in selecting Institutional Measurcs and development measures, equal
importance is given to all six national goals. 1i) Economuc growth stralcgy: where
priority is given to the national poals of — economic development, poverly allevialion,
food security and standard of Hving. i) Health and environment strategy: where
priority is given to national goals of Public heaith and Safely and Protection ol the

natural environment.

Of the eight regional planning arcas of NWMP, the study area iv Jocated 1n the North
Central (NC) region. In association with some of the important areas including the
Capita) of the country, NC is the most nrbanized and industrialized region in the
country. A major challenge faced in the rurat area of NC region is [ooding and
drainage problem. For the benelit of NC rcgion, twenty-scven programs have been

undertaken, OF which, the exclusive ones are flood protection and storm water drainage
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and flood proofing of key infrastucture. The program aiso includes involvement of

some important institutions and agencies.

5.2 Opportunities for Land and Watcr Use

In this research, land and water use opportunities in the study area has been estimated
for the year 2050. Opportunitics are calculated based mainly on people’s perception.
However, some sccondary projection data has also been wsed. Two types of
opporiunities are identified. First. horizontal expansion, which considers the current
area of certain types of use will expand in future. Second, vertical expansion, which
includes expansion other than area expansion such as, increase of agricultural
production by cultivation of HYV, densification of settlement i.e. building more houscs

in the existing settlcment ete.,

Land use opporiunily has been estimated in terms of land use for agriculture.
settlement, wetlands and others which include, growth centres. industries, roads and
health centres. Presently, agriculture is using its maximum suitable and for Aman and
Baro because opportunity for horizontal areal expansion in agriculture is very Limited.
Ilowever, agricultural production will increase by increasing IIYV rice cultivation
Though there is not enough opportunily to increase Boro area but the dried up sitred
wetlands and improvement in areas of drainage congestion due to unplanned road
construction, some additiontal area can be brought under HY'V Boro cultivalion. In case
of Rabi, 1t is observed that almost 20 km® of land remains watetlogged in the monsoon
due to drainage congestion, By improving the drainage system this additional land can
be converted lor Rabi cultivation. Morsover, flood control measure 1n the alea will
further give the opportunity to increase Aman production from present 250 km® to 280
km?® in future The oppertunities for horizontal cxpansion ol apriculture arc shown in

Table 5.4 and Figure 5.3,

Table 5.4; Horizontal expansion of agricolture

Type of Crop Present Opportunity
Aman 250 km® 280 km*
Boro 281 km® 285 km*
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Figure 5.3: Horizontal expansion of agriculture

Through more cultivation of HYV and agriculture inputs, rice production can be
increased. Presently.the ratio of HYV and local variety Aman in the area is 60:40. To
increase production the HY'V and local needs to be on a ratio of 90:10 For Boro, there
will not be any remarkable change, because almaost 100 percent of Boro cultivated s

HYV. The apportunitics for vertical expansion ol agriculture are shown in Table 5.3,

Table 5.5: Vertical expansion of agricultore

Tvpe of Crop | Present stats of HY'V Oppottunity for HY'Y
Arce %a Area Va

Aman 150 km* 50 280km* N

Boro 281 km’ 96 285 knt’ 100

With an increasing population in the future, more land will be necded to provide shelter
{ur the increasing population. In addition, population growth will be more in urban
arcas than in the maral areas. For estimating the opportunity in settlement, local
prefercnces have becn considercd, with a view to expand existng settlement,
development of new settlement in highlands and fallow lands, less flood or erosion
prone arca and close proximity to the road. The opportunity {or settlement expansion 18
calculated based on (wo assumptions. Presently, on average per houscholds accupy 14

decimal of land both in urban and rural areas. First, opportunity ol settlerment cxpansion
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is calculated based on that in future per household will use the land area as present (13
decimal and 10 decimal of tand in rural and urban areas respectively). Tt is observed that
the opportunity Tor urban settlement will be almost double than the present situation,
The rural settlement will be 92 km?, which is 80 km’® at present. Second, settlement
expansion opperiunity is calculated based on the concept ol an ideal home. rom the
field survey, it is found that a family of four mcmbers needs a home of 540 slt Tands
(house sire 420 sft and kitchen 120 sf). An additional 660 sft of land is needed for
movement, gardening and raring cattle. Thus, an ideal house in a rural area needs 11
decimal {1200 sft) land and in urban areas it is assumed (hat per household will need 7
decima! of land. The opportunity for settlement for both the urban and the rural areas

hased on the concept of ideal house will be 22 km® and 80 km’ respectively.

Over the years, wetiand area has been decreasing. The beels are silted and it is being
converted into other types of land. Wetlands are very important for nature because it
supporls wide range of biological species which helps to maintain ecological balance.
The opporunity for wetlands has been calcutated based on criteria hike; restore of pre
1991 condition wetlands and maintaining cnvironmental flow by dredging and other
watcr mapagement measurcs. For calculating the opporiunities of wetlands, it is
cansidered that the area of beel in the pre 2001 period c;m be regained. In 2001. the area
of beel was 8.5 km® and current becl area is 7.9 km®. Over the vears, the area of the
rivers remains aimost same The opportunity of wetlands includes only the atea of beel
in the 1991, Thercfore the opportunity of wetland arca by 2050 is 29.35 km® (Figurc
5.4
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Figure 5.4: Expansion opportunity of wetlands
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QOpportunities for other land use include roads, growth gentres, industrics, health centres
and schools. The criteria for ¢stimating opportunity for road shows that there is no need
10 create new roads but the capacity of the roads should be increased by widening and
raising the height of the roads to protect it from flooding. To calculate the opportunity
for road, it is assumed that all feeder road will be convericd to national road, feeder B
type to feeder A and 50% of rural road will be converted to feeder B. and another 50%
will remain as roral. It is observed that the opportunity for national road length is 95.6
km, where as, present length is only 0.85 km (Table 5.6) The opporiunity for feeder A
typc of road Tength is 174.5 km, feeder B is 87.6 km and rural road is 180 km.

Table 5.6: Expansion epportunity of roads

Present Opportunity
Road Types | Length (km) | Area (ha) | Length (km) | Area (ha)
National 0.85 1.2 95.6 133.8
Feeder A 79.82 555 174.5 122,13
Ieeder B 138.14 96.7 87.6 61.3
Rural 194.26 7.1 180 S0
Tolal 413,07 250.5 5377 407.25

Rolh horizontal and verical opportunities are caleulated for growth centres. Based on
the following criteria the opportunity of the growth centres is estimated on criteria hke;
1t is assumed that the number of prowth centres will not increase, in case ol hortzontal
expansion only the arca of the growth centre will increase and tor vertical cxpansion
only the number of shops will increase. Further, growth rate of upazila growth centres
will be higher than other growth centres and markels. 1t is agsumed that the upazila
prowth cenlres will increase at a rate of 2%, markets will merease at a rate © f 1% and
other growth centres will increase at a rate of 1.5%. Horizontal expansion considers
only the area expansion of the existing growth centres and no new growth centres, And
the growth rate for difTerent types of growth centres will not be the same. Larger and
wrban growth centes will grow at a higher rate than others. Tt is esumated that the
opportunity of upazila growth centres is 5 ha which is more than double than the current
arca (Table 5.7). The opportunity of other growth centres i. e the growth centres which

is not located at the upazila and markets will be 4 ha and 19 ha respoctively.
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Table 5.7: Horizontal expansion opportunities of growth centres

' Area
Types of growth Number -
centre Present (ha) | Opportunity (ha)
] i T
Upazila growth 5 5 1
cenlres
QOther growth centres 6 2 4
Markets 61 12 19
Total 72 20 34

For estimating vertical expansion, it is assumed that the area will remain same but the
number of shops per growth centre wili increase. In addition, this increment will follow
the same growth ratc. Table 5.8 shows that currently there are about 150 shops per
upazila growth centre, whereas, the opportunity is for 330 shopsfupazila growth centre

and 130 shops/other growth centre.

Table 5.8; Vertical expansion opportunities of growth centres

B Number of Shaps
l'ype ,
Present | Opportunity
Upazila growth centre 150 330
| Other growth centre 60 132
Markets 30 60

lor calenlating the opportunity Jor indusirial expansion, it is assumed that all industrial
growth rate will be doubled except the rice mill also the growth of rice mill is related to
rice production. So opporiunity for ice mill is calculated based on the nee production
in the fulure. It is assumed that Lthe rate of increment of rice mill will be higher in future
than the present. The target of Government 1s fo achicve feodprain self-sulticiency. In
{hs regard, there is no alternative to increase tolal rice production. [t is also obscrved
from field that currently about 50% of the total paddy produced in the study area is
processed by rice mills and the rest of the paddy is sold. However, in future it is
assumed that 80% aof the paddy will be processed by the rice mills 1 the study area.

Based on this assumption the epportunity for rice mill is caleulated. It is found that
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presently there are 96 rice mills in the study area with area of about 43 ha and there 15

opportunity to grow up to about 107 ha (Table 5.9).

There are currently 13 brick fields operating in the study area and € brick fields are
closed now as demand has declined. But the opportunity of brick ficld is calculated
considering a growth rate of 2% per year (Tablc 5.9). Though this growth ratc seems
high, but it is assumed that in future due to development of infrastructure,
communication, and the marketing will also be better. Therefore, the producers can sell

the extra bricks outside the area alter meeting the local demand.

Table 5.9: Expansion opportunity of Industries

Types of Present Opportunity
Industry Numbers Tm:a:;rea Numbers Tolﬁi;rca
Brick field 13 17.36 29 38.20
Rice mill 96 42 74 240 106.84
Poultry ' 12 1.60 26 3.53
Hatchery 3 1.82 S 7 4.01
Saw mill 72 11.66 158 25.64
Jce mill 14 0,68 3 1.50
Milk vita 1 0.06 2 0.13
Total 211 76 493 180

In addition to the industries given in table 5.9, therc is onc Sugar mill, one fish farm and
smalt cotrage industries such as pulse mill, Nour mill. In future, there 18 appartunity Lo

set up 3-5 jute binding industry in the area.

Based on the [oliowing criteia the opportunity for educational institutions and health
centres are estimated. In the future, population between the age 5-14 will not increase
and the present educational centres serves 80% of this population. Thercfore, only

vertical expansion witl he sufficient to serve 100% of this papulation.

In the future, according to the government policy, cvery union will have at least onc
health centre to provide health services to its population. Al present, there are only 6

health centres with an arca of 0.7 ha. It is assumed that in fuiure there will be a necd for
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two health centres per union to serve {he inhabitants of the arsa. Se, the number of
health centre will be 72 as there are 36 unions in the study area {Table 5,10). In this

calculation, the unit area of each health centre has been assumed to be same in future,

‘Table 5.10: Expansion opportunity of health centres

Health Cenire | Present {ha) | Opportunity {(ha}

—Hospital 0.7 44
NSDI clinic 0.0364 .0364
Total 0.7645 4.9

Both groundwater and surfuce waler are used in the study are. The major uses of water
resources are domestic, irrigation, fishencs and other purposes like industrial and
commercial usc. All these uses, cxcept for fisheries, are mainly dependant on
groundwater. In the study arca, the surface water is coming from Jamuna and Old
Brahmaputra rivers through the small rivers Thinai, Chatal. Dadbhanga. patharkata ete.
and drains through Baushi Bridge point. The total amount of water coming through
these rivers is 23 Mm® during dry scason and 1140 Mm® during monsoon season, while
914 Mnt® and 1128 Mm® of water drawns dunng dry and monsoon season respectively
(hrough Baushi bridge point, The surface water usc should ensure the environmental
flow. Hence, the potential available surface water should be the cxcess water available
after meeting the environmental [low considerations. At present, the available surface
water volume does not mect the environmental fow criteria. So. there is no potential for
surlace water use uniless the situation is improved through restoring and excavating the

chatinels and khals by dredging and other measures.

Table 5.11: Groundwater use opportunity

Sub- arca | Recharge Prescnt ab SZ'Erac[iun Abstraction op portunLY
catchmert (Kmlj {Mm3) (Mm ) (M)
) STW | DIW | total | Suction mode | Force mode |

Sub-1 145 115 30 4 54 65 B9
Sub-2 169 129 57 4 2 86 by

| Sub-3 82 gl 28 2 3 54 61
Sub-4 63 36 21 2 23 37 27
Sub-5 Gd 38 22 2 23 37 259
Sub-& 76 48 26 2 28 28 36
Total 602 | 451 204 16 220 307 339
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The major source of groundwater is mainly tainfall and flooding from rivers. For
estimating groundwater, the study area has been divided into six sub-basins. Table 5.11
iltustrates the area, abstraction from groundwater, recharge and potential abstraction
opportunity in these sub-basins. Based on field survey, the maximum usable amount of
groundwater is 75% of the total groundwater available. So, the maximum amount of
groundwater available in the study area is 339 M. The total potential groundwater
rccharge in the area is about 450 M. From the potential available walcr resources,

opportunities of water use in different sectors arc cstimated.
Domestic use

The present total population in the study area i8 0.7 million and it will be 1 nullion in
the year 2050. Of these, 18% Yive in urban arcas, whereas 82% live in rural arcas.
According to Gleick (1996b), the basic water use requirement per capita per day is 50
litres In this research, it has been assumed that the Water use per capita per day is 80
litres for urban area and 50 litres for rural area. So, the water requirement for domestic
purposes 15 14.10 Mm’ (present) and 21.68 My’ (2050). The domestic water use is
mainly dependent on groundwater. The available groundwater resources are enough to
fulfill the domestic use requitements. The households are using hand tubc-well (HTW)
{or pumping groundwater for domestic purposes. The hand tube-well abslracts watcr
from main aquifers. The hand tubc-well operatcs in suction mode and pumping in
suction mode is possible uplo 6.5 metres. So, the limiting depth for groundwater
abstraction using hand tube-well is 6.5 metre. If the proundwater lovel lalls below this

jevel, pumping will not be possible usimg hand tube-well.
Trrogattiaon use

Due to inadequate surface water in the niver channels. irrigation in the study aren
mainly depends on proundwater As the river fow is decreasing in the siudy area, the
use of Low Lifi Pump (L1.PY is also declining. This situation can he improved by
augmenting the flow of rivers by dredeing and other mcasures. As the NWMP
smphaszes depending more on surlace water than on groundwater, the surface water
availability in the rivers should be ncreased to folfill the LLP requircments and
cnvironmental flow crileria while, present surface water availability is around 6% of the

LLP requircment and 10% of environmental flow requircment.
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The Jhinai river is dependent on Old Brahmaputra which is again dependent on Jamuna
river flows, The connectivity of Old Brahmaputra and Jamuna is a very complex
phenomena. According to FAP 3.1 study, dredging is not a feasible solution for Jhinai
river (FAP 3.1, 1997a). Thereforc, increasing intake is not possible in Thinai river. As a
result, to improve the situation, regulators should be placed in Jhinai offtake and Baushi
Bridge point to increase the storage in the channel, Other rivers like Chatal should be

dredged to increase Tlow and improve surface water availabihty during the dry season,

‘The shallow tube-wells (STW) end deep tube-wells {DTW) depend on groundwater for
irrigation. The maximum potential avaitable groundwater for irtigation is the volume
available afler meeting domestic nse requirements. The shallow tube-wells operale In
suction mode while deep tnbe-wells operate in force mode. As described earlier,
pumping in suction mode 1 limited to 6.5 metres, shallow tube-wells are limited to
pump groundwater available within 6.5 m. The deep tube-wells has no such limitations
and it can pump even more than 12 m. Dyt the drawdown due to deep tube-wells
influcnces surrounding shallow tubg-wells and bhand tube-wells within a radius of 200
m. Thus, the water availability to shaljow (ube-wells and hand tube-well within this

influence zone is reduced. The potential available groundwater to shallow tube-well is

417 Mm? and 1o deep tube-well is 453 Min” (Table 5.12).

Table 5.12: Trrigation usc opportonity

Trrigation mode | T'resent (Mm"*) Opportunity (Mm™)
LLF 3 11

STW 289 417

DWW 23 453
Traditional 13 20

Fisheries use

The capture fisheries production depends on good quality and guantity of water and
also abundance of food in surface water habitat. The total water hody (becl) area within
the study area is 7.8 km?, khal area is 6.85 km?® and river area is 2.62 km®. The watet

hody condition is degrading in the study area as shown in Table 3.13.
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Table 5.13: Present water use for fisheries and opportunitics

Types of Present Opportunity

waterbody | Area (km®) | Volume (Mm™) | Area {kin®) | Volume (Mm*)
Beel 7.9 11.85 8.5 12.75

Khal 6.3 10.273 6.9 10.275

River 2.6 3.94 5.0 7.53

Total 17.4 26.06 20.4 3).56

The water body condition should be improved by re-excavating and restoring and
improving connectivity by dredging. Through these interventions 30.56 Am? water can

be retained in ihe water bodies and rivers for fisheries resources.
Other use (Industriall commercial)

The number of industrics in the study arca and their water requirement for both prescent

and future conditions is presented in Table 5.14.

Tablc 5.14: Present industrial water usc and opportunities

Groundwater (Mm’} | Surface water (1‘~.1m3j Total (Mm’)
Present 0.1192 0 ' 0.1192
Opportunity | 0.293 0 00.253

The industries mainly depend on groundwater except [ish farms and sugar industry. The
lish farms mainly depend on rain water harvesting and some small amount from
groundwater. The sugar industries depend predominantly on surface water from niver.
In the study area, the annual rainfail is about 5500 mm. This amount can mect the
requircment of {ish farns, There are no Jutc industrics in the study arca. [ Jute industry
1s ostablished in the area, standing water bodics will be required for jutc retting during
monsoon. Normally khals are used for this purpose. During monsoon there are available

khals thal are used for this purpose.

5.3 Scenarios
5.3.1 Upstream withdrawal
Water withdrawal due to development activities in the upsiream areas, the flow of

Jamuna fiver will be impacted. For assessment of the impacts of upstream -water

withdrawal on the flow of Jamuna river, several assumptions were made. Seventy
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percent of the Brahmaputra flow upsiream of Bangladesh contributes to Jamuna Now.
For assessment, it was essumed that 60% of dry season flow and 40% of wet season
flow will be withdrawn from Upstream Brahmaputra while return Mow through base
flow and other means will be 50% of the net withdrawal. Finally, net reduction in

Jamuna Now will be 20% during dry season and 15% during wet season.

Applying these assumplions, the Jarmuna Aow at Dahadurabad (Station 46.9L) 15
ecnerated. Long term average values of Bahadurabad have been used as a base for this
assessment. For generating other boundary peint data for hydrodynamic analysis,
correlations were established between the long term average discharge of Bahadurabad
and avcrage water level of corresponding boundary point. Table 5.15 represents these
correlation equations. Figure 3.5 illustrates the hydrograph of Dahadurabad under

upstream water withdrawal conditions.

Table 5.15: Relationship equations hetween Babadurabad and boundary points

Roundary point Correlation equation R*
Jamuna upsiream y=1.1x -
Jamuna downstream {Station 15]) v = [2.5769Ln(x) - 11,368} + 0.6 0.5886 |
0id Brahmaputra downstream {Station 223) 1 ¥ = 1.685Ln{x) - 3.2238 0.897
Daushi bridee (Station 134A) v = 1.84Ln(x) - 5.6882 (1898
Hydrograph of Bahadurabad (46 8L}
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Figure 5.5: Hydrograph of Bahadurabad for upstream water withdrawals
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532 Climate change scenarios

Scveral climate change related studies for Bangladesh have been published in recent
years applying various madels to predict the future scenanos. Among these studies the
CLASIC project (Farguharson et al., 2007}, ORCHID project (Tanner ¢t al., 2007, and
World Bank study on Climate Change [mpacts on Food Securily in Bangladesh (Yu et
al., 2010) are remarkable. The present study adopts the most recent prediction dene by
Yu el al. (2010) as a parl of the World Bank study, Yu et al. (2010} analyzed sixteen
elobal climate models from the Inter-governmental Panel for Climate Change (IPCC)
Program for Climate Model Diagnosis and Intercomparison {PCMDI) AR4 archive,
each run for three emissions scenarios (AlB, A2 and Bl) and a 20th-Centuary
Experiment. The mode! output consists of monthly averages of simulated precipitation
and temperature. Yu et al. (2010) used 64 scenario experiments. The resulling changes
in various climatic parameters according to Yu et al. (2010} are projected lemperature
changes are following a positive trond for all months and seasons from the 2030s
anwards. Median warming of 0.75°C, 1.55°C, and 2.4°C by the 2030s, 2050s and 2080s
respectively 18 sitnulated from a range of plausible scenarios and greater unceriainty {in

terms of magnitude and direction) cxists with future precipitation than future

temperature.

in this research, the impaet of climate change in cxtreme NMood monsoen has been
analyzed. For this, the average hydrograph for 2050s ol Bahadurabad station has been
ssed from Yu et al. (2010). The dry scason flow of 1981 and monsoon seasen [ow of
1998 is used o prepare the base hydrograph of this research for Bahadurabad Station.
Since (he changes in dry scason is not significant, only he percentage changes in
monsoon scason [low is applied to the base hydrograph. For penerating other boundary
pmnt data for hydrodynamic analysis, correlations described in Table 5.15 have been
used, Fipure 5.6 illustrates the discharge hydrograph of Bahadurabad station for climate

change condition as used in the current research.
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Figure 5.6: Hydrograph of Bahadurabad for climate change condition

5.4 Development of Options

By 2050, land and water usc for the study area has been developed for three
possibilities, which are Options A: Autonomous development (do nothing}, Option B:
implementation of regional plan (Jamalpur priority project), and Option {2 Sustainable

land and wate1 use {devcloped in this rescarch).
5.4.1 Option A: Autonomous development

Autonomous development is referred to as the development that took place without any
additional interventions. Autonomaous deveiopment is projected following cxisting trend
and social preferences of larmers and land use develepment. Sequencing of land use
allocation has been done as scttlement as first priority, then comes waler and other uses
{infrastructuie and industries) and the remaining bas been allocated as cultivable arca.

With existing trend, production of Boro is increased and Aman is reduced with the

decrease of NCA.
5.4.2  Onption B: Implementation of regional plan

In 1997, Flood Action Plan (FFAP) started its Jamalpur Project Refinement study to
alleviate poverty, improve social environment, provide flood protection along the river
banks, improve natural areas where possible and improve guality of life of people in

study arca. These objectives were set to achicve by controlling [lood waters on
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mainland to avoid catastrophie Moods in wet years, Mlood proofing the poorest and maost
exposed char dwellings, enhance fish production and improving both natural and
arlificial fish habitats, creating short and long term employment opportunities especially
for women and lower income groups, improving water (transport lacilities and

agricultural production in the study area.

The study area is highly vulnerable to regular flood, which often cause damages to
properties of the people living in the arca. The main crops suffering damage are Aman,
Jute and Sugar cane, In 1997, a public consultation with affected farmers revealed that
uncontrolled floods were really felt as constraint (FAP 3.1, 1997a). The [armers wished
10 have more contrel of water during a normal monsoon As such, to reduce risks
different options for embankment have been lested during feasibility and refinemcrit
study, Based on economic, social and environmental perspective the Controlled
Flooding Fmbankment option has been accepted, The regional plan hi ghlights different
plans for development of agriculture and flood problems. Ficoding and drainage are
major concerns lor agriculture life and hvelihood in the area. To mitigate these
concerns flood control and drainage improvement intervention will shifi F2, F3 type of
land to ¥O and F1 type. As a result. more area will be brought under monsoon rice,

mainly Aman (FAP 3.1, 1997D).

The cmbanked arca comprises of five major hydraulic inflow and outflow structures: i)
Jhenai indet ii} Chatal inlet iii) Tslampur inlet iv) Jhenai/ Chatal outlet and v) Pausi
bridge outtet. All these structures will have standard double lifted gates of 3 m vernt
width. The number varics according to the overali width of the barage, the height
varies from 3m 1o 5 m (vent dimensions) according to hydromechanical and hydrostatic
requirements. There will be one gae of 3.3 m width and 4.5/5 m height (vent
dimensions) per structure for navigational requirements At Chatal inlet, Islampur mlet
and Bausi bridge oullet, two gates per structure of 0.6 m width and 5 m height (vent
dimensions) is located at the cnd of each sircture with associated channels for [ish
migration requirements. At Jhenai/ Chatal outlet and-dhenal inlct, two fish gates per
structure of 3m width and 5 m height. (vd) at the end of cach structuee have been
proposed (o Teflect the much larger size of these structures. An implication of a 103 kin
embankment around the periphery of the study area will reduce the area of inundation

(FAP 3 1, 1997a).



The proposed embankment and water control structures will have different effects on
water bodies and fish production. Control of water leve] inside the protected area will
decrease the extent, duration, and depth of the floodplain, as a result, it will affect the
level of capture fisheries mainly among the subsistence fishermen. On the other hand,
pond {ish culture will be directly benefited from contrelled flooding (FAP 3.1, 1997a).
During normal tlood years, the embankment and water structures will have no major
effect, as the inlel/outlet structures will remain open during fish migration, Capture
fishery will have a positive effect during the dry years. Induced flood will be possiblc to
some extent by closing the outlet structurcs. In the study area, storage of water in the
southern part ol the perimeter will increase capture fisheries especially 1n the antificially
inundated segments. Finally, the regional plan preposes to re-cxcavale beels, ponds,

internal rivers and linking channels to fish and fisheries through restoration of habitat.

FAP has initiated regional plan for conirolling floed by putting embankments and
developing hydraulic inlet and outlet structures. The set target of Regional plan is o
increase Aman production through flood control. In this regard, 2 outlet structures have
been proposed at Chaatal-Thinai outlet and Baushi bridge outlet for augmentation of
warer flow and fish production during dry season In addition with the outlet struclures,
rivers, khals and beels were proposed for dredging and excavation o InCrease
productivity, connectivity T.I:;l increase [ish production. As a {lood control measure,
ermbankment was proposed to protect the land from 100 year Hood. Other land usc

steuctures wall follow similar projection of autonomous development.
54,3  Option C: Balanced Jand and water use activities

Ralunced land and water use option [ocuses on (he socio-economic improvement as
well as protection of floodplmn cnvironment conaidering local preferences  and
government policies and straicgies, In 2001, land usc policy mghlighted the need fo
tand zoning for integrated planning and management. The policy also emphasized
protection and maintenance of all existing wetlands. In 1959, National Water Policy
addressed the need to hamess, develop and manage all forms of surface and ground
water in an ellicient and equitable manner. It also emphasized ccosystem necds. The
1999  Agriculture policy emphasized on maintaining food self-sufliciency 1n
conjunction with efficient irrigation, integrated pest management and increased use of

composite fertilizer. The fisheries policy aimed at increasing fish production through
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capture fisheries and conserving fish habitat. Forestry policy is directed to maintain a
minimum of 20% forest coverage. Environmental policy aimed at maintaining
ecological balance and to protect and improve the environment. The safe water supply
and sanitation policy stated that all population should have access to safe drinking water
and sanitation at an affordable cost. The policy emphasized the reduction in the number
of population served per tube-well from 105 to 50 in near future and one sanitary latrine
for each household. Industrial policy emphasized on labour intcnsive manufacluring

industry and create employment apportunity for future gencration.

The Poverly Reduction Strategy Paper {PRST) emphasized moving agricultural
production {rom a predominantly subsisicnce Jevel to 8 more diversified commercial
pursuit. Regarding food sceurity, PRSP strategies aimed at providing low cost food
supply and an income distribution with adequate purchasing power for lower income
population. Tn fishery scctor, strategies have been initiated for intensification and
promoting a dynamic tural aquacnlture. The leasing policy of JTalmahal aims to provide
adeqnate opporuzities for poor fishermen and loster community participation. Forestry
scctor emphasized cxpansion of forest in depleted hills and khas lands and lrec
plantation in rural areas (hrough communily participation of lower income population.
For environmental and natural resource copservation, PRSP pave attention to
agricultural land degradation, biodiversily, access 10 common property. allorestation
and tree plantation and urbanization-related  environmental issues. Further, PRSP
cmphasized MNood protection by implementing structural and nen-structural measarcs

ammed at reducing the loss of hie and property.

In addition, Bangladesh developed a National Water Management Plan (NWMP) under
Natonal Water Policy (1999) The plan intended o contribute 1o national econonuic
erowth through rational manapement of water resources such that, it protects natural

envirommeni and improves the quality ol hfe.

Dalanced land and water use activity suggest to increase production through minbmizing
rieks for monseon rice. Area wise distribution of crops will help in reducing risks from
Mood and drought. As on social preference, 50m area on both sides of river is suggested
for Jute and Rabi cultivation. 30m buffers around permanent water bodies have been
suggested (o safeguard the ccosystem. Cropping patiem will be chosen in a way that

enhances spatial fair distribution of employment. Changing mindset of famers, o
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provide supplemcentary irrigation to the Aus and Aman crop to reduce stress from
drought. Presently, the fanners are heavily dependent on Boro cnltivation. The mindset
of farmers has to be changed from the heavy dependcncy on Boro to a diversified
cropping pattern which includes T.Aus-T.Aman-valued Rabi crops in the high and

medium high lands. The remaining area should cultivate Jute, Boro and other crops.

The above mentioned (hree projected options A, B and C will have four scenarios, First,
no extemnality. Second, climate change in addition to long-term average hydrological
condition. ‘Third, upstream water withdrawal in addition to long term average
hydrological condition. Fourth, climate change is super imposed on extreme flood
events.  Thus, the projected options along with the scenarios, that is, twelve situations
arc shown in Table 5.16. To simulate these twelve situations, hydrologic, hydrodynamic

and land and water use projections are used under a deltaic Noodplain environment.

Table 5.16: Possible options with scenarios

A Auntonomous | B. Implementation | C. Balanced land and
Development of Repional Plans water usc activities
1.No cxternality Al Bl Cl
2.Climate change A2 B2 . C2
J.Upstream water A3 3 C3
withdrawal
4._ Climate change Ad R4 C4
with extreme event

Seenario Al i§ automomous development with no esternalities A2 and A3 are the
qutonomous development with intluence of climate change and upstream watcr
withdrawal respeclively. A4 1s the autonomous development with Climate change
sirenpthened by extreme cvent, Similarly, scenario B, B2, B3 and 14 i1epresents
implementation of the regional plans scenarios while C1, €2 and C3 are the scenarios

showing the Sustainable land and watcr use options for the {uturce.

5.5 Lund and Water Use for Different Options

In the future, increased population demand for economic and social necessities like
food, shelter, communication ete. will create additional pressure on land and water
resources. Presently, the total population in the study area is more than half million and

by 2050 it will be almost double. Population in urban arcas will be higher compared to
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thal of tural areas and this increasing urban pressure will end up with more land and
waler use. 2050 projection on land and water use for the study area has been derived on

the basis of the above three options and these are analyzed in the following section.

Dased on the constraints, opportunities and driving factors, four types of land use had
heen estimated for the study area (shown in Table 5.17). From the projection, it is
assumed that in future, agriculture and wetland area will decrease where as, settlement

and othet land uses will increasc.

Agriculture: Ten types of cropping patterns have been identificd covering total
47.171ha of NCA. Table 5.18 and Figure 5.7, 5.8 and 5.9 show cropping patterns with
future NCA. Among them the major crops are Aman and Bore In future, due
increased scttlement and industrial areas, NCA will decreasc. According to option A,
preduction of Bora will increase but Aman will decrease. Option B suggests that Aman

production will increase as there will be Mood protections and less nisk of loss.

Table 5.17: Four types of land nse for 2001, 2008 and options A, B and C

Land use (ha) 2001 | 2008 A It C
Agriculture 47810 | 47,171 | 44,448 | 44,300 | 46,3438
Settlement 3141 | 9.766 | 12,367 | 12,367 10,294
Wetland 2935 | 2,875 | 2.805 | 2,873 | 2,935
Others 405 | 488 | 680 | 738 721
Total £0.200 | 60,300 | 60,300 | 60,300 GD,B{H}J

Opuon C suggested an agricubtural land zomung based on crop suitability. flood depth
and its vulperability to the crops. As a result it s suggested a new cropmng pattemn
T Aus-T.Aman-Yained RRabi crop in the high land area where the flood depth does not
exceed 30 cm. Anolher cropping pattern Aman-Rabi-Jule is sugpested where the flood
does not excecd 60 cm. Aman and Boro is suggested o be cultivated where the flood
depth level is between 60-90 em. Whereas, Boro and Jute has been sugpested where the
depth of inundation is between 90-135¢m. Jute and Rabi are preferred on sandy souls
along the periphery of the river. Further, existing cultivation of sugarcane will be

unchanged.
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Table 5.18: Cropping paitern for 2001, 2008 and options A, Band C

(Cmp arca {ha) 2001 | 2008 A B C
Sugarcane 1005 | 2330 | 2327 | 2338 | 2442

_Dthers (ruits, Vegetable) 668 | 3709 | 3301 | 3262 670
Boro-Mustard/ Valued Crop 1993 | 1899 1 1781 1718 | 7414
Boro-Aman 18414 | 18778 | 18369 | 24905 | 6195
Boro-Jute 529 524 5006 507 4559
Boro 7245 | 10574 | 11812 | 5296 9422
Aman-Rabi-Jute 3073 3008 0 2734 6261
Aman-Rabi 3495 | 3472 | 2423 0 0
Rabi-Jute 4734 1526 | 2753 2992 548
T.Aman-T. Aus-Rabi 0 0 0 0 7069
Fallow 1663 135] 1173 550 868
Total Aman 24981 | 25258 | 20792 | 27639 | 20425

—Tntal Boro 28181 | 31775 1 32468 | 32425 | 27590
Total 47819 | 47171 | 44448 | 44300 | 46348

Land type analysis for the years 2001, 2008 and 2050 for different land use option (A,
B and C}) has been carried out based on the results of HDM and DEM. The land type
distribution is shown in I'able 5 19, [n 2001, there was T2 of FO land, which 15 ina
declining state. In future, flood control measures will increase this percentage. In option
I3, a full control, with embankments in both Jamuna and O1d Brahmaputra will increase
FO land up to 88%. Hence, additional 12,000 ha of flond free land will be added to
rorease Aman cultivation in option B against option A, where no [locd control
measures will be applied. Option C, partial control (embankment only in Jamuna), will

increase flood free area up to 74%.

158



Lantl Use Map
Option-C

=
1

-

"

FIFEIUH Map

i

!

Land Uss Map
Qplian-A

Figure 5.9: Land use map showing different

Figure 5.8; Land usc map showing diflerent

Figure 5.7: Land use map showing diflerent

cropping patiern tor optien C

cropping patrern for option B

cropping parern for opticn A

9



Table 5.19; Land type distribution (in percentage) for 2001, 2008 and the options

Land Type 2001 20{8 A B C
FO 72 48 | 67 88 74
I 13 26 12 5 11
P2 g 18 13 2 g
F3 2 6 3 2 3
F4 5 2 5 3 4

Settlement; Urban arca is expected to increase morc rapidly due to avalable facilities
and modernization of urban scctor, but rural areas will not cxpand at the same rate. In
2001, only 16% of the population in the study area lived in urban areas, whereas in
2050, 31% of the iotal population is projected to live in urban areas. In option A, it is
assumcd to follow the current trends of both urban and rural setthements, By 2030, per
capita area will be 3.3dec and 2.5dce for rural and urban areas respectively. On the
ather hand, option B, the regional plan does not indicate the expansion of the settlement
area for {uture gencrations {population in year 2050y, Thercfore, option B assumes same

projections as option A. The projccted settlement area is shown in Table 5.20.

Table 5.20: Settlement area for 2001, 2008 and the options

Type (hectare) 2001 2008 A B C

Urban settlcment 1,463 1,737 3,149 3,149 2,267
Rural settlement 7,678 §,020 9214 o218 3,029
Toral setdement | 9,141 | 9.766 12367 |i2.367 10296 |

Option C has been projected considering ideal house of 1,200 sft for four people
(assuming an average household size in year 20507 and 30-50% arca has heen included
for road and other wtility services. As such, per capita settlement ared for urban and

rural have been fixed at 1.8d and 2.94 respectively.

Welland: From 2001-2008, wetlands have been declining from 8350 ha lo 790 ha,
mainly duc to encroachment of farmlands and sedimentation. In option A, by following
the declining trend, the beel area has been projecied to be 720 ha. However, due 0

partial restoration and maintaining cxisting beel area under option B, by 2050, the beel
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arca will be 790 ha. Whereas, with full restoration under option C, (he beel arca will be

restored to the 2001 level as shown in Tabie 5.21.

Table 5.21: Wetland area for 2001, 2008 and the options

wetland types (hectare) | 2001 | 2008 A B C

Beels 850 790 720 790 830
Jhinai (dry season) 382 262 100 382 502
Rivers 2085 | 2085 | 2085 2085 2085
Total 2035 | 2875 | 2805 2875 2535

As the data demonstrates, without any infervention and with the current trend, the beel
area will continue (o decline by 2050 as shown in Figure 5.10. Some beels are still
existing because of water demand for fish production and the depth of water in these
beels are not conducive for rice production. Regionat plan will increase the amount to

790 ha and a full restoration will increase the walsr up to 2001 level of 850 ba,
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Figure .10 Change and restoration plan for Reels

The considered criteria for productive fisheries, the inundation should be at least one
meter for three months, Using hydrodynamic mode! and using the eritena as stated, the
fisheries productive arca has been delineated for different o ptions and scenarios. Since
2001, Chatal and Dadbhanga has been dry during the dry scason. In 2008, Jhinai covers
262 ha which has a possibility of further decline to 100 ha by 2050, if followed by the
present trend in option A. Partial restoration through dredging and other water [low

mprovement measures for Chatal and Jhinai and [ull resioration considering all the
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rivers will increase the area up to 502 ha in option C. Option B, targets 10 achieve 382

ha of land. Restoration plans for ail three rivers are shown in Figure 5.11.
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Figure 5.11: Change and restoration plan for rivers

Other land use: Road lenpth is projeeted for all three options, which emphasize on
increasing capacity and functionahty of existing roads rather than create new ones and
protection of roads from flood. in this regard, the existing roads either were widened or
increased the road height, Widening roads will require more land. Hence, total area of
roads will increase in future. For all options, every upazilas will be connected to district
headquarter by regional roads to improve the connectivity. According to govemment
policy, all upazilas will be connected and every union will be conpected to its
respeclive upazila Such as, Chukaibari unien of Dewanganj upazila and Satpoa union
of Sarishabari upazila were not connceted to any unmion or upazila. Rased on the
government policy it is assumed that in future, these unions will be connected by feeder
road T 1o the nearest upazila or union. Tn addition, Lo 1enprove the connectivity, the road
between Isiampur and Madarganj will be converted to Teeder road A. Option A
considers only existing Mooad control measures, but option B includes now measures and
regulators for all rivers. Option € includes Nlood controt measures only {or Jamuna
river. The embankment atong the Jamuna river will be used as embankment cum feeder
road A to protect the loss of agricultural land for both options B and C. and this road
will be connected to nearest upazila or Fecder road A by feeder road A, 1n option B, the

cmbankment along the Brahmaputra river starting from Islampur and ending at
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Melandaha, will be converled to regienal roads. The projected road length for different

options are shown in Figure 5,12,

Industries, education and health centers will be utilized as mentioned in chapter four. It
is assumed that government intervention for industries in upazilas, creation of
employment opportunities by constructing jute and garment industrics by 20350, QOption
A assurncs 1o have 5 garment industries, option B assumes 10 and option C assumes 25
garment industries, More than 60% cmployiment in the garment industries are women.,
Under option C, jute cultivation is proposed 1o be doubled. Te take advantage of this
addinonal production, two jute mills have been proposed, which will create market for
the farmers and additional emiployment opportunitics for the labaur force. On the other
hand, to adhere 1o the cnvironmenial condition, it is proposed o reduce brick fields.
Table 5.22 shows the distribution of other land uses for different options. The land use
maps have been prepared for the eptions A, B and C. Figures 3.7 to 5.9 illustrates the

land use pattern for options A, B and C respectively.

Table 5.22: Other land use for 2001, 2008 and the options

Type Area (ha)

2001 2008 A B C
Road & Others 262 324 387 465 446
Brick ficlds 13 17 38 iR 20
Rice mills 32 43 107 107 107
Other Industry 13 16 35 35 335
Ileallh Center 1 | 5 5 3
Growih Center 16 20) 34 34 34
LFducation center 03 (8 75 73 T3
Total 405 489 680 738 721
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Water use [or year 2050 has been projected based on the three options A, B and C. Four

major water use categories have been identified which arc showr in Table 5.23.

Table 5.23: Four types of water nsc for 2001, 2008 and the options

Type 2001 2008 A B C
[reigation usc 00,26 | 34023 | 34771 | 347 296.00
Domestic use 12.49 14,10 21.68 Z1.68 | 21.68

Fisheries! wetland | 15.37 12 83 14.62 1567 | 17.77

Other use (.34 0.38 (1.65 .65 0.65

Total 328.45 | 367.56 | 3B4.67 | 385 33611

Irrigation: Groundwater and surface water sources are used for imigation. Normally,
the purmnps are required to run12 hours per day, but in extrerne dry spell 1t is expected to
be 16 houss. Both operational times has been taken into account for the projection
{shown in Table 5.24). Following the present trend. oﬁtiﬂn A will increase the use of
groundwater for irrigation but surfuce water usc will decline due 1o drying of river
water, Dredging, fixing regulators and augmentation of rivers n the dry scason will
increase the surface water flow in option B. As such, in option B. total water use per
duy will be 347 Mm? for 12 hs and 463 Mm? for 16 hrs. With the wse of decp tube-
wells and shallow tubc-wells Tor irtigation, the water table lowers. As a result. it affects

the use of hand pumps for domestic use.

To protect the domestic users 1o get safe drinking water through hand pumps, a 30
imeter buffer around the settlement has been proposed to restrict groundwater extrachion
under option C. In addition, the irrigation elficiency is also very low, Currently 2000-
2400 mm of irrigation is used in per ha ol boro field, whereas, requirement is 1000-
1400 mm of water, By using ‘Optimal Water Usc’ technology devetoped by CEGIS,
this additional wse of watcr can be saved which will reduce energy use by 25%-30%

(LEGIS, 2001b)



Table 5.24: Surface and Ground water irrigation (Mm®) for 2001, 2008 and the

options
2001 2008 A B C
5he [ 16T | 124 [ 160 | 13hr | 160r | 12hr | 16hr | 12br | 16kt
Deepubowail | 17 | 22 | 25 | 30 | 27 | 36 | 23 | 31 | 2271 29
iﬁmw tube- | 51q | og3 | 289 | 385 | 313 | 417 | 205 | 394 | 274 | 366
Total Ground | o0 1 40c | 397 | 415 | 340 | 453 | 318 | 425 | 296 | 395
waler Nse
Low lifi pump 10 14 5 0 2 2 5 6 0 0
Khal 7 28 1 9 12 | 21 3 19 |12 ] 0 |0
Traditional 30 L 53 15 [ 20 | 4 | 5 | 15420 | 0 | 0
ToalSurface | o | g5 | 29 | 35 | 8 | 11 | 29 | 38| 0 | 0
water use
‘f::a] water | o0 | oano | 340 | 454 | 348 | 464 | 347 | 463 | 296 | 395

Domestic use: In future, population pressure will increase the demand for domestic

water use in bolh urban and rural areas. The domestic water use has been projected (as

shown in Table 5.25) is based on the assumption of per day demand of water 18 80 liters

for whan and 50 liters for rural areas. Urban socicty is completely dependent on

groundwater source for its use. For all three options, water use will have na change

being 9.09 Mm” for urban and 12.60 Mm® for rural use,

Table 5.25: Domestic water use {Mm]’) for 2001, 2008 and the options

Type 2001 2008 A B C
Urban | 2.87 3,70 9.00 9.09 .
Rural |9.62 1040 11260 |12.60 |12.60
Total 1249 (1410 | 21.68 21.68 | 21.68

Fisheries/ wetland: [0 the coniext of above discussion, in the land use section 5.3 3. re-

cxcavation of beels and rivers will increase from 15.67 1o 17.77 Mm® water, which will

support more fish habitats. The waterbody use is shown in Table 5.26.

Tahle 5.26: Fisheries/wetland use (Mm’) for 2001, 2008 and the options

I'ype 2001 (2008 | A 3 C

Beel 1275 | 1185 {1080 | L11.8% | 12.95
Dry River | 3.82 2621 | 1.00 3.42 5.02
Total 15.37 11285 | 1462 [15.67 |17.77
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Otber uses: In the future becanse of increased population and changes in land use due
to growth in industries, markets, cducation and health care facilities will result in higher
water usage. In all three situations, amount of water use will be same. Industries will be
the major user, using water up to 293,043 m3 in 2050. The uses arc shown in Table

5.27.

Table 5.27: Other water uses (Mm®) for 2001, 2008 and the options

rl"ype 2001 2008 A B C
Industry 88,797 119,188 | 293,043 293,043 293,043
Growth center & markcet 73,500 R9 T4 163,500 163,800 163,800
Education cenier 173,160 173,160 | 190,985 190,985 190,985
Health Center 920 1,117 7.143 7.143 7,143
Total 336,377 383,240 | 654,972 654,972 634.972

5.6 Compliance to Constraints

From both feld survey and literature review, it has been found that aftordability of
basic needs are related with income of the population of the study area (Figure 5.13).
As the income of the population incrcases, perceatage of population below poverty
standard also starls to decline. ‘Lhe figure shows that in a society with an average
income of 3000 Tk/month, 25% of the population consumes rice below the standard.
58% of the population cannet afford requircd amount of fish and 82% of the population

cannot maintain the standard living spacc.
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Figure 5.13: Relationship between income and affordability of basic needs
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Tablc 5.28: Fstimated values of indicators of equitable resource distribution

. ] Options for 2050
Criteria | Sub-criteria Indicator Unit 2001 | 2008 A B -
% of people
Safe drinking [have aceess to o
water sale drinking % 20 100 100 1o
- water
% of| AVEFAEE oy 25 |20 | 28 ] 31 | 30
household
household
Housing space | meet the fving | Farmer N -
5
{_g space (LE) b i7 18 43 0 43
Ta x H
2 requirement | pisherman |% 37 [ 20 f om | s | 37
T
o r
2 % of | AVEra8® ot " | 76 | 79 | 81 | 80
5 household GUSEND
= |Cereal (Ricg) |[meet the | Farmer 5
E cereal (rice)  |(LL) Ya 74 75 84 2| 87
requirement | pisherman % 83 | 76 76 75 83
Average . - "
% of household 7 48 a4 50 54 22
Animal household Farmer
protein {fish} |meet the fish (1) U 41 42 63 3 63
reqguirement -
Fisherman |%a 5% 43 45 42 )
o
Accessibility j:‘:ttlement of
g |tofloodedareal o ithin 172 % as | 48 | a2 | 35 1 40
= for subsistence
2 £ fishin km of the
= & tlooded area
s L
- Maore than 9
%g rem!mra_l months
5 | dstribution off ) vment Man- |, 645 | 14617 | 10,223 | 15500 ] 32,164
OCCUPATLOD N vear
. opporiunlty 1n
{Amicuiture)
agriculture

'L he average household income and income of land less farmer (LL) and lisherman are
caiculated lor the study area under different options. Using the above menticned
method, the population below the standard are calculated for di fferent oplions.
However, it might be changed wilh preferences, societal changes ete., but these things
are considered as constant in this research. The results are presented in Table 5.28.
TFrom the table it is observed that the status of equitable resource distribution indicators
are better in option € compared to the other two options (A and B). In case of basic

needs, the consumption status is almost samc for the average household and the selected
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twa different income group. Among the four sclected indicators of basic needs, only the
value of safe drinking water is satisfactory, which shows 100% people will gel access to
safe drinking water which curtently is about 90%. In addition, among the other three.

the value of housing space is very poor for all.

In case of faimess in resource disteibution, the access to common properly situation is
worsening with time, but temporal disinbution of employment {more than & months)
shows significant improvement in option C. It is assumed that to atlain faimess in
resource distribution (subsistence fishing), at least 50% of the households have 1o get
access to the floodplain fisheries. However, none of the option can provide 30% of the
household's should have access to flooded [oodplain area for subsistence lishing

{Figure 5.14)

For 2001, 2008, option A, and option B, it is abserved that cmployment opporfunity are
mostly available in the first five months of the year. This is mainly due to the greater
dependency on Boro cultivation, But in June, July, September, October and November,
the employment opportunity in agriculture is very low. But under option C, where a
suslainable cropping pattern has been suggested, which emphasizes cultivation of more
jute, Ans and Aman rice. As a result. employment opportunity is better distributed
(hroughout the vear. Tt is observed that in option C, more than Y months cmployment
opporiunity is available for 32,164 people, whereas. this number is about 10,223 and
15,500 in option A and D respectively (Figore 5.13).

Percentage of settiement area within half km

of flooded area

=]

5a

a0

30

Percantage

]

i

Figure 5.14: Perccntage of settlement arca within hall' km of flooded area
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Figure 5.15: Distribution of employment upportunity thronghout the vear under
different options

Vipure 5.16 shows the performance of the indicator of safepuarding the ccosysiem

against (he requirements, The indicators dry season water arca and Meodplain

vegetation area arc important for ensuring the natural condition in the floodpiain and

supporting the ecosystem. The dry scason water area should be at least 5% of the gross

area. But this requirement conld not be met by any of the options. Option C achieved

3.3% which is less than the requirement, but is slightly better than 2001. Options A and

B shows deoradation from 2008 value. The foodplain vegetation arca is performing
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well in all options against the requirement of 65% of thc gross arca. This requirement
cnsures the protection of ccosystern from urbanization that can damage the ecosystem.
The aquatic species biodiversity indicator illustrates the aquatic habitat condition in the
study area. From Figure 5.16 (d) it is seen that, in 2001, the habitat quality was good
which degraded in 2008. Option A and B have reached lower limits of moderate

quality. Option C tried to improve this condition through protective measures and is

able to attain the good quality habitat,
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Figure 5 16: Indicators of safeguarding ecosysiem for oplions A, B and C compared to

2001 and 2008

£7 Change in state: Floodplain Functions

Onc of the objectives of this study is to maintain and improve or at least stop further
degradation of the floodplain functions. In order to evaluale, two time periods. 2001 and
2008 was sclected o see the changes in the floodplain functions duc to land and water
use interventions (such as option A, B and C). The floodplain functions {tnaintaining
hydrology, protecting environmen!, maintaining ecosystem and facilitating socio-

economy) are evaluated by indicators developed in section 3.1,
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The hydrological function indicators show better performance in option C than in A and
B. In general, the indicator values show degradation in 2008 from 2001 values. In most
of the cases, option C shows improvement or stopped further degradation from 2008. In
terms of connectivity of waterbodies to rivers or khals shown in Figure 5.17 {¢) shows
degradation in 2008 compared 1o 2001 and it continued in option A and B. However,
option C shows it has managed to stop further degradation and shows slight
improvement over 2008, Figure 5.17 (b) shows that change in dry season waler Jevel
indicators show similar trend for option A and B against 200t and 2008, On the other

hand, option C shows significant improvement, even compared to 2001.

The flooded area percentage values in Figure 5.17 (e} shows a slightly jncreasing value
in option A, while in option B flooding is minimum. In option €, flooded area 15
slightly less than 2001, but higher than option B, because option B is full flood control
project. whereas, option C is partially controlicd that is, only controls averland fow

from Jamuna,

The estimated hase flow indicator as shown in Figure 5.17 () shows a significant drop
from 2001 to 2008 and furher declined in oplion A, but in option B. it has stopped
declining. whereas, in option C, not oaly it has stopped the dechine, but it has inproved
the regencration functionality of the floodplain. The groundwater table indicator as
shown in Figure 5.17 {h) hag deciined below the suction limit (7 meter) from the ground
level in both option A and B. However, in option C, it has stopped to decline and it s
within the suction level of scven meler to protect the usage of domestic hand tube-

wells.

The values of indicators ol environmental function have been computed utilizing
methodology deseribed in section 3.1.2. Figure 5.18 illustrates the results of the

indicators under different options.
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Figure 5.1%: Environmental [unction indicators for options A, B and € compared to
2001 and 2008

The environmental {low requirement for these rivers in total is 5.08 m3/s as stated in

section 3.1.2. The dry season flow has declined from 2001 to 2008 and it continues to

deciine in both option A and B. All these numbers indicate that they arc well below the

above environmental requirement. However, option C shows a significant improvement



from both option A and B (Fig. 5.18 (b). This 15 largely due (o two medsures. First, in
opion C, surface water withdrawal through LLP was assumed. Second, less
groundwater abstraction, which increases the base Tiow, and which in turn increases the
surface fow. Dry season flow in option C is 2.42 m3/s, which is approximatcly 10
percent of the mean annual flow. According to the Tenant method stated in section
3.2.2 at least 10 percent flow is required during dry season (o avoid severe degradation,
which is attained in option C. Pigure 5.18 (a,b,c} also shows thul combined water fow
in monsoon and dry scason for oplion C is well in the fair category of Tenant method.

The naturality of low indicater shows a declining condition in options A, B and €.

The land and water qualily indicators shows that presently fertilizer and pesticide use
rate is highest. The condition is poing to improve in future in all three oplions. Ameng
the options, A is worst for cnvironment, B is moderate and C is most environment

friendly {Fig. 5.18 (d,e.g,h}).
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Figure 5.19° Ecosystem function indicators for aptions A. B and C compared to 2001
and 2008

The values of ecological tunction indicators have been cstimated by the procedure
described in section 3.1.3. The estimated results are presented in Figure 5.19. The
results show that wetland area has decreased in option A, but increased in both options

B and C because of restoration of wetland (beels) (Fig. 5.19{a)). The declining trend of
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fish migration can be improved under option B and C (Fig. 5.19 (¢}). Hatchling
movement follows similar trends as fish migration (Fig. 519 (b)). The amount of social
forestry area has increased in all three options bul the increment in option C is less than

oplion A and B (Fig. 5.19 (d)).
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Figure 5.20: Socio-economic function indicators for options A, B and € compared to
2001 and 2008

The indicators of socio-cconomic function as shown in Figure 5.20 shows mixed
results For rice productivity, option B is best [Figure 5.20 {a)]. while for capture fish
productivity, option A is better than B and C. Fhe navigability of socio economic
poods, represcnted by navigation channel length as shown in Figure 5.20 {c]. shows
improvement in option C, compared to A and B, but it is sull below 2001 and 2008

level,

5.8 Assessment of Impacts on Socio-economic Cenditions

Onc of the objective 1s to improve socio-economic condition of the present and future
generations in year 2050 by mecting the demands of both these generations. Indicators

of socio-economic improvement are graphically shown in Figures 5.21, 5.22 and 5.23.

As there will not be major change in infrastruciures, the scopes of eaming from these

sectors will change a little. Majorily of the increased income will come from agricubture
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and fishery sectors. It is observed that gross income is highest in option B, followed by
option C and then A (Fig. 5.21(a)). Agricultural production will be highest in option B
because of increased cultivation of Boro and lower nisk of flood on Aman, which will
help to increase gross income. Landless farmers income is highest in oplion B because
agticultural income is highest (Fig. 3.21{c)). Option B, will have the highest production
because both Aman and Boro production will increase, Option A has the lowest incomce
hecause of lowest agricultural income. Though option C has lower agricultural Income

as well as gross incoine also compared to B. however suggests less risky.

envirgnment friendly cropping pattern which emphasizes cubtivation ol Aus and Jute.
Annuat income of landless farmer will increase for all three options and it 1s highest in
option B as agricultural income is highest in option B, Annual income of fishermen will
be highest in option C {Fig. 5.21(d}), as it does not supporl leasing of walterbody and

iull access of the farmers to the open water fishery.

Increase of Boro production and other land uses side by side with nisk minimization and
more safety has increased incomne of people. Thus, people will be able 10 save more.
The savings of landless farmer in both eptien A and C is almost equal but higher in
option B hecause farmers income is highest in option B due 1o highest agricultural
production (Fig. 5.21(e)). But in case of fisherman, savings will be almost nine times

highcr in option C than in option A (Fig.3.21(f)}.

In option B, fisherman would not able to save moncy, rather, they have 1o borrow
money to run his family, This is mainly duc to reduced [loodplain and open water body
and increasing leasing activity of the wetlands, restnicls fisherman access to open water
fishery. Better distribution of cropping pattern, and increased production of jute along
with establishment of more industries and encowagement of women employment,
employment rate will increase in option B and C In option C, employment will be

double of A and 1.5 times higher than B (Fig. 5.21(k)}.
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Figure 5.21: Indicators of socio-cconomic improvement tor eptions A, D and
compared to 2001 and 2008 (eriteria: economic sustenance)
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Risk has been identified for crops and households. In Option A, risk of crop loss will
increase nearly 5,950 mt and per household loss will be Tk 3,078, Flood contrel
measures will minimize the risk for both option B and C. Based on the methodology
deseribed in section 3.3.4, the household asset values at risk have been cstimated, For
this analysis, the average household asset values for different options and Mood
frequency are presented in Table 3.29. Damage percentages have been assumed as 10%
(urban) and 20% (rural) as deseribed in section 3.3.4. Using these asset values, danage
percents and flood frequency, the household asset values at risk has been cstimated.
Table 5.30 presents the estimated household assct values at risk. It is estimated that
houschold asset valuc at risk is increasing in 2008 and option A (2050) (Table 5.30 and
Fig. 5.21¢h}). In option B and C the risks are very much lower than option A. Option B
has the lowest asset value rigk as it will proiect the study arca with embankments. While
in option C, assct value at risk is higher than option B as it partially implements flood

control.

Table 5.29: Average household assct value (in Taka) and floed frequency

HH Type 2001 2008 Option A | Optien B | Option €
Average | Urban TO423 82,732 102,588 | 110,861 177,046
household
asset
value (in Rural 30,711 41,366 51,294 55,430 88,523
Taka)
Fload [rhan 10 10 10) 1 2
frequency
{(x times
in 100 | Rural 24 20 20 1 2
yEar)
Table 5.30: Estimated houschold asset at risk (in Taka)
IIH Type 2001 2008 | Option A | Oplion B | Optien C
Urban 70423 | 82,732 | 102.58% 11,086 35 404
Rural 158,845 | 165,464 | 203,175 11,086 35,409
Curnulative loss in 100 year | 238,268 | 248,196 | 307,763 22,172 70,819
I.055 pot vear 2,383 2,482 1078 222 708
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Based on the methodology described in section 3.3.4, the crop production at risk bas
been cstimated. The assumed crop damage percentages for different land types are
presented in Table 5.31. The values used in the regional plan (FAP 3.1,1997a} are also
inciuded in this table. Over the period, the study area has faced several floods. In the
last 30 years, there were seven major {loods causing damages to Aman production. This
means, fAoods are oceurring once in every five vear. So, the possibility of flooding is 20
times in a 100 vear period under normal condition without intervention. Bascd on these
circumstances, flood frequency for the area is taken as 20 times in 100 yeuar as presented
in Tubte 5.32. The tolal Aman production and the disteibution of land types used for

different options are presented in Tables 533 and 5.34 respectively.

Table 5.31: Damapge pereentages for crop production

Damage Percentage
Land type FO Fi F2 F3 & F4
Study assumption 10 30 o) 100
FAP 3.1 (for 1 in 10 year return period) 20 40 50 60
FAP 3.1 (for | in 30 year return period) 60 90 100 100

Table 5.32: Flood frequency (x times in £00 ycar) for crop prodaction risk

2001 2008

Option A

Option B

Optian C

Frequency

20

20

20

1

2

Table 5.33: Amuan crop produection {in metric ton)

2001 2008 Option A | Option B | Option ©

Production | 45,512 75,774 110,198 | 146487 | 108,253
Table 5.34: Land type distribution for Aman

Land Type 2001 2008 | Option A | Option B | Qpuon C
Fi) 0.7154 0.4522 0.6072 0.9074 0.9618
Fl (1645 0.3156 0.1555 0.0641 (t 283
12 (.0956 01644 0.18635 0.0219 0.0061
b3 (.0204 0.0626 {(.0438 0.0041 0.0003
Fé 0.0044 0.0052 (1.006S 0.0025 0.0034
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Using the production and land type distribution, damagc percentages and flood
{requency, the crop production at flood risk have been estimated. Table 3.35 and Figure
5 21(g) shows (hat, Aman production at risk will be increasing in option A, while in

both oplions B and C risks will be much lower. This occurs duc to the implementation

of embankments in options B and C.

Table 5.35: Crop production at risk (in mctric ton) from flooding

[ Land Type 2001 | 2008 | Option A | Option B | Option €
FO 65,116 | 68527| 1335832 | 13292| 20.824
K1 44,872 | 143,488 | 102,825 28171 1.840

T2 52,213 | 149,496 | 246,686 1,929 796
F3 18,525 | 94,855 | 96,475 595 70
F4 3964 | 7.910| 15264 167 733
Cumulative Joss in 100 year | 184,689 | 464,277 | 595.082 | 19,0001 24263
Loss par year 1.847 4 f43 5.951 190 243

It is estimated that rice production is highest in option B followed by option A and then
Opuion C (Fig. 5.22{a}}. Rice production is the highest in aption B because of
increasing Boro production and lower risk to Aman crops from {looding as option B
adopts [ull proteciive measures from flooding. Fish asailability in option B is almost
half to that of option A duc to the degradation of becls and reduction of Noodplains
{Fig. 5.22(b). as embankments will protect more land to be Nooded. However, in option

(, restoration ol wetlands will increasc the natural productivity ol the fish.

it is phserved that per day per capita calarie availability from rice and fish 15 increasing
over time. ‘Lhis is mainly achieved by increasing rice produchion. Though fish
productivity is lowet in option B compared 10 optiom A and € But per capita rice
availability is highest in option . As a result, calorie availability will be highest in
option B (l'ig. 5.22(c)). However, all three options will achieve per capila calorie

availability than the requirement (2112 calonc/person/day).
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5.9 Interdependency of land and water use in deltaic floodplain

The wse of land and water resources in the deltaic floodplain are interdependent and
‘nterrelated. For sustainable land and water use, the understanding of interdependences
of these resources is crucial for integrated planning. The sustainable resource
management framework established an interdependency relationship between indicators
with land and water use activities (Figure 5.24). The Gigure shows the projected land
and water use under three developed options (option Al awGnomous development.
option B: implementation of regional plans and option C: sustainable land and waler
use). In rural areas, agriculture is the dominant landuse. Boro being a major agricultural
crop in the study arca was selected as an example 1o demonstrate the interdependencies
bewween land and water nse activities and the indicators. Boro produgtion changes duc
to changes in Boro area under different options. The figure shows the contribution of
Boro in terms of total rice production. Boro cultivation creates employment and in tum
generates income. For option A and B, more than 55% of agricultural employment i3
obtained from Boro, but it is almost 40% in option (. Farmers (landless) income is
increasing with increasing production 1t is ubserved that Boro contributes more than 2-
504 of total income in all three options and it is highest in option A {31% of twtal
income). Increasing income of the (armers will lead to better affordability to fulfill their

basic necds {minimumn cereal {rice), fish and living spacc).

Boro requires irrigation and with increase of decrcase of Boro area, irrigation
requircment also changes which is shown in lipure. ¥urther it is observed that imgation
water requirement 15 lowest in option C and almost cqual in both option A and B
(hecause area is also cqual} Groundwater is the principal source of irrigation and the
figure shows thal depth of ground waler table is lowest in option C, because ol less
withdrawal of ground water. Lowering of proundwater table will reduce ground water
availability Tor drinking. i is observed that only in option C, 100% of the population
will get aceess to safe drinking water. Option C prohibited surface water withdrawal for
irrigation resulting in better dry season stream fiow. Fertilizer and pesticide uses also
increascs with increasing area and it is observed that mare than 70% of total fertihzer
use is applied in Boro field, Whereas, in casc of pesticides, Boro usages 1s about 60%
of tolal use. Increasing usages of fertilizer will ultimately result in increasing
concentration of nitrogen, phosphates etc. in water body. Excess concentration of these

nutrents is very harmful for the aquatic species and thereby, degrade the quality of
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habitat. From the figure it is observed that aguatic species diversity is highest in option
C because of its lowest usage of fertilizer. Though, there are other factors which affect
aquatic species diversity, such os connectivity and NCA, But this figure presents only

the indicalor related to Doro cultivation,

510 Scenaric Analysis

The analysis have been carried out for three different future options. To analyze the
sensitivity, four different scenarios have been used for cach of the three options. Details
of these options and scenarios have been described previously. To look at the sensitivity
of the results to these scenarios, impacts on hydrology and flooded area has been

analyzed and are presented in the following sections.

Hydrology
The impact and sensitivity on hydrology have becn evaluated on five boundary nodes.

Chatal River: For Chatal river the long term average peak flow is 82 m/s in option B
and C. It will decline by 28 percent because of upstream water withdrawal. Due to
climate change events the peak flow will increase by 24 percent than the long term
average peak value. The [low of Chatal river will be regulated in both option B and C.
Even during the extreme event flood along with climate change, it will not be allowed
toy discharge more than 200m’/s. On the other hand. in option A, the river is closed so
there 15 no flow in any of the scenarjo. Figures 5.25 to 5.27 illustrates the hydrographs
ol Jhinai river under diferent scenarios. Different rivers under diilcrent scenario are

shown in anncx-A.
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Jhenai River
rﬂptan A under different sceneria 1
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Figure 5.25; Hydrograph influenced by extemalities for option A {Cxample: Thinai)

Jhenai river: For Jhenai river, the long term average peak Mow is 163 m?’f’s, which will
decline by 35 percent because of upstream waler withdrawal. Due to climate change
gvents the peak flow will increase by 18 percent than the long term average peak value,
As in option A and C, the low of Jhenai river will be unregulated so as to maintain us
natural flow. In the extreme cvent of flood along with climate change will be as high as
1,420m%/s. However, in option B, the flow will be regulated and will not be allowed to

discharee morc than 400m°/s during extrernc event
i g

Elidugari viver: For Hidaagii viver, in option A and C, the long term average peak {low
15 188 m3/s .In these options, the long term averape peak [ow will decline to 147ms
hecause of upsiream water withdrawal. Due to climate change events, the peak How
will be to 283m%s in option A. Due to the regulation of the river Mow i will not be
allowed to exceed 200m /s in option C. In option B, Hidagari river will be repulated o
allow discharge not more than 2m/s. Mence, in all scenarios of option B, the fow will

not be above 2.

Patharkata: As Patharkata river has been closed due to ziltation so there will be no
flow in any scenaric of option A and C. However, in option B this river will be

regulated to allow discharge not more Lhan 20m’/s. In this case, the long term average
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peak flow will be 1.47m’/s, which will dry up because of the upstream water

withdrawal. However, it will increase by three times with climate change.

Jhenai River

[ Gpton B under different scenefio |

0N EC e DN r—m | Ragreamn wrbdrawal
——E<trema wwen | with clirnaie changy —== Chmale cha- L& evenls

450 - Ce e e = - -- R

00 -
350 -
04 -
250
200 |

Discharge[m3/fs)

Figure 5.26: Hydrograph influenced by externalitics for option B {Example: Jhinai)

Baushi Bridpe: The flow beneath the Baushi Bridge is the combined flow of Jhenai
Chatal and Tidagari river. In option A, the flow at this section for the long term ayverage
peak flow 15 342mfs, which will reduce by 1.3 tumes duc to upstream water
withdrawal. Due to climate change cvents the peak flow will increase by 1.4 times than
the long term average peak value. In extrernc event of Mood along with climate change.
the flow will be as lugh as 2120m’/s. Tn option B, the [tow at this section for the long
term average peak flow s 238m’/s.  which will reduce by 1.3 times because of
upstream water withdrawal. Due to climate change events the peak flow will increase
by 1.3 times than the Jong term average peak valuc. [n eatreme event of {loed along
with climate c¢hange, the Now will be as high as 645m’fe. In oplion C, the flow at this
section for the fong term average peak flow is 41 4m*fs, which will reduce by 1.4 thmes
because of the upstream water withdrawal. Due to climate change cvents the peak Tlow

will increase by 1.2 times than the long term average peak value, In extremc event

along with climate change, the Tlow will be as high as 1800m’ /s,

187



Jhenai Rivar

[@pton £ under differant scenerio |
v - 110 IRLEervEshiens e L krgm Withd) sl
—— Exreme event wilh cimate changs ——tlirmate change events

LEON g = mm e e = n = e we——em— e —ar s R ah

1600 — —— s ——————

1200 -m—— —-- = e - = s - -

T I e—————————eet et & St AR

M0 - ————— e

P e enm————— Bt B b T

Discharge(m3fs)

400 - - - — smmEm————— wmg] —f | ———— - e

wH - - A= —et - N - : -

L —_—_—— . — e - e e — -
B ] J 1 n 5 0 M O

Figure 5.27: [Iydrograph influenced by externalilies for option C {Example: JThinai}

Flooded atrea

Flooded area in option A for average flooding will be 33.4 percent of the gross study
area {Figure 5.28). With climate change, it will increase by 2 percent but will decline by
12 percent due to upsiream watcr withdrawal, As there ‘are no externalitics in option A.
20 extreme event of flooding like 1998 will cause enotmous inundation. This inundation
is about 89 percent of the total study area and will increase by 1 percent with climale

change.

O the other hand, Nooded area in option B {or average flooding wil! be 11.3 percent in
{he study arca (Figure 5 28). With climate change it will vo up to 1 1.8 percent and duc

to upstrcam watcr withdrawal, the average flooding will decline to 7.6 percent.

All the inlets in the study area are regulated, therefore, in the event of extreme [looding
Like 199%: 71 will hot caunse enoarmous imundation like in option A, Lven with regulated
intervention, the inundation area will be 53 percent and it will ingrease by 4 percent

with climate change.

in option C, flooded area for average fooding will be 27 percent in the study area

{Figure 5.28). With climate change it will increase by | percent and will decline by 4
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percent due to upstreamn water withdrawal. As Chatal and Hidagari rivers are regulated
and Jhenai river is unregulated, therefore, in the event of extreme flooding like 1998,
will cause higher inundation 1 option B but much lower than in option A. Even with
partial intervention, the inundation arca will be 64 percent and it will increase by 3

percent with ¢limate change.

Dpvion & under differentseanarle Optlan B under differentseenario

Alnavgrage Flooding wnthnainte ryenkian

A2=41 with Cimate Change B [« Average Flooding with regutstory flow
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1%&=Extrerna Event Flonding {1998, 1 m S0 yeir] A3=B1 with Upstrearn Withd rawal

Ad= Entrame EventFlooding with CHrnate Change 199 E= Extreme Eve nt Flaading [1998, 1in50yeart
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1998=Extrameg Evert Flaoding (1938, 1In S0 y=ar]

4= Extreme Event Flooding wath Climate Change 53.75
-
27,50 23 67
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Figure 5.28: Flooded area {in pereentage) under different scenarios for three eption

Recharge

Groundwater recharge has been estumated for three options The ¢limate change
sconarios for (hese three options have been generated based on lony term average
rainfall along with percentage change rainfall due 1o climate chanpe, The analysis
show that for option C, the recharge is more than A and 13. The recharge should be the
same for all three options as the gross arca is same. However, option C has lesser
impermeable area than the other twe and therefore, recharge is more for €. The
estimated recharges for ail these three options are tabulated in Table 3.36. The figure
shows that for 2-4% increase in rainfatl duc to climate change, the recharge in the study

arca increases by 10-15 milhon m’, which is 2-3% of the long term average recharge.
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Table 5.36: Groundwater recharge (Mm?} estimation for dj{ferent options

Parameter 2001 2008 | Option A | Option B | Option €
Impermeable arca (ha) 0327 16,014 12,707 12,707 10,636
Recharge area (ha) $0,973 | 50,286 47,593 47,593 49,664
Recharge from rainfall {mm) 1,170 1,170 1,170 1,170 1,170
Recharge from rainfall (Mm’) 5064 | 5883 556.8 556.8 5811
Flooding contribution to recharge (Mm”) 74.5 73.5 69.6 27.8 58.1
Total potential recharge (Mm’) 6709 | 661.9 626.4 584.7 634.2
Usable recharge (Mm’) 5032 | 4964 469.8 438.5 479.4
Climate change induced rainfall recharge 1200 | 1,200 200 1,260 1,200
{mm}
Chm?ta change induced rainfall recharge 6117 | 6034 5711 $71.1 506.0
(Mm’)
Ciun?te change induced flood recharge 16.5 75.4 1.4 286 596
{Mm )
Tatal potenglal recharge with climate 688.1 678.0 €425 599 7 655.6
change (Mm™)
Usab}e recharge with climate change 5161 | 5091 4810 440.8 461 7
(Mm™)

. 3
Gmur!dwater use (Mm™) for 12 hr 2415 195 5 363 308 3177
pumping

5.11 Opticn Evaluation and Selection by Multi Criteria Analysis

A Decision Support System (DSS) [oenses on the interactive analysis and evaination of
management options/sirategies for planning {EGIS, 2001a). Tecision support systems
(D)SSs) can be described as analytical tools, which can be uscd o assist planners and
decision makers in developing and comparing alternative courscs of action and
preparing prefcrred intceventions for subsequent decision-making. Major attention is
given to a user-friendly interface, which allows an interactive cxploration and
specification al alteinatives, and a comparison of their peifmmance under diflerent
assumptions, n an elaborate form, a DSS would include tools to give prefercnces or
welghts to different objectives and criteria to obtain a priority ranking of alternatives.
DSS is a software instrument, that is truly imteractive, and to some cxtent improves

communication among factors related 10 a complex project.
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It is necessary to consider the technical, environmental and social implications of land
and watet resource projects, in addition to the economic criferia to ensure sustainable
decisions and favourable dceision outcomes. It also cnpage stakcholders and interest
groups in decision making process, which requires the use of multi criteria decision
making (MCDM). Multi criteria evaluation approaches ulilising GIS have rcceived
considerable attention in literatures (Jansseu and Rietveld 1990, Carver 1991, Lastman
el al 1993). The most widely used GIS based approach to mulii eritenia decision-
making is the weighted linear combination methods of boolean overlay (Haopkins 1977,
Tomlin 1990, Berry 1993). Within the Are/Info GIS environment, Carver has
intcgrated, two multi criteria evaluation methods: 1lierarchical oplimization and
concordance-dis-cordance analysis. An alternative approach to multi-criteria evaluation
was snggested by Banai (1993). He proposed an integration of the Analytical Hierarchy

Process (AIP) with GlS-based techniques.

Analytical Hierarchy Procedure (AHP) is used to evaluate the enteria. sub-criiena and
abjectives in order (o attain the goal, The AP is a comprehensive methodology that
provides proups and individuals with the ability to incorporale both qualitative and
guantitative factors mn the decision making process. The AHP uses a hierarchical model
comprised of an overall goal, a group of options or altermatives for reaching the goal,
and a group of factors or criteria that relate the alternatives {o the goal. The eriteria can
be further broken into sub-ctiteria, sub sub-eriteria. and so on, inte as many levels as the
problem requires. Tn ihe present rescarch, a MCA program to cvaluate the decision
support framework has been developed as described in annex-D. This program utilizes
AHP and penerales scores at different levels using weiphted standerdization at each
level, This program evatuates the different options based on weighls al mdicator.

criteria, sub objective and objective level.
5.11.1 Evaluation of projceted land and water use oplions

The MCA model (Figure 5.29) used in the study simultancously aswesses two
objectives: protect Moodplain cnvironment and  improvement of $UCI0-CCONOIMIC
condition Equal weight is given to both objectives and they are evaluated together.
Protect floodplain environment has three sub objectives, such as, maintain hydrological
condition, protect environment and safeguard ecosystem. Fulfilling basic needs, fairness

in resource distribution, econmmic sustsnance, access to public services and food
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availability ere the sub objectives of improvement of secio—economic condition. Cech of
the sub objectives contin severnl criteria end 8 number of indicators. The protect
floodplain environment objective include 3 sub objective, 9 criteria and |5 indicators
while improvemnent of socie-cconomic comdilion objective include 5 sub objective, 13

criteria and 21 indicators. In tow! there arc 8 sub objective, 22 erileria and 36 indicators.

E Sustainable Management of Land and Water Use
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Distribwribon
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Figure 5.29: The MCA model

Afternatives
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The evaluation of projected land and water use have been camed out at objective, sub
objective, criteria and indicalor level. The abbreviations used (or different objectives,
sub objectives, criteria and indicators are presented in Tables 5.37 and 5.38. The
indicators are evaluated on eithet benefit or cost criteria. There are eight indicators

evaluated on cost criteria which have been shaded in green colour in Table 3.38

Table 5.37: Abbreviations for criteria/ sub-criteria nsed in MUA

L. Sub-objective Criteria
Objective =m0 T Deseription | Abb Description
Maintain HR | Maintain Regulatory Function
= MHC | Hydrological HC | Mainlain Connectivity
:EI;_ = Condition [MSR| Maintain Storage & Regeneration
- . EQ | Maintain Land & Water Quality
E E PLEN E:E:frfztnmcnt CM | Support of migration/ movement of Fish
T % CT | Mlaintain terrestrial habitat
T = g . PE | Ensure environmental low
= SEC ,ﬂfﬂgum PH | Protecting wetland habitats
Ecosystem — = — . -
PD | Sustaining Aquatic Biodiversity
g Fulfilling Basi HP | Availability of housing space
;‘E FBN Nl::el]:lsmg aste CR | Availability of cereal (Ricc)
B AN | Availability of animal protein (Fish)
; [airness in _p Accessibility to flooded area for subsistence
] FRD | Resource F"ISh'lﬂg __ ,
= Distnbution RO | lemporal distribution of occupation
g E . 1G | Increase Gross income
'E ESU conotnie EM | Create Lmployvment opportunily
¥
& Sustenance - -
i RE | Reduce Risk from Flooding
; Publ LEC | Acecess to Education Cenlre
E APS Q:;izzg HBHE iR | Access to Health Centre |
E L CO | Access to Communication
= PR | Increase Rice & Fish Production
FAVY | Food Availability , -
l E AT PNT | Meet Calorie Requircment
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Table 5.38: Abbreviations for indicators used in MCA

Sub 1 eriteria Indicators Abbrevit Hp41 | 2008 | Option
Objective ation | A B C
MIHC HR Change in monsoon water | HR-01 103 -p93]  -0.88] 125 -1.06
level (m)
Change in dry scason HR-{2 044 -1.23) -1.53 0.6 -0.6
water level {m)
HC Duration of flow in HC-01 199 155 14% 150 170
connccting river! Khal
with beelf waterbody
(days)
HSR Ground water storage HSR-0V | 50,973 502860 47,5931 47593 49,664
{ Permeable area) {ha)
Tlooded arca (%) HS5R-02 28 29 30 12 26
Recharge {Mm*) HSR-03 671 62 E'QEI 585 (39
Depth of ground water HSR-03 6.5 7.1 7.5 7.4 6.8
table (m}
PEN EQ Fertilizer use for EQ-01 75.4 75.6 48.1 46.1 42
producing per ton of
cereal (kgtan}
CM Favourable duration for Ca-01 56 48 3s 42 49
hatchling movement
(days)
Favourable duration for CM-02 89 70 6} 63 70
fish migration {days)
CT Social forestry arca (ha) Crol 4306 4,373 5,59 5008 4747
SEC PE Dry season {low fms) PE- .63 0.81 0.1 {04 2.42
FH Dry season water area (ha) FPH- 1,232 1,052 820 17 1,332
Floodplain vegetation area| PH-02 47.819] 47,171 44,448 44300 46,343
{NCAT (ha)
FI2 4 quatic species diversity Pra-01 4.27 2.42 2 203 3.28
BN He Perccnlage of avelapr H1-01 25 2 2% 3] 30
househelds imeet the living
space requirement .
Percentage of landless -0z 17 1§ 43 50 45
Farner household meet the
living space requirement
Percentage of fisherman HP-03 37 21 21 18 37
- househeld meet the fiving
space reyuirement
CR Percentape of average CR-01 T8 7o 79 31 8
househald meet the cercal
(rice] requircment
FPercentage of landless CR-(2 74 75 26 an &7
farmer household meet the
cereal {rice) requirctnent
Percentage of fisherman CR-03 83 76 L 75 B3
household meet the cereal
frice’} requirement
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Sub | Criteria Tndicators ADbrevl 601 | 2008 Option
Objective ation A B C
AN Percentage of average AN-01 48 44 50 54 52
household meet the animal
protein (fish) requirement
Percentage of landless AN-0G2 4] 42 f3 69 35
farmer household mect the
animal profein {fish)
reguiremeant
Percentage of fisherman | AN-03 58 45 45 42 58
houschoid meet the anumal
pratein {fish) requircment
FRI RP Percentage of settlement | RP-01 45 48 47 35 40
area within half km of the
Noaded areq
RO Mare than 9 months RO-01 | 10031 8,788 7344 9,559 31,395
employment opportunity
in agricelure {mar-year)
ESYU IGi [neome from land use IG-01 3,976| 4,154 7,735 8,608 8202
{Tk./ year}
EM Percentage of employment} EM-(H 29 25 17 27 33
(va}
RE Crop at risk [rom flooding | RK-01 1,847 4,643 5931 180 243
fmetric 1ot/ year)
llousehold at risk from RK-02 | 2,383| 2482 307§ 222 708
Nluoding {Tk./HH) .
ADS EC Mo, of population served | EC-01 459 428 336 336 336
by unit education center
HE No. of population served | HE-01 [ 104,219 116,101 27818 24.426 24,426
by unit health center
O Mo, Df‘pﬂput&ﬁnn have CO-01 2,064 1,711 2417 1,977 2,{]99
access to per ki road
FAW 'R Total rice production PR-01 | 150,656) 169,855 374.101| 411,413 368,920
(mel i 1on)
Total fish production FR-12 2,504 2066 2,139 11500 1,753
fmelric 1on}
NT Average calorie wNT-01 1,510 1,525 2329 2,557 2,295
wvailability per day fiom
rice gnd fish (kilo ealore)
Mare:
€losé crieric represent the inverse relationship
Benafit criteria represent the posifive relationship

The MCA bascd evaluation of the sub objectives, criteria and indicators have been

carried out based on the weights given to every level

Detail description of the

indicators along with their weights and scores at cach level arc presented in Table 5.35.
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Table 5.39; Scores at different l:w.;l for MCA model

Qblective Sub-Objective Sy Ciitefla £ o0 > Indicator
AlB|C wi | a | B | € |osn| WEIFAY|EBAITCY wt| A | B | C

o L] S| > THRO1 | 70| 0 276|6.378|0.346

HR 3+ 201 025 032210427 e oo 0l 0,191 [0.193 D816

Ke'f  30[0.316} 0.32[0.364|HC-01 [100]0.316} ¢.32]0.364

mal g A %) - |y [HSRO1] 25)0.314]0.314[0.372

MHC|33.33(0.319 0.306 0 373 e * E-:, _ HSRG2| 20]0441|0 176|0.382

nsr| - s0[0.348| 0.29]0.352|HSR-03| 25(0.339]|0.217{0.344

S 0L 4§ HSR.04]| 0}C 133[0.1950 674

:I'::ﬁltln oz53l0 30510 402 EEE1L & * [HsRe5| 30]032110.325[0 354

Ervironment ‘ EQ .| = 30]0.313]0.327]0 359[ EQ-01 |100[0.313]0.327|0.389

S D cmM-04 | 40/0.277|0 334[0.389

PEN [333310313/0.333)0.3%4 E-'.";{ ."I,.,SE ?-'.?f. 0 30T 02 | 50| 0.31[0327[0.363

¢t |- 20]:0.35|035100.269|CT-0% [100] 0.35]0.351]0.2¢9

PE ~]33.33|0.163[0.207] 5 0.6|PE-D1 [100]0.193]0.267] 08

S L |- [endt | 60| 0.246] 0.35]G4D4

SEC {33.33]0.249|0 278[0.476 | PH 1§ 33.33 uz_‘.? W L Py BT PR YT X

PO 133.32j0 274]0.278}0 448|PD-01 | 100}0.274[0.278]0.443

£ s | 2 | ] - KPg1 | 500.315]0 48[0.337

HP | " 30(0.306( 0.33]0.384{HP-02 | 30|0.312|0 362(0.326

. ' HP03 § 20]0.277|0 2350487

- CRO1 | 50§ 0.33]02337]0.3%

ren| 25l oazlosmiosr|cr | 50(0328(0.335{0.337|CR02 | 30|0.328{0 342]0.331

- cr03 | 20|0.324] 0.32|6.25

] ANO1 | 50{0321]0.345]0 334

AN {1 20}0.318]0.33510 347 |AN-02 | 30} 0.32(0.348]0.331

S % N ANO3 | 200 309(0.288[0 402

Imprevement RP 700.359] 03|0.344|RP-01 [100|0358] 03]0 M}
of Seclo- FRO]  10{0.207| 0.27]04M

seonomic | 02780367 |0.3%% RO | 30[0.552]{0189] 085iRO-01 [100]0.152|¢ 189| Q65

Condition G-t 50003460 03503341601 §100f0.316] 035(0.334

ol wolozzitoeadoss EM | 25]0 295[0.34210 443[EM-01 | 100] 0.215]0 342}0.441

2 | oslooaslosss|os0e RK-01 | €0|0.017)0552|0.431

) RK.02 | 50|0052]0.722|0.72%

£c | «0{0.233f0.333/0 333|€c-0¢ {100[0.2330.333{0 333

ars | 10|o315t0.3450.344 [HE ¢ | +-40]0.305]0.348]0 348|HED1 1100} 0 305(0.34810.348

co | .. 20[o.ze7[0.352|0.341 [cO01 | 100]0.207[0.362)0.341

| | [ = |PROY | 90]0324]0 3560 319

FAV | 15/0.328] 0.35)0.221 LRk % ﬂfm S0 u,gm PR02 | 10| 0 €26)|0.220(0.345

NT | . 50]0.3240.356] 0.32|NT-0% {100]0.32¢|0 356} 0.32
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Figure 5.30: Performance of objectives
The performance evaluation of objectives and sub objectives level arc presenmted in
Figures 5.30 and 5.31. Figure 5.30 shows that, at the objective level, option C performs
better in protecting floodplain environment while option B shows better results in socio
economic improvement. Table 5.40 represents the overall score and ranking for MCA.

Rased on the scores, option C is ranked first [ollowed by option B and eption A.

Table 5.40: Overall score and ranking lor MCA

Objectives Weight | A B | C
Proteet Floodplain Environment 0.5 0.171 | 0,178 | 0.23
lxnprcrxf_emcnt of Sacie-cconmmic 05 02 0258 | 0,245
Condition

Score Biss | 0218 | 0.238
Rank 3 2 ;

All sub ohjectives under protect floodplain environment show bettee results mm option C
followed by options B and A (Figure 5.31a). The sub objectives of socio-economic
improvement shows beiter results in option B lor cconomic  sustenance, tood
availability and access to public services while option € is better in fulfilling basic
needs and fairness in resource distribution (Figure 3.31b). All three options show
closely packed results for most of the sub objectives except tor safeguard ccosystem,

cconomic sustenance and faimess in resource distribution where vanations are wider.
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ligure 5.31: Performance at sub objectives level, (a} protect Noodplain environment and (b}

improvement of socic-economic condinon

The performance cvaluation at criteria level for individual sub objectives under protect

Moodplain environment are presented in Figure 5.32 while those under socio-economic

improvement arc presented in Figure 5.33. All crileria for maintain hydrological

condition (Figure 3.32a) performs better in option C followed by option B while for

maintain slorage and regeneration option A is better than B though C is the best. In

protect environment sub objective (Figure 5.32b), the results of criteria arc closely

packed showing opuion C as ihe better one except for maintain terrestrial habitat. 1t

shows worser 1esults in potion C than the other two. The criteria for safeguard

ecosystem {Figue 5.32¢) shows wide variation between option C and the olher two

specificaily in sustaining aquatic biodiversity and epsure cnvironmental llow. In

overall, option C is clearly ahead than B and A in safeguard ecoisystem,

193



W animn tereatripl b abiat

- wirildn Stoage & Regearalion

T :......H. ;_gu 12 tanlam Caneintty Seappal OF PMagrs; ol mov=meil o Flen

B e o e o 313
B S el

e r-u, 23 mairtan Land & Wehgr Guairy

wainta n AsguAxiany Sunclkn

el

1] by
Scate

(b)

2 plaining Acuauc Bisd-earaily

Proiecung wallire] naktaiz

Engurd g pnme1ls oy

Zrwrrall

aa 1

Figure 5.32: Performance at criteria level, (a) maintain hydrological condition, (b) protect
environment and (¢) safeguard ecosystem

| he criteria under fulfilling basic nceds {Figure 3.33a) show slizht variation between
the three options, Cercal availability is abmost same {or all opiions while animal protein
and housing space availability perform better in option (. Figure 5.33b illustrate two
criteria for fairness in resource distribution. lemporal distribution of occupation show
huge variation between oplion C and the other two. But accessibility to flooded arca for
subsistence lishing shows better results in option A, then C and A In overall, Option C

15 better in fairness in resource distribution.

Economic sustenance sub objective show that option B is better than C and A (Figure
5.33¢), Option C perform beter in ereate employment opportunity and close to option B
in increase gross income while in reduce risk from flooding option B clearly outperform

other two options. Performance of option A is considerablely worse than B and C.
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Figure 5.33: Performance al criteria level, {a) fulfill basic necds, (b} fairness 1o resource
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The access to public services (Figure 5.33d) shows similar results in option B and C and
poorer results in option A. Access L0 education centre and hcalth centre show same
results for option B and C while access to communication shows better results in
option B. Tor food availability option ¢ shows inferior results than the other two
(Figure 5.33e). Option B performs better in this sub objective followed by option A and
C. In respect of meeting calorie requirement option A and C show almost similar results
while option B iy substantially better. Tor mcrease tice and fish production option B is

perform well than option A followed by option C.

5.11.2 Selection of options

Socio-economic improvement s the ultimate goal of sustainable resources
management. However, to be sustainable, development should maintain floodplain
functions. At the same lime, sustainable landuse must be compliant with the constraint:
cquitable resource distribution and safeguard ecosystem, Analysis using MCA shows
that option C is compliant with the constraint. Actually, eption C incorporates all
mensures necessary to comply the consiraints. For exarnple, to fulfill basic needs, it is
necessary to increase rice and fish production To increase nce production several
measurcs have been suggested such as. less risky, climate resiient and cnvironment
frigndly cropping patterns, which mcorporates Aus and emphasizes Aman and jute
praduction, This option recommended that Aman production should be resiricted to
high and medum high lands to save crop damages from floods and supplementary
wripation must be provided to reduec damage from droughts. Dependency on Doro
should be reduced because it demands more inputs {fertihizer, water, ctc) and it 1s highly
vulnerable 1o climate change cffect {Yu et al, 2010} The suggested cropping patiern
also support a better distribution of emptoyment opportunity throughout the year as
shown in Figure 5.33b. The most important point is that this cropping pattern will
increase productivity but demand less fertilizer as Boro area is reduced ‘The suggested

cropping pattern will reduce Roro cultivation but it will increase Rabifvalued crops.

I'o restore flondplain habitat and to protcet the environment, option C has improved the
connectivity by dredging and installing fish friendly structurcs. It also reclaimed the
wetland from Boro cultivation. Improvement of capture {isheries production and the
aquaiic environment have been achieved in option C due to the implementation of hish

migration routes and facilitate hatchling movement hetween river and floodplain. A
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buffer zone is identified encircling ¢very permanent waterbody (beel), where boro
cullivation is restricied. As the suggested cropping pattern will demand less fertiliver, so
less pollutant will ge to the waterbody. Under option C, the [ooded area of the
floodplain is higher than in option B, which ensures accessibility of (he subsisience

farmer to fishing {(common property), as shown n Figure 5.33hb.

Option C suggests that-no tube-wells should be installed for providing irrigation within
50 metre of the periphery of settlement area to prevent the drying of hand tube-wells
used for drinking and domestic purpose. To maintain base flow as well as
environmental flow, o low lift pumps will be used for irrigation under option C.
Option C also provides betler safeguard to ihe ccosystem than the other options as
shown in Figure 3.32¢. Restoration and protection of wetlands helps to maintain dry
season water area. which is important for aquatic habitat, The floodplain vegelation area
will improve in option C than both options A and B. This is achicved mainly by not

expanding the scttlement area under option C.

Overall, Noodplain environment has been improved under option C. Scveral measures
have been taken to improve the floodplain functions. Supposc in case of hydrological
{unction, dry season {low has been improved by puring regulators and dry season flow
augmentation, Lven though, there 1s & huge population pressure who will demand more
settlement, the rural setilement area has been suggesied not 1o cxpand in order to
restrain decline in cultivable land. Option C suggested compaction or zoning of
setlement ared, As a result. settlement arca is less in comparison to holh option B and
A Lass scttlement arca will lead to more permeable arca, This will have dual effecis.
First, it will increase (he recharge of groundwater. Sccondly, mare agricultural land will
be available for agricullural production. Groundwater storage is also higher under
eption C compared o the other two options. Substanlial improvement has been
observed in environmental flow which is mainly due to impediments of surface water

withdrawal.

in improving socio-economic condition, option B has higher valucs than option C but
lower than option A. Rice production is higher in option B and A due to more
cultivation of Boro. But option C incorporates Aus and emphasizes Aman and reduce
Boro cultivation as it demands more inputs. But all these three options are able to meet

the cercal demand in 2050. Fish production has increased substantially in option A
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Option C has the second highest values because wetland has been restored,
improvement in water quality due to less usage of fertilizer in agricultural land. Option
C shows the ovetall improvement of socio-economic condition than A but lower than
option B (Figure 5.33). Occupation wise income (farmer, fisherman) shows a
substantial improvement. This rescarch considers only landuse related incomes and as
tice and fish production wall increase, the gross income from landusc will also increase.
As the income of different eccupation group is detived from different landusc activities,
w0 increased gross income increases the income of different oecupants (landless farmer

and fisherman).

Option C provides comparatively better protection to crops and household assets than
option A. Option B provides the highest degrec of protection as il suggests Tuil
protection from flooding by construcling crmbankments. But full protection by means of
cmbankment creatcs many environmenial problems such as drainage cungestion, lack

of flushing of impurities, etc.

In overall, for improvement of socio-economic condition option B is the best as it
implement scveral structural measures like construclion of embankments. promaote and
protect agricultural production through maximum cropping intensity and reducing risk
fram flooding. But it lacks in fairness in resource distribution. Option C is far lot betler
than option B for faimess in resource distribution. Option B also falls behind option C
in fulfilling basic needs. Though option B 1s better than option C in overall results for
sotio-economic improvement, option C provides a elficient and balanced resource use
considering protection of floodplain environment, equitable resource distribution and

{uifilling basic needs.
5.11.3 Findings and discussions

‘I'his research has developed a decision supporl framework for sustainable land and
water management in a floodplain After performing sensitivity tesls against land and
wiler use actlivities, this study adopted a practical approach n developing 8 sub
objcctives, 22 erjteria and 36 indicators 1o cvaluale the objectives of sustainable
resources management framework. Based on the available oulputs developed from
hydrodynamic model, hydrological model and field investigations, the indicators for

different functions in the framework were chosen.
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To evaluate the sustainable resources management goal, multi crileria analysis model
has been developed. In this analysis the constraints {safeguard ecosystem and CSUTING
equitable resource distribution) has been included as criteria to effectively represent the

sustainable resources management framework.

Protection of floodplain environment is the base for improving socio-economic
condition in terms af cquitsble resource distribution and safeguarding the ecosystem.
To assces the state of [oodplain, three criteria maintain  hydrology, protoet
environment and salegnard ecosystem has been considered. At the objective lovel,
protect tloodplain environment shows (hat option C is ablc to improve the degrading
condition, whereas, option B can restrain degradation beyond present status. However,
option A degrades further than the present status. In option C, several measures have
been taken to improve the condition. Settlement area and irrigation from groundwater
has been limited to protect groundwater recharge arca and to reduce groundwater use
respectively. Dredging of river channels have been done to increasce the connectivity in
khals and small rivers. Similarly, to maintain environmental and ecological functions,
the fertilizer and pesticide use has becn mimmized by increasing efficiency. The
naturality of flow has been maintained 10 allow interchﬁngc of food between rivers and
floodplain as well as movement of fish species. To ensure safcpuarding ecosystem,
protection to wetland habitat, sustain aquatic biodiversity and improving environmental
flow condition were targeted. Substantial improvements were achicved in option
through various environment friendly measurcs. Despite the cfforts, some of the
indicators could not be improved. For example, dry season flow is alrcady degraded to
maintain environmental [low, which could not be improved to meact the envirorunenial

Now requircments.

To ensure cquitable resource distribution two criteria; fulfill basic needs and faimess in
resource distribution has been considered. The criterta to fulfill basic necds includes:
availability of animal protein (lish). cercal {rice) and housing space. In casc of
availability of cereal or animal protein, the landless farmer and {ishcrman were selected
to represent the lower income tier of population in the society along with the average

household, If their socio-economic condition can be improved, then overall socio-
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economic condition is expected to improve, In aption C, availability of both cereal and

protein to the farmer and fisherman will be botter (han other options.

Therc are two selected indicators ol fairness in resource distribution: accessibility to
Aooded area for subsistence fishing and temporal distribution of gccupation. It 1s
assumed that more sefilement area will be within the floodphain and so, more people
will get access to subsistence fishing. ln this dissertation, it has been observed that
seitfement area within the (oodplain had been declining under dilferent options
compared to the present situation. However, the temporal distribution of employment in
agriculture (more than 9 months) showed snbstantial inprovement wn option C.
Currently, agriculture in the study area is mainly dominated by Bero cullivation, which
results in concenirated employment in the first five months of the year and the
employment opportunity drops sharply during the rest of the months. In option €,
sustainable cropping pattern is suggested which cmphasizes cultivation of more
Noodplain crops { jute, aus and aman). After implementation of this newly suggested
cropping pattern, uniform distribution of cmplovment throughout the year can be
aclieved. It is observed in the study area in aption C, mere than 9 months employment
opportunity is available for 31,395 people, whereas this number i3 only 7,344 and 9,539

in option A and B respectively.

Socio-economic improvement lies at the heart of sustainable resources management.
Fulfilling basic necds, fairness in resource dislribution, ¢ceonomic sustenance, access o
public services and food availability covers this objective. 1 has been observed, in the
fulure average louschold mcome wall increasc. resulting in better ability of the
household to meet their basic needs. Suppose presently, 76% of the houscholds can
aflord the required amount of cereal (rice). In option C, this number will improve o
80% even though the population will nearly doublc. In pption C, percentage of
empplovment will be two times higher than A and 1.3 times higher than in B This is
mainly duc to belter distrnibution of employment in agriculture, sct up of new industrics

such ag jute, garments. poultry, ete and developiment of communication facilities.

This research developed a GIS based risk assessment procedure which demonstrates

when and where and what type of crops should be planied. It suggests the procedure
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that T. Aus and T. Aman should be planted in medivm high and high land to reduce risk

from fooding.

Saving approximately refleets the resilience of the community. It is found that per day
per capita cost of food is 30 Tk {calculating from BBS sclected food basket and cost of
food estimated by BBS). 1t has been obscrved that currently average farmers cannol
mect the cost af basic needs, Nat only that, they have lo borrow money. {n the future,
they will be able to save money due to increased income from higher preduction.
Fisherman's income is reduced in option A and B as their access to waterbodies will be
restricted due to increased leasing of water bodies, However, in option C their meome
as well as savings will increase as it does not encourage leasing of water body. Thus,

increased households savings will increase their resilience in the future,

In summary, this decision support framework on sustainable land and waler
management has performed successfully to capture the changes in land and water use
activities and corresponding impacts on floodplain fuctions, environment and on socio-
economic condition. This framework will be helpful in understanding  the
interdependence of social, economic and environmental resources and it will facilitate
in developing an integrated mnanagement plan for land and water resources in a

Aoodplaim environment.

206



Chapter 0
CONCLUSIONS AND RECOMMENDATEONS

6.1 Conclusiens

Development plans are usually evaluated on the performance of output only. This study
has developed a decision supporl framework for sustainable land and water
management for a fleodplain. 1n this framework, in addition to output, functionality and
productivity of [loodplain resources were used for evaluating sustainable land and water
resource management objective. The developed framcwork, has the ability (o visualize
ihe changes in stale (L.e. Noodplain function) and the impact on floodplain environment
and socic-economic condition. Further, it is simple enough to be implement in a
floodplain, to select a sustainable land and water management in a floodplain. In an
effort to change the mindsct of the people from thinking as the uscr of lloodplain
resources (o a custodian of these resources in order to meet both present and future

generation needs, the concept of “Inverted Pyramid” has been developed.

In this study, there are two competling objectives: socio economic improvement and
maintaining Noodplain environment. To evaluate the objectives of sustainable land and
water ;management framewaork, this research has developed & sub-objectives, 22 critenia
and 36 indicators. Land and water resource functions have been defined for floodplam.
To characterize the floodplain  functions, four sub functions: hydrological,
environmental, ecological and socin-economic condition has becn considered. The
‘adicators have been developed lo characterize and assess the change in state of
floodplain function. The hydrological function inciudes a number of indicators under
cortain criteria; regulatory, connectivity, slorage and regeneration function, Ferfilized
and pesticide use rate, aqualic specics diversity, ele. arc taken as indicatois 1o
characterize and represent the cnvironmental (unction. To evaluate the socio-econome
condition, cereal (rice) and fish {protein) productivity as well as ensuring buman habitat
were used. The indicators of socio-gconomic condition include: ncome. savings,
emplovment, reduce risk from flooding, improve health and nuteition, and access 1o

public services.
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Ensuring equitable distribution of land and water resources and safeguarding the
ecosystem have been nsed as constraint in the sustainable resource management
framework. Constraints of land and water use have been assessed on the basis of two
sub-critcria: fulfill basic necds and fairness in resource distribution. Indicators to fulfill
basic nceds, determine how many people are able to meet the minimum requirement of
basic nceds {socictal demand: cereal and [ish and living space). Faimess in resource
distribution is asscessed in terms ol accessibility to flooded area for subsistence fishing
and temporal distribution of oceupation In agriculture. The constraints to safegnard the
ecosystem are: environmental flow 1.c. minimum dry season, welland area (o sustain
aquatic habitat and [oodplain vegetation area. Besides constraints, the opportunities
have been caleulated for four different types of fand and water use in the rural arcas of
Noodplain. Based on physical suilability and social pre fercnces, the opportunilics have

been developed and assesscd using criteria based GIS model.

The sustainable land and water management framework have been empincally tested in
Jamalpur district, part of old Brahmaputra and Jamuna Ntoodplain. To assess and
understand the interdependency and interrclationship between land and water use, data
was collected through FGDs, KII and household survey. Besides field investigation,
RS, GIS, hydrodynamic and hydrological madels have also been used. To dest the
deeision suppon framework, three options (Option A: Autonomous development based
on exisling management trends, Option D: Implementation of regional water
management plan in FAP 3.1, and Option C: Balanced land and water use activities
based on driving [actors, such as, policies, strategies and needs and requircments for
sociely and ecosysiem) have been developed to project land and water use activities for
the year 2050. In option C, cmphasis was given to make {loodplain function 1o meet the

socio-economic needs of future gencration.

These options have been evaluated (hrough muilti criteria analvsis (MCA) using
Analytical Hierarchical Process (AHP). RS, GiS§, hydrodynamic and hydrological
models have been used to gencrate indicator values to evaluatc objechives. The
framework not only evaluated the options, but also assessed the historical data (2001,
2008). On evaluation, it is observed that option B scored highest in terms ol socio-
cconomic improvement, becausc it is the prime objective of regional plan, However, it
does not adequately address floodplain environment i.e. maintaining hydrological

condition, protecting the environment and safeguarding the eco-system. For example,
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maintaining Moodplain functions, option B scored the lowest, whereas, it scored the
highest in option C. Optien C does not score well in terms of socio-economic
improvement but overall score of option C is highest with respect to sustainable Jand
and water use. This is mainly due to improvement in floodplain environment,
improving equitable distribution of land and waler use and safeguarding the ecosystem,
In case ol cnsuring equitable resource distribution, option C scored the highest,
followed by option B and A. Option C also scored better in saleguarding the ecosystem
whercas, option A has the lowest score followed by option B. Option C emphasized
threc areas’ maintaining Doodplain functions, safeguarding the ecosystem and cnsuring
equitable distribution of land and water resourees and 11 adopted necessary measures 1o
attain sustainahle land and water management in a floodplain.

In the futurc, this decision support framework on sustainable land and water
management will be helpful in providing relevant infonmation to rescurce planners to
enable them to support formulation, analysis and evaluation of altcrnalive water
management strategics. This framework will be able to account for changes in different
tand and water use options and scenario like upstream withdrawal and climate change
as well as structural and non-structural interventions. Finally, this framework will help
national planners in understanding the interdependénce of social. economic and
environmental resources and it will help in developing an ntegrated management plan

for land and water usc in pational planning,

6.2 TRecommendations for Future Research

The criteria and indicators developed for the study arca has used current weiphts
defined by the experts. The weights used, need o be improved considering the

stakeholders view in [icld levels.

Criteria and indicators identified for decision support framework of sustainable land
and water management has been framed considering only the non-tidal deltaic

flogdplains, but future research should include tidal floodplains in coastal area.
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Annex A
Hydrological and Model Data of the Study Area



Hydrographs at different boundary locations for different options
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Water Level Hydrograph
Siation: Bahadurabad (46.9L}
Year: 1979
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Major tree species with canopy €overage

lTree gpecies %4 of canopy COVErape

Kantha! (Artocarpus helerophylius) 9.6

Bansh {Bamboosa sp.) 9

Aam (Mangifera indica) 8

Kola (Musa paradisiacal) 6.4

Supares fdreca catechi} 5.6

Peetraj (Aponomyxis polystychya) 4.2

Taal (Borassus flabelifer). 34

Shimul (Bombax ceiba), 3

Jeegar (Lannca coromandelical 2.6

Koroi (Albizia procerd) 2.6

Narikel (Cocos nucifera) 2.0

Kadam (dnthocephalus chinensis) 2.4

Raintrce (4ibizzia saman) 2

Rokain (Afelia azadirachia) 1.6

laam (Syzygium cumini} 1.0

Indicative fish species diversity of different fish habitats
THabitat Ty
Scientilic name Local name Ifl frat " ype -
River | Khat | Beel | Floodplain | Culture pomd

Puntius spp Punti P P T P A
Sedmostoma spp. Chela P A A A A
Anahas testidineus Kol A A )k A A
Colisu fascioius Kholisha A P P Ik A
Colisa spp. Boicha/Chata | A P I P A
Channa punclatis Taki A P P )3 A
(' striatus Shaole A P P A A
Heteropneustes fossilis | Shing A A P M A
Xengntedon cancilo Kaiklya A A P P A
Mystus spp. Tengra P P P P A
Clupisoma garua Ghero P A A A A
Eutropichtiyes vacha Bacha P A A A A
Mystus spp. Golsha A A P A A
Wallago aftu Boal P A p A A
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Scientific name Local name Habitat 1ype
River | Khal | Beel | Floodplain | Culture pond
Mastacembelus Chirka/ p P P A A
pancalus chhoto baim
Muastacembedus spp Baim P P P P A
Lepidocephalus guntea Gutum P P P A A
| Leander styliferus Icha P P P P A
Pangasius suicht Pangus A A A A P
Lahen rofuta Rui P A P A J&
Catla eatla Catla A A P A P
Cirrimus mrigala Mrigal A A A A P
Hypophthalmichihys Silver Carp | A A A A r
molitrix
Cyprinus carplo Carplo A A P A r
Oreochromis nifoticus | Telapia A P A A P

Here, A=Absent and P=Fresent

Parameters for hydrologic

al model (NAM) of the sub-catchments

Sub catchment 1 |2 3 4 5 6 NCRM |
Area j48 169 82 63 64 76 713
Maximum waler content in 100 100 160 100 100 100

surface storage (Umax}

Max i water content I 230 250 250 250 250 250

root zone storage (Lmax):

Overland flow runoff

cocfficient (COOF) 0.5 0.5 0.5 0.5 0.5 0.7

Time constant for intertlow - - -

(CKIF) 600 sgnl so0] soo| 7SO 500 500
Time constants for routing

overtand {low (CK1, 2): 24 24 24 24 24 24 24
Rao zone threshoid value -

for overland flow {TOF}): 0.7 0.7 0.5 0.7 0.7 0.3

Root rone threshold value - -

for inter flow (TTE) 0.5 0.5 0.3 (.5 03 0.5

Root zone threshold value

for groundwater t€charge 0.3 0.3 0.5 0.3 0.5 0.5 0.5
(Te)

Titne constant for routing n -

baseflow (CKBF) 1000\ 2000 | 2200 800 | 1500 1200 300
Hatio of groundwater

catchment to topographical | 0.83 0.8 0.8 0.8 0.8 (7
catchment area {Cared)

Specific yield for the 0055 | 0.055| 008| 0.06| 009] 0052| 0.6
groundwater storage (3y)

Maximum groundwater 5 4 4.5 3 4.5 3.5 4
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Sub catcliment i 2 3 4 5 & NCRM

depth causing baseflow
(GWLBED)

Depth for unit capillary flux
(GWLRBF1) 1.26 126 | 126 126, 126 1.26

1.26

0.5 .5 0.5 0.5 0.5 0.2
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Hydrograph influenced by externalities for option A
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Hydrograph influenced by externalities for option B
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Hydrograph influenced by externalities for option C
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Annex B

Questionnaire for Household Survey



Questionnaire for Houschold Survey

Date: ..o
Name of the respondents:
Ape:
Village: Union; Upazila:
Occupatien:
Prumary:
Secondary:
1. Family Information
|— Name of Family Age | Education® Employment Present
Members stalus Occupation™*

* Illiterate=1, Literate=2, Primary=3, Secondary=4, Higher Secondarv=5,

University=6, Infant=7

## Farmer=1, Fisherman=2, Agre-¥Wage Labour=3, Non Agri- Labour=4, Industry
Labour=5, Transport Lubour=6, Business=7, Housc wife=\8, Student=9, Service=

10, Others=11, Infant=1 2

2. Qccupation Group

2.1. Farmcr

T.andless D

Land owner L_-l

Amaount of Land:

Income Profile:

Dry Season (November-May)

Wet Season {June-October)

Types of Crop (Aman/Boro}

Types of Crop(Aman/Boro)

Crop varisty (HY V/Local)

Crop variety (HY V/Local)

Fertilizer Application
(Kg/Hay:

Fertilizer Appheation

{Kg/Ha):

Months worked

Months worked

B-1




Days worked per month

Days worked per month

Hours worked per day

Hours worked per day

Average daily income (Tk}

Average daily income {Tk)

Average daily income gbout
10 years ago

Average daily income about
10 years ago

Other sources of ineome

Other sources of income

- Crop - Crop
- Non-crop - Non-ctop

Income {rom other soukces
{Tk/NMonth)

Income from other sources
{ Tk/Month)

2.2, Fisherman

Name of fishing area:

Area of that water body:

Gear Used {Net and Boat):

Catch per elfort:

Income Proefle:

Dry Season (November-May)

Wet Scason (June-October})

Months worked

Months worked

Davs worked per month

Days worked pei month

Hours worked per day

Heours worked per daoy

Average daily income (Tk)

Average daily income
(Tk)

Average dailly income about
10 years ago

Average daily income
about 10 years ago

Per day catch

Per day caleh

Dther sources ol income

Other sources of income

Income from other sources
(Tkiddonth)

Tncome from other
sources (Tk/Month)




2.3, Wage Labour

Types of work:

Income Profile:

Dry Season (November-May)

Wet Season (Junc-October)

Monihs worked

Months worked

Days worked per month

Days worked per month

Hours worked per day

Hours worked per day

Average daily income (Tk)

Average daily incomce
(Tk)

Average daily income
about 10 years ago

Average daily income
about 10 years ago

Other sources of incomes

(iiher sources of income

Income from other sources
{Tk/Month)

Income from other sources
{Tk/Month)

2.4, Industry

Type of [ndustry:

Arca of the industry:

Teal no of labour worked in the industry:

Income Profile;

Dry Season {(November-May)

Wet Scason (June-October}

Months worked

hMonths worked

Days worked per month

Days worked per month

Hours worked per day

Heurs worked per day

Average daily inconie (Tk}

Average daily income
{Tk)

Average daily income
about 10 vears ago

Average daily income
about 140 years ago

Oither sources of incomc

Orther sources ol income

Income {rom other sources
{Tk/Month)

Income from other sources
{1kMonth)

2.5,  Transportation Worker

Types of work:

Fare in per Km: kucha road (Tk)

Fare in per Km pucca road (Tk)

Income Profile:

Dry Season (November-May)

Wet Season (June-October)

Months worked |

Months worked |
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Days worked per month

Da}rs‘ worked per month

Hours worked per day

ITours worked per day

Average daily income (Tk}

Average daily income
(£k)

Averape daily income
about 10 vears ago

Asverage daily incomc
about 10 years ago

Cther sources of 1ncome

Other sources of income

Income [rom other sources
{ Tk/Month)

Incarme from othor sources
(TkiMonth)

3. Family Expenditure Profile

Tem Expenditure (TK)/season
Fopd Cost/day
Shelter/housing | Cost/year
Clothing Costiyear
Health (disease) | Cost/month
Education | Cost/month
Transportation | Mode |
Cost/day
QOthers
‘Total |

4. Major Food items consumed in the last weck

Item |

Quantity

Price {Tk/kg)

Rice

TFlour

Fizh

Mleat

Vepetables

Pulse

Milk

Fruits

Egys

il

Sugar

Others
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5. Asset profile

Asset Type Quantity and Value in current price (Tk}
Land Agricuitural
Non-
agricultural
Heousehold Moveable
Fixed
Livestock

6. Preference among differcnt occupation for changing his current occupation

Profession

Reason to choose

7. Flood Information

7.1 Year of occurrence of large (lood:

7 2 Whether the Tiood water come 1o his homestead: D Yes |:| No

7.3 10 yes, then what is the depth of water to his/her yard:

7.4 Flood damage profile

Depth of water (meire)

% of Damage

Two

Three
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Socio-economic Statistics



Table C-1: Agricultural input (labour, sced, fertiliver andt pesticides) matrix

Rabi (Wheat) } Blustard

1nputs Options | Aman, Local | Aman, JIYV | Boro, HYV | T.Aus | Jute | Sugarcane
Labour (Man-days) 100 130 160 140 170 170 105 60
Sced (Kg/ha) 30 35 A4} 30 10 2,000 140 10
2001 635 a5 330 130 120 300 27 130
2008 90 130 450 120 300 270 100
Fertilizer (Kg/ha) Option A o0 130 450 120 300 270 1040
Option B 90 130 450 120 300 270 100
Option C 85 124 428 130 120 300 270 140
2001 3.80 4.75 8 1 1.10 0.25 0.50
2008 4.5 5.5 10 1 .10 0.25 0.50
Pesticide (Kg/ha) Onption A 4.5 5.3 10 1 1.10 0.25 0.50
Option B 4.5 5.5 10 1 1.10 (.25 0.50
QOption C 4.15 525 8 415 1 1.10 (.25 (.50
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Table C-2: Unit cost of inputs

inputs Type Type of Crops Price (TK/Kg)
Sced Baro, HYV 150
Boro, Local 25
Aman, HYV 150
Aman, Local 23
Aus HYV 150
Tute 100
Sugarcane 2.5
Wheat 26
Ferilizer Urea 12
TSP 22
MP 25
7Zinc Sulphate 120
_Zips.um 8
Pesticides P50
Irtigalion {For per ha of | Boro 12,500
land) Aman 3,000
Equipment 4,704
Lahour {Per day) 160 (Tk/day)

-2




Table C-3: Cost per unit ha of dilferent crops

In{[;jz:st EITfk) {ptions Aman, Local | Aman, HYV | Boro, HYV T.Aus Jute Sugarcane (WRI.:E;t) Mustard
Labour Cost| All options 17.500 22,750 28.000 24,500 | 29,750 29750 | 18375 | 10,500
Seed All options 900 1,750 6,000 900 1,000 5,000 3,640 1,000
rrigation | AVLOPHOnS 2,000 2,500 §3,200
Cost Option C 7,260 7920 9,900 7,260
E“'gﬂ::““* All options 4,500 4,500 5.000 4,500 4,500 4,500 4,500 4,500
2001 1,326 1,916 6,632 2,600 1,440 6,000 5,400 2,000
2008 1.800 2,600 9,000 - 1,440 6,000 5,400 2,000
Feg;’::” Option A 1,860 2.60,0 9,000 - 1,440 6,000 5,400 2,000
Option B 1,800 2,600 9,000 - 1.440 6,000 5,400 2,000
Option C 1,710 2,480 8,560 2,600 1,440 6.000 5,400 2,000




Table C-3: Cost per unit ha of dilferent crops (Confinued}

lnEE:: E;I:k) Options Aman, Local | Aman, HYY Boro, HYY T.Aus Jute Suparcane 03::1;3“} Mustard
2001 855 1,069 1,782 - 225 248 56 13
2008 1.011 1,264 2,106 ; 225 248 56 113
Pesticide | 5onon A i 011 1.264 2,106 i 225 248 56 13
Cuost
Option B3 101t 1264 2,106 ; 225 248 56 113
Option C 933 1,166 1,944 933 225 248 56 113
2001 27.081 14,485 60.614 12500 | 36,915 45498 | 31971 | 18113
‘ 2008 27711 15,364 63,306 29900 | 36,915 45498 | 31,971 | 18113
T“‘*gﬂ‘;"“t Option A 27,111 35.364 63.306 29900 | 36,915 45498 | 31,971 | 18113
Option B 27.1) 335.364 63306 20000 | 36,915 45498 | 31,971 | 18,113
Option € 32,803 40,566 59,404 40693 | 36,915 45498 | 31,971 | 18,113
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Table C-4: Ouiput matrix for different crops

[ [ Rahi
Options | Aman, Local | Aman, HYV | Boro, HYV | T.Aus | Jule Sugarcane | (Wheat) | Mustard

Yield Rate 2001 and _

(Tonfha) 008 2.5 3.5 5 1.7 40 3 1
Option A 3.5 4 1.7 40 3 1
Option B 4 4.5 6.5 1.7 40 3 1
Ciption © 4,5 3.5 8 45 1.7 40 3 1

Selling Price 18,000 18,000 17.000 | 15.000 | 32000 | 1,900 | 15000 | 45,000

(Tk!Ton)

E‘,E F*Fyl:«;:li s and 45.000 63,000 85,000 s4400 | 76000 | 45000 | 45,000
Option A 63,000 72,000 102,000 54.400 76.000 | 45,000 | 45000
Option I3 72,000 81,000 110,560 54,400 76,000 | 45000 | 45,000
Option C 81,000 95 {00 136,000 | 67,500 | 54,400 76.000 | 45000 | 45,000

Tnput Cost 2001 27.081 534,485 50,614 36,915 45498 | 31971 | 18,113

{Tlk/ha} 2008 27.711 35,364 63,306 16,515 45 498 31,971 | 18,113
Option A 27,711 35,364 . 63,306 36,915 45.498 | 31971 | 18,113
Option B 27711 35,364 63,306 36,915 45498 | 31971 | 18113
Option C 32.803 40,566 59404 | 40,693 | 36915 45498 | 31,971 | 18,113

Income (selling | 2001 17.919 28,515 24.386 17,485 30,503 | 13,029 | 26,888

Price-Tnput Cost) | 2008 17,289 27.636 21,694 17 485 30,303 13,029 | 26,888

| Option A 35.289 36,636 18.694 17,485 30.503 13.029 | 26,888

Qption B 44,289 45,636 47,194 17 485 30,503 13,029 | 26,888
Option C 48.197 58,434 76.596 | 26.807 | 17,485 30.503 13,029 | 26,888
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Table C-5: Income matrix for per ha of scttlement

I_Typcs of Livestock No Average Income from per Animal (TKYr)
Cow 168,963 4,000
{roat 59 243 1.500
Hen 066,278 103
Duck 122,559 120 |

Table C-6: Income matrix for per ha of wetland

Types of wetland 2001 2008 Option A Option B QOption C
Production (Kg/ ha} Bee! 400 150 300 400 600
Riverd&khal 139 157 160 160 160
Floodplain 125 100 80 70 [E
Average Price { T/Kg) 130 K 150 150 150
Total Price (Tk'ha) Beel 60,000 52,500 45 000 60000 94,000
River&khal 20,850 23,530 24,000 24,000 24,000
Floodplain 18,750 15,000 12000 | 10,500 11,230
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Table C-7: Income matrix for per ha of different types of read

Types of Road

Type of Vehicle

Empleyment (person)

Income (TK)

National! regional | Motorized (MV) S0 4,391,963

Non-motorized (NMY} 30 1,143,454

Total 84 5,535,417

Feeder Road A MY 30 2,627,568

NMY 30 1,142,772

d'_l"otal 60 3,770,340

Feeder Road B | MV 20 1,321,333

NMY 30 1,151,343

Total 50) 2,472,677
Rural ~ MY 5 324,507
\ NMY 25 958,129

Total k1l 1,282,637




Table C-8: Industry and growth centre

Industry and GC Income (Tk/ha) Employment {Person/ha)
Total Industry TRE 673 17
Uparila growih cenire 24,908,175 S18
Umon growlh centre 10,674,935 296
Market 6.671.836 222

Table C-9: Input output matrix of brick field

Labour input 1 Water Fuel {ton) Total
. Permanent Temporary Earth .
Name of Arca | Duralion T A - Noof | Ave q use production
lndustry (ha) | {month) | Noof verage No of 0o verage use per | Coal | Wood {No of
Lahour wage/month lahour days | wage/day | m3 Season Bricks/vear)
(TL) | tmonth | (TK)
?ﬁ;}‘a Brick | 513 5 8 36.000 53 26 138 | 8495 | 1,425 | 990 | 20 | 3,800,000
f‘f‘jz‘ Brick | 44 5 5 38,400 50 27 140 | 4248 | 720 | a4c0 | 23 | 2,000,000
f‘kﬁi Brick 1 ;g 5 5 17.500 45 28 150 | 2830 | 750 | 350 | 22 | 2,000,000
fﬁ f“’*’k 1.62 5 4 16.000 40 29 135 4200 | 650 | 750 | 27 1,500,000
Bashona 1.60 5 8 12.000 a6 28 1so 4000 | 1312 ] 350 | 23 | 2500000
_B__rack Ficld
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Tabie C-10: Input output matrix of rice mill

Name of Area | Duration Labour input | Avg. Total Production
Industry (ha) | (menth) Permanent Temporary water Paddy of Rice {ton)
No of Avg. Noof |Naof |[Noof |Avg |Ave use/ Processed
Labour | wage/ male | female | days/ | male |fcmale | season (Mt)
month Labour | Labour | month | wape/ wage/ (1.iter)
(T} day day
(Th)__| (TK)
Mrs Brotl
Rice null (.61 9 3 14,400 7 10 25 130 80 35,000 1,591 1,034
Milon Auto '
Rice milling
plapt (.61 ki P 10,000 38 8 28 120 100 | 4,000,480 4,546 3,011 4
Nobab
Auto Rice
milling
plant 0.34 o 3 13.500 8 5 28 150 o0 | 800,000 905 591.
Alal Riee
mil! 014 9 1 3,600 i .3 28 120 100 4,500} 68 46




Table C-11: Input output malrix of poultry farm

Permancni Temporary ]
Area ) Avg. Wat Total Producti
Name of (deci Duration No of L;?::;T No.of | No.of No.of | wage of A f |} usc N in :']icc of m:D * :;f
Industry 1 (month) { - male | female days malef wage & P
mal) abour | month labour | labour | /month day female/ | month( | poultry | cggs (per
kg oy | day (T | Liter) | (Tl | day)
Jarip poultry n
farm 12 17 1 3,000 0 1 10 0 20 3900 300000 725
Bhai Bhai
Agro poultry
farm 150 17 4 4,500 7 0 30 120 0 54000 | 1400000 3555
Khan poultey -
farm 100 10 2 5.000 1 | 10 150 100 2415 | 562300 1600
[Lal Miah .
Parul poultry .
farm 6 10 1 5 00 0 1 29 0 8> 2600 60000 | Broiler
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Table C-12: Details of surveved growth centre

Arca No. of Average Average wage/person | Average pepulation l
Name Types {ha) Shops employec/shop (Tk/month) gather/day Sale/day

Kamarban Bazar, 013 | 24 30 2,000 500-700 80,000 -

ewangan) Regular

Maulvibazar, 0.13 32 40 3,000 1,200 50,000

Dowangan) Regular

Fulkocha Barar,

Melandaha Regular 0,27 30 44 3,500 1,000 100,000

Adra Bazar, Regular &

Melandaha Weekly .81 50 65 3,000 Q00 100,000

Guhergram Baozar, Regular & -

Madarganj Weekly .95 30 50 3,500 1,000 1600,000

Amritala Bazar, 0.41 25 35 3,000 500 400,000
LMadaIganJ Regular
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Table €-13: Cropping patlern wise arcd, production, financial

gain, fertilizer use and employment statistics in 2001

. Production (M.Ton) Financial Gain Feriilizer use Employment

Cropping Pattera | Ares 0 Rice Wheat | Jute Surarcane {Mi?liun gk} (M. Ton) {Mgnv}‘;’ear}
Aman-Boro 18414 | 102379 997 10,267 16,124
E;‘,‘;'G;T““'Rab" 1,073 9405 | 9218 | 5224 204 1,529 3,823
Boro-Jute 529 2647 500 26 302 560
Roro 7245 16,227 164 3,260 1716
Sugarcanc 3,005 120,200 120 902 1,637
Aman-Rabi 3,495 10,695 | 10,485 140 1,320 2,444
Jutc-Rabi 4,734 14203 | 8,048 165 1,846 4173
EEIEETEEM 1,093 0965 101 1,006 1,405
Aus-Aman-Rab 0 - - - - -
Total 42488 | 150,656 | 9218 | 6124 | 120,200 1,510 16,260 33,882
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Table C-14; Cropping pattcrn wise arca, preduction, financial

wain, fertilizer use and employment statistics in 2008

1

Production (M.Ton) Fs 1 Gai Fertili Employment
ancial Gain ertilizer use
Cropping Pattcrn | Arca (ha) s (Man-Year)
Rice Wheat | Jute | Sugarcanc (Million "Ik (M. Tom) Rice

Aman-Boro 18,778 105,159 1,007 10441 16,371
Roro-Jule 524 2.620 291 26 204 554
3o 10,374 32,871 239 4,758 5,423
Sugarcane 2,330 83212 93 609 1,270
iﬁc‘;‘)‘m'm"l 1,008 9205 | 9.024 | 5114 187 1.492 4 908
Aman-Rab 3,472 10.623 10413 1359 1.311 5,449
Jute-Rabi 1,526 4,577 2.504 53 595 1,345
ﬁiiﬁezizi‘r‘;;df 1 899 9,404 96 1,044 1,339
Aus-Aman-Rab ] - - - - -

I_Tn tal 42,111 169,855 9.0:24 6,005 03,212 1,551 17,659 37,658
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Table C-15: Cropping pattern wisc area, produciion, financial gain,

fertilizer use and employment statistics under option A

I

Cropping Pattern Arca (ha) Production (M.Tor) Financial Gain Fertilizer use IE;E::}{T::;

pping T ' ) Rice Wheat | Jutc Sugarcane (Million Tk} (M. Ton) Rice
Aman-Boro 18,309 247082 2,728 9,919 15,308
Boro-Jule 506 4052 861 51 289 536
Boro 11,812 94.493 869 3315 6,057
Sugarcane 2,327 473 0194 93 693 1,268
Tute- Aman-Rabi ) i i ) ) _ )
(Wheal)

—Aman-Rﬂbi 2,423 13,3260 | 7,269 202 872 1,592
Tule-Rabi 2,733 8260 | 4,681 96 1,074 2,427
E:{Eﬁgi‘;w 1781 | 1424641 181 979 1256
Aus-Aman-Rabi 0 - - - - -
Total 39,572 374,101 | 15,529 | 5,542 93,094 4,220 19,147 28,443
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Tahle C-16: Cropping paitern wise arcd, production, financial gain,

fortilizer use and employment statistics under option H

| Production {M. Ton) " e 1 g - Employment
. Finaneial Gain Fertilizer use
Cropping Pattern | Ared (ha) Rice Wheat | Jute Sugarcanc {Million Tk) (M. Ton) {Ma;;:;car}
Aman-Boro 24.505 336,218 3,698 13,449 20,754
Jute- Aman-Rabi 2734 15,038 8207 | 4648 102 1,312 3,286
{Wheal)
Baro-Tule 507 4 056 362 51 280 536
B 5.295 42360 390 2.383 2,715
010
g 2,338 93,506 93 701 1.274
ugarcane
Aman-Rabi } ) ) B ) )
Tute-Rabi 2,992 8,076 5,086 104 1.167 2,637
Boro-Mustard/
1,71 13,741 17 45 1,211
Valued Crop J18 ! : 7
Aus-Aman-Rabi B ) ) ) ) )
Total 40,48% 411,413 | 17,179 § 10,596 93,506 4,913 20,246 32,414
 I—




Tahle C-17: Cropping pattern wise area, production, financial gain,

fertilizer usc and cmployment statistics under option C

Cropping Patte srea (ha) Production (M.T) Financial Gain Feriilizer usc IEI\«H;EE}‘:’T::;
cpome TEEEE L T Rice Wheat | Juic Sugarcane (Million Tk) (M. Ton) Rice
Aman-Boro £6.195 83,630 920 3,345 5162
Jute- Aman-Rabi 6,261 34435 | 18,783 | 10,644 687 3.005 7,525
{Wheat)
Baro-Jute 4,559 36,471 7.750 455 2,599 4,822
Boro 9,422 75377 693 4,240 4,832
Sugarcanc 2442 97,696 o7 733 1,331
Aman-Itabi - - - - - i
Jute-Rabi 548 1644 | 932 19 214 483
ﬂ“;‘”'ﬁ";*“ard’ 7,414 59313 753 4.078 5228
alued Crop
Aus-Aman-Rabi 7,969 79.604 | 23,908 1,035 4,224 9,579
| Tatal 4811 | 368920 | 44335 | 19325 | 97,696 4,660 22437 38,962
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Table C-18: Cropping pattern wisc labour distribution throughout the year in 2001

C;::EE:_? - ?]:E;l Jan Fch Mar Apr May June July Aug Sep Oci No¥ Dec

Sugarcane 005 | 3.929 | 809 809 809 809 809 809 809 809 809 809 | 7.859
ﬁi{ﬁcﬁﬁdf 1997 | 1380 | 2,682 | 3.679 | 1,839 | 1226 | 1226 | 4292 - - - 2453 | 1,533
Boro-Aman 18414 | 28,045 | 16,997 | 11,331 | 11,331 | 39,660 - . | 28045 | 10,068 | 8499 | 8499 | 29,745
Boro-Jute 529 977 502 555 147 | 1130 | 1087 | 1,045 | 3,617 - - - -
Boro 7245 | 13376 | 6688 | 4,459 | 4459 | 15605 - - . - - - -
i’i‘:ﬂ'ﬁﬂbi' wors | 3782 | 2364 | 2027 | 762 | 2955 | 2955 | 10636 | 40680 | 1702 ) 1418 ) LALS 4 964
Aman-Rabi 3495 | 4301 | 2688 | 2420 | 4705 - - - 5333 | 1936 | 1613 | 1,613 | 5646
Rabi-Tute 4734 | 5807 | 3642 | 3278 | 6373 | 5463 | 4552 | 4552 | 16,383 - - - -
 Toual 42488 | 61,618 | 36,773 | 28,658 | 37,540 | 66,848 | 10,629 | 21,334 ) 58,862 14,645 | 12,339 | 14,791 | 49,746




Table C-19; Cropping pattern wise labour distribution throughout the year in 2008

Cropping Area .

. . ! . t D
Pattern (hw) Tan Feb Mar Apr Tay Jun Tul Aug Scp Ce Nov ec
Sugarcane 2330 | 3,047 627 627 627 627 627 627 627 627 627 627 6,095
Boro-Mustard/ |y eqq | 1315 | 2556 | 3,505 | 1753 | L168 | 1,168 | 4,090 _ i i 2337 | 1461
Valued Crop
Boro-Aman 18,778 | 28,601 | 17.334 | 11,556 | 11336 40,446 ; . 28,601 | 10,400 8,667 8,667 | 30,334
Baro-Jute 524 977 002 555 342 1,130 1,087 | 1,045 | 3.617 - - - .
Boro 10574 | 19,522 | 9,761 | 6,507 | 6507 | 22,773 ; . - - - - .
‘;‘::“'Rﬂhl' 3,008 3,702 | 2314 | 2,083 | 7,520 | 2.892 2892 | 10413 | 4.582 1,666 1,388 1,388 | 4,859
Aman-Rahi 3472 | 4273 ] 2671 | 2403 | 4,673 . - ; 5,288 1,923 1,602 1602 | 5,608
Rabi-Tule 1,526 1.878 1174 | 1056 | 2054 | 1760 | LAG7 1467 | 5,281 - - - -
Total 42,111 | 63315 | 37,338 | 28,293 | 35,033 ) 70,800 7242 | 17,642 | 47996 | 14,617 | 12,285 14,622 | 48,357

|
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Table C-20: Cropping patter

o wise labour distribution throughout the year under aption A

Cropping Area
Pattcrn (ha) Jan Feb Mar Apr Muay Jung July Aug Sep Oct Nov Dec
sugarcanc 2327 3,043 627 627 G2y 627 627 H27 627 627 627 627 6,087
Boro-Mustard! | 001 | 4333 | 2,397 | 3288 | 1,644 | 1096 | 1,096  3.836 - . i 2,192 | 1,370
Valued Crop
Boro-Aman 18369 27,978 | 16,956 | 11,304 11,304 | 39,564 - - 27978 | 10,174 8,478 8.478 20,673
Rom-Jule 506 o7 Q02 555 342 1,130 1,087 1,045 3,617 - - - -
Rom 11812 | 21,806 | 10,903 | 7,269 7264 25,441 - - - - - - -
Aman-Rab 2423 2,982 1,864 1,677 3,262 - - - 3,690 1,342 1,118 1.118 3,914
Rabi-Jutc 2753 3,388 2,018 1,906 3,706 3177 2,647 2,647 9,530 - - - -
Tuotal 971 61,408 | 35,767 | 26,620 28,153 | 71,034 5,450 8,154 | 45,441 12,142 10,223 12,415 | 41,044
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Table C-21: Cropping pattern wisc labour distribution throughout the y

car under option B

Cropping Area

Pattern (ha} Jan Feb Mar Apr May June July Aug Scp Ot Nov Dec
Sugarcane 2,338 3,057 629 629 629 629 629 629 (29 G29 629 629 6,114
Boro-Mustard! | 4 510 | 359 | 2312 | 3,370 | 1,586 | 1057 | 1,057 | 3700 4 - - - 2,4 | 1320
Valued Crop

Boro-Aman 24905 | 37,932 | 22989 | 15326 15,326 | 33.042 - - 37,932 | 13,794 11,495 | 11,495 | 40,231
Doro-Jute 507 9365 4608 312 312 1,677 488 48% 1,755 - - - -
Buro 3,295 9,775 4,888 | 3.253 3,258 | 11,405 - - - - - - -
Aman-Rabi- -

Tule 2,734 3,365 2,103 | 1,893 6,836 2,626 2,629 9,465 | 4,164 1,514 1,262 1,262 4417
Aman-Rabi - - - - - - - - - - - -
Rabi-Jute 2,092 3,682 2,302 | 2,071 4,028 3452 2,877 2,877 | 10,357 - - - -
Total 40,489 | 59,937 | 35,691 | 26,661 | 31,975 74,491 | 7,680 17,158 | 54,838 | 15,937 | 13,386 15,500 | 52,083
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Table C-22: Cropping pattern wise labour distribution throughoeut the year under eption C

Cropping | Area )
Pattern (ha) Jan Feb Mar Apr May June July Aug Scp Oct Nov Dec
Sugarcane 2,442 3.194 558 858 658 158 658 G538 65k G558 658 658 6,388
Boro-Mustard/ | 410 1 533 | 9981 | 13,688 | 6,844 | 4563 | 4563 | 159691 - ) ; 9.125 | 5,703
Valued Crop

Boro- Aman 6,195 9.435 3,718 3,812 3,812 13,343 - - 9,435 4765 4 7635 4,763 10,007
Borg-Jute 4,559 R.416 4,208 2,805 2,805 15,079 1,087 4384 | 15,781 - - - -
Boro G422 17,305 8,697 5,708 53,708 20,294 - - - - - - -
Aman-Rabi- n - - ’
Tute 6,261 7706 4,816 4,335 15,653 6,020 6,020 21,673 | 9336 4,814 4816 3,612 10,114
Mabi-Jule S48 a74 422 179 738 632 527 527 1,897 - - - -

T Aus- _ - B - - n A .

T Aman-Rabi 7969 4 5498 11,793 | 12,874 3,211 5,517 19,311 | 31,194 | 2575 6,130 6,130 23,747 4,598
Totak 56,551 | 48,293 | 44,349 41518 | 66,106 | 32,164 74,404 | 39881 16,365 16,369 | 43,907 36,810

44,811 ]




Table C-23: Per capita daily normative calorie requirements and the cost needed to meet the requirement

Per Capita Daily Normative Calerie

Ttems Ineluded in the Minimum Reguirements Cost
Consumption Bundle Cm Kilvealorie Price (T/Kg) Price of the Regnircd
Amount

Rice 397 1,386 25 G.9
Wheat 40 139 24.43 1.0
[ulses 4 153 110 3.0
il 20 180 35 1.7
Potato 27 26 15 0.4
Sugar 20 82 55 0.8
Meal 12 14 157.25 1.9
Fish 48 51 120 58
Milk 58 39 36 2.1

Vepetables 150 36 13 2.3

Fruits (1 Banana/day) 20 f 3.5 (1 picce) 2.0
Total 112 30.8
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A Decision Support Framework for Sustainabte Land
and Water Management in a Floodplain
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Front End; Visual Basic 6

Ruck End: MS Access

Input Data: Model Result

Output Data: MCA Scorccard and Chart

Export: MCA Scorecard can be exported to MS Lixeel and Chart can be Exporied

various Picture Iormat
Space required: Minimum 200 AB (ur Higher)

Screen Resolution: 1280 x 1024



Starting DSS

Open the DSS software. A splash screen of the Software will shown on the Screen.
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A Decision Support Framework for Sustainable T.and and
Water Management in a Floodplain

Scorecard Viewer:

Click on the Framework Picture to open the DSS main window. Then the IDSS score
viewer will be open on the screen shown as below.

S Scores af dhffesent level for MCA

“ i\" | Toolbar
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Scorecard Result Views

1
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The scorecard vicwer contains two part. The upper part of the Screen is the Toolbar and

the second parl contains the Scorccard Result Viewer,
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Toolbar:

Model ISR Show |

Edit | ch_arg_'_|fp,e'jﬁu1t,‘|§|’ix‘;’i“5ﬁ_'!|

Model

Typel B

Select the Model type. Now here is anly one type
into the Database.

Show

The Show button will display the Scorecard data
depends on the selection of the model type. The
result will be shown into the Scorecard Result
Yiewer {S8RV).

Edit

Edit Bution is for Editing the Weightage of
Objective, Sub-objective, Criteria and Indicators.

ChEJ_Lrt |

To view chart of the Score Card Result,

[:;Defau It

The Default button will be set the Weghtage default

value.

FExport” i

The Export button is for Export the Scorceard result

to MBS excel formal.

Scorecard Result Viewer:

When the uset select Model Type and Click on Show button the Scorccard Result
Viewer will be lilled wilh the calculated values. A filled Scorccard Result Viewer 18

shown below:
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The full result can’t be secn at a time. 1o view the right portion of the result user has to
use Horizonta! Scroll bar and to view the bottom portion use Vertical Scroll bar.




Export the Scorecard Resuit:

User can exporl the Scorecard Result into M3 Excel. To export ¢ctick on the Exporl
button. A “Save As” screen will be shown on the screen. User has 1o select the Path and
Export File Name. Then click on save button.
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After completion of the Export DSS will be shown Completion Message on the screen.

Chart Viewer: -

To view the charl user has to click on Chart button, The Charl Viewer has two paris.
1. Control

2 Chart Arca
“w
Model Type [Type-! -3 Chart T}-'pe-|u___ ] T Control
| ]

\ Chart Area

=] ] - =] L = -
= % Beora & =

FERFEE e

J

Select Madel Type, then Chart Type. In the Chart Type there is 3 options. 1. Ohjective,
2. Sub objective and 3. Critctia.
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Objective level:
In the Objective there is no sub option. The chart

Modsl Type [Type| - Chart Type [T 1 o !
| :

will be drawn in the chari.
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2rosect Flgacpla n Emaranmar

Crverall
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Sub objective level:
To view the sub objective, user has to select the Objective from the sub option,

Model Type [TEEF‘“] Charl Type |_5uh Objective _|
Chijective
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Fretest Ermasanment BS

o0&




Criteria level:
To view the Criteria Chart, user has to select the Sub objective from the sub option.

'Model Type [Typsd ] Chart Type [Criteria |

Sub Objeclive  {NETRET Hydrological Condition

i
N

Mantan Storage & Regensralan §

RAalntan Conncthily

rigintain Regulalory Funchign '

Cveral

onr
o

‘I'o Edil er Export the Chart User has to “Double Click™ on the charl. Then the Charl
control window will be shown on the screen.




i E ,g

Edit: o | '
To Edit the Weightage value uscr has to click on the Edit button. The Editor Screen will
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User will select the Edit Type such as Objective, Sub objective, Criteria and Indieator.
Then select the respective functions then the current welghtage value will be shown on
(he screen. Uset can the Edit the value and Click on “Save™ bulton to update the value.
Then click on close to back into the Scorceard viewer. C
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