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ABSTRACT

The objective of the present research aims at assessment of appropriateness of
technology that was used in Khulna-Jessore Drainage Rehabilitation Project (KJDRP).
The project area is characterized by sediment laden tidal rivers having some major
problems over recent years such as drainage congestion, {looding and salimity ete.,
causing @ declinc in agricultural production and olher socie-economic anomalies.
KJDRP was implemented to mitigate drainage, salinity and other problems with an aim
o reduce poverty through greater employment In the agriculture and increased
agricultural production in the prject arca. In this research. the technology that was used
in KJDRD was evaluated using three models/methods: i) Analytical Hierarchic Process
(AHP) [i) Fuzzy Hierarchical Decision Making Method (FHDM) and ifi} Field Survey
and Foeus Group Discussion (FGD). The objective is to make an application of the
(Multi eriteria Decision Making) MCDM model to evaluate whether the technology
nsed in KJDRP is appropriatc or not for that very paricular surrounding environment,
because technology is very surrounding specific. From AHP method, result shows that
the Linal score for KIDRP is 596 where score for Non-KJDRP is 173, Thus in AHP
method. KIDRP got 1st ranking value and Non-KJIDRP got 2™ ranking valuc. In Fuzzy
method. the result shows that KJDRP option seored 1™ in preferential ranking value
where Non-KIDRP option scored 2™ panking value. From Focus Group Discussion
(FGID) and Field Survey, it is evident that the performance of criteria under KJIDRP
oplion is positive und it scored 2216.3 in the scale tunge from (-) 4080 to (+) 4080,
However from three analytical points of views, KJDRP got highest value which
indicates Lhat KJDRP with its performance was appropriate o reducc the existing watcr
logging problem and to encourage (he socio-economic development ol the project area.

KJDRP is suceessful in these few prime objectives of the project.

A set of recommendations enaminated evelved bascd on the research result: i) Action is
required to be laken for restoration of the Hamkura river and development of I'RM for
improvement of the drainage condition. ii) Implementation of a new TRM in the
Khuksia beel is required (o be taken up or continuc the existing beel Kedaria TRM for
sustaining drainage condition of the Harl River. The east Khuksia beel is leasibic for
TRM and would be more elfective to maintain proper drainage condition in the Hari
river. The west Khuksia is also technically feasible for acling as a tidal basin but it
required more land than that of east beel Khuksia. [t generates more than 4.87 Mm3

xvitl



tidal volume, which is considerably higher than the required tidal volume for the
sustainability of the Hari river. iii} (o restore the full function of the beel Kedaria TRM
apd sustain the required drainage capacity of the Hari river, it is suggested 10 dredge the
Hari river at its design capacity of the Hari river at its design section from Bhabodaha
regulator to Sholgati (about 9 km reach). iv) in order W mainlain proper drainage
capacity of the Han river & to avoid severe drainage congestion in the North- Westemn
parl of the KJDRP area, east beel khuksia needs to be brought under operation as a tidal
basin. It is technically fcasible and socially acceptable. v) it is suggesied to dredge the
Teka-hari river at its design section from 600m /s of Teka Bridge to Ranai (about 17
lam reach). vi) A continuous monitoring is necessary for assessment of new tidal basin.

identification of problems of mitigation measures.

Opinion from some of the experts who think that TRM ( Idal River Management) as a
part of KJDRP is not appropriate technology. Accerding to them, it is useless to
enlighten a village by throwing the remaining village in darkness. Why the people in the
beel arca will be deprived for three years during the operation period of the beels, and
who will provide their compensation for that time period? Establishment of regulator in
the marroe channe! mnst result in failure due to lower velocity of the water and siltation
caused by it They suggesied that regulator in Madhukhali or further downsiream rather
than the marrow channel will be effective as it joins the large river and will prevent
siltation due to huge Now of water. They propose that Hari river can join Dakatia river
lhrough a canal networking and thus drainage from Hari river is possible through
Sholmari regulator. The technelogy used in KIDRP didn’t consider the importance of
wetland  But wetland 15 very cruciat for sustenance of the ecosystem of [isheries. S0
what is needed is to proper management of the wetland. Regulator in Madhukhah can be
4 better option, as it will prevent saline water intrusion during tidal period when the gate
is closed, on the other hand. it will drain excess over water during monsoon, and thus
will remove the drainage problem and at the same time. will maintain miimum water
for sustenance of the wetland. Implementation of this option may requirc high ininal
cost due to dredging requirement, but still it seems 10 be minimum when compared with
the huge cost involved duc o operation of TRM in a single beel, However, TRM
considers siltation in wetlands with a view to keep the river navigable and to grow more
food concept. Thus in the present analysis, it 18 successfut and appropriate with the

{argel [1xed by it
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CHAPTER ONE
INTRODUCTION

1.1  Background of the Problem

1.1.1 General background

The Khulna-Jessore Drainage Rehabilitation Project (KIDRP} is located in the south-
west part of Dangladesh in Khulna and Jessore Districts. The Project area covers
100,600 ha and is a part of the deltaic arca of the Ganges and Brahmaputra river system.
The area is characterized by sediment laden tidal rivers. [n the recent years, drainage
congestien problems have given rise to a question about the performance of KIDRFP

with respects to its objechves.

in the late 1960s and early 1970s. the Government of Dangladesh (GOB) had
constructed a series of polders under the Coastal Embankment Project (CED) that
created the scope [or growing agricultural crops by preventing intrusion of saline water.
The creaiion of polders simplified the existing drainage network. which was compnsed
of a large number of tidal crecks and rivers. This resulted to & substaniial decrease in
the tidal volume accompanied by an increase in tdal range. Afler more than a decade
of good productivity. drainage congestion began to increasingly affeet the most of the

northern polders.

In the early 1980s, drainage congestion in the polder arcas was recognized as a serious
problem, when the rivers and creeks in these areas silted up o such an extent as to
render them inoperative. This resulted in large areas remaining waterlogged throughout
the entire year. Drainage congestion, {looding, salinity intrusion and water logging
have al) been major problems over recent years, causing a serious decline in agricultural

production and living conditions in the area.

In response to this situation the Govemnment of Bangladesh (GOB), with financial
support from the Asian Development Bank (ADB Loan No. 1289-BAN(SF)). arranged
to undertake KJDRP Project. The project commenced in early 1994 and was

successfully completed on 31 December 2002, Finance of the project was from an Asian



Development Bank Loan and Government of Bangladesh. The principal Executing
apency was Lhe Bangladesh Water Development Board.

1.1.2 Project objectives

‘The basic aim of the project was the reduction of poverly among the rural poor in the
project area, which covers a largely agricultural area of 1,000 km? lying between the
cities of Jessore and Khubna, The population of the project area is about 1,000,000
mainly poor people. Poverty alleviation will be achieved by Ihe consiruction of
jimproved drainage works, which will substantially reduced dty season drainage
congestion  hereby allowing agricultural and fisheries production to increase

substantially and other economic activity to expand.

1.2 Objectives of the Present Research

Dasic purpose of KJDRP was to remove drainage congestion and simultanecusly to
enhance the process of poverty reduction by incressed agricultural production In the
recenl years, drainage congestion has given rise to a number of questions pertaining to
the project. Upto what extent the project is successful. whal benelit and losses are being
incurred after implementation of KIDRP. So an evaluation of the appropriatencss of the
project is necessary. This research has undertaken with a view to assess the
appropriateness ol the technology of KIDRP, whether the technology has been able to

meel varions demand of the objective.

Technology assessment is an important part of technology planning. Its main purpose 15
tw identify right kind of technologies for development through comprehensive
cvalnation of (heir strengths, weaknesses and implicanons from national perspective.
The choice of technology requires consideration of not only techno-economic factors
but also énvimnmcntai, social, population and similar other factors. This mecans,
tcchnology assessment should be based on multi criteria decision making (MCDM)
apvroach. So, the objectives can be summarized as follows:
General objectives:

* To evaluate up to what extent the project is successful

» To assess the appropriateness ol the technology of KJIDRP comparative to Non-

KJDRP



Specific objectives:
» To analyze and identify Lhe criteria Lhat associates the choice of lechnology
= To generale assessment criteria hierarchy
» To make the application of assessment tools of Technology.
» To assess the success or failure of KIDRP
» To justify whether the methodology applied in KIDRP is in-line or not
comparing with real performance
»  To identify the applicability of the tool whether it can be applied to other project

with similar problem.

The objective of the present research is to make an application of the MCDM model to
evaluate whether the technology used in KIJDRP is appropriatc or not for that very

parlicular surrounding environment, because technology 15 very surrounding specific.

1.3 Methodology

1.3.1 General methodology
The peneral steps in the assessment process are as follows.
Step 1 Identification of the probiemt
- Stock taking of existing situation and regulations.
- Determination of time horizon and level ol analysis.
- Setting boundaries and objectives.
Step 2: Description of alternatives being assessed.
- [nventory of relevant technological alternatives
- Current state-of-the-art.
- Technological forecasting.
Step 3: Establishment of assessment factors
- Description of relevant factors.
- dentification of varjables and tvpes of effects.
- Classification of vaiables.
Step 4: Evaluation of expected effects
- Analysis and measurement of efTects.
- Representation of various effects.

- Integration of all expected effects.



Step 5: Formulation of action options
- Identification of all possible aclicn options.
- Development of programs for acticn.
- Analysis of consequences for each option
Step 6: Choice of suitable action
- Influence of various decision makers
- Justification for the hinal choice.

- Choice of the most suilable alternative.

Factors te be considered
Since there exist interaction between technology and human surroundings, and as the
major components that constitute the human surroundings are economic, resources,
envirorunental, population, socio-cultural and politico-legal systems. The following
factors are to be considered for technology assessment.
1. Technolagical Factors
- Technical wtility (capability, reliability, efficiency}
- Options of technology (fexibility, scale).
- Availability of infrastruclure (support, services).
2. Economic Factors
- Economic feasibility {cost-benzfit}
- Improvement in productivity {capital. resources)
- Market potentials (size, elasticity)
3. Resource Factors
- Availability of material and energy resources
- Availability of financial resources
- Availability of skilled manpower
4. Environmental Factors
- Impact on physical environment (air, water, land)
- Impact on living conditions (comfort, nmse)
- Impact on life (safety, health}
5. Population Factors
- Growth of population (rate, life expectancy)
- Level of education (literacy rate)

- Labor characteristics (unemployment, structure}



6. Socio-Cultural Factors
- Impact on individual (life quality)
- Impact on society {values)
- Compatibility with existing culture
7. Politico-Legal Factors
- Political acceptability
- Mass need satisfaction

- Compatibility with institutions and policies.

[t can be observed from the above that technology assessment is a4 parl of creative
activities, and should not be approached as search for formulae and models but rather an
art which depends on tatent, experience, as well as teols and techniques. Mareover, due
to the fact that TA problems are very complex, dynamic and mwlti-disciplinary in

nature, it seems to ¢all {or a paricularly cautious methodical approach.

1.3.2 Methodology of the study:
Tn the current research, the methodelogy contains three paris for the assessment of the

technology. Each part can be described under the following heads:

1. Section-1: Analysis using Analytical Hicrachic Process (AHP)
2. Section-2: Analvsis using Fuzey Hierarchy Decision Making (FHDM)
Method

3. Section-3: Focus Group Discussion (FGD) and Field Survey.
Section-1 and Section-2 describes Mufti Criterio Decision Making approach, where
Section-1 deals with AHP (Analytical Hierarchy Process) method and Scetion-2 deals
with FHDM (Fuzzy Hierarchy Decision Making) method. Section-3 deals with

assessment of technology based om Focus Group Discussion and field survey.

1.3.2.1 Analytical Hierarchy Process (AHP)

The anajytic hicrarchy process {AHP) is a decision — aiding method developed by Satty.
[t provides a systematic, explicit, rigorous and robust mechanism for eliciting and
quantifying subjective judgments. It is widely applicable because ol its inherent
capability 1o handle both quantilative and qualitative attribules and data uncertainty.

The steps of AHP, developed by Satty, are as follows:



1) Define the decision problem end delermine its otyect

2) Set up decision hierarchy

3) Make pair wise comparisons of attributes and alternatives

4} Transform the comparisons into weights

3) Use the weights to oblain scores for the different oplions and make a

provisional decision.

1.3.2.2 FHDM Method
In FHDM (Fuzzy Hierarchy Decision Making) method. a procedure is cvolved by
synthesizing and extending the ideas proposed in the existing fuzzy MCDM methods. It
considers

1} Pair-wise comparison of alternative criteria

2 Linguistic vanables rather than numbers

3) Subjective as well as objective factors

4 I'tiangular fuzzy numbers

3) More than two levels of erarchy of the criteria

1.4 Scope of the Study

The scope of the study incorporates a numerical analysis of the two renowned
hicrarchical decision making methods namely AHP and FHDM by using the available
dats. The study is based on an imponant water resource project namely KJDRP. A
survey research with field values to be done to cross check the numerical analysis. Thus
the scope of the study is wo find whether the tools such as AHP and FHDM has got
applicability in the water resource project of Bangladesh.

1.5  Limitations of the Study:

= Technology assessment through AP method needs expens’ judgments and it
considers crisp values for subjective judgment. [t is easy lor the experts to give
their opinion in linguistic variables such as high, loew, medium, but for final
cvaluation, it 15 necessary to convert these linguistic variables into numbers.
Assigning the exact number may not be apprepnate.

» The linear scale used in AHP does not always translale well the marginal

difference ol imponance of the factors.



*  Number of attributes are very large, thus comparison matrix table become very
large in the current study.

* The present study is based on some selected major criteria proposed by some
selected experis; it was not possible to cover all the factors involved in the
project.

»  Corelation and Sensitivity analysis among various factors were not considered

here.

1.6  Orpanization of the Thesis

Chapter 1 Introduction : Devotes to preliminaries (Brief summary of the problem.
background of the shudy, objectives and the organization of (he thesis).

Chapter 2 : Overview of the Study Area : It describes the objective of the project,
description of the project area, general information of the project area and river system
of the pmoject area.

Chapter 3 ; Literature Review: It delineate about the sourees of problem, details of the
problem and the methods have been tried to solve it. The scction comprises of
discussions of these queries.

Chapler 4 : Mcthodology setting {What 18 Technolegy Asscssment, methods applied in
assessment of technology). Tn this chapter, the applicd three methods have been
incorporated  and the methods are desenbed under three different sections.

Chapter 5§ Analysis

Chapter 6 : Results and Discussions

Chapter 7 : Cbservation and Recommendations

Chapter 8 ; Conclusions



CHAPTER TWO
OVERVIEW OF THE STUDY AREA

2.1  Background

The Khulna-Jessore Drainage Rehabilitation Project is located in Khulna and lessore
Districts in the southwest part of Bangladesh, as shown on Figure 2.1. The project area
{ay eriginally delined) covers an area of glightly more than 100,000 hectares of mainly
agricultural lands and is part of the deltaic area of the Ganges and Brahmaputra river
systenl. The major cines of Khulna and Jessore are located just outside the project area

to the north and southeast, respectively.

The project area 1s characierised by sedimeni laden tidal nvers and drainage congestion
problems. The cycles of {looding and draining in the project area are a natural process,
which has resulted in the building-up of fertile agriculture land. While these natural
processes have been recognised, in the late 1960s and early 1970s. The Government of
Bangladesh (GGOB} found it necessary to construct flood protection embankments and
varipus Lypes of drainage structures to safeguard wrban and agricultural lands from
damape due to {requent tudal inundation and monsoon {looding. The intrusion of saline
water also caused problems to agricultural production. Although the embankments and
structures have reduced river fooding. they can also impede the natural drainage of
monspon rains and interfers with the natural processes ol sediment transport and
deposition. As a result drainage congestion, floeding and salintty have all been major
problems over recent vears, causing a decline in agricultural production and a loss of
amenity for many ol the rural people. In response to this situation the GOB, wilb
financial support from the Asian Development Bank (ADB Loan No. 1289-BAN(SF)),

has arranged to underiake this project.

2.2 Objective of the Project

As stated in the Consultant's terms of reference (TOR) the project objective is as
follows:
“The principal objective of the project is poverty reduction through

increased agricuftural production in the project area. The increased



agricultural production will be achieved by (i} mobilising bereficiary
participation for project design and implementation, and for subsequent
operation and mainternance (O&M) of the project facilities; (i)
rehabilitation the existing drainage infrastructure fo reduce drainage
congestion and to protect the profect area from tidal and seasonal
floeding, (iii} providing support for the expansion of agricultural
extension services that will be necessary as flooded lands are returned to
agricultural productiviry, and (iv) improving management of fisheries in

polder areas fo enswre a contimang supply of black fish species ™

To ensure attzinment of the project objective, the project has been established with a
widc base and, in addition to the usual range of cngineering inputs. Other inputs were
sociological, environmentat, agricultural and [isheries activities and investigations. The
success perlaining to project implementation is contingent on close interaction and
coordination of each other amongst the varicus consultants and government agencies
involved in the project components with the local communities alfected by the project.
Thus during the course of the project, it was necessary for the various consuliants
engaged by the GOB. namely SMEC and Associates. Instilute of Water Modelhng
(TWM)3 and Centre for Environmental and Geographic Tnformation Services (CEGIS), to
work very closely. The close cooperation between consuttants assisted in the successiu]
implementation of the project. The Consultant has made a very deliberative cffort in all
of its project activities, and is involved 1n the consuitation processes at all community
levels in the project area and with government agencies and other organizations

concerned with the project (SMEC, 2002)

At the stari of the project in 1995 the organisational structure was broken down
o four parts, as envisaged in the Loan Agreement. These were as follows:

Bart A- Mobilization of Beneficiary Farticipation

Part B- Rehabilitation works (Engineering)

Part C- Agricultural Development

Parl J- Fisheries Management
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The Executive Agency for Parls A and B was the Bangladesh Water Development
Beard (BWDB), while for Panis C and D the executive agencies were the Deparunent of
Agricultural Extension {DAE) and (he Department of Agricultural Extension (DAE) and
the Depariment of Fisheries (DOF), respectively. Early in the course of implementation
of the engineering works (Part B}, the Consuliant, SMEC and Associates, engaged the
Institute of Water Modelling {IWM) [erst while Surface Water Modelling Centre
(SWMC)] to undertake two important sub-contracts for the collection of data relating to
the transpornt of cohesive sediment in the project area. Since that ime SWMC has been
deeply invelved in hydraulic modelling studies and field monitoring of rivers and tidal
hasins under contract of BWDDB. Similarly, commencing with the environmental and
social impact studies of the project in mid-1997, CEGIS became closely involved in all
the project’s environmental, social and institutional aspects until the end of the project

(SMEC, 2002)..

The Original Coastal Embankment Project (CEP)

The wriginal Coastal Fmbankment Project {CEP) was a massive undertaking aimed at
improving agricultural production in the coastal strip covering an arca of some 14
million ha. Agricultural production was improved by reducing fidal and monsoonal
flooding and the eftects of salinity. This was achieved by the construction of polders an
area covered by cmbankment to prevent intrusion of saline water) including Polders 24.
25,27 and 28 in the project area. The construction works were undertaken in the 1960y
and 1970s and for many years so that the people can be benefited from the project
(EGLS, 2002). It is interesting to nofe that in the 1991 Coastal Embankment Project
{CEP) repor, (International Engineering Company. Ine) it 15 stated that:

“The yields of Aman rice are estimated tor be 14, 12, 1] and 15 maunds of paddy, or
wnhusked rice, per acre in the Khulna, Bakergarj, Noakhall and Chittagong Districts,

respectively,

For Khulna the above figure of 14 maunds/acre for Aman is equal to 1.29 tontha, while
for Aus the 1961 ligure was given as 12 maunds/acre (1.10 tons/ha). For the project area
conditions existing today, paddy yields are at least one tonha higher than in 1961
Furthcrmore, the 1961 repor states the cropping intensity for the Khulna District was
only 1.08. According o Department of Agriculture Extension statistics, for the project

area in 1994 and 1995 the cropping intensity was 1.41 and 1.43, respectively (EGIS,
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19983, While increases in yields and cropping intensities are due to many factors, it does
appear that the project area is still benefiting from the CEP, despite the widespread

drainage congestion problems, which have existed since the mid-eighties,

The existing coastal embankments have been condemned in recent years by some
environmental groups, especiatly in areas comprising the project area where drainage
congestion probtems have been develeped. It does not scem thet these proups have a
real appreciation of the improved conditions existing now with respect o that existed
prior to the cmbankments, the benefits that have been derjived ftom the construction of
polders and they do not feel the unreality of retumning o pre-polder conditions. The
Coastal Fmbankment Project. as described in the 1961 report, came about because the
people of the coastal areas had been trying to protect their Iands from tidal and monsoon
Mooding and salinity {or many decades. The 1961 report describes the early history of

embankments {dikes) as follows.

“The history dates back to the eva of the "Zumindurs”, or large land
cwners, who also served as principal revenue agents for the government.

Linder this svstem the tenamt farmers had fo pay large portions of their
ineome, usually a percemage of the crop, to the Zamindars. Since thefr
income depended largelv on crop production, the Zamindars had dikes
constrncted and maimained around the arable land. They were, however,

of poor guality amd required considerable maintenance each year. In
193] the Zemindari system was abolished by the “East Bengal State
Aegursition and Tenancy Act, 19307, and the Zamndars were relieved of
their power and authority. Many had been fiving in other countries and
did not return (o the area; some residing in the area lefi; and those who
remamed were stripped of their power. As a resull, there was no one to
assume the resporsibiliny for the repair and mairtencnce of existing
dikes or the construction of new ones. Gradually they deteriorated, were

brenched and over-topped by tides, and became practically useless.”

Various attempts were made dunng the 1950s to improve the conditions in the coastal
areas but it was not until the 1960s, with financial assistance from the Umted States of
America, that positive steps were taken for a long term solution to the problems (EGIS,
2001),
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2.3 Description of the Project Area

2.3.1 Definition of project area

In this report, the project area descnibed in the original TOR for this study is referred to
as the “original” project area in order to distinguish it from an extended project area,
which perlains to Options 2, 3 and 5. In other words, the eriginal project area is the area
studied by Haskoning and Associates (1993) and includes 1,006 km® within its
boundary (Figure 2.13. This project area also applics for Options 1A. 1B. 4 and 6.
However, for the remaining options, the project arca would have to be exiended to the
south to include an additional area. The boundaries of the original project area and the
extended project areas arc shown in Figure 2.1 and the project areas cotresponding to

each of the proposals under study are as follows : (LGIS, 1998}

Option 1 - Without project siluation -—-wees--=-- 1,006 km?
Option 1A - CERP {Coastal Embankment Rehabilitation Project}
with tidal basin --—--—--eseemmemmeemce e | 006 km®
Option 1B - CERP with smaller tidal basin -- 1.006 km?
Option 2 - FAP 4 proposal -—--————————-xs=n 1,306 km*
Option 3 - Madhukhali Regulator proposal -- 1,166 km®
Option 4 - Kharinia Regulator proposal------- 1.006 km”
Option 5 - Shibnagar Regulator proposal----- 1.126 km”
Option 6 - Tidal river management ---—=---- 1.006 km”

lidal River Management (TRM) has been found effective and environment friendly
approach in maintaining drainage capacity of the Teka-Hari River. TRM involves taking
fuil advantage of the natural tide movement in rivers. During [lood tide. tide is allowed
to enter into an embanked Iow-lying area (tidal basin) where the sediments carried 1o by
{lood tide are deposited. During ebb tide, water Rows out of the tidal basin with greatly
reduced sediment load and cventually erodes thc downstream riverbed. The natural
movement of Aood and ebb tide into the tidal basin and along the tidal basin and along

the downstream river maintaing a proper drainage capacity in that river.

2.3.2 General information
The following information relates to conditions within the project area at the time of

commencement of projecy, i.e. during 1996-1997:
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2.3.2.1 Administrative control

The project area is located in the southwest region of Bangladesh within the Khulna
Division and comes under the administrative jurisdiction of the districts of lessore,
Khulna. and Satkhira. The divisional, dislrict and thana boundaries within the projcct
area arc shown on Figure 2.2 while a break-down of the districts inlo thana and unions

is given in Table 2.1

2.3.2.2 Socio-economic conditions

Maost of the people of the project arez are involved in agricultural production either
directly ot indirectly. According to the 1981 census, the total population of the project
area was 666,311 which gives an average populalion density in the order of 662 people
per km". There are 107 males for every 100 (emales according to this census. Based on
an annual growth rate of 2.17%, it is estimated that the 1997 population would be about
060.000 or about 950 people per km? { EGIS. 2002)

Table 2.1 - Admintstrative Units Within the Project Area

For Original Project Aren

Distriet Thana No. of Unions || District Thana No. of Unions
Khulna Dumuria 7 Jessore Abhaynagar {4

Phultala 3 Keshabpur 8

Khulpa Metro 1 Monirampur |16

Batiaghata 1 Jessore Sadar j2

The following socio-cconomic conditions are known to exist in the project area:
Persistent water logging problems exist in many areas creating inhuman living
conditions, the spread of disease and lack of employment opportunitics

- The professional fisherman community are extremely poor and eam only about
Tk. 80 per day because catches have reduced in the rivers and beels due to over-
fisting and fish diseases. They also Tack the capital required to change their
profession

- The majority of the active population are cngaged in agriculture. irrespective of
land holding or social status. A majority of the landless and marginal farmers
work as agricultural labourers while farmers with medium and large size land

holdings mostly cultivate their own land, and
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- Brackish water shrimp farming has gradually increased in some areas in
recent times. This has greatly aflected the envirenment and has caused the
groundwatcr to gradually become saline in some localities. Social conflicts have
occurred between nee cultivators and brackish water shrimp farmers because of

conllicting interesls,

2.3.2.3 Topography

The project areas carresponding to the various preposals arc delinealed on Figure 2.1,
I'he northern part of the project area near Jessore is comparatively high to medium type
hich land with a gentle rolling topography. It drops from an elevation of 14 m {PWD)
to 6 m (PWD) at an average slope of 1 in 7,500 (EGIS, 2002), This area is relatively

free of drainage congestion and flooding problems.

Ta the south of Monirampur and Nowapara, the topography becomes very flat and the
central and southern parts ol the project area contain a large number of beels and low
lying areas, including Bee) Dakatia which has received a large amount ol publicity over
the last decade because of its severc drainage congestion problems. Thase parts of the
project area contain the main drainage congestion problems and will benefit the mosr

ITorn the projecl.

Tu the south of the eriginal project area. the environmentally important Sundarbans 1»
located. This mangrove forest area is characterised by a number of very large
intcrconnected tidal rivers The conservation of the forest, wild life and aquatic

resources of the Sundarbans Reserve Forest is a high priority for Bangladesh.

2.3.2.4 Climate and water resources

The project area has a typical monsoon climate with a warm, dry season from March 1o
May followed by a rainy season from Junc to October and a cool period from November
to February. The mean annual rainfall in the area is 1.750 mm of which approximately
70% occurs during the, monsoon season. Potential evapo-transpiration rates arc of the
order of 1.500 mm and exceed the rainfall rates frorm November to May. The area has a
relative humidity, which varies from about 70% in March to 90% in July. The mean
annual temperature is 26°C with peaks of over 30°C in May. The temperature in winter
can [all to 5°C in January. The climate is favourable for various agricultural activities

throughout the year {EGIS, 2002).
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The area is vulnerable to cyclones usually either prior to or seon afier the monsoon
season when slorm surges can cause dramatic increases in water level of up to 4 m
above tide and seasonal levels. However, Lhe project area is pretected to some extent by
the dampening effects of Lthe Sundarbans although surges do move up in to the major

LIVELS.

Surface water resources fall into two main categorics: the first is that which is
associated with flows across the repional boundaries and the second is runoff, which is
the consequence of rainfall falling within the region. Rivers adjacent to the eastern
houndary of project arca receive upstream wet seasons [lows from the Ganges River,
but the rivers in the project area and to the west are only rain fed and, as the rainfall is
seasonal, the catchments runofl foilows a sinilar pattern. The runoff during the months
of January to April is negligible and thus the salinily Icvel in the rivers of the project

area increases during this penod.

Groundwater quahity is generally good but because the area is near the coast, there is a
waline-freshwater interface. There is always a risk in such circumstances that
groundwater development will cause movement of the saline front towards inland.
There is evidence of this process eccurring in water supply wells in Khulna, However,
most groundwater moveinent within the project area is vertical. Tn the dry season water
is lost by capillary rise, evaporation and, in aress of groundwater irrigation, by well
abstraction. This depletion in storage is replaced by recharge during the wet season,
Although there are some base flow losses, and regionat proundwater flow pattems can
be identified, hydraulic gradients are low, because the perimeability of the surface layers

is also low, and the lateral volumetric transfer of watcr is comparatively small,

2.3.2.5 Transpuortation

The main highway between Jessore and Khulna is a very important road transporr link
and a railway runs paraltel to this transporr route. Another important road link is from
Khulna through Dumuna to Chuknagar, then on further to the west 10 Satkhira or
onwards to the norrh via Keshabpur and Monirampur to Jessore. Between these two
main roads, other minor roads waverse the project area. Apart from roads, the main
means of transportation in the area is along rivers by country boats and along un-

metalled country roads by non-motorised vehicles. There are some metalied roads
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cotmeeting the main towns in Lhe area but to the south of the original project area the

network of roads gradually decreases and fewer roads are metalled.

River transport is imporlant within Lhe project area and river traffic will be alfected by
project. Based upon sample surveys made at three points, namely, Koya, Dumuna and
Khamnia, the traffic pattern along the main project rivers in the south is as shown in

Takle 2.2.

It can be seen from Table 2.2 that the Koya Boal Landing (Ghat) is a very imponant
river station. Goods arrive at this ghat from places as far south as Paikgacha and Delun,
The other two ghats are slowly dying because of the siltation of the channels and also

because road communication 1s improving (LGIS, 2002).

‘Table 2.2- Results of Survey of Boat Traific Using Rivers

rce, stone chips, coal|day

and people

Dumuria 4-5 Tk. 18,000 Fish, people 3-4 hours/day
Kharnia B-10) Not Available | Rice. flour, people 3-4 hours/das

Yearly Remarks on
Name of No. of Boats]Revenue from|Commodities Navigabilicy  of
Boat Landing |Plying per day |Boat Landing | Transported Rivers
Kova 100-1035 Tk. 30,000 Fish.wheat,vegetable. | Throughout  the

2.3.2.6 Agricultural and fisheries resources

{a) (reneral

The agricultural and fisherics resources of the area arc the most imporiant resources to
the tivelihoods of the people. While agricultural resources are more important than
fisheries resources in the projcct area, it is noted (in 1996} that national concern is being
increased about dechining fisheries resources in Bangladesh. The importance of fish is
being increased as a source of protein for the people. In the project area, fish is
produced both for the people and at the same time, it is being an imperant exporl
commeodity. In these circumstances, while efficient drainage is important 1o agricuiture,

the Overall Drainage Plan does not preclude the future expansion of fishenes should this
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be in the interests of the people of the project area and Bangladesh.

(b}  Agricultural resources
According 1o field data the net cultivated area in 1991-92 was 77,935 ha with single,
double and (riple cropped areas of 55,814 ha, 15,163 ha and 6,958 ha, respectively. The
distribution of areas under different crops was as follows:
- Aus, Aman and Boro rice were grown on 87% of the gross area, (1951-1992)
- Rabi crops such as wheat, oilseeds, pulses, polato and vegelables occupied
15% of the land, {1991-1992) (Haskoning report, 1993).

Aecording to the Haskoming report (1993). it is found that among seasonal rice, Aman
was grown on the largest area (50,864 ha), followed by Boro (23,617 ha) and the
remnaining Rabi crops (14,704 ha). The net cropped area of 77,935 ha provided a total
cropped arca of 107.014 ha in 1992-93 and thus the cropping intensily was 137%. It was
stated in the Haskoning report (1993) that Opiion 1, the CERP proposal, would raise the
cropping intensity from 137% to 157% by converting more single cropped and double
cropped areas into, respectively, double and trniple cropping Increases o the (lood free

areas would also contnbule W an increase in cropping inlensity.

In contrast to the Haskoning (1993) report, data obtained from the Dumuora Thana
agriculiural extension oftice indicates that at present the cropping intensity is only 122%

with only one rice crop being grown in the area ( July- December).

fr) Fisheries resources

In the project arca lisheries comprise capture fisheries, culture fisheries and brackish
water shrimp farming. The open water capture fishenes in the area compnrse the niver
syslem. beels and seasonally inundated flood plains. Although culmre fisheries in
ireshwaler ponds in the area has increased in recent years, the yields per hectare are still
relatively low, averaging about 300 kg/ha'yr overall (1998-2001) (EGIS, 2001). Yields
of over 4,000 kg/ha'yr are feasible.

According the Hasconing and Associates (1993), the project area as many as of 21,303
ponds and tanks, covering a total area of about 2,800 ha comprise pond fisheries. Cerp

poly-culture is practised in 96% of the total pond area. Shnimp culture needing saline
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water has !:leveinpcd mostly in the south of the project area along the Sholmari, Bhadra
and Salta Rivers.

Haskoning (1993) estimated that out of the tolal fish production of 5,158 tons, culiure
fisheries contribute 2,369 tons ( about 46%) of which pond fisheries alone contribute
2.148 tons { about 42%) i.e. pond fisheries provide over S0% of the culiure fisherics
production. While only a small proporiion of ponds are derelict it has been seen that

production has becen falling since 1992,

Although the shrimp farms cover more than 1.000 hectare. The shrimp fisheries in the
project arca contribute only 9% to the culture fisheries production. The average yield of
220 kg/ha appears 1o be low. There are many difficultics and constraints to the
developmeni of shrimp [isheries such as control by “outsiders™. pelitico-cconomic
problems, social issues, risk of thelt and those relating to cultural practices. The latter
include pond preparation. feed and (ertilization, nursery management. stocking, pest

control, water management, eto.

There are conllicts of interest between shrimp cultivation and rice growing. Shrimp
cuiture delays rice cultivation and dees not allow more than one crop a year on a field.
The shrimp cultivators cut polder embankments to take brackish and saline water and
BWDA has only limited control over these activities. The shrimp industry is controlled
by “outsiders” and this has resulted in adverse effects on the employment and income of
the rural poor, as well as creating other socio-economic negative impacts on livestock,

drinking water, fruit trees. ctc.

The capture fisheries in the project area appear to be much less than the pational
averape. Furthermore, the low yield is an indication of very poor productivity.
Haskoning (1993) cstimated that, capture {isheries cover an estimated arca of 19.000
hectare within the project area. The river and estuaries comprise about 19% of this area,
while the other compenents, which include beels, flooded land and canals, [orm about
81%. Exploitation of open [ishergs goes on throughout the year but intensifies
considerably during the monsoon months. The total annual fish catch from these open
surface waters is estimated at 2,500 tons. The average unit catch is estimated to be 147
kg/ha of which 172 kg/ha is in rivers and 141 kg/ha in other components of the system.

Table 2.3 summarises the position for fisheries production in the original project area.



Table 2.3 - Details of Fisheries Production in the Project Area

Area Production | Yicld
Type (ha} | (MT) (kg/ha)
Marine Shnmp/Fresh
Water Prawn 1,000 | 221 221
Pond Fish 2,800 | 2,148 767
Capture Fish 19,000 | 2,500 147

Source : Upazilla Fisheries Office

T'able 2.4 - Details of Fisheries Production in Dumuria Thana
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Area Production | Yield
Type {ha} (MT) (kg/ha)
Marine Shrimp 4000 1328 322
650} 215 337
Fresh Watcr Prawn | 1000 1800 1000
Il Pond Fish - 500 -
Watural Produetion
Note: Data collected from Dumuria Thana Fisheries Office

2.3.3  River systems / Basin of the project area
The eiver system/basin in the project area can be divided under three following heading

!, Hari river system

1.2

. Upper bhadra river system
3. Southeastern sysfem
Each system can be described with following heading:
1. Hydromorphology 1
2. Agricuitural system
3. Fisheries

4. Ecosystem
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Figure 2.3: Wet lands Present in the KJDRP Area
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2.3.3.1 Hari river system

a} Hydro-morphology

Hart drainage system is the largest among the three main drainage systems in the study
area. This system drains about 53,000 ha ol land, which is about half of the project area.
‘the system comprises of the IHari and Mukteswari rivers as its main drainage artenes.
The Mukteswan Raver and Tekas Nadi collect water from 33,000 ha of land and drain 1t
to the Har River through the Bhabadaha regulator. The Hari River remains free from
iterventions at the downstream. In addition to the area drained by the Mukteswari
River and Teka Wadi, I1ari itself drains beels like the Khuksia, Bhaina, Kapalia, and
scveral other adjoining beels with an area of about 20,000 ha. Since the 80°s, the river
staed to decline in cross sections with the reduction of its tidal volume. In the 80°s, the
sedimentation in the Hari River tmpeded the drainage of its catchment area, In the
sccond half of the 90°s, it became difficult to maintain the river section even by manual
or mcchanical dredging. In this situation, people around Beel Bhaina cut the BWDB
embankment at two locations for relief from water congestion in November 1997, Since
then., a different phase of development has continued to take place in this area (I'Wh.

2001,

Twao local cuts were made on the BWDIB embankment of Beel Bhaina alonp the Hari
River. one at the Agarhati village and anather 1.3 km north of the Aparhati cut. Initially
these cuts were narrow and shallow. But gradually the size of the local cul had become
move than 2000 sg. meter and that of the sccond cut ahout 50 sgq. meter. The
corresponding tidal volume entering the beel as estimated in May 1999 was 4 million
cubic meter. This huge tidal volume caused the erosion of the bed and hank of the Hari
River. Five kilometres long slretches of the [Hari River downstream of Agarhati is
deepened by 3m. while lurther downstream, 6km long stretches of the Telegati River is
deepened by 2m. Since the observation of May 1999, the Hari River has widened by 10
to 15 m. but no signilicant widening has been noticed in the Teligali river. The volume
of erosion of the nvers is equivalent to | Mm*(one million meter cube). The cross-
scetional areas of the Han and Teligat rivers are more than the estimated design area.
At present, the cross-sectiopal areas of the Harl nver reach downstream of the Beel
Bakar Tidal Basin (BBTB} below 2 m+PWD is about 500 w2, whereas the
corresponding design area at the same location was estimaled to be about 300m2. The

increased cross-sectional area ailows about 10 Mm3 of tidal volume {estimated from
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SWMC measurement in 20000 (TWM, 2002).

The tidal flow movement into the Beel Bhaina cause sedimentation, the magnitude of
which is higher at the entrance of the beel and which gradually diminishes towards the
far end. The momtonng of the discharpe and sediment concentration at Ranai
downstream of the BBTB as performed by SWMC in 2000 shows that during neap tide,
sediment fransport both in flood and ebb (ides are nearly the same, indicating no net
deposition within the system. On the olher hand, during spring tide, the dilference
berween sediment transport in flood and ebb tides is very significant, indicating that a
huge amount of sediment is deposited in the upstream tidal basin during spring tide. It
was further observed that sedimentation in the tidat basin alse depends on salinity. The
monitoring of these types of parameter will allow a farr understanding of the physical

process ol the systern.

Since 1998, it has become a practice to build a cross-dam in the Hano River just
upstream of the second public cut of Beel Bhaina to protect the sediments in the
upstream reaches of the river. Recent experience reveals that temporary cross dams
worked well 1o prevent sedimentation in the dead end stretches of the river. The opening
of Beel Bhaina lor idal movement and rehabilitation of the inlemal draimage sysiem has
been improving the drainage situation of the Han syatem since 1998, Although sitnation
related to drainage congestion has improved signilicantly, therc remain some site-

spectfic problems.

Closure of the local cuts in Beel Bhaina without opening a new tidal basin will cause
huge sedimentation in the Hari and Teligati rivers. This may cause severe drainage
congestation in the Hari river and the Upper Bhadra system. thus bring back the earlier

probiems.

Deel Kadaria Tidal Basin (RKTH)

QOpening the BKTB will allow tidal movement inte the Hari and Mukteswan rivers.
Based ¢ current knowledge, it can be said that ihe opening of the BKTB is enough to
maintain the design section of the nvers downstream of the basin. However, avatlability
of monitoring data on the BBTB can provide further insight into the system. It is not
unlikely for the tidal volumes passing through the Hari and Mukteswan rivers to

increase Lhe size ol the river by eroding its bank,
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Salinity intrusion is evident from the tidal intrusion into the basin. From the experience
of the BBTD, it can be estimated that the maximum salinity in the BKTB will be
reughly within the range of 10 to 15 ppt. This salinity range may be observed during the
peried between the end of April to mid May (IWM, 2002).

The tide will propagate through the Mukteswari river bevond the BKTB. Allowing tidal
movement nto the Mukteswari nver upstream of the tidal basin, may result in
sedimentation of the river bed, and thus may require maintenance and dredging of the
river, Sedimentation is likely in the tidal basin but i1s annual rate would be much lower
than what was the casc in Beel Bhaina. This assumption is based on the fact that the
estimated tidal volume in the Kedaria beel will be at lcast 4 to 5 times lower than that in
Bee]l Bhaina. The sedimentation parern in the basin would be almost the samce ie.,

higher at the opemng and lower at the tail end of the basin.

The peripheral embankment of the tidal basin may obstruct overland flow through
agnicultural fields and may dismupt drainage of the rest of the Kedaria Beel. On the other
hand. the tidal basin itsclf will create the opporiunity to drain other beels through the

Mukteswari and Hari rivers.

b} Agricidture

Mlaost of the beels under Hart River system have shown improvement in their drainage
performance. The Jikra and Dumuria beels are almost fully reclammed. The major crops
grow in the areas are broadcast Aman and Boro. Significant improvements have also
been observed in the Khulsia heel, where about 60% of land has already been reclaimed,
and the bore crop is being practiced using irrigation. Parl of it is also used for fish
culture in the monsoon scason. Similar types of improvement has also been noticed in
the Chechuria and Shingra beels, where about 70% of the area is under the boro rice
crop. which is followed mostly by fishing practices. [n beel Bhaina. the upper part is
used for the T. Aman(Transplanted Aman)-Boro crop (about 40%) and the lower par
for Boro-fish {about 10%). Most of the remaining areas remain inundated throughout
the year. Soil salinity has developed in this beel as a result of unplanned TRM(Tidal
River Management) practice. The major parts of the Kappalia and Rudhagara beels are
facing drainage congesiion, and only 25 to 35 % of the areas are under agricultural

crops. A very slighl improvement has been observed in beel Kedaria and Baker. The
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single boro crop is being rotated with fish culture on 10 to 15 % of the land. Farmers
intend to use part of the reclaimed land for Aus and Aman crops in the subsequent
vears. No improvement has becn observed at the Damukhali beel. Farmers use
fertilizers and pesticides for the boro crop. Ferilizers ere used more {about 490 Urea
kgfha} in the Shingra beel than in the other beels, where they are used within a range of
118 to 290 kg/ha. The drairage condition of this system will be improved due to an
imprevement of the conveyance capacity of the Hari River. Consequently, most of the
beels under this river system are expected to be fully reclaimed. There will not be any
major limitation on crop cultivation. It is likely that farmers will store Aus and Aman
cuftivation in the higher parts of these beels and irrigated rice crop in the lower parts in
rotation with fish culure. The beels, having tidal flushing during the monsoon season,
will reecive fresh silt laden sediments from the river. These sediments will ennich the
soil nutrients. Scasonal flooding in the rice fields will contribute to nutrient enrichment
in the form of nitrogen fxation by blue green algae. This kind of tidal looding will
remove the residual effects of fertilizers and pesticides on the soils. The beels. which
will not receive monscon tidal flooding. will be deprived of the nutrients from the
sediments. These soils will be degraded when intensive cultivation will be restored. Due
(o continuous sillation, the highest part of the ridpes of these beeis will remain above the
flood level in the monsoon scason. Lhis will cause a significant drop in soil moisture

and nutrients. Short rooted crops and trees will be aftecled by drought (EGIS 2001).

The beels, which wiil have tidal basins, would be different from other becls with respect
io the hvdrological situation. These will remain inundated thronghout the year. The area
will be without agricultural crop due to perennial wetness and strong salinity of the
sotls However, the area will receive river sediments, which will conven deeply land
into mainly shallowly flooded land and in some cases, into non-Mooded land. As soon as
these raised lands will become sall free by rainwater [ushing, farmers will restore

inlensive agricultural practices.

ot Fisheries

The present situation of the whole systern, with some exceptions {e.g., beel Bhaina
under TBM) of TBM and TB can be considered as a non-tidal situation, which makes
becl resident species deminant in the beels of the system. In recent years, golda

cuitivation has become wide sprade during monscon.
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The present TBM in beel Bhaina reveals that this type of management would bring
considerable benefit to fisheries and biediversity. This was evident from the situation
observed in the Hari River system ncar the Sholgati bazaar,. where brackish water
capture fisheries have regained its hold afler many years and where about 400
professional fishermen, whe left their village earlier abandoning their traditional
profession, have reinstated themselves in their old profession, The locals have reponied
that during the first and second year of the cut, there was a tremendous rise in open
water capture fisheries. The sedimentation process of TBM has converied the low-lying
arcas into high lands, which are now being used by the community for agriculture and
fish/shrimp production. The present saliny level at the pownt of the scecond local cu of
beel Bhaina is good enough to produce nee as well as shnmp {Golda), while in some

parts of bagda production has been tried by the new/old [ish farmers with some success,

Open water capture fisherics is cxpected to increase with the improvement in the quality
of the wetlands and maintenance of the migratory routes in the Hari Raver system upto
beel Kedaria, The nature of capture fishery will be changed from beel resident species to

free eco-system mixing patterns with higher productivity and higher unit value.

The pressure for shrimp cultivation is expected to grow. In the tidal basing both hagde
and gedda culture will increase due to good water exchange facilities ensuring moderate
sahinity and adequate water guality, In the distant arcas, there will be more golda
cultivation and in the areas near the esthuary. there will be mure hagde cultivation. In

both cases, the salinity will be ideal for the twin culture system.

d}  Ecosystem

l'he existing condition of the study area can be recognized as being an imper(ect
stagnant ecosystem of the mixed tidal and non-tidal Ganges flood plain. 1t is imperfect
because pans of the floodplain or basin have been drained step-wise from a stagnant

condition.

To date, beel Baker of this system could neither be drained nor properly flushed by tidal
waicr. As a result, the wetland of this beel remains at a poor condition compared to the
ecosysiem of any other beels of the shudy area. Prolonged slagnation of water has made

the water body totally anaerobic.
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The Dumur, Jikra, Damukhali, Boruna, Payra, Hanna,Rudhagara and Kedaria beels
under the Hari river system are in a comparatively better ecological condition. These are
the beels which could be parly or fully drained through the Hari nver system. Part of
these beels which still cannot be drained remains as a wetland of a semi-anaerobic
condition. Some portion of these beels are used es shrimp farm creating water quality

problems due to a lack of [ushing facilities.

The Hari river upto the second local cut of beel Bhaina is cumently under tidal
conditions. However, a closer just above the cuts makes the upper part of the river non-
tidal during the dry season. As the Hari river remains non-tidal dunng the dry season.
migratory aquatic species cannot get access to {loodplains. A good pan of the Bhaina
beel remains as a wetland connected with the main river siream. An uneven deposition
of sediments in the beels provides the scope for multiple land use like agriculture, fish,
shrimp. larming, etc. The change has provided temporary-grazing land for wetland

dependent birds. especially for shoreline birds.

The biological diversity of plants and wildlife is expected 1o be further improved from
the present conditions. This is in spite of the fact that the total wetland area would be
reduced as people nse more and more land (or agricultural practices. such as for paddy
ot shrimp. 1 is expected that where land would remain available as wetland
(scasonal/perennial), the improved drainage and flushing conditions would result
hetler water quality, recharged nutrients, and increased stock of fish and other aguatic
e forms. Terrestrial plants are dying due o water stagnation. would return, while
wetland dependent wildlife would reappear and start razing over land and water.

Improvements are especially expected for waier hens, herons, mudskippers and sand

pipers.

Cun-version of agricultural land to shrimp farm in the study areas needs to be considered
as one of the major ecological alterations. In some parts of the beels in Khulsia, Bhaina
and Rudhagara, Jocal people are converting their agricultural land almost permanently
to shrimp farms. In the longer term, it might have an impact on the ecological balance of
the project area, especially due to the abstraction of the snails from nature. Morcover.
use of extra feed for shrimps will create water quality problems. The situation will
worsen in those beels where [ushing facilities are poor or absent. It is to be noted that

the cultivation of the golda aleng with rice or other crops is not as environmentally
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damaging as the culture of the bagda alone (EGIS, 2001).

2} Social and Institutional:

The inflow of saline water and consequent inundation of Beel Bhaina prevented
cultivation of crops in the becl. However, as new land developed due to sedimeniation
caused by the intake of tidal water, such land gradually became available for agriculture.
[n the situation of the increased veolume of water within the beel, opportunities for
capture fisheries incrcased. The opportunitics influence some in settling up Ghers for

fish culture.

The uneven sedimentation has caused drainage congestion in many parts of the beel.
Since the water coming in from the Hari river was not confincd within any perimeter
cmbankment, the salinity of the surface water affected extensive areas. This created
adverse impacts for homestead vegetation. Many trees were reported to have died on
homestead land, Areas at the far end from the openings were subjected to inundation of
homestead land. particularly during spring tide. Greater availahility of saline water
during the dry season e¢ncouraged Bagda farming. With the availablity of water
fhroughout the vear. Golda farming alse increased in certain parts of the beels which

eets less saline during the wet season.

The opening of beel improved waterway navigation and boats could ply in and out of
the beel to distant places. The navigability of the Har river downstream of the openings
has been improved. The people within Beel Bhaina arc now clumouring for the closure
of the openings. They feel that further land devclopment could not be generally
beneficial to them. The shortage of land for cattle rearing and collection of fodder under
conditions of innundation atso creat a problem. It is cven difficult to have enough dry

land for poultry raising in the homestead.

Initialiy, the peopie within the beel Bhina were happy within the fish availabie to them.
‘I hus inability to cultivale rice crop did not hurt them much. However, as the siltation of
different canals adversely affected the migration of fish and their production, people
became interested in ciosing the openings and creating a sitvation whereby it would be
possible to grow rice and other rice and other crops in the beels. Il 15 also to be noted
that people who had no land on the newly accreted land mass were not able (o cultivate

any crop. Therefore, the urgings were quite strong for the closures of the openings.
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The width of the river immediately downsiream of the openings increased by eroding
areas near the Kharnia and Sholgati markets. The temporary protection measures in
those areas were not proving o be eflective, and therefore, the drainage plan included

some more permanent measures of protections.

Most of the people of Beel Bhaina had to shifi their occupation from agriculture to
fishing or trading activities. The pnice as well as the mortgage value of the land that
remaincd low within the beel went down. Road communication was adversely aflected,
creating problems in eccessing educational and health facilitics. Although boat

communication was improved, not every househeld owned boats.

The drainage of areas in beel Kedaria has improved significantly, This was made
possible due to the greater capacity of the river downstream of Beel Bhaina and also due
te the rehabilitaticn of the DBhobodah Regulator to allow better drainage of water.
Besides. the dredging work downstream of this regulator enabled better drainage. Under
such chicumstances, it has been possible to devote more land to agriculture. This has
resulted in greater employment opportunitics in agriculture. Capture fisheries activities

have redoced due 10 a reduced availability of water during the dry season.

some people of tield think that the perimeter ecmbankment will choke some of the
creeks. In that situation, they fear that the area adjacent to the basin would get
inundated. Therefore their sugpestion is to cstablish small pipes along the perimeter to
allow the outflow of water during the monsoon season. However, the current drainage
plan recommends the cutting of appropriate sections of the embankment during
mensoen to facilitate the desired drainage and to close the embankment sections after
mensoon o prevent upstream saline intrusion, The people remain apprehensive over

whether this will be done properly by the authorities.

The socto-econormie impacts of implementing the tidal basin concepl would of course
be felt within the whole basin. However, the immediate impacts within Beel Bhaina and
Beel Kedaria would assume a character different from that within the rest of the basin
The socic-econemic impacts of continuing with the present situation in Beel Bhaina and
implementing e tidal basin in Deel Kedeia would be felt mainly in the activities relating

to agriculture and [isheries.
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As for Beel Kedaria, the area io be brought under the tidal besin would uot be available
for agriculture during the period for which it is to serve as a tidal basin. The land under
the tidal basin within the rotational scheme would not be permanently lost 1o the
concemed landowners. However, some adverse effects could be expected within the

interim period.

[ntroduction of tidal basins in some beels would eliminate the problem of water logging
for other beels within the basin. This would lead o significant shifis from capture
fishing activities to agricultural operations and {ish cultivations. Aparn from other
muscellanecus problems associated with persisten! inundation, the quality of water in
the waterlogged area is not very conducive to either fish production or ¢atch. Therefore,
the prospective shifl from (ishing to agricultural activities is awaited by the local people
as a welcome change (FGIS, 2001).

2.3.3.2 Upper Bhadra river system

a)  Hydro-morphology

‘The total area of land that drains through this system 15 about 33,000 ha and mainly
comiprises the Harihar and Upper Bhadra river drainage systems. Physical intervention
in the Upper Bhadra system is minimum compared to the other two systems. Only the
re-excavation of the main rivers and internal ¢anal system 13 the major componant of
interventions in this system. The other components are construction of bridge and

culverts, and temporary closures.

The re-cxcavation of the rivers and internal canals has already improved the drainage
situation in the Upper Bhadra system. The operation of beel Bhaina as a tidal basin has
also helped to improve drainape thouph the Upper Bhadra and Teligati rivers {TWM,
2002), '

Most of the beels in this system drain through (lap gates to the nvers. The rivers are
dominated by tidal movement except during a few months (february to May) when a
temporary cross-dam al Kashimpur is in place to prevent tidal movement into the river.
Since 1998, this cross-dam has been built every year at the beginning of the dry season
and removed just before the monsoon. The cross-dam prevents the build wp of

sedimentation in the system. With the implementation of the draiuage plan, the drainage
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situation in the system is expecled to improve furher. However, floods of the

magnitude of the year 2000 may be problemalic.

The Kashimpur cross-dam has been able to reduce sedimentation I the river reach
upstream of the cross-dam. Sedimentation in the downstream of the cross-dam has also
bcen minimal probably due to the operation of the BBTB. In the long run, however,
intreduction of TRM may be necessary to contain sedimentation in the river

dovwnstream of the ¢ross-dam.

All the regulators in this system remain as conventional {lap gates. Therelore. these can
only drain and are unable to retain fresh water in the beels without special arrangements,
Unlike the Hari river system, sedimentation at the downstream of the regulators in this

svstern would be minimal (IWM, 2002).

b} Agriculture

The beels under the Upper Bhadra nver system have shown significant drainage
impronement Previously, about 60% to 80% of the total beel areas remained fallow due
o walerlogged conditions. Presently, there is no major limitation on agricultural
practice in the Buruli, Pajia-Pathra, Garalia beels. The farmers in Buruli practice the
mix Aus and Aman crop on the higher part of the beel {About 50 %) and boro tollowed
by fish in the lower parts (about 30%). Crop production has increased 100% since 1997,
The single ¢rop boro followed by fish 15 practiced in the Pajia-Pathra beels. Presently.
due to the practice of the High Yield Varlety (IIYV) boro, crop production has
increased by 300% compared to the past. Similar types of Improvement have been
observed in the Garalia beel. Farmers are using fertilizers for all of their crops. The rate
of application of the urea ferlilizer for boro and Transplanted Aman {T. Aman) crops

range between 180 to 250 kp/ha (EGIS, 2001).

The beels of the areas will receive iidal river water during the monsoon season, as there
will not be any closure in the Upper Bhadra river. But the seasonal closure on the upper
Bhadra River will not allew water to enter the beels during the dry season. 1f these
hydrological characteristics could be sustained, both the ridges and basin soils will be
benefited from agricultural practices. The ridpes could be used for diversified rabi crops
in the dry season and rain fed rice crops in the monscon season. The basin will be used

for irrigated rice crops.
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As the beels will have complele closure during the dry season to meet irrigation
requirements, the deepest part of the basins may develop drainage congestion, which

may resirict the agricultural practice.

¢t Fisheries

The basin area int this systern has been reclaimed. As a result, all the beels now become
dry during dry season limiting the opporlunities for capture [ishenes. On the other hand,
culture fishery has been developing in many places. The Garalia, Buruli and Pajia-
Pathra beels are under the white fish and shrimp cultivation. The excreta of fish are
good fenilizer and the rice-cum-shrimp farms need less chemical femilizers for

agriculture production.

A better water cxchange facility in the intcrmal canal system will help to bring new
spocies composition both from fresh and estuarine habitats during the wet season when
the niver remains open. However, during the dry season the river will rematn ¢losed by
the cross-dam al Kashimpur . The present trend of dominant beel resident species will
be reduced and the overall bio-diversity will be improsed. However, the loss of Aman

Aeodplains to golda ghers will reduce capture fisheries.

dy  Ecology
All the beels under the Bhadra river system has aiready been under improved dramnage
conditions But the construction of a temporary elosure at Kashimpur has restricted the

scope of flushing during dry months,

The ecosysiem of the Pajia, Pathra and Buruli beels ean be currently described as being
an artificial ecosystem. The local people of these arcas have compartmentalized the
beels. The area can be classifted into the following systems:

® Dirainage canal

= Ficld dyvkes and

® Agriculiural land
Rainwater is retained within the canals for irrigation and fish/shnmp Ghers. Canal water
is almost devoid of natural aquatic vegetation. Field dykes arc built as high as possible

and remain without vegetation. Agncultural land is uftlized only for rice monoculture.



CHAPTER THREE
LITERATURE REVIEW

3.1  Gencral Background of Praject

The Khulna-Jessore Drainage Rehabilitation Project (KJIDRP) was taken up to solve the
problem of water logging and drainage congestion in the project area situated in parts of the
Khulna and Jessore Districts in the southwest region of Bangladesh. The arca is
characterized by sediment laden tidal rivers and in recent yeat’s drainage congestion

problems.

[n the late 1960s and early 1970s, the Government of Bangladesh (GOB) constructed a
scrics of polders under the Coastal Embankment Project (CLEP) that created the scope for
growing agricultural crops by preventing intrusion of saline water, The creation of polders
simplified the existing drainage network, which was comprised of a large number of tidal
crecks and rivers. This resulted in a substantial decrease in the tidal volume accompanied
by an increase in tidal range. Afler more than a decadc of good productivity, drainage

congestion began to increasingly affect most of the northern polders.

In the early 1980s. drainage congestion in the polder arcas was recognized as a serious
probleim, when the rivers and creeks in these areas silted up to such an extent as to render
them inopcrative  This resulted in large areas remaining waterlogged throughout the entire
year. Drainage congestion, Hooding, salinity intrusion and water lopging have all been
major problems over recent years, causing a serious decline in agricultural production and

fiving conditions in the area.

3 1.1 Praject history

In response to declining agricultural production and deteriorating living conditions in the

project area, the GOB with linancial support from the Asian Development Bank (ADB
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Loan No. 1289-BAN(SF)) arranged to undenake the Khulna - Jessore Drainage
Rehabilitation Project (KJDRP). The overall project objective is o reduce poveny,
primarily by increasing agricultural production in the area. [n addition to the usual range of
engineering inputs, the project has included sociological. environmental, agriculture and

fisheries investigations to ensure its successful implementation.
The four major compenents of KJDRP are as follows.

Part-A Beneficiary Pamicipation

Par-B Drainage Rehabilitation Works

Part-C Agriculture Development

Part-1) Fisheries Management

Snowy Mountain Enginesring Corporation {SMEC) and Associates was selected as the
consultant for the Part B component and started their work on 23 September 1995, Based
in part om an accumulation of knowledge from a number of previous studies, SMEC
prepared an “Owverat] Drainage Plan” in April 1998, This plan identified a range of possible
interventions. Subscquently, the Tidal River Management (TRM) option was selected for
implementation, being both technically feasible and also attractive from a social and

environmental perspective.,

The TRM option proposed a 600 ha tidal basin in Beel Kedaria to keep the Mari River
downstream of the basin alive and to raise the basin area through sedimentation. Using
sophisticated numerical modelling technigues by Surface Water Modelling Centre
{(SWMCY it s projected that the Besl Kedaria tidal basin will allow sufficient tidal
movement along the Hari River to maintain its design section downstream of the basin. In

Tanuary 2002, the Kedaria tidal basin was put into operation (SMEC, 2002}

A number of studies are being carried out to furher contribute to the planning and
implementation of the KJIDRP drainage plan and to promote & sustainable approach for
integrated, interactive and iterative waler resource management. Environment and GIS

Support Project for Water Secter Planning {EGIS) has been engaged to monitor and
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evaluate a plan for environmenial, secial-economic and inslitutional arrangements. Surface
Water Modelling Centre (SWMC) has been engaged to perform special monitoring of the
TRM process to gain mere insight into the physical processes at work in the Hari River
wystem and to develop models that support managemenl decisions with respect to drainage

performance.

3.1.2 Project nbjectives
As stated in the Consuliant’s terms of reference, the project objective is as follows:

“The principal objective of the project is poverty reduction through increased agricultural
production in the praject area. The Increased agricultural production will be achieved by
(it mohilizing beneficiary participation for profect design and implemeniation, and for
vubsequent operation and maintenance (O&M) of the project facilities: (i) rehabilitation of
the existing dralmage infrastructure to reduce dramage congestion and to profect the
project area from tidal and seasonal flooding: (i) providing support for the expansion of
agricultural extension services that will be necessary os flooded londs are veturned to
agricwliural productivity; and (rv) improving management of fisheries in polder areas fo

enstve o confinumg supply of black fish speces.”

To ensure attainment of the project objectives, the project has been cstablished with a wide
base and in addition to the usual range of engineeting inputs. includes sociclogical,
environmental, agriculural and fisheries activities and investigations. Successful project
implementation requires the various consultants and governmental agencies invelved in the
project components to interact ¢ losely with one ancther and with the local communities

affected by the project.

3.1.3 Current statuos

Tnitially, the project was scheduled to be completed on 31¥ December 2002, All major
components in the project’s three drainage systems had been completed. In the
Southeastern system, the two major regulators, at Sholmari and Ramdia, have been

completed and are in operation. In the Hari River System, the entrance to the Bhaina tidal
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nasin was closed in December 2001, and the Kedaria tida} basin started operation at the end
of fanuary 2002. Tn the Upper Bhadra System, the seasonal Kashimpur cross-dam was
successfully completed in January 2002. 1t was breached on 18 February and subsequently
closed on 22 February 2002 (SMLEC, 2002).

The BWDB’s Pan-B Engineering Component had already completed about 85% of praject
works. The construction program for the 2001/02 tiscal year includes 5 bridges, 9 culverts.
30 footbridges, 8 pipe cutlets, 21 drainage outlets, 2 closures and 14 sluice rehabilitations.
During this fiscal year, the Part-B Consultant had completed 141 designs in consultation
with water management organizations, and the wotks are in the process of implementation.
The Part-B Consultant had started construction supervision for this year's work program.

BW DD is optimistic that most of the works can be completed by June 2002

Under the project. two cutter suction dredgers had been procured: one 300 mm diameter
and onc 450 mm diameter. Both dredgers are presently warking within the project. One
amphibious soft terrain excavator and one long range cxcavator were used. The Parl-B
Consultants finished its training to Site Supervision Inspectors for ail % WMAs (Water
Management Associates) within January 2002. The BWDB's Part-A  Beneficiary
Participation Component, through its Consultants and non-government organizations
{NGOs), had compleied forming all water management organizations in the project area.
Filorts were continued to improve the institutional capacity of those organizations. In total.
| Water Manuagement Federation (WME), @ Waler Management Associations (WMAs), 38
Water Management Committees (W MCs) and 507 Water Management Groups (WMGs)
had been formed to perform water resource management aclivities in the project area (EGIS

2002}

The BWDB's Parm-A Component, with assistance of its Consultant, was involved n:

Finalizing agreements between WMAS and BWDB for sharing Q&M activities
_Facilitating transfer of BWDB property to WhiAs

-Implementing a revised WMA training program
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-Undertaking a new information campaign
-Organizing LCSs for implementation of works programs

-Making provisions for micro-credit for fishing families

SWMC had conducted a program to monitor the TRM along the Hari River Syslem to gain
more insight into the physical processes at work and to develop models to support
management decisions. Its program is scheduled to be completed in December 2002
Based on its data collection activities over the past two vears, it intends to develop and

calibrate three numeric models:

- A hydrodynamic model for the Hari river catchment to predict tidal basin

performance.

- A cohesive sediment mode! for the Hari river catchinent to investigate
sedimentation processes.

- A hydraulic model for the entire project to investigate drainage performance

EGIS is currently executing a program for monitoring and integration of the environmental
and socio-economic impacts of implementing the TRM. ‘I he project started in July 2001

and wiil continue until December 2002, The program is divided into 3 components:
- Environmental, socie-economic and institutional monitering
- Framework development for Manapement Information System (M15} and
Community M5 {COMMIS)

- Preparation of a sustainable integrated water management plan

The third component of the current EGIS program, that deals with institutional
arrangements, is particularly imponani for the sustainability of operation and maintenance
(O&M) activities. An intograted water resource management plan for post-project
conditions will be prepared through intensive interaction with the WMAs. One of its
outputs is a design of institutional arrangements, with special focus on the mandates and

tasks, procedures and financial arrangements.
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3.1.4 Project characteristics

3141 Geography

KIDRP is a flood control and drainage project located in southwestemn Bangladesh. The
area is characterized by sediment laden tidal rivers and, in recent ycars, drainage congestion
problems, The total project area covers around 100,600 ha. It is par of the deltaic area of
the Ganyes and Brahmaputra river system. The Jessore - Khulna Railway line on the norih
and east. the Lower Sholmari, Salta and Upper Bhadra Rivers on the south, and the

Kobadak River catchment on the west, roughly bound the project area.

2142  Administrative

KJDRP includes parts of Khutna and Jessore Districts. There are eight thanas included in
the project and 42 unions. The tota! population of the project area was estimated Lo be over
one miltion in 1997. The project has been divided into three drainage systems. and further

divided into nine water management zones (Figure 3.1}
Sautheastern System Zones A. B & C
Hari River System Zones D, E, G & |

Upper Bhadra System Zones F & H

3.1.4.3 Topography

The northern par of the project area near Jessore is comparatively high land with a gentle
rolling topography. This area is refatively free of drainage congestion and f{looding
problems. To the south of Monirampur and Nowapara, the topography becomes very flal
and the central and southem pars of the project area contain a large numbcr of beels and
low-lying area. including Beel Dakatia. These paris of the project area contain the main

drainage congestion problems and will benclit most trom the praject.

3144 Tidalrange

The maximum spring tidal ranges vary from 2.5 to 3.5 m in the project arga. During neap

tide, Lhe variation ranges from 1.5 to 2.5 m. The tidal ranges are higher in the rivers
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immediately south of the project area than they are in areas closer to the Bay of Bengal.

The tidal ranges are 10 to 30 cm higher during the wet season than in the dry season.

3.1.4.5 Salinity concentrations

Salinity in the southwest region begins to increase from December and reaches its peak in
March to May. Maximum salinity in the Bay of Bengal is between 25 and 30 g/l. while in
the rivers immediately south of the project area it is between 15 and 20 g/l. Readings during
M1 show that surface water salinity at both Ranai and Dohori along the Hari River
increased from 4 g/l at the end of March to 13 g/l in mid May and then decreased 1o 5 gfi by
the end of June (I'WM 2002},

3.1.4.6 Sediment concentration

Scdiment in the project is transporied upstream from the Bay of Bengal on the nising tide.

Sediment consists mainly of cohesive silt and clay. The sediment concentration increases
during the dry season. [n the rivers immediately south of the project area the sediment
concentration generally varies from 1.500 mg/ in the wet season to 2,000 mg/l in the drv
season. Much higher concentration is observed during the dry season in the smaller rivers
like Hari. SWMC found that the concentration in the Hari River at its conluence with
Upper Bhadra to be 8.000 mg/l during April 1996, During the wyt season the average
concentrations was only 2,200 mg/l. Readings during March 2001 show a concentration of
4.900 mg/| at Ranai along the Hari River. The concentrations were len times greater during

the spring tide compared to the neap tide (IWM 2002},

J.1.4.7 Apriculture

According to an EGLS 1998 report. Transplanted Aman (T. Aman) is the major crop in the
project area. [t is cultivated on about 70 percent of the net cultivatable area. A little over
half of the T. Aman is high yielding varieties (HYV). The cropping intensity is only 137
percent, which iv well below the regional average of 168 percent. This low cropping
intensity is duc primarily to non-availability of cultivatable land, due to waterlogging. The

total annual paddy production is about 350,000 tons.
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Significant improvements to the agricultural production in the project beels have already
been recorded in recent years due to the improved drainage system. Crop production in
these beel areas during the waterlogged period in 1997 was only 6,200 tons, while in 2001
production rose to 43,900 tons. Since 1998, production of Boro crop has increased by
60,431 tons, T-Aman by 48,997 tons and Aus by 11.948 tons with a total of 121,376 tons
while praject targel was 63,000 tons per annum. Thereby the cropping intercity increased to

188% as against the project target 157% (EGIS, 2002).

3.1.4.8 Fisheries

The open-water [ish resources in the project area derive from beels, floodplains and fresh
warter as well as brackish water rivers. A loal of 54,600 ha of floodplain and beels are

available for open-water fisherics:
Shallowly tlooded 16,900 ha
Moderately tlooded 28 300 ha
Deeply fonded 9,400 ha

The production of open-water fish, which constitutes about 75% of the total fish

production, is estimated at 8,260 tons.

As the drainage sysiem improves and beels are reclaimed for agricultural purposes the
potential for fisheries especially during the dry season 15 cxpected to decrease. However,
the opportunity for culture fisheries and bio-diversity is expected to increase because of
improved water management measures. The Kedaria tidal basin offiers the opportunity for

mproved open water captares fisheries.

3.1.5 Drainage system

The project area comprises numerous tidal rivers, channels and beels. The main rivers are
the Upper Sholmari, Mukteswari-Teka-Hari and Harihar-Upper Bhadra. The main rivers to
the south of the project are the Lower Sholmari, Lower Salta, Bhadra and Tetigati. The

project can be divided into three drainage systems (refer to Figure 3.1}
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Southeastern System (Upper Sholmari River) 27,200 (ha)
Hari River System (Mukteswari-Tcka-Hari River) 45,200 {ha)
IUpper Bhadra System (Harihar-Upper Bhadr River} 28,200 (ha}

100,600 (ha)

A brief description of each drainage system is given below.

3.1.5.1 Southeastern system

The Southeastern System is comprised of three main catchments: Beel Dakatia or Polder 25
(14,300 ha), Polder 27 (4,900 ha) and Polder 28 (8,000 ha). Previously the western part of
Polder 27 drained towards the Hamkura River. This river is no longer functioning, and all
drainage has been diverted into the Upper Sholmari River. Beel Dakatia also drains into the
Upper Sholmari River. which is protected from tidal influence by the Sholmari Regulator.

Polder 28 drains into the newly constructed Ramdia-Joykhali Khal and is protected from

tidal influence by the Ramdia Regulator (ITWM 2002},

3.1.5.2 Hari River system

The Harl River System is comprised of two main catchments: Mukteswari {29,200 ha} and
the Ilari (16.000 ha) (EGIS 2001). The Bhabadah Regulator protects the Mukteswari river
from tidal influence. Previously the eastern part of the Hari catchment drained towards the
llambuta River. This civer is no lonper functioning, and all drainage has been diverted into
the Hart River. The Hari River drains its own catchment, plus the discharge from the
Mukteswari, The Kedaria tidal basin is supposed to allow sufficient tidal volume to
maintain the design section for Hari River. The Bhaina tidal basin has been permanently

closed.
3.1.5.3 Upper Bhadra system

The Upper Bhadra System is comprised of 2 main catchments: Haribar {16,500 ha), and
Upper Bhadra (11,700 ha). The Upper Bhadra River drains its own catchment, plus the
discharge from the Harihar, A scasonal cross-dam across the Upper Bhadra River at
Kashimpur inhibits tidal influence during the peak sediment period January - June. Figure

3.2 and 3.3 shows the three drainage systems with their key drainage infrastructure.



3.1.6 Infrastructure

Table 3.1: Inlrastructure Present in the Study Area

Structurcs Nos.
Regulators 47
Pipe Sluice 9
Pipe Outlet 4]
Culverls 21
Bridpes 17
Foot bridge k1
Embankments Kms.
Flood Embk [23.3
Marginal Dyke 19.1
Perimeter Embk. 1.0
Roads Kms.
Macadam 2.10
Asphalt Road 248
8B Raoad 106.42
Drainage
Rivers 113.4
Channels 3486
Other Kms.
River Protection 2.50

Boat Berth

1

Source: WMA (Water Management Associates) Assessment 2002

51
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Table 3.2 : Infrastructure Present in the Study Area

1d. No. Fone Yillape

! A Daukena
2 B Mirzapur

3 C Chhaygharia
4 D Madhugram
5 c Dighalia

6 F Panjia

7 G Agarhatl

3 H Kadambaria
9 L Dhakuria

Source: KJDRP Project Completion Report Dlecember 2002 (Final)

3.1.7 Project achievement
Prior 1o commencement of work on the project in 1994 the most well known drainage

prohlem in the project area was the severe drainage congeslion in Beel Dakatia. The people
of Beel Dakatia bad sufTercd drainage congestion, over a period of 10 years or more. as a
resull of sedimentation in upper sholmari river and Hamkuora River which are the natural
drainage outlets of the beels.in 1990, in a desperate attempt to improve there situation. the
people cut the flood embankment at several locations o altow the entry of tidal water into
the beel, This made the drainage problem even worse. To solve the drainage problem. the
project constructed the 10-vent Sholmari Regulator, which discharges into the Lower
Sholmari River and, by re-excavation, improved upstream drainage channels, Other similar
works were constructed to drain polder 28 through Ramdia Regulator, while polder 27 is
temporarily draining through the Sholmari Regulator. These traditional drainage measures

have greatly improved the drainage in the southeast part of the project area.

At the commencement of the project severe drainage congestion developed in the northwest

portion of the project arca due to extensive sedimentation along the Hari and Upper Bhadra
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Rivers. These two rivers were re-excaveted, and for the first time in Bangladesh, tidal river
management (TRM} was introduced atong the Hari River with view to naturally enlarging
the river cross section and inducing sedimentation in beels. At the time of closer of the
project the drainage congestion problems had been substantially reduced, although
monitoring of TRM was continuing to determine whether its continued operation would be
fully successful. (ther works in the northwest part of the project area included the
construction of new drainage repulators, re-excavation of drainage chaonels and the
construction ol a seasonal cross dam on Upper Bhadra River to reduce sedimentation along

that river.

Duc to difficulties in gaining agreement to a major par of the original project design from
the beneficiaries, the project bad 1o be re-planned and this resulied in it being eatended by
three vears. All the parties closely involved in KIDRP considered it to be an unusually
difficult project because of the complexities and interrelated nature of the many technical.
environmental and social problems arising over some of the works proposed and
implemented  Eventually most difficulties were resolved and satisfactory solutions

determined.

However. due to uncerainities and the lack of full agreement of water management
organizations with some of the proposed works, a decision was made in the mid-stages of
the project that thesc proposed project works should be postponed indefinitely. Towards the
end of the project the situation bacame much more clear. As a result, the engineers.
cnvironmentalists and sociologists working on the project, who had worked in close and
reguar consultation with the people of the project area and the water management
prganizations. were able to develop a broad outline for the works required to complete the
project. These proposed works are recommended for inclusion in a new feasibility study in
the near future and involve bath the southeast part of the project araa

and the northwest part {Figure-3.3). If the feasibility study gives a positive outcome. then
the additional works would form a second, smaller phase of the project to be known as

KJDRP-2.
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3.1.8 Description of additioral project works requires:

There are two possible solutions to the rematning problems in the southeast portion of the
project arca as shown on Figure- 3.2, The simplest solution is to complete the plan as
proposed by Haskoning and Associates {(1993) and modified slightly by SMEC and
Associates (April 1998). The plan involved constructing three new large regulators on the
sustainable Lower Sholmari River to ensure satisfactory drainage for:

» Beel Dakatia only through Sholmari Regulator

¥ Polder 28 only through Ramdia Regulator

» Polder 27 only through Teabunia Regulator

However, the people objected to the construction of Teabunia Regulator after construction
work had commenced, leaving Beel Dakatia and most of polder 27 draining through
Sholmart Regulator. As a result the Sholmari Regulator is required to drain a greater area

than intendad in its design.

An alternative ta the construction of Teabunia Regulator exists and recently the project
proposed to BWDB management that a leasibility study be underiaken to investigate re-
establishing the lumkura River by partial excavation and the construction of a (retating)
tidal basin of area 600 ha in the northern part of polder 27/].

Like the TRM on Hari River the proposal has considerable merit as it will revive Hamkura
River and contribute 1o on increase in tidal volume in the downstream tidal river system,
inciuding the sundarban. Therefore, benefits trom the proposal arc not confined to KIDRP,
A feasibility study would, however, need to show how the proposal could he made
sustainable. Tf only one tidal basin is possible then the scheme has a life of only three years

and that 15 not acceptable. Either mare basins are required or the proposed basin must

become permanent with provision for a fisheries development and a plan for managing

excessive sedimentation.

The present drainage plan for the northwestern portion of the project area has followed the

plan approved by BWDB for the Hari River but on Upper Bhadra River the proposed large

-4
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regulator at Kashimpur was not constructed. [nstead, a seasonal cross-dam was constructed

each ycar in February and open again in June.

At the time of investigation of the Kashimpur Regulator it {s recommended that
consideration should also be given to the altemnative location for this structure. [f it appcars
that the people prefer to use Buruli, Pathra and Pajia beels as tidal basins in rotation {or
would cven consider a single permanent basin in this beel area)} then this alternative
tegulator location may have merit. In these circumstances. it must be seriously considered

as an alternative to the Kashimpur Regulator proposal in the new feasibility studies.

To ensure the successful imptementation of these additional works fiom the time of their
initial planning and through the design and construction phases, it will be cssential for the
next phasc of the project to be strongly supported by similar beneficiary panticipation inputs
to those provided by Part A on the current project. Also, further hydraulic modeling studies
and envimonmental studics will be required to ensure that the engineering works are
designed so that they do not contain unaceeptable impacts either in the project ares or n
downstream areas. [tis recommended that KJDRP-Phase 2 be implemented by a small team

of specialist consultants working at the project site.

3.1.9 Towuanls a broader objective:

Near the end of the project it was concluded tor environmental reasons that. in addition to
the need for improved drainage. a greater vision for the project area and surrounding arca
draining through the sundarban was required. The project therefere recommends that the
BW DD and the Government of the Bangladesh give serious consideration to the fotlowing,

partly additional, water resources works in KJDRP area and the total catchment area of the

Sundarban:

*  Continuing the scheduled construction of rolating tidal basin along Hari River. This
will ensure where possible that land owners in beels receive the benefit of land raising
by sedimentation and, at the same time, further erosion of downstream riverbeds due

to increased tida! Aow continues to occur.
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» Replication of KJDRP project, especially the use of tidal basin, at many other
locations through out the area of tidal influence draining through the sundarban.

’ With the concurrence of the Water Manapement Federation in KJIDRP, the
possibility of construction of one permanent tidal basin on each of Hari river or
Upper Bhadra River may be explored. These two basins would increase the
sustainability of the emporary rotating basins and reduce the risk of failure of the
TRM option. Under this proposal, these two tidal basins would then become
permanent brackish water basins for migratory waterfowls, flora and fauna, natural
fish species and the people. including the Msherman of the surrounding arca, Most
of the areas ol the two tidal basins would be utilized for fishing, but selected parts
would be sel aside as fish sanctuaries to conserve the {ish resaurces of the remaining
beel areas and downstream rivers. In addition, the accumulation of sediments in the
two permanent beels should be examined as a potential resource of matcrial for
brick manufacturing, land filling in the villages and along local roads and, in more
distant locations, uthan land developments, Once it is shown that permanent tidal
busins can be developed into an economically attractive multifaceted development

the peaple will give enthusiastic support (SMEC. 2002},

To develop a broader plan involving replication of tidal river management principles within
KJDRP and in adjacent and downstream areas, as well as other conservalion works in
freshwatcr becls. requires a reconnaissance level study, 1L 1s recommended that a small
multi-disciplinary team of specialist consultants be appeinted to undenake this study for

BWDEG.

3.2 General Background of Technology Assessment

3.2.1 1 Attributes of technology

As technology can be embodied in various forms. such as machinery, equipment,
documenis, process and skills, it conveys different meanings to various people under
different context. In order to avoid any ambiguity, technology is defined here with respect

to origin, purpose and characieristics.



39

Technology 1s man-made. It is a means to enhance the physical and mental capabilities of

human beings. Some special features of technoiogy are:

It is produced in R & D institutes of bath private and public sectors,
* It has market valug,

* It is nat given away free,

* l1s price depends on bargaining strength,

¥ 1t is new form of currency,

¥ It provides comparative advantage.

3.2.2 The Need & Purposes

Obviously, there is a need for collating the tessons learned and the experiences gained by
tite countries which have attempted planned development and have succeeded in varying
degrees in recent years. Such planned eflerts towards technological self reliance and
economic development necd to be analyzed to identify the common problems, the proven
criteria for success, the opportunities and strategics available to these who have not
suceeeded, and the extent of the political will w accept technology as an impoertant strategic

variable for development.

Technology production has been a continuous process of accun;ulaling knowledge about
the tricks of the trade which have been transformed from generation to generation. Modern
age has sharpened the issues tnvolved in the search for comparative advantage and made it
somewhat complex through the introduction of trading in technology and goods with
increasing technology content. Consequently, the search for comparative advantage today

essentially amounts to looking through the technology shelf- its sources and markets.

Thus, the purpose of technology production are as foltows:

« Satisfying the whole range of human needs(albeit, with a tendency for creation of new

needs which may be satisfied by an innovation)

« Gaining competitive edge in the market
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+ Achieving strategic self reliance and

+ Increasing human capability and productivity.

3.2.3 Basic components of technology:
Technologies are oflen categorized in many wavs

- High and low technologies

-. Maoder and traditional technologics,

-. Capital-intensive and labor intensive technologies.

-. Advanced and intermediate technologies ete.

However, all these categorizations imply that technology is a combination of hardware and
software with the relative proponions of each varying from one extreme to another. There
are four basic components of technology which appear in different forms. Uhe components
119

a). Physical Facilities or Technoware- which include equipment. machinerics. tools.

structures eic. these may be referred Lo as the ohject embodied technology .

b} Human Abilities or Humanware- which include creativity, expertise, proliciency, skills

etc. this is the human embodied ferm of technology.

¢} Recorded Facty or Infoware- which include theories. relations. designs, specifications.

bluc prints, manuals etc.this is the document embodied accumulated knowledge,

d) Organizational Frameworks or Orgaware- which refers to management practices.

linkages. organizational arrangement ete. to facilitate (he eflective inlegration of facilities.

abilitics and facts {Satrs. 19800,

Resource transformation can take place only when all four components of technology are
present at least at certain minimurn level. Facilities need operators with certain abilities.
Abilitics have to be strengthened gradually from operation to improvement and generation
of facilitics. Facts representing accumulated knowledge nced to be upgraded regularly,

while the frameworks have to continually evolve to meet changing requirements. All four
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companents of technology are complementary and interdependent. Development sheould

ensure growth in all the feur components at the same time.

3.2.4 Technelogy Assessment:

There is no unique operational definition ol technology assessment. Again the asscssment
vary widely depending upon their subject matter, the normative factors included in them

and the paolicy werk to which they pertain.
Following are a few versions of the definition of technology assessment.

. Technology assessment is a form of policy research which provides a
comprehensive evaluation of technology to decision makers. It identifies the policy
issues, assess the consequences of allenative courses of action, and presents

findings as guidelings for decision making.

. Technology assessment can be delined as both an intellectual and sccio-political
process of explering, evaluating and selecting options made possible by technology.

including those technologies which will actually be deseloped, applied and diffused.

. Technology asscssment consists of asceraining the trend of technological change
and the resufting implications for all relevant sectors of society; systematically
evaluating the conseguences (direct and indirect. intended and umintended.
beneficial and adverse) o such developments in terms of their probability. severity.
and distribution; attempting to forecast the possible future trends and consegquences.
and making or rccommending social decisions compatible with choosing the
alternative for the futurc that would maximize desired benefits and mininmize
negative effects, according to the normative policies one wishes to effectuate

(Ramanujam. and. Safty, 1994).

3.2.5 Objectives of Technology Assessment

The objective of TA, in order to gain full competitive advantage, is to consider technology
in its full context, and with all its opportunities, possitnlities and ramifications for the firm

and the environment in which its operates.
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3.2.6 Various purposes of Assessment:

in general, an assessment may have numerous consequences, some of which include:
+ Supper for a technological development

+ Stimulation of refevant research in scientific, technological, or social policy areas.
* Delerral or prohibition of the implementation of a given technology .

Or simply, provision of an information base for usc by all interested individuals or
groups. To the extent feasible. the comprehensive technology assessment involves
treatment of “higher ordet™ as well as direct impacts, and seeks to cvaluate them rom the
point of view of all interested groups involved, not only from these who most prominently
involved. Such analytical objectives are obviously ambitious ones, and ofien they arc
neither feasible nor cost-cffective to attempt. Thus, it iy natural to think of a range of

approaches to assessmenl having more limited objectives,
Macro-assessment {comprehensive, full-scale):

full range of implications and policies considered in depth {on the order of magnitudc) of 5
person years work for technology oriented to 10 person vears for problem oriented

A53CSSMCNL).

Mini-assessment:

Narrow in-depth. or broad but shallow tocus (aboul an order of magnitude smaller than the

macro-assessment in work effon)

Micro-assessment:

A thought experiment. or brain storming assessment exercisg, o identify the key issues or
eslablish the broad dimensions of a problem (about an order of magnitude smaller than the

mini-asscssment, say, | person-month of effort).

Monitoring

Ongoing gathering of selected information on a topic. e.g. radicactive emissions from a
nuclear plant or industrial energy use profiles. May e done formally or informally a result
of a prior assessment identifying critical unceriainties and / or as a way to tdentify critical

changes that warrant a new assessment.
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Evaluation:

Evaluation of engoing projects and programs can determine whether alterations or new
programs arc needed. In addition, these can provide feedback as to the validity of previous
TA/EIA predictions. Stilt a different type of assessment study, however, is what may be
termed a “brief” or a “focused™ TA. Although perhaps not represent an imporiant class of
assessments whose singular characteristics is that they must be done quickly for a particular
purpose typically to inform a policy decision soon to be made. They require the formulation
of a unique approach and methodology to fit their context, and usually focus quite
specifically on the impacts or policy implications of interest to a given client or target
audience. Although such abbreviated studies may often be conceptually located between
the “mini” and “micro” assessments identified in table. They ditfer in that they may not

attempt to involve all of the major stages of a TA (Ramanujam and. Satty, 1394)

3.2.8 The characteristics of Technology Assessment
The matin characteristics of the process ol technology assessment are:
« Inciudes multi-variate analysis. many variables with different units of measures are

considered.

Concerned with multi-order impacts. direct as well as indirect impacis are considered.

incorporate multi-consistency effect. nceds of a wide range of social groups are

concerned.

o Implies multi-disciplinary approach: all aspects of human life are considered.

»  Demands multi-timeframe batancing: both shor term wants and long term necds are
considered,

e Reguires multi-criteria optimization; both maximization of positive and minimization
of negative effects are considered.

o Invofves dynamic fearures: conlinues interaction between technology and surroundings

are considered.
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3.2.9 Factors to be considered

Since there exist interaction between technology and human surroundings, and as the major
components that constitute the human surroundings are economic, resources,
environmenlal, population, socio-cultural and politico-legal systems. The following factors

are to be considered for technology assessment.

+  Technological factor- Technical utility (capability, reliability, eMiciency), options of
technology tlexibility, scale, availability of infrastructure {support, services);

¢  Economic factors- Economic leasmibility, improvement in productivity (capital,
resouirces), market potentials (size, elasticity);

¢+ Resource factors- Availability of material and energy resources, availability of
financial resources, availability of skilled manpower,

+  FEnviroamenta! factors- Impact on physical envitonment (air, water, land), impact on
living conditions {comfort, noise), impact on life (safely, health);

¢  Population factors- Growth of population (rate, life expectancy), level of education
{literacy rated, labor characteristics (unemployraent, structure);

¢+  Socio-cultural factor- lmpact on individual life (lite quality). impact on society
(values), compatibility with existing culture;

¢  Dolhtico-legal factors- Political acceptability, mass need satislaction. compatibility

with institutions and policies (Satty, 1980)

It can be observed from the above that technology assessment is a part of creative activities.
and should not be approached as scarch for formulae and models but rather an art, which
depends on tatent, experience, as well as tools and techniques. Moreover. due to the fact
that TA problems are very complex, dynamic and multi-disciplinary in nature, it seems to

call for a particularly cautious methodical approach.

3.2.10 The process of Technology Assessment:

The general steps in the assessmenl process are as follows.

Step 1: Identification of the probiem



- Stock taking of existing situation and regulations.
- Determination of time herizon and level of analysis.

- Setting boundaries and objectives.

Step 2: Description of alternatives being assessed.
_Inventory of relevant technological alternatives.
- Current state-of-the-art.

- l'echnologica! forecasting.

Step 3: Establishment of assessment factors
- Deseription of relevant faciors.
- [dentification of variables and types of cffects.

- (lassification of variables.

Step 4: Fvaluation of cxpected effects
_ Analysts and measurement of effects.
- Representation of various effects.

~ Integration of all expected effects.

Step 5: Formulation of action options
- ldentification of all possible action options.
- Development of programs for action.

-. Analysis of consequences for each option

Step 6i; Choice of suitable action
- Influence of various decision makers
- 'Justification for the final choice.

- Choice of the most suilable alternative.
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3.2.11 Tools and techniques of Technology Assessment

There is no validated, universally accepted methodology in the sense of a readily replicated
technique for technology assessment, The specific methodology needed for technology
assessment will vary case by case in terms of objectives and focus, depending upon the
siage of development of the technology and the type of technology. For example, at the
introduction phase the objective of TA is to evaluate the likely consequences of possible
impacts (which are technology direct and first order impacts). However, in the growth
phase of technology, TA should consider all higher order impacts and analyze measures 1o
alleviate those. Similarly, the contents of TA for a process technology will be different

from that for a product (end use tecchnology).

Various Lools and techniques evolving from engineering, the social science disciplines, and
the arcas of decision theory and future research are switable as building blocks in
technology assessment. One impomant step in the technology assessment process is the
evaluation of »arious effects of a technology with respect to the total human surroundings.
For this evaluation process, we need to consider a wide variety of factors. Some of these
Factors can be measured in quantitative terms, while others. which defy such measurements.
can only be treated in quantitative manner. Therefore, the available tools and techniques for
| A are also are basically of two types- some arc quantitative in nature and othors are

qualitative in nature,

Available tools and techniques for technology assessment may be classify into five groups

(Sarty. 19300, viz.

- CGoneral Infintive Methods,
. Important Comporents Methods
. Structural Decomposition Methods, arnd

. Holistic Composition Methods.

» Multi Criteria Decision Making Approach (MCDM4)
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Such 2 classification of some of the common (echniques used for technology assessment

are:

General Intuitive Methods
-Expecn opinion

-Polls and panels

-Delphi technique

-Cross-impact analysis
1Important Component Methods
-Ad hoo

-Checklist

-Maltrices

Strocteral Decomposition Methods
-Relovance trec

-Morphological analysis
-Analytical hierarchy

-Networks

tolistic Composition Methods
-Indices

-Cost-benefit analysis

-Scenano gengration

~Simulation model

Multi Criteria Decision Making Approach (MCDMA)

- Analytical Hierarchy Process {AHP)

- Fuzzy Hierarchical Decision Making (FHDM}
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It may be realized from above that the problem of technology assessment is essentially a
multi criteria decision-making {MCDM) problem. The tools and technigues that have been
developed so far are varied in nature depending upon the objectives and focus, the type of

technology and the stage of development of Lhe technology.



CHAPTER FOUR
METHODOLOGY

4.1 Introduction

It has been recognized that the adoption of modem technologies in various sectors of
economy iz the key to economic progress and national development. The role of
technology has been further enhanced because of intense global competition ensued
from globalization, free tade agreements, deregulation and other trade relaled factors.
The major objective of technology planning 15 to identify or develop right kinds of
technologies and apply them in productive activilies. Accomplishment of the objective
of course requires knowledge about the strengths, weaknesses and implications of
(echnologies in various sectors of developments. This means (hat technology assessment
is an imporant first step towards disciplining the technology initative Consideration
has to be given also 1o technology diffusion and technology absorptien. Therefore, it 1s
imperative that the policy planners and decision-makers understand the inherent
charactenislics of technology and its potential impacts on the socio-cconemic

development.
4,2  The Process and Characteristics of Technology Assessment

Technology assessment can take on different forms from simple evaluation of onpoing
projects and programs to macro-assessment nvolving selection of technology for
development and evaluation of appropriateness of technologies for transfer and

adaptation. The general steps in the assessment process arc as follows:

Step 1: Identification of the problem

Step 2: Description of the problem

Step 3¢ Establishment of assessment factors
:St';ip 4: Evaluation of expected eflects

Step 5: Formulation of action options

Step 6: Choice of suilable action

Some important characteristics of the process of technology assessment are:
a) It includes multi-variant analysis (many variables with dilferent

metrics have to be considered;
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b} It requires multi-criteria optimizalion, |

c) It requires multi-disciplinary approach (consideration has to be
given to all aspects of human life);

d) It involves dynamic features (continuous interaction between

technology and surroundings are considered).

It may be realized [rom ebove that the problem of technelogy assessment is essentially a
multi criteria decision-making {MCDM) problem. The tools and techniques that have
been developed so far are varied in nature depending upon the objectives and focus, the

type of technology and the stage of development of the technology.
4.3  Methodology of the Study:

The methodology contains three sections for the assessment of the technology. Each

section can be described under the foliowing heads,

Section One: Analytical Hicrarchy Process (AHP)
Section Two: Fuzzy Hierarchical Decision Making (FHDM)
Section Three: Field Survey and Focus Group Discussions (FGD)

Section onc and section two describes Multi Criteria Decision Making approach, where
section one deals with AHP method and section two dcal.s with FHDM method. Section
three deals with assessment of technology based on focus group discussion and field
survey. Finally. results obtained from scction one (AHP) and scetion twe (FHI?M) will
be compared with section three (field duta) to crosscheck the consistency and rcliability
of the methods used in Technology Assessment of KJDRP. The methods and the steps
of the methods used in the methodology will be discussed in this chapter whercas the
analysis of the performance of the project (with statistical values) through these

methods will be discussed in the Analysis chapter.

[n Analysis Chapter, analysis of the project will be discussed under the following
headings.

A Analysis I:  (AHT)

2 Analysis 2:  (FHDM)

3 Analysis 3: (FGD)
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Muiti Criteria Decision Making Approack

It has already been mentioned in the introduction that technology choice is a complex
decision problem involving many criteria, resource criteria, efc. The multi-criteria
decision analysis (MCDA) for structuring decision preblem and evaluating alternatives
provides a rich collection of methods. In most management and decision making
problems the management team has already a well defined poal that must be achieved.
In order to reach that aim always it is necessary to choose [rom a number of options.
These options, in the field of the MCDA, are referred to as altematives. The decision
makers consider the existing altenatives which have different attributes and
characteristics and the final job is to choose the best among them. Choosing among the
alternatives is done by considering the impact of these allernatives on the quality of the
final result alongside with shortcomings of every altermative. Therefore effects of
alternatives on different issues such as environmental issucs, financial matters and cest
and benefit considerations, social considerations. technical problems, ete give rise (o

consideration of several criteria which play important roles in finalizing the project.

MCDM models such as AHP, SMART and FHDM provide a framework for rational
choice of technology by identifying the relevant criteria. measuring the perfommance of
cach alternative on each criterion. determining the imporiance weight of each eriterion
and finally evaluating a weighted score for each alternative that reflects strength of
prelerence of an alternative. The model differs in the way the weightings of the
attributes/eriteria and the ratings of the alternatives are determined. But the central idea
behind MCDM approach remains same. that is, splitting a decision problem into small
parts. dealing with each party separately and then using a formal mechanism for
integeating the resuits. It may be noted that the MCDM models mentioned above permit

tradcofts amaong attributes and therefore, classified as compensatory models.

Mulii criteria decision making techniques like ranking, rating etc are employed for
sustainability analysis. As this process incorporates experr’s knowledge and judgments
by decision makers at various levels it is very much subjective in nature. Although
techniques like Analytical Hierarchy Process {AHP) incorporates expert’s knowledge
but fails to address (he inherent uncertsinity in them. Many parameters vary
continuously over space and it is not possible to model as it is. The complex

interdependent interaction of this attributes of a water resource project brings on the
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opportunity to use FHDM method. This method of decision making is quiet successful

in many prospective fields.

The Fuzzy Hierarchical Decision Making method is such a method of MCDA which
includes decision making in situations where the fuzziness exists as an inherent property
in the attributes of alternatives. This particular research will descritize the inherent
atiribules associated with a water resource project and then give a sustainable decision

making of appropriate altcrnatives.

Economic considerations are the basis for most of the decisions about technology
choice, even loday. The environmental aspects are then considered in order to satisty the
statutory norms. This proccss may not lead to the overall optimization of capital
investment and profitability. The political and social aspects are dealt with scparately,
leading to unforeseen expenditure and thereby and an escalation of costs. Tt is
reorganized that all these aspects have 10 be considered together while choosing a
technology in order to optimize the overall costs and to provide better and safer

technology-based pood to society.

4.3.1 Section onc

Analytical Hierarchy Process (AHP)

The analvtic hierarchy process (AHP) is a decision — aiding method developed by Satty.
(1980) [t provides a systematic. explicil, rigorous and rebust mechanism for eliciting
and quantifying subjective judgments. It is widely appiicable beeause of il inherent
capabulity to handle both quantitative and qualitative attributes and data uncertainty. 1he
steps of AHP, developed by Satry, are as follows:

1. Define the decision problem and determine its object.

2. Nefine the decision criteria in the form of a hierarchy of objectives, This
hierarchical structure cousists of different levels. The top level is the
objective to be achieved. This top level consists ot intermediate levels of
criteria and sub-critcria, which depend on subsequent levels. The lowest
level consists of list of alternatives.

3. For making pair-wise compansons, structure a matrix of size {n*n). The
number of judgments required to develop the set of matrix is given by n{n-
1)/2.
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3. Oblain the imporiance of the criteria and sub crileria from experts’ judgment
by making pair wise companson. The comparison is made for all levels.
Verbal judgments of preferences are shown in table 4.1

5. Delermine the weight of each criterion. By hierarchical synthesis, the
prionty vectors are calculated, These values are the normalized eigenvectors

of the matrix.

Table 4.1 :Pair-wise Comparison Scale for AHP Preferences

Numerical rating | Yerbal judgments of preferences

9 Extremely preferred’ Important

Very strongly to Extrernely

Yery strongly preferred/ important

Strongly to very strongly

Strongly preferred / impeortant

Moderalely 10 strongly

Moderately preferred / Important

Rl L B LT A = S | -}

Equally to moderatels

1 Equally preferred / important

Table 4.2: Averagc Random Consistency
Size of Matrix | 1 P 3 4 5 6 7 8 9 10
(n*n)

Fandom 0 o 0.58 |09 1121t24 11321141145 | 1495

Consistency

6. The consistency is determined by using the eigenvalue, Ang,. For tinding the
consistency index, CI, the formula used is; Cl = (Amae-n ¥{n-13, where n is
the size of the matrix. The judgmen! consistency is checked from the
appropriate value in table 4.3, The consistency ratio (CR) is simply the ratio
of C1 to average random consistency {(RC}. The CR is acceptable, if it does
not exceed 0.10. if it is more, the judgment matrix is inconsistent; then the
matrix has to be reviewed to obtain a consistent matrix. These are calculated
for all the matrices structured from the hierarchy. Some computer packages

are available nowadays to implement this calculation procedure.
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4,3.2 Section twg
Fuzzy Hierarchical Decision Making (FHDM Method)
The fuzzy hierarchical decision-meking (FHDM) method is suitable and advantageous
to many problems solving situation. FHDM also has better characteristic than fuezy
MCDM methods. 1t collects expert’s opinions directly using fuzsy numbers, which is
difficult, as the respondents may not have the knowledge of fuzzy pumbers. Here
expert’s opimons were obtained using linguistic varables. Pair wise comparison which
makes it easy to pive a subjective lingwstic judgment was not used. Furzy MCDM
method is more powerful for manaperial decisions because of its ability to deal with all
kinds of uncernainties, and its ability to dcal with all kinds of uncenainties, and its
ability to represent linguistic alternatives in a meaning{ul way. Moreover the fuzzy
MCIDM methods, so far used, considered only two levels of hicrarchy. They consider
pair-wise comparisen data of the elements while collecting the experts” opinion on the
importance of criteria/sub criteria. and the importance of altematives under each
subjective criteria. In FIIDM. a procedure is evolved by synthesizing and extending the
ideas proposed n the existung fuzzy MCDM methods. It considers

17 Pmr-wise companson of allemative criteria

2} Lingwstic vanables rather than numbers

33 Subjeciive as well as objectine fuctors

4} "Iriangular fuzzy monbers

3} More than two levels of hicrarchy of the criteria

The FHDM method 1s briefly described in this paper, while presenting the case. The
method consists of nine steps and the same steps are applied to this case study.

However. the overall methodology design is presented below

Sacip-economic Literature survey and i
data Expert’s knowledge ! : Multi-Criteria Evaluation
Data anabvsis FHDM
i)

Lelection of Alternatives Multi-criteria analysis

Criterion seleclion

:

Hierarchical Organization of

Fare-wise comparison

!

the Criteria

|
|
i
Formulation of Evaluation ; L
|
|

Final Recommendation
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Step-1. Formation of a committee of experts and identification of various available
alternative technologies and various criteria that will influence the choice of

fechnology.

The setected group of experls is academicians, consultants, engineers, and researchers.
Most of them are involved in the decision making [or selecting appropriate technology.
The experts’ opinions were sought on the importance of the identifted criteria for
KJDRP. A questionnaire was designed in a flexible way so that the experts could add or
remove any cntena from the questionnaire if they think 1t necessary. The questionnaires
were sent to the experts, Most of the expens were contacted personally, and the
importance of the consideration of each of the identifiable criternia was discussed with
them. Based on their responses, the final cnlena were selecled for the evaluation of the

appropratenass of KJDRP.

Step-2. Fixation of criteria hierarchically and formation of technology choice criteria

hierarchy

From literature of technology choice and hteralure review of KIDRP, criteria as many
as possible that influence the choice of KIDRP were idantified. Questionnaires were
prepared and sent to the experts secking their opinion on the impomance of the
identified criteria and allowing them to add or remove any criterla, Based on the
responses and personal contact and through discussion, final criteria were selected. The
critena were exploded heretically using hierarchical structural analysis as shown in the

higure 4 |

Various crilena or sub-criteria that is important for the evaluation of the appropriateness
ol the technology vsed in KJDRP are defined here. and a brief explanation for cach of
thern 15 given to indicate their influence on the choice.

Economic cri..reria: it considers various financial aspecis thal are required to assess the
performance of the techoology, and includes fish production, agricultural production,
crop damage, agricultural production in becl, cropping intensity, G & M cost etc. The
fisheries activities in lhe project area comprises open-water fisheries, pond fisheries as
well as fresh water shrimp and brackish water shrimp farming. Open water fshing is
important o the subsistence of the local population in terms of employment and food
supply. Agriculrural production is important to increase the food grain. Crop damage

information includes the affected area, produclion ard causes of damage. Cropping
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intensity is directly correlated with crop production in the project area. O & M involves
the operation and maintenance cost of the technology used in KJDRP

Social criteria. this 1s the impact of technology change on the society due to the
introduction of the project. The sub criteria includes poverty reduciion, occupation ete.
The project has direct impact on poverty reduclion. Poverty in the project area needs to
be dropped below the target. Introduction of a new technology has influence on creating
new employment cpportunities.

Environmental criteria; considers various environmental aspects of the technology that
include pH . salinity, dissolved oxygen, monscon submergence, dry submergence,
duration of water logging. depth of water level in the deepest point, area of water
logging etc. Surface water salinity has direct impacet on fish resources. Brackish water
environment enhances fish biodiversity and is especially favorable for the larval stages
ol many fish and crustaceans. On the other hand, river salinity adverscly affecting the
recruitment of fresh water fishes from rivers, beels. Surface water level in the project
arca is Lnportant {0 improve the drainage of the waterlogged agricultural and settlement
arcas, Changes in water levels and flood conditions determine changes in land type.
which are based on depth of inundation.

Resource factor: The assessment of the sedimentation in the tidal basins is imporant in
assessing the lifetime of the udal basin. High sedimentation rates would sherren the
petiod during which a selected area could effectively function as a tidal basin. On the
other hand, Jow-lying beel areas will profit from high sedimentation rates (at least trom
an agricultural point of view)., Sedimentation in rivers is imporant for the drainage of
the upstreain of the project arca.

Population criteria: 1t includes population involvement in the project, labor
im ofvement, livestock pepulation ete. People’s participation requires involvement and
is essential for adequate insight, understanding and commitment.

Technological criteria: 1t includes the performance of fechnology. [t considers the
effectiveness of technology that covers discharge. post monsoon drainage, agricultural
land during dry season, dredging, water level in river eic. Lower water level in the water
system coincide with major changes in the distribution of land types. Reduction of
wetland area have major repercussions on the fish productivity. Post monscon drainage
is necessary to review the performance of the present drainage system properly through

application of technology in the praject
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Step-3: Set up of proper linguistic scales (high, medium, low) and ask experts to give
their judgment by pair-wise comparison qf criteria and alternatives under cach
subjective criterion Alternatively, experts may give their judgments in triangle fuzzy

Ritmhers.

Step-4. Conversion of the linguistic variahles into triangle fuzzy numbers by a
convenient scale, if the experts Rave expressed their judgmenls only in linguistic

variabies,

Step-5. Aggregation of the experts’ opinions by a statistical measure (geometric mean,
arithmetic mean, mode or mediun operator), and form the fuzzy reciprocal matrix. The
elements of fuzzy reciprocal matrix are such that the products of each upper triangle
element with its corresponding fower triangle elemermt shonld approximately be equal to

!

Step-6. Normalization of the geomelric row means of fuzzy reciprocal marrix and find

the importance in terms of weights.

A= fagfiem i fizzy reciprocal matrix then

Creaietric FOW MEan by = { Gy sdyr= aut™ Fi}

1 he toral of geometric vow mean values = fry + v 2t 3t Ly {2
Using (1} and (2). the importance weights of each criteria w,. and the importance
weight of edeh sub criteria under ity main criteria are calculated,

Normalized geometric row mean or Importance Weight W, = r /vy vy -0+ 1) (3)
Then by combining importance weight af each criterion, Global weight of each criterion

iy calculated.
Srep-7: collection of the operating and the performance deia on alternavives o find the

gppropriatencss welghts of the alternatives under ecch criterion Appropricieness

weights of the alternagtives under euch criterion are found using (1) and (2).

Step-8: Fuzzy choice Index is then calculated for each criterion.
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Figure 4,1; Hierarchical Structure of Technology Assessment

Tahle 4.3: Linguistic Scale and its Triangle Fuzry Number Conversion

Scrial | Description Linguistic Triangle Fuzzy Scale
Numnber Seale

t Very High VH (5,99

2 Between Very High and High VI & H (6,7, 8)

3 High H {4.5,6)

4 Between High and Medium H&n (2,3, 4)

5 Medium, Almost Equally M (1/2, 1.5

6 Exactly Equal EQ (1,1, D

7 Between Medium and Low M &L (174, 143, 1/
8 Low L (1/6, 1/5, 1/4)
9 Between Low and Very Low L&VL (1/8, 1/7, 1/6)
10 Very Low VL (179, 1/9, 1/8)
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Figure 4.2 Membership Function of Linguistic Scale

The appropriateness weights of the alternatives based on each criterion or sub-criterion
is multiplies with that criterion’s or sub criterion’s global importance weight. and the
composite weights are deterrmined. All such composite weights of each alternative are

sumnined up to get the fuzzy choice index volues of the alternatives.

FCI = Y {Approprate weight * Global weight for each ¢niterion)

Where 1 = each cotetion

Step-%. By using Kim and Park method, ranking of Fuzzy Choice Index is made. The
ranks represent the final prefercnce order of alternatives.

Ustng the Kim and Park method. FCI are ranked and the ranking values of alternatives
are calculated according to the following procedure,

Ranking value UnF) =

et ||

Where F, is fuzzy choice index of alternative A,
Fisi(Y.QuZdlori=1,2.3,.....m

Where

Xj=min{ Y, ¥z . Yn}

xo=max.{Zy Zp _  Zn}

Preferential Weights Calculation: The preferential weights of alternatives based on cach

expert’s opinioas are calculated as follows.

Preferential Weights = U(F)/[ U(F) + Ug(Fapt o+ U(EL)

4.3.3 Section three
Ficld Survey {FS) and Focus Group Discussion {(FGD)
Field survey and focus group discussion (FGD) was made as & part of thesis. Around

etghty-five samples was laken for field survey. The samples were mostly collecled from
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the respendenis of Beel Kedaria, Beel Khuksia and Beel Bhaina and the concemed
person of the project.

The respondents are Superiniendent Engineer, Executive Engineer, Deputy Directer,
Deputy Chief Extension Officer of Bangladesh Water Development Boar, Semior
Consultant of Water & Environment, from ACE Consultants Limited, Chairman,
Community organizer and mostly inhabitants and stakeholders of different beels who

are directly influenced by the project activities.

The beels were selected on the basis of the level of TRM practice.
Beel Kedaria: Here TRM practice was initiated in 2001, then after a fow days,
the operation was closed due to the protest from local people.
Now there exisls pre project condition.
Beel Bhaing: TRM practice was successful in this becl,
Beel Khuksin: TRM practice is going to be initiated considering lhv:- performance

of TRM in Beel Kedaria and Beel Rhatna.

Name of beels Sample size
1. Beel Kedaria 7%
2. Beel Bhaina 28
3. BBeel Khuksia 29
Total 83

Some open and closed end questions were prepared on major factors for sampling
survey  Fach question contains some options. Each options were praded with some
quantifiable numeric valucs. The values ranges from (+) ve 3 to (-} ve 3. A scale of 7
points {43 to -3} was chosen 1o convert linguistic opinion to numerical values for each
question has three positive answers and three negative answers, According to degree of
positivity and nceativity, marking can be given. Thus the scale of +5 to —s has been
chosen. The values for each optioms were given on judgment basis in the [ield.
Responses against each factor weve recorded and the response was converted into
numeric values. Then the score against each factor was calculated. The total positive
value and negative values were placed on a scale marked with highest and lowest

possible range of scale. {Fig 4.3)



INumerical Scale

Linguistic Asscssment

13
42
41

Improved/Increased Highly

Improved/Increased Moderately

| ittle Improvement/Increase

[No Significant Change at all

IDeteriﬂratedeecrcased Slightly

[Detetiorated/Decteased Moderately

Deteriorated /Decreased Highly

Fipurc : 4.3: Linguistic Assessment Converted into Numeric Values

1he highest scale is determined as [highest range of values for each question]* [totat no
of questions asked to the respondent]* [no of respondents]. Again, the lowest scale is
determined as }lowest range of values for each question]* [total no of questions asked to

the respondent]* [no of respondents]. The positive score indicates the positive

performance of KIDRP project.

Bl .



CHAPTER FIVE
ANALYSIS

5.1 Introduction

In 1995, the government of Bangledesh {GoB), with financial suppon from the Asian
Development Bank (ADD), initialed the KJDRFP to find more permanent relief to the
sulfering of the local people. In May 1997, EGIS was approached by the Ministry of
Water Resources {MoWR) for an independent Environmental Impact Assessment and
Sacial impact Assessment (EIA/SIA) study of two technical alternatives: regulator
options and tidal basin options. The oplions for intervention were in very dillerent
stages of preparation and technical claboration. The regulator options were well defined
and available from a feasible study, while the tidal basin options were introduced as a

concept,

[n this study, KJDRP has been nomenclatured having both the options. These two
alternative options were considered in which the dynanics ol fidal system would be
maintamed and fixed major structures such as regulators would be avoided as much as
possible and applied only on & local scale. Two different concept of solving the drainage

problem in the project area: the repulator concept versus the tidal basin concept.

Non-KJDRP mecans “absence of KIDRP sitwation in that area. It includes the situation
it assumes the condition of the project area by the early 1990°s to commencement of
KJDRP projeet in 1997, The creation of polders greatly simplified the existing drainage
network in the project area which comprised a very large number of tidal creeks and
rivers of all sizes resulting in substantial decrease in the tidal volume accompanied by
an incrcased tidal range. After more than a decade of good productivity, drainage
congestion began to increasingly affect the northern most polders from the 1980’s when
the rivers and creeks silted up to such an extent that most of them became inoperative.
This resulted in vast tracks of land remaining water logged round the year. Local people
cut the embankments in Beel Dakatia and got immediate benefit through the removal of
stagnant watcr. However, the situation worsened with the intrusion of saline water
through these cuts. The saline water became (rapped and the consequent environmental
degradation led to a dramalic worsening of living conditions in the project area by the

early 1990's.
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TRM involves taking full advantage of (he natural tide movement in rivers. Dunng
flood tide, tide is allowed to enter into an einbanked low-lying area (tidal basin) where
the sediments carnied in by flood tide are depoesited. Dunng ebb tide, water flows out of
the tidal basin with greatly reduced sediment load and eventually erodes the
downstream riverbed. The natural movement of flood and ebb tide into the tidal basin
and along the downstream river maintains a proper drainage capacity in that river.

Non-TRM means absence of TRM, it may include performance of regulator options.

5.2 Analysis 1:

5.2.1 Analytical Hierarchy Process (AHP) for KIDRF and Non-KJDRF option
Provides a systematic, explicit, rigorous and tobust mechanism for eliciting and
quantifying subjective judgments. It is widely applicable because of 18 inherent

capability to handle both guantitative and qualitative attributes and data uncertainty.

Step-1: Define the decision problem and determine its pbject

Failures of different aspect of water development projects can be atiributed to the wrong
choice of technology, inappropriate technology planning & control and its management,
With the mbove consideration, a water resource project [KJDRP (Khulna-Jessore
Drainage Rehabilitation Project)] has been selected to conduct rescareh work on the
above-mentioned aspects of the project. it can be mentioned shortly that in 1960, a
series of polders were constructed under CEP (Coastal Embankment Project). After
maore than a decade. severe drainage congestion and trapping of salinity occurred in the
project area. [n 1995, Govemnment undertook the project KIDRP to solve problems.
(CEGIS. 2003). The project comprise of series of polders, regulators introducing TRM
( lidal River Management) system. But after implementation of the project, the KIDRP
could not fulfilled all of its objectives, especially, the drainage congestion, salinity, etc
are still some of the significant probiems in the arca. The aim of the proposed research
is to address some of the selected aspects of the project whcthe;' the technology choice
was in order and wheiher the output of the project satisfies the fundamental requirement

of the ohjectives set for the project.

Step-2: Set up decision hierarchy
» Once the decision maker and the altemative courses of action have been
identilied, the next step is to define the decision criteria in the form of hierarchy

of objectives
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»  Top level : Objective to be achieved
Intermediate levels: Criteria and sub-crileria

Low level : list of aliernatives.

Step-3: Make pair wise comparisons of aftributes and alternatives

* This is used to determine the relative importance of atiributes/criteria and sub-
criteria and also to compare how well the options perform on the different
attributes.

» Judgments are obtained from experts in the relevant area or decision maker if
he/she is knowledgeable.

= Judgments are verbal.

= For an attributes to be compared. matrix size is (n*n) and the number of

judgments needed is n*(n-1)/2

Total 13 Nos. of experts were selected in the pool of expert, The selected groups of
experts chosen were mainly academicians, consultants, enginecrs, researchers. etc. They
are fully aware of KJDRP. Some of them were directly invelved in the project
implcmentation. Most of them are involved in the deciston making for selecting
appropriate lechnology. All the experts have given their opinion. They have also
selected the criteria and sub-criteria for assessment of the alternative technologies.
Among the 13 expens. threc were chosen for giving therc verbal judgments of

prefercnce.

Name of the Experts and Resource Person:
1. Shekh Nurul Ala
Superintendent Engineer, Bungladesh Water Pevelopment Board.
. Shofi Uddin Ahmed
Senior Consultant, Water & Environment, ACE Consultants Limited,
3. Md Zahirul Hague Khan
Division Head, Coast, Port & Estuary and River Frgineering Division, {TWM)
4. Md Masud Karim
Deputy Chief Extension Officer, Bangladesh Water Development Board.
5. dbdul Malek
Executive Engineer, Khulna Division-1, Bangladesh Water Development Board

Sheikh Wajed 4l

b

=
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Deputy Director, Bangladesh Water Development Board.
7 4 K M Shafiqul Islam

Chairman, Khulna-Jessore Water Management Federation, Village- VorotVaina
8§ Md Khairul fslam

Chairman, Zone-G, Katakhali, Keshobpur, Jessore
4. Kohinur Nahar

Joint Secratary , Khulna-Jessore Water Management Federation.

10, Amitesh Das
Community Organiser, Water Management Association (WMA), Kexhobpur,
Jessore
11 Afver Ali Sarder,
Chairman, Unian-08, Keshbpur, Jessore.
12, Aboni Biswas
Editor. Zone-E, KJDRP, Monirampur. Jessore.

13 Md Badruzzaman
Edifor B. N. P Beel Khuisia, Keshobpur, Jessore.

|  Technology |
!

Socw cultural | [Resource nvironment IE(:-pulaTion Technoloy
r [ I . I performa
nH Fish production Labar
Area under | @ ' involvement [Discharge
water clas i | Population invelve- || m== e
Eial habitat Dissolved. 02 ment in KIDRP precems |
(Culture Fish Livestock | |water level

Area under DNSO0H population] |10 river
Ao, class submergence g production 0%t MOnSacT

Poerty
oL ieR

[

i

Cultivable Diry submergence i m Drainage ]
ared . g land during
Irrigated area Duration of ‘@  5EASON

water logging £ prof
No of trained epth of water level Cropping, intensity
member by NGO in the deepest point
—  [0&Meost
Sediment in beel P-"‘a of water logging |

(as pasilive regource}

Sediment in river
a5 negative resource)

Figure. 5.1 : Technology Assessment Criteria Hierarchy
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TaBles el : Pair wise comparison scale for AHP preferences

Numerical rating | Verbal judgments of preferences

9 Extremely preferred/ITmportant

Very strongly to Extremely

Very strongly preferred/Important

Strongly to very strongly

Moderately to strongly

Moderately preferred/Tmportant

8
7
b
5 Strongly preferred/Important
4
3
2

Equally to moderately

1 Equally preferred/Important

TnhIe'{S-_L;:i Pair-wisc comparisons of eritéria and sub-criteria and options against

cach criteria and sub-criteria.

Nuamerical rating | Verbal judgrents of preferences
9 Extremely preferred/Important
1/9 Extremely opposed
8 Very strongly to Extremely
| 1/8 Lxtremely to very strongly
7 Very strongly preferred/Important
| 1/7 Very strongly opposed
6 Strengly to very strongly
1/6 Very strongly o strongly
5 Strongly preferred/Important
1/3 Strongly opposed
4 Meoderately to strongly
1/4 Strongly to moderately
3 Moderately preferred/Important
1/3 Moderately opposed
2 Equally to moderately
1/2 Moderately to equally
1 Equally preferred/Important
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THBS.2.2.A: Pair-wise Comparison Matrix for the 1% Level Criteria (for Expert-1)

—u

Rasources | Population | Environment | Sacio-cultural | Technology | Economic
Resources 5 1 g 143 143
Population : 115 1 1 1/3
Environment 2oy 5 1 5
Socio-cultural ,&%% 145 175
Technology
Economic

Table 52! 2.B: Pair-wise Comparison Matrix for the 2" Level Critcria (Under

Resource)
Area under Area under
water Fish agriculture | Cultivable | Irmigated | Sediment | Sediment | Tram
class habitat | class area area in-beels in rivers mern
Arga under
water class | 1 5 115 143 1 145 145 7
Fish
habitat } 145 145 145 115 5 7
Area under
agriculiure
class 1 1 13 143 17 B
Cultiviable
area 1 5 15 i3 [
Irrigated
area 1 113 113 7
Sediment
In-beels 1 1 7
Sedmment
in rvers 1 7
Trained
member 1

Table 5.2.2.C: Pair-wise Comparison Matrix for the 2™ Level Criteria (Under

Population)
{ sbor involvement | Population invelvement | Livestock
Labor involvement 1 1
Fopulation involvement 1
Livestack 1
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{4l : Pair-wise Comparison Matrix for the 2°* Level Criteria {(Under

Environment)
Duration Ak
Dissolved | Dry  sub- | Monsaon of water | Depth in the | w
Salinity | P | Oxygen mergence | submergence | logging deepest point | o
Salinity 1 1 115 7 145 1/5 1 1
P 1|1 5 177 15 115 114>
Dizzolved
Creygen 1 5 5 15 1/5 T
Dry
submergence 1 147 17 117 17
Monsoon
submergence 1 145 147 |
Ouration  of
walter logging 1 5 1
Depth in the
deepest point 1 i
Area of water
logging 1

Table 5.2.-22E§: Pair-wisc Comparison Matrix for the 2™ Level Criteria {Under

Socio-culture)

Poverty reduction Employment

Poverty reduction 1 1

Employment 1
Tablei8.2.2F : Pair-wise Comparison Matrix for the 2" Level Criteria (Under
Technology)

High water | Post monsoon | AgQ iand during
Discharge | Dredging | level i river | drainage dry seasan

Discharge 1 5 15 143 5

Dredging i 143 145 175

High watar level in river 1 5 5

Post monsoon drainage 1 5

Ag
Segqz0n

land  during dry
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: Pair-wise Comparison Matrix for the 2™ Level Criteria (Under

Economic)
Fish production Agricultural production | Crop damage | OM Caost
Fish production 1 1432 113 143
Agricultural production L 1 1/5
Crop damage 1 15

OM Cost

1

Table5 2970 : Pair-wise Comparison Matrix for the 3™ Level Criteria {Under

Fish Production}

Dpen figh Culture fish
Open fish 1 113
Culture fish 1

Tablé 5.2.2.1: Pair-wise Comparison Matrix for the 3™ Level Criteria (Under

Agricuttural Production)

Agn production in beals

Cropping intensity

At producton in beels

1

5

L
I Cropping intensity

1

Step-4:  Transform the comparivens into weights

Table 5.2.3.A : Computatienal Process of Priority Yector (1% Level Criteria)

Fesources | Population | Envirgnment | Sociw-cultural | Technology | Economic |
Resources £1.00: o5 far 500 1.00 500 033 .33
Fopulation 0.20 w‘ﬁ.@‘-m‘?& B G.20 100 1.00 0.33
Enviranment | 1.00 5.00 ﬂli?%?" SLET 5.00 100 500
pemici:
Socio-cultural | 020 1.00 .20 [1 'DIJ Soie i 020 0.20
Technology 300 1.00 100 5 {]ﬂ 5100z s 5 00
el PR R
Economic 3.00 300 0,20 020 .20 I"g mr‘fﬂ%
J Column sum | 8.40 16.00 360 17.20 373 11.3? I
T:ﬁ]ﬁ 5.2.3.B: Computational Process of Priority Yector {E”d Level Criteria Under
Resource)
Area  under
Wrea under Fish agricuture Cultivable | Imigated Sediment | Sediment | Tramn
waler class | habitat | class ared area in-beeis in fivers | mearm
Area uncier
walter class 5.00 020 0.33 1.00 0.20 0.20 7.00
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Fish habitat 0.20 gﬂag% uin 020 0.20 0.20 5.00 7.00
Area under

agnasulture

class 5.00 500 [Reeai 1.00 033 0.33 014 011
Cultivable area | 3.00 500 | 1.00 P00t 5. 00 0.20 0.33 7.00
Imigated area | 1.00 500 | 300 0.20 B3 QQE 0a3 0.33 7.00
Sedmeant Ty

besls 5,00 500 | 3.00 5.00 300

Sediment i

Nvers 5.00 0.20 7.00 3.00 300

Trained ;
member 0.14 014 | 9.00 0.14 014|014 014 00
Columnsum 2034 | 2854 | 2440 1088 1368 | 341 515 |43 11

Table 5,2.3.C: Computational Process of Prio

Population)

rity Vector (2" Level Criteria Under

Labor involvemnant l Population invalvement

Livestock

Labar involvement A 00EEy SRR 100 700

Sapaiation volverrent | 100 = | 700 ‘1
Livestoek 014 014 ' 00 _1
Column sum 2 14 2 14 15 00 \

Table 3.2.3.13; Computational Process of Priority Vector 2

Environment)

Level Criteria Under

! Mensoon Quratien Depthin Area of
Dizsolved Dry sub- | sub- of water despest water
Salinity pH Omygen margence | mergsnce lagging point loaaing
| Salinity 100 . 100 020 700 020 020 100 020
=R G900 .00 1.00 5.00 0.14 0.20 520 0.20
Dhssolvad I .
Oxygen | 5.00 100 Q:::; 5 00 500 0 20 0,20 0 20
Dry S
submergence | (.14 020 |0.20 "a;_n'gﬁw Al 014 0.14 0.14 014
Monsoon
submergence | 5 00 700 |020 7 00 Q2a
Duration of -
water logging | 5.00 00 | BO0 700 100
Bepth in the A4
despestpont | 1.0¢ | 500 7| .00 7.00 W 020
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Area of water
leaging 500 5.00 5.00 700 5.00 100 5.00

Column sum | 23 14 25.20 {1760 45,00 2349 314 12.69 3.14

Tabie¢ 5.2.3.E: Computational Process of Priority Vector 1[2'“i Level Criteria Under

Socio-culture)

[ Poverty reduction | Employment
Poverty reduction  |ul .UDM] 100
Employment 1.00 100

l Column sum 2.00 2.00

Table 5.2.3.F: Computational Process of Priority Vector (2™ Level Criteria Under

Technology)
High water | Past monsoon | Ag land during
Digcharge | Dredgqing lavel in nver | drainage dry season
Cischarge -‘}EPMI 500 020 033 5.00
Dredaing 0.20 J:EE:*-%@ 0.33 020 0,20
High water level i ) i
in rver 500 3.00 a0 5.00 5.00
Post  monsoon ;
drainage 3.00 5.00 0.20
b Ag land  dunng .
dry season 0.20 5 00 020 020 1.00.,
Column sum 9 4d 19 00 193 B.73 1620

Tahble 5.2.3.G: Computational Process of Priority Vector (2™ Level Criteria Under

Economic)

Fish production | Agricultural production | Grop damage OM Cost
Fish production grmaegzig 0.33 033 020
Agricultural production | 3.00 008 .1 1.00 0.20
Crop damage 3.00 1.00 %ﬁ:ﬁ% 0.20
OM Cost 500 500 500 5139 o
Golumn sum 12 00 733 733 1.60 1

Table 5.2.3.H: Computational Process of Priority Veetor (3™ Level Criteria Under

Fish Production}

I_ Cpen figh Culture fish J




) - il
Open fish ﬁﬂﬂ% E 0.33
Culture fish 3.00 W
Column sum .00 133 '
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Tablé 5.2.3.1: Computational Process of Priority Yector (3" Level Criteria Under

Agricultural Produection)

Agri production in beels

Cropping intensity

Agn production in beels

1003 50n ;{% macm?:h.
i- gt rtfi-r?i

sao

Cropping intenst

¥

GIEEI

MO0 Tt

Column sum

120

6.0

Step-44: Divide each cell by column sum and form a matrix

Table 5.2.4.A: Matrix of 1* Level Criteria

Resources | Population | Environment | Socig-culiural | Techaolegy | Economic
] Resources Q.12 0314 028 29 0.09 (.03
Fapulation 0.02 0.06 008 G086 Q.27 003 |
Environment | g.12 031 028 {29 3.27 042 I
Sacie-cultural .02 006 008 | 0.04 0.05 co2 i
Technology 0.36 0.G6 0.28 I 024 Q.27 i £.43 '
Econcrmic [ 0.36 0.19 0.06 RN 0.05 | a.ng
Table 5.2.4.B3: Matrix of 2" Level Criteria (Under Resourcce)
Area Area !
under under i
water Fish agnculture | Cultivable | Irrigated | Sediment | Sediment | Train
class habitat | class area ared in baels in rvees mem
Ares under I
water class G.05 g1s a o1 2.03 oor 0.06 0.02 014
Fish habitat I oo 0.04 0.0 .02 I ao .08 | 061 | 013
Area under agn
class 0.25 019 0.04 0.09 ooz LY g0z poo
Cultvable area | 015 0.19 0.04 ¢ 09 037 0.06 0.04 0,18
Irgatad araes 0.05 018 .12 0.02 007 .10 0.04 018
Sediment In
beets 0.25 .18 .12 (.46 022 024 012 0.16
Sediment in rivery 0.25 .01 029 0.28 022 g.29 Q.12 018
Trained member | 0 &1 3.01 .37 .01 oM G.04 0.02 0.02
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Labor involvement | Population Invalvernent | Life-stock
[abor involvemant 047 047 0.47
Popuiation invelvernent | 047 0.47 0.47
Livestack .07 0.07 0.07
Table 5.2.4.D: Matrix of 2™ Level Criteria {Under Envirenment)
Depth |
Duration | in the larea of
Dissolved| Dry sub- Monsoon  pf water | deepest Iwater
Salinity | P" Oxygen | mergence| submergence logging | point 11Dgglng
salinity ood 0.04 Qg 015 a.m .06 oo L.os
P" D04 | 0.04 008 o1 9.01 0.06 | 0.02 0.06 |
Digsolved :
Oxygen 0.22 0.04 0.06 011 021 one | G0z 0.06 |
I Ory Ir
submergence | 001 (001 | 001 0.02 2.01 005 | 0.01 085 |
Monsoon |
submergence | 022 028 .o 015 0,04 Q.05 0o .05 i
Duratian of
water logging | 022 ) 0.20 0.28 G 15 (3.2 032 | G309 032
i Depthin the | I |
deepest point | 004 020 025 015 030 0,08 | 008 0Ca
Area of water |
logging 022 020 028 0.15 021 6.32 | 0.39 .32

Tahle 5.2.4.E: Matrix of 2" Level Criteria (Under Socio-culture)

Poverty reduction | Employment
Foverty reduction 035 0.5
Employment 05 05

Table 5.2.4.F: Matrix of 2" Level Critcria (Under Technaology)

High watsr Post monsoon | Ag land during
Discharge | Bredging | level in nyer drainage dry s2asan
thscharge .11 026 013 005 031
Dredging 0.02 0.05 017 0.03 om
High water [evel 10 river 0.53 .18 0.52 074 031
Post monsoon drainage 032 0.2§ 10 g15 031
Ag land during dry season a02 026 010 003 .06




Tablé 5.2.4.G: Matrix of 2™ Level Criteria (Under Economic)

%4

Fish production | Agricultural production | Crop damage OM Cost
Fish production Q.08 005 {1.05 013
Agricuitural production 0.25 014 0.14 0.13
Crop damage 025 .14 214 013
OM Cost 042 0.68 0.68 0.83

QDpean fish Cutture fish
Cipen fish 025 025
Cubture fish 075 D75

Table 5.2.4.1: Matrix of 37 Level Criteria (Under Agricultural Preduction)

Tablé 5.2.4.H: Matrix of 3" Level Criteria (Under Fish Production)

Agri production in beefs | Cropping intensity
P

Aqn produchion in beels

0833

0833

Cropaing intensity

166

0166

Step-48:

dividing each factor value by column sum

Table 5.2.5.A; Matrix of Normalized Values {1* Level Criteria}

Row sum | Priority vector

l Rescurces 112 0.1%
Fopulation {30 008
Enwvircnrment 169 0.23
Socio-cultural 0.27 Qa8 i
Techaology 168 028
Economic .75 g8.12

| Column sum 3 1

[aee—

Calculate row sum for each factor and normalize these valucs by

Table 5.2.5.B: Matrix of Normalized ¥Yalues (2" Level Criteria Under Resourec)

Row sum I Priority vector

Area under watker ¢lass 0.60 Q07
Fish hakitat 092 0.12
Area under agricubture class | 0.71 0.09
Cultivable area 110 014
Irrigated area .75 .09
Sediment in-beels 1.82 0.23
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Sediment in rivers 1 61 020
Trained member 049 .06
Column sum 8 1

wwwww

Row sum | Priority vector
Labor involvement 1 40 Q47
! Population invalvement | 1,40 047
I Livestock 0.20 o7
| Column sum 3 1

L E Y

Tabie 5.2.5.D: Matrix of Normalized Values (2" Level Criteria Under

Environment)
Row sum Prigrity vector

Salinity 048 006

P" 0.40 008

Cissolved Oxygen 0.78 010

Ory submergence 08 Q02

Mansoon submergence £.584 010

Duratian of water lagging | 2.09 Q.26

Cepth i the deepest point 118 015
E Area of watar logging 209 024 i
I_Column sum | ] 1 1

Table 5.2.5.F: Matrix of Normalized Values {2"! Level Criteria Under Socio-

cultore)
Row sum | Priority vector
Fovarty reduction 1 05
Employment 1 05
Column sum 2 1

Table 5.2.5.F: Matrix of Nermalized ¥alues {2" Level Criteria Under Technology )

i_ Row sum | Priority vector
Cizcharge 0.83 017
Dredging 0.29 0.06
High water lavel in river 226 045
Post monsoon drainage 1.14 023
Ag land during dry season .48 D10
Column sum 5 1
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Tableé 5.2.5.G: Matrix of Normalized Values (2™ Level Criteria Under Economic)

Row sum | Priority vector
Fish production 030 .oy
Agriculiural production | 0.65 0.16
Crop damage 085 0.16
OM Cost 241 .60
Column sum 4 1

Table 5.2.5.H: Matrix of Normalized Values (3™ Level Criteria Under Fish

Production)

| Row sum Pricrity vector
Open fish 0.5 025
Culture fish 1.5 0.75
Colurnn sum 2 1

Table 5.2.5.1: Matrix of Normalized Values (3™ Level Criteria Under Agricultural

Production}

Row sum | Priarity vector |
Aqgri production in beels | 1.67 083 ]
Cropping intensity 0.33 G17 ]
Column sum 2 E 1 I

Following the eamputational process, the priority vector of each eriterion and the

criteria against each option for Experi-1 is found.

Table 5.2.6.A; Priority Vector of Each Criteria (for Expert-1)

i Pricrity vector
Resources | 0.186233
Population I 0.082650

| Environment 02815348

| Sein-culturaf Q.045072

| Vechnology 0 275554
Economic 0124845
Area under water class 0074561
Fish habitat 0.115418
Area under agriculture class | 0.088845
Cultwable area 0137215




Irrigated area 0 084306
Sediment in-beels 0 226984
Sediment in rivers 0201723
Trained member 0.060937
Labor involvemeant Q465667
Population involvement 0. 466657
Life-stock 0 0GEBET
Salinity 0.0a783
P" 0 049891
Dissolved Oxygen 0097147
Dry submergence 0019433
Monsoon submergence 0.10481
Curation of water lagging 0.261766
Depth in the deepest point (.147755
Area of water logging 0 261766
Poverty reduction 05 |
Employment 0.5 B
Discharge 0166227
Credging 0.057674

i High water leval in river 3.451853

i Post monsgon drainage O 228582
Ag land during dry seasan 0 0935883 [
Fish production 0074511 —i
Agncultural production 0181932 I
Crop damage 0161832
OM Cost 0601326
Open fish 0.25
Culture fish .75
Agri production In beels ; 0.833233

1 0 1668667 l

Cropping intensity

97

Table 5.2.6.B: Priority vector of each criterion (for Expert-1, Expert-2 and Expert-

3
Expert-1 Expert-2 Expert-3 Geometric mean !
Pricrity vector | Priority vector | Priority vector | Priority vector
Resources 0.186233 0.248473 0186233 0.20502068% i
Population 0.082659 0 055185 0 082659 0.072243458
Environment G 281538 0191855 0281538 0.247665043
Socia-cultural 0045072 0136549 0045072 0065214438
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Technalogy 0 279554 0.206806 0.279554 0.252831823
Economic 0124845 0161352 0 124045 0.13650618
Area under water class 0074561 01820948 0074551 0.100409647
Fish habitat 0115418 0.08955 0.115419 0106175181

[ Area under agriculture class | 0.088845 0.083%54 f 088845 0.087178939
Cultivable area Q137215 0157187 0137215 0,142573408
Irrgated area 0.094306 0085112 0.094306 0.091459119
Sediment in-beeis 0 226504 0.156003 0.226954 0.200318186
Sediment in rivers 0.201723 0.211719 0201723 (.205001722
Traned member 0.060937 0.033093 0.060937 0.049718302 |
Labor involvement 0.468667 G 454545 0466667 D.46259076T
FPaopulatian involverment 0 458667 0.454545 0 466867 0.462590767

i Livestock 0 QBE6ET 0.080809 0 066657 0.073927832
Salinity 0.057631 0.184843 0.057631 0.084990745
P" 0 049691 0.02733 01.049691 0.040712682
Dissolved Oxygen 0097147 0.026497 0097147 0.063001555
Dry submergence 0019433 0 076466 0019433 0.030679712 '
Monsoon submergence 0.10481 0.156706 010481 0.119847551
Buraton of water logging 0.261766 5216249 0.261768 9245618272 |
Depth In the deepest pont 0147755 0.088579 0147755 J 0.124587081 ;
Area of water logaing 0 261766 | ©.22333 .281766 0.248270291 _!
Foverty reduciion ] 03 LES 0.5

| Ermployment 05 05 )3 05 |
Chschargs i 0168227 ! 0 343445 186227 0.212842606 ::
Ciredging Q.057E74 0 1326587 0.057E7 4 0.076439011 i
High water level in river 3.4516563 0291036 0.451653 0.390108843 l
Fost monscon drainage 0225382 0142324 0225582 0.19541694 E
Ag land dunng dry season 0 Q95B63 0.083905 (.085863 0094731296
Fish production 00748119 0177033 0074811 0.08970142
Agricultural production G 1814932 0239583 0161832 0184518676

l Crop damage 0161832 QATF0B3 0.161832 0.166832512
Ok Cost 0801326 {40825 (.601326 0.527639941
Cpen fish 0.25 0.25 025 0.25
Culture fish 075 0.78 0.75 0.75
Agri production in beels 0833333 03 £ 833333 (.7T02860554
Cropping intensity 0.166667 05 0. 166667 0.240374928 _J
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TABIZ 5.2.7.A: Priority Vector of Criterion against Each Option (KJDRP, Non-

KJDRP, TRM, Non-TRM) (for Expert-1)

Area under watar class Priority vector | Area under water class | Priority vector
KJDRP 0,833 TEM 0833
MNon-KJORP { D166 Nan-TRM G 166
Fish habitat Fish habiiat
KJDRP 0833 TRM 0833
Won-KJDRP 0.166 Non-TRM {.166
Area undar agriculiure class Arog under agricufture class
KJIORF 0.833 TRM 0833
Non-KJDRP 0 1686 ton-TRM 0186
Cutltivable araa Cuitivable area
KJDRF 0.833 TRM 0 833
Non-KJORP 0.166 Non-TEM 0166
irrigated area irrigated area
K.IDORF 0.833 TRM 04333
Non-KJDRP 0168 Mon-TRM Q. 166
Sedimeant in begls Sediment in beels I
KJDRP I D875 TRM 0.875 E
MNon-kKJDRF | 0125 Mon-TREA 0125 1
Sadiment in rivers Sediment in rivers |
KJORP 0.833 TRM 0.833 i
Non-KJORP '! 0166 Mon-TRM 0166 i
Trained mambears Trainad members |
KJDRP [ 075 TRM D75 il
Nan-KJDRP 1 025 Mon-TRM 025
Labor invofvement Labor involvament
KJDORF $.833 TREM 0.75 1
Mon-KJORP {188 Mon-TREM 0.25
Population involvement Popuiatian invoivement
KJDRP | 0.75 TRM 075 |
Non-KJORP 1 0.25 Mon-TRM D25
Livestock Livestock
KJDRP 075 TRM 075
Non-KJDRP 0.25 MNen-TRM 0.25 ]
Salinity - Salinity
KJDEP ) TRM 833
Non-KJDRP 05 Mon-TRM 0,166

Gk P"
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KJDRP 07a TRM 0.75
Non-KJORP 025 Non-TRM .25
Dissofved Oxygen Dissolved Cxygen
| KJDRP 0.833 TRM 0 833
Mon-KJDRP 0.166 Mon-TRM 0.166
Dry Submergence Dry Submergence
KJDRP 0.875 TRM 0.875
Non-KJDRP 0.125 Mon-TEM 6125
1 Monsoon submergence Monsoan submergence
KJIORP {833 TRM 0.833
Mon-KJORF 0 166 Men-TRM 0,166
Water logging Water logaing
KIDRP 0.833 TEM 0.833
Nen-KJORP 0. 166 MNon-TRM G188
Depth in the despest point Depth in the deapest point
KJDRP 0.833 TRM 0.833
Non-KJORP 0.166 Non-TRM 0.186
Area of water logging Area of water logging
i KUDRP | 0.875 TRM 0 B33
i Mon-KJDRP i 0128 MNon-TR™M 0165
| Poverty reduction Foverty reduction
KIORP 083z TRM 0.833
i MHon-KJIDRF 0 166 MNon-TRM {.166
| Employment Employmernt
i KJDRP 0833 TRM 03233
Mon-KJDRP | 0166 Mon-TRM 0166
Discharge ' Discharge
KJORP V] TRM 0875
MNon-wJDRP 1 MNon-TRM 0125
Dredging Dredging R
KJORF a75 THM 0.0gn
Mon-KJORP 025 Non-TRM ¢ ags
High water level in river High water fevel i river
KJORP 0832 TRM 0.833
Mon-KJORP 0 166 Mon-TRM 0.166
Past monsoon drainage Post monsoon drainage
KJDRP 0875 TRM 0833
MNon-KJORF 0125 Non-TRM 0166
“Ag land during dry season Ag land during dry seascn
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0.833

KJORP 0875 TRM
Mon-KJDRP G.125 Nen-TRM 0.166
Open fish Cpen fish
KJDRE 0 166 THEM 0.875
Nen-KJORP 0833 MNon-TRM 0.128
Cuiture fish Culture fish
KJDRP 0.833 TRM 0.833
Hon-KJORP 0 165 Man-TEM Q165
Ag prodicticn in beels Ag production in heels
¥JORF 0.833 TRM 0833

l Non-KJORF 0168 Non-TRM 01685
Cropping intensity Cropping intensity
KJDORF 833 TREM 0.833
Nan-KJORP 0,166 Non-TRM 0.166
Crop damage Crop damage i
KJORP 0.833 TRM 0833 ]
Mon-KJORP 0 166 MNon-TRM 0166 ‘
O & M Cost O &M Cost
KJORP G0.574 TRAM 075
MNon-RJDRP 0128 Non-TRM 0325

Similar caleatation was made for Expert-2 and Expert-3, and {inally the prionty vectors

found from three experls was combined into one by geometric row mean method.

Table 5.2.7.B: Priority veetor of criteria ander the option of KIDRP and Noa-
KJDRP (for Expert-1, Expert-2 and Expert-3)

| Expert-1 Expert-2 Expert-3 Geometric mean t
Area under water class Frigrity vector l Priority vector | Priority vector | Priority vector i
KJORFP 08333 0.9 08333 0.8549 :
Men-KJORP 01656 01 1665 0.4405 \
Fish habitat :
KJODRP 08333 0.8333 08333 0.8333 ]
Non-KJDRP 01666 £.1565 0.1666 0.1666 |
Area under agriculture class ]I

I KJORF {.83333 4875 08333 0.84619
Won-KJORP 0.1666 0125 01666 0.1514
Cultivable area
K.IDRP 0.8333 d 873 08332 0.84659
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rNDn-KJDRF' 0.1666 0.125 0.1666 0.1514
brrigated area
KJORP 0.8333 .75 0.8333 0.8045
Non-KJORP 0.1666 0.25 0 1666 01907 ’
Sediment in beels l
KJDRP 0875 025 0878 0.5763 i
Non-KJORP 0,125 075 0125 0.22714
Sediment in rlvers

t *JORF 0.8233 0 8333 08333 0.8333

! Nan-KJORP 0 1666 0.1668 0 1866 0.1666 |
Trained members l
KJORP 0.75 08333 0.75 0.7768

Nan-KJDRP G225 G 1686 025 0.2183
Labor invpivement
KJDORP 0 &§333 0.875 | 048333 0.8469
Mon-KJDRF 0 1686 0125 1 Q1668 ¢.1514
FPopulation involvement |
KJDORP 075 08333 .75 0.7768
Non-KJDORP I 025 0.1588 028 0.2183 !
Livestock l |
KJORP {75 {8333 07a i 0.7768 t
Man-KJORF {25 0.1668 025 0.2133 !
Salinity |
KJDRP 05 0v¥s 35 0.5723 |
Mon-KJDRP 03 025 0.5 0.3968

P i
KIDRP 0.75 £$.8333 0.75 07768 i
Mon-KJDRP 025 | 0 1666 ! Q25 0.2183 l
Dissolved Cxygen 1 |
KJORP (8333 08333 i 3 8333 0.8333 E
Man-KJGRP 01866 0.1666 3.1666 01666 '
bry Submergence
KJORF 0875 0.78 0 8Y5 0.8311 i
Mon-KJORP 0125 0.25 0125 0.15749
Monsoon submergence
KJDRP 0.8333 £0.8333 1.8333 0.8333
MNon-KJDRP 0. 1666 0 1666 01665 0.1866
Water logging
KJORF 08332 0.875 08333 0.8485
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IWan-K.JDRP 0.1666 0.125 0.1666 0.1514
Depth in the deopest
paint
KJORP Q8333 0.75 0.833333 {.8045
"Non-KJDORP 0.1666 0.25 0 166667 0.1907
Area of water logging
[ KJDRP 0.875 0.875 0875 0.575
Non-KJORF 0125 0125 125 0.125
Poverty reduction
KJDRP 0.8333 0875 0.8323 0.2469
Non-KJORP 0. 1666 D125 . 0.1666 0.4514
Employment
KJCRP 08333 .8333 0.8333 0.8333
Non-KJORP 0. 1666 0 1666 0 1666 0.1666
Discharge
KJORP 0.8 075 0.8 0.2489
Mon-KJDRF 01 .22 o1 0.1357
Dredging
KJORP 0v¥s 0.7% 075 0.75
| Non-KJDRP 0.25 025 0.25 0,25
High water leval in river
KJORF 0 B333 0.8333 £.8333 0.8333
Non-KJDRP 0 1666 01666 0 1666 0.1666
Post manscon drainage
KJORFP 0875 08333 0875 D.8608
Mon-KJDRF 0125 $.1666 0125 0.4375
Ag land during dry
£6a50N
KJDRF 0.875 .8333 0,875 0.8608
Non-KJORP 0125 0 1666 0.125 01375
Open fish
KJORP 0. 1666 08333 O 16865 0.2849
Mon-KJDRP 0.8333 (. 1666 08333 0.4873
Culture fish
KJDRP 0.8333 0875 0.8333 0.8469
Non-KJDRP 016566 0.125 0.1666 01514
“Ag production in beels
KJORP 08333 05 0.8333 0.7028
Mon-KJODRP 0.1666 05 0.1666 0.2403
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Cropping intensity

KJDRP 0.8333 0.875 0.8333 0.5469
Mon-KJDRP 0.1666 0.125 0.1866 0.1514
Crop damage

K./DEP 0 8333 08333 0.8333 08313
Non-KJDRP 0.1666 0.1666 0 1666 0.1666
0O & M Cost

KJDRP 0875 0.75 0875 0.8311
MNon-KJDRF 0.125 025 0125 015748

Tisfl:_ﬁi_e 5.2,7.C: Priority vector of criteria under the option of TRM and Non-TRM
(for Expert-1, Expert-2 and Expert-3)

Expert-1 Expert-2 Expert-3 Geometric mean
Area under water class | Priority vectar | Priority vector | Priority vector | Priority vector
TEM 0.8333 0.875 0 8333 0.5469
Maon-TRM 0.1667 D125 01657 0.1514
Fish habitat
TEM 08333 0.8333 08332 0.8332
MNaon-TRM 0 1667 01668 01667 0.1666
Area under agriculture class
TRM 08333 0.8333 0.8333 0.8333
Man-TRM 01667 01666 0 1667 0.1665
Cultivable area
TREM 0.8333 a.78 08333 0.8045
i Nen-TRM G 1867 .24 018667 0.1%C67
i Irrigated area
i TRM 0.8333 0.8333 0.8333 0.83333
' Non-TRM 01667 0 1666 01667 01666
Sediment in beels
TRM 0.875 0875 0875 0.875
Mon-TRM 0125 0125 0125 0.125
Sediment in rivers
TRM 0.8333 0 875 0 8333 (.B469
Non-TRM 0.1867 0,125 0.1667 0.1514
Trained members
[ TRM 0.75 0.75 075 0.75
Non-TREM 0.25 025 025 0.25
Lahor involvement
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TRM 0.75 075 0.v5 0.75

Mon-TRM 025 0.25 0.25 0.25

Population involvement

TRM 075 0.875 0.75 0.7835 )

Non-TRIM 025 0.125 0.25 0.1984

Livestock

TRM 0.75 0.5 075 0.6551

MNon-TRM 025 0.5 025 £.3149

Salinity

TRM 08332 £.8333 08333 0.8333

Neh-TRM 0.1667 0 1668 0.1667 0.166%

P

TRM 075 075 075 0.75

Mon-TEM 025 .25 025 0.25

Dissolved Oxygen

TRM 08333 0.8333 08333 0.8333
[ Non-TRM 0 1667 0.1666 0.1667 0.1666

Ory Submergence

TRM 0.875 05 0875 0.7260
l Mon-TRM 0125 05 0125 0.1984 J
| Monsoon submergence |

TRM 0.8333 0vE 0.8333 0.8045

Man-TRM 01667 0.25 O 1667 0.1947

Water logging

TRM 08333 0.5 08333 0.7028

MNon-TRM 0 1667 2.2 0 1667 0.2403

Depth in the deepest point |

TEM 0.8333 a5 08333 I 0.7028

Mon-TRM 0 1867 0.5 01667 I 0.2303

Area of water logging

TRM 0.8333 073 0.8333 0.8045

Non-TRM 01687 025 0 1667 0.1807

Poverty reduction

TRM 0.8333 0.5 D.5333 0.7028

Mon-TRM 0.1667 a5 01667 0.2402

Employment

TRM 0.8333 a3 0.8332 0.7028

Nor-TRM 0.1667 05 0.1667 0.2403

Il:llscharge
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TRM 0875 0 B333 0.875 0.8608

Mon-TRM 0125 01666 0.125 0.1375

Dredging

TEM 00908 0,125 0.0909 01010

Non-TRM (8091 0875 08091 0.B97S

High water level in river

TRM 0.83123 07a 0 B333 0.8045

MNon-TRM {01667 i 0.25 01667 0.1907

Post monsoon drainage I R
| TRM 0.8333 0.75 0 8333 0.8045 1
! Non-TRM 0 1667 0.28 01667 0.18067 1

Ag land during dry season ]

TR QB333 075 08333 0.8045

Non-TRM 01687 .25 0.1667 0.1907

Open fish i

TREM 0875 0.8333 0 B75 0.3608

MNen-TRM 0.125 0. 1686 D125 0.1375 1

Culture fish I

TEM 58353 05 08333 07028 |r

WNon-TRM {1867 0.5 01887 0.2403 i

Ag production in beels i
! TRM I {1.8333 D A33% 0 8333 0.8333 !
[ MNon-TRM i 016587 1 G 16686 Q1687 0.1666 !
| Cropping intensity ! i

TRM 0.8333 l 074 0.8333 0.8045

Mon-TRM 0 1867 | 25 0 18567 0.1907

Crop damage i I !

TRM DK 85 l 0.8333 0.7028 |

MNon-TRM 01867 05 Q. 1687 0.2403

O & M Cost

TRM D75 0125 avs 0.4427

MNon-TRM 025 0.875 025 0.3785

Table 5.2.8: Ohverall summary af Priority Vector (PV.} {from Expert-I, Expert-2 and

LExpert-3)

PY. {From
Expert-1,2 &
3

PV. undsr
MKJDRP
aption

PV. under
Non-KJDRFP
aption

PV. under
TRM
aption

PV. under
MNon-TRM

oplion
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1sr order criteria
Resources 0 2050
Populabion Qorzz
Environment 02476 f
Socip-cudtural 0.0852
Technology 02528 3
Economic 0 1350
2" & 39 order criteria
Area under water class £.1004 0.8540 | {1405 0 8459 1514 I
i Fish habitat G.1061 08333 r { 1666 Q0 a333 01666 i
Arez  under agriculture j
class 0 0871 0 8469 01514 0.8333 01686 |
|
Cultivable area 01435 {.8469 G 1514 0 a0d4s 01807 !
Irngated area 0.0914 0.8045 Q1807 08333 01666 —i
Sediment in-beels £.2003 05763 0.2271 0875 0125 |
Sediment In rvers 0.2050 $.8333 1666 { 5459 01514 i
Trainad memkber 0.0497 0.7768 G 2183 075 0.25 !
Labor involvement 0 4828 $.84609 01514 0TS 025
1 Pogulaticrn invalvement | O 4825 I T ¥TES 0.2183 0 7355 01984 .
1 |
] lIvestock, 0.0734 I Q.7768 02133 B354 03149 .
Ealinlty 0849 P 05723 0 39558 08333 0 1656 ;
lE P 0 0407 07768 02183 j aO7Ee 025 I
Ciszolved Cxyqgen 0 0630 03333 0 1666 [ 08333 1 1EGH I
Dry submeargence 0,036 08311 | 01574 | O 7280 0 13954 !
. | 1
Monsoon submergence VREEE 08333 b 01666 | 0.8045 Q1807 !
Duration of water logging 02455 0 84583 | 91514 07023 0.2403 !
Depth 1n the deepest point 0.1245 0.8045 | 01947 ! 070za 0.2403 5
Area of water logging [ 02482 0875 | 0128 | 02045 01907 .
Poverty reduction .5 0.5469 [ 01514 | 0 ¥0ze 02433
Employment 0.5 {8333 0.1666 | 7028 0.2403 '
Cischarge 0.2129 0,546 {1357 ! J 8a0s 01375
Dredging I 00761 075 025 01010 Q8875 i
Migh water level i1 rver I G.3901 0.8333 01666 0.8045 01907
Post rmonsoen drainage | 0 1954 0.8508 01375 0 8045 0.$807
Ag land during dry season o081y 08608 01375 08045 01807 —|
Crop damage (.1668 .8333 Q1666 07028 02403 i'
OM Cost Q5276 0.8311 01574 84127 0 37465
Fish production 0.0997 !
Oparn fish 025 0.2849 0.4873 I 0.8508 0.1375
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[‘culture fish B 75 0.846¢ 01514 0 7028 0.2403
Agricultural production G 1845
Agri production in beels 07028 07028 0.2403 {8333 0.16G6
Cropping intensity 0.2403 0 8469 0.1514 03.8045 01807

Step-5: Use the weights to obtain scores for the different oprions and make a
P P

provisiopal decision.

The real value (incremental value in percentage) of each criterion is mulnplied by the

priority vector of each criterion. and then the score for each option is found.

Table 5.2.9: Priority vector (PY.) with reat performance value

Priority vector | Real incremental | Sign on Real Priority Vector i
(PY) value from pre fo | judgment | (PV * real !
{From Expert- | post profect {in %) | basis incremental value) |
1,28 3) i
Resources 0.2050 0.2050 .
Faopuiatcn 0.0722 o722 i
Environmert 02478 0z247g
Sces-cultural 0652 0.0652 i
Techaology i 024628 02528 r
! Economic 1 01360 £.1360
i | ;
Araa under water class 01004 =36 5230 35,923 37074 !
Fish hasitat 01061 114 8425 114,843 12.1934 ;
Area under  agniculture !
class 0.0871 3375 3375 29422 E
Cultivable area 1435 23.7758 23779 54141
frigated arza 0.0914 704523 70 452 B 4457 !
" Sediment in-beels £.2003 T3 5873 73.587 14 7428 r
Sedimentin rivers 02030 | -B9 3852 89389 18 3248 l
Trained member 0 497 J 47,7463 -A7 7AB -2.3737 |
Labor invehvament 0.4525 1111.75 1111.75 514 2853 !
Population invalvement 4625 398.5284 358 529 184,356 l
Livestock 0.0739 £19 9375 619 937 45,8306 i
Salinty 0.0849 -24.21 24 21 2.0576 i
P" 0 0407 57951 5.7951 0.2359 ;
Dissolved Oxygen £.0630 46,4840 -46 484 -2.9285 i
Dry submergence 0 0305 57 0833 57.083 17512 _Jf
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Monsoon submergence 0.1158 -25.7730 25773 3.0888

Duration of water logging | 0.2458 -43.4045 42 4 10.4142

Depth in the deepsst

pomnt 01245 -18.1645 18 1645 2.26830

Area of water logeing 02482 -65 BAB3 65.68 16 3064

Poverty reduction 05 -25 3333 25.33 12 663

Emplayrment 05 438214 43,921 219807

Discharge 02129 180 190 40,4591

Cradging 0.0781 79 7297 -T3 725 -5 0704

High water level \n river 0 3501 16 3541 16 354 5 3799

Post monsoon drainage 0 19354 45 6586 45 BBEG 8 5240

Aq  land  during  dry

Season 0.0917 -15.73184 15,731 -1,4430

Fish production G.09a7 76 8660 76 866 76638 |

Agricultural producticn 0 1845 41 5791 44.979 7.7458 :r

Crop damage 01568 -03. 7672 D376 15 6422
] Ot Cost 03.5276 -04. 0383 84.085 49 8445 |
i Open fish ] .25 24.8420 24,842 B 2105 |
I Culture fish | 073 1282788 128 276 l 06 2075 i
! Agri production in besals ! 0 7028 727 4738 72T 473 | 811.3127 |
| Cropping intensity | 02403 | 50017 500175 | Z 1637

Table 3.2.10: Priovity vector (FV.) from experss’ choice and the real priority vector

found from KJDAP and Non- KJDRP options

PV. {From Expert-1, | Real Priority | PV. under | PV. under
Expert-2 & Expert-3) | Yector HJORF Mon-KJORP
l option aption
1sr order criteria
Resources 2050 02050
Population 1 0.0722 g.0yaz
Environment 02478 {.2476
“Socio-caltural | 00652 0 0652
Technology Q2528 3.2528
Economic 01360 01350
2% & 37 order criteria
Area under water class 01004 37074 0.8549 0.1405
Fish hahitat 0.1061 12 1934 0.8333 01666
Area under agriculture cfass | 0.0571 28422 0.8459 0.1514
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Cultivable area 01435 34141 0 8469 01514
Irrigated area 00814 5 4457 0 8045 0.1907
Sediment in-heels G 2003 14 7428 0.5763 02271
Sedimeant in rivers 0.2050 18.3249 0.8333 01666
Trained member 0.0487 -3.3737 0.7768 0.2183
Labor involvement 34525 514 2853 0.84649 0.1514
Population Involvement 0.4625 184,356 Q.7768 02183
Livestock 0aras 45 8306 0 77g8 02183
Salinity 00249 2 D576 Q58723 0.3563
P" 0.0407 0.2355 07768 0.2183
Bissolved Oxygen D.0830 -2.9285 08333 0 1865
Dry submergence 0 0306 1.7512 2.8311 01574
Monsoon submergence 01198 A0BR8 3.8333 0 1666

| Duration of water togging 0.2456 10 4142 0.8464 0.1514

I[ Cepth in the deepest point 01245 2.2630 0.8045 01407
Area of water logaing 02482 16 3064 0.875 0128
Proverty reduction 03 12 565 0 8469 01514
Ermployrment 085 21.9807 0.8333 01865
Discharge $.2129 40 4581 ) BAGY 01357
Dredging {076 -5 0704 I 075 025

‘ High water level in river i 0 2301 5.3799 08333 2.1666

i Post mensoon drainage 01954 89240 $.89608 31375
&g land during dry seasan ooty -1 4430 08608 Q1375
Crop damage 01568 78636 0.8333 01666
Ol Cost 05274 77458 0831 01574
Fish production 0.0%97 15,6442
Open fish 135 49 6445 028449 04873
Culture fish .75 g 2105 08459 0.1514
Agnizultural production 01845 98.2075

l Agr production in beels 07028 £11 3127 07028 0.2403

| Cropping intensity 02403 2 1637 0 B4R9 01514




Seore of Resource factor under KJDRP & Non-KJDRP ;

Technology Assessment

l
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Socio-culture | Resource (0.21) IEnvimnment FEconomic F’Dpulatiﬂn Tzechnology
1
L —KIDRP (0.854)
Arca under water |
Class (3 71} | [Non-KJDRP (0.14)
~{K IDRP (0.8333)
Fish habitar {1219
ish habitat (1219 1 Non-RIDRP (0.1666)
—RJDREP (0 846
Area under Ag. * ( )
Class (2.94) Non-kJDRP(0.151)
| < IDRE (0.346)
e
Cultivable area {3 41} tan-KJDRP {131}
—RIDRE (¢ 303}
Irrigated 6.45 —
rrigated area (6.45) Non-KJDRP (0, 1507)
r KIDORP (0.574)
[Sedirnent m beel {§4 74} |
i ' | Non-KIDRP {0227}
1 (IDRP (0 8333) -
Sediment in niver (18 32}
M0|1=KJDRP{G lo66) |
o ol rained member by NGO (-2.37) __L!KJDRPU}J?E»}
Non-KJDRP (0.218)
Here values in bracket indicates the prierity vector found from the judgment of the
experls and values in bracket of 2™ order criteria indicates the real priority vector found
from Table 5 2.10
Cafculation:
Seore for KIDRP funder Resource Factor)
= 0854*3.71 ¥ 021
+9R3ZE12,19* 020
+ 0846 *2.94 * (2]
+08%46 *341 *021
+ 0805 *645 *0.2]
N
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+ 035376 *14.74*02)
+ 08333 % 1832 * 021
+0.776 (237 % 021 =9.39

Score for Non- KJIDRP tunder Resource Factor)

= 034* 371 *{2]

+ 01686 % 12,19 * 0.2

= 0.151 %254 * .21

FOIEL ¥3A4 F 2

0,090 *645 * (.21

10227 *14.74 % 0.2]

01666 * |8.52 * 0.21

=028 (23T 021 =2.17%

Similar calculation can be made to ger score of other factors under KIDRP and Non-

EJDRP options.

Final score of KJDRP
= » Score of (Resource * Socio-culture +Ensironment -+Economic +Population
+Technology)

tactors under KIDRT opticns.

=) {9.304 + 1.89 + + 6 B9 + 523 794 + 44,357 +10 484 )
= 596,853

similarly, Final score of Nen-KJDRE
= Y Score of {Resource + Socio-culturet Environment +Economic +Population
+ lechnology)
factors under Non-KIDRP oplions.
=% (2179 + 0363+ 1292 + 1585624 + 9257 + 1 533)

H

173.281

Table 5.2.11 : Score obtained for dillcrent criteria under KJDRP and Nob-
K.JIDRP options in AHT Mcthod

Socic !
Score Resoury cufture | Environment | Economic | Popufation | Technology | TOTAL
For KIORP 9.354 1.88 6 899 523794 44 387 10.484 596,85
For Non-KJDRP | 2 174 0,363 1.282 158 624 8257 1.533 1732.25
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Figure 5.2: Comparison of criteria under KJDRP anil Non- KJDRP Qptions

Score for KIDRP and Non-KJDRP Qptions

8O0 - -

500 | -

00—

Score for KJORP

Srare for Mon-KJORP

Figure 5.3: Score for KJDRP and Noa-KJDRP Opiions in AHP Method

5.2.2 Analytical Hierarchy Process (AHP) for TRM and Non-TRM option
Steps, which are followed in AHP method {or KIDRP and Non-KJDRP options. can be

fellowed 1in case of TRM and Non-TRM options alsa. The only differcnce is in later

case, the real performance value was not considered. Real performance value due 1o

TRM option was not fully asailable. So, in this case. only prioity vector from different

2xperts’ opinions are considered

Table 3.2.82: Priority vector found from experts’ choice for TRM and Non-TRM

uptions

Friority Vector {From Expert- | Under TRM | Undar Non-
1, Expert-2 & Experl-3) cption TRM option

1sr order criteria

Resourcas 0.20:50

Populaticn 00722

Environment 0.2478

Socio-cultural 0.0652
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Technology 02528
Economic 0 1364
27 & 3 order criteria
Area under water class 0.1004 0.8469 01514
Fish habitat 0.1081 02333 0 1666
Aresa under agnculture class | 0 0871 08333 0.16686
Cultivable area {.1435 0.BO45 01907
trrigated area 0.0914 0.8333 0 16665
Sediment in-beels 2003 3.875 0.125
Sediment in rivers 2050 .2459 01814
Trained member 00487 0.75 0.2%
Labor invalvameant 0.4625 Q.75 0.25
Fopulation involvement 0 48258 07895 {1984
Life-stock 04738 0 6551 0 3149
Salinity 0.0849 08332 U 16685

P 0.0447 0.75 .25
Dissolved Oxygen £.0630 {.5332 0. 1666
Dry submergence G.0306 0. 7260 01984
Monsoon submergence £.11493 {.8045 1907
Duration of water logging £.24558 0.T0z8 3.2403
Depth in the deepast point 0.1245 G 7028 0.2403

| Area of water lagging 1 02482 {8045 2.1907

l Poverty reduction 1 Q.5 7028 02403

i Emaloyment I Q% i G.702B £,2403

l Cizcharge 02129 I Q.2608 G 13758 I

E Dredging 00761 310104 r3e7s8z %
High water level in rivar 0 3am .8045 01807 F
Post monsaan dramage 0,1954 0.8045 01647 [
Ag iand during dry season 0.0917 0 8045 01647 i

|’ Crop damage 01688 0.7024 02403 ,
O Cost 05278 34127 0.378%
Fish production 0 0es7 i
Open fish 0.25 0.8508 0.1375 i
Culture fish 078 07028 02403 1I
Agricultural produchon 0.1845 i
Agn production in beels 07028 .8333 .1866 _I
Cropping intensity 0.2403 0.8045 0.1807 !
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Technology Assessment
| | ; | } l
Socio-culture | Resowree (0.21} | [Environment | [Econonlic | [Population | [Fechnology

¥

TRM (0.B4)

Area under water
Class (0 100}

Non-TRM (0,15}

}
1

TRM (0.8333)

Fish habitar {0.106)

-

— 1

PNon-TRM (0.1666)

IArea under Ag.
{Class (O8N

TRM (0.8333)

Mon-TRM (. 1666}

=

TRM (D 804)

Cultivable area
(0,143

MNon--TRM (0,190}

!
i— 1

TRM (0.8353)

Irrigated area {0 091)

iNon--TRM (0,1666)

¥

Sediment in beet {02000

TRM (0.873)

Mon-- TRAM (0.125)

"1I_L'T

TRM (0.816)

Sediment i nver (1,203}

| [Noo—-TRM (0.151)

No of tramed member by NGO {048}

_FLTRM (075}

Mon--TRM (0,25

Here values in bracket indicates the ptiority vector found {rom the judzment of the

gxperts from Table 5.2.12

Cafculation:

Score for FRM funder Resonerce Factor)

0.84 = 0.100* 0.21
+0.8333*0.106 * 0.21
08333 *0.087 * 0.21

-]-

+ 0804 *0.143 * .21

+

-0.8333* 0091 * 0.2
40875 *0.200 *0.21
+ 0846 *0.205 * 021
+0.75 *{0.04%) *0.21 =0.168




Similarly, Score for Non-TRM (under Resource Facior)
= QI13%0.100* 021

+ {1666 * 0.106 * .21

+0 1666 * .07 * 0.21

L0090 *0143 * 024

+ 1666 ¥ 0090 * 0.21

40123 #0200 *0.24

+003 ra20s Y021

+0.25 * (0 049y * .21 =0.032
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Tahde 5.2.13: Score found for different criteria under TRM and Non-TRM eptions

in AHF Methed

Resource | Socio-culture |[Environment Economic |Populationl Technology | TOTAL |
Score for TRM 01689 0.0543 0.1971 0.1034 0.0541 019415 D.¥700 i
Score for |
Non-TRM G.0327 08108 £3.0400 Q0277 00130 Dos2y 0.1822 :

J 3 — -
123

031
HAN
EE= Fe= T

Fuesourcs
Suea
culture
Em-imnmern
I_':u_‘lrmn'uc
Population
Technalogy

Comparisen of ¢riteria under TRM and Non-TRAM options

|soore for TR
Oscure for Non-TEM

Figure 5.4: Comparison of criteria under TR and Non-TRM Options

Score for TRM and Hon-TRM Options

Score fbor TRM Scome for Hon-TRM

Figure 5.5: Score for TRM and Non-TRM Options in AHP Method
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53  Analyses 2:

5.3.1 Fuzzy Hicrarchical Decision Making (F HDM)
Step-1: Formation of a committee of experts and identification of various available
alternative technologies and varipus criteria thar will influence the choice of

technology.

Total 13 Nos. of experts were selected in the poo! of expert in AHP method. Among
them, three experts were chosen in the paol of experts in Fuzzy method. The selected
groups of experts chosen were mainly consullants, engineers, rescarchers. etc. They are
fully aware of KJDRP. Some of them were directly mvolved in the project
implementation. Most of them are involved 1n the decision making for sefecting

appropriate technology, They have given thewr opinion.

Neame of the Experts and Resource Person:

. Shofi Uddin Ahmed

Sentor Consultant, Water & Environment, ACE Consultants Limted
2, Sheikh Nl dla

Superinendent Engineer. Bangladesh Water Development Board.
3 Md Zahiru! Hague Khan

Diviston Head. Coast, Port & Estuary and River Engincermg Division, (L)

Step-2 Fixarion of criteria hierarchically and formanon of technology chowe criteria

Hierarchy.

The eriteria were exploded hierarchically using hierarchical structural analysis as shown
in the Figure 53.1. Cxperts have put their criteria of preferences 1n the sunvey

guestionnaire which have been reflected in the Figure 5.3.1

Step-3 : Set up of proper linguistic scules (high, meditm, fow) und sk experts to give
ther judgment by pair-wise comparison of criteria and alrernatives under each
subjective criteria. Alternanvely, experts may give their Judgments in triangle fuzcy

numbers.

Pair wise Comparison: When two individual subjective criteria are compared by an

expert to find choice of preferences, it is called pair wise comparison.
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Step-4: Conversion of the linguistic variahles inio iriangle fizzy numbers by a
convenient scale, if the experts huve expressed their judgments only in linguistic

variahles

[ Technology |

I ] } } )
Socio cultural ]Re:murcc l pimimrtmem | Population Technology

* [ i (performance

Foverty —T Fish production Labar

rediectian

Area under NP involvement Dyischarge
Employment] | water clas E _ Population invalve- .
* en Fish ,
Dissolved 02 | | £ ment in KIDRP Dredsing

il

Fish habitat - :
utture Fish Livestock | [Water leval
Area under onsoon i population in river
Ay chass submetgence EE- production P ost mensoon
. - Drrainage
Cuitivable Dry submergence | Crop damage £ :
area ST Ap. land during
LI
: . dry season
[Erngared area water logeing [élg prod. i beel b
~o of rrained Depth of water leve] | [Cropping intensity
. | in the des i
menmber by NGO in the dezpest point W

Codiment 1n beel ifkrcd of water logging |

Vs positive resource)

sediment 0 Tiver
1295 dleualive Jesouree)

Figure. 5.3.1 ; Technology Assessment Criteria Hierarchy

During field survey, the questionnaire was filled up with the linguistic opinion which

later conserted inlo triangular Furzy number.

Table. 5.3.1 : Linguistic Seale and its Triangle Fuzzy Number Conversion

Serial Number | Description Linguistic Scale | Triungle Fuzzy Scale
l Very High VH {8,9.9)
2 Between Very High and High | VH & £ {6.7,8)
3 Figh Il {4, 5. 6)
4 Between High and Medium &M {2,3.4)
5 Medium, Almost Equally M (1/2, 1, 2}
6 Exactly Equal EQ (1,1, 1)
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7 Between Medium and Low M &I {174, 173, 1/2) ]
8 Low L {1/6. 1/5, 1/4)
¥ Between Low and Very Low L &WVL (1/8, 1/7, 1)6)
1 Very Low VL (1/9,1/9, 1/)
Table-5:3;2i:FExpert’s opinions on relative importance of first level criteria
Resources| Population | Environment | Socie-cultural | Technology | Economic
Resources 6 5 g 7 ] A
Population I ] 7 ! B8 : g 8
[ Environment G 5 4 6
| Socie-cultural B & &
Technology 6 B
Economlc 6

Table 5.3.3 The pair wise importance critcria

; Resources | Population | Environment | Socio-cultural |T~~3-r:,h|'|-::nl+::.-g1_.|r !Ecnnomic
Resources : B 3 3 1, 7 i ) ; 5
Population 6 € ! ) i g i !
Environment 3 4 ] 5 ‘ 4 | £
Socin- |
cultural 4 3 & g ‘ B l 3]
Technsogy i 7 I <) i & i 8
Economic l 3] i ! 5 1 5 l 5 ! B
{(Number & stands for comparisen of a crizerion with itselll (Tablz 3.3,
Table 5.3.4 :The Fuzzy Reciproeal Matrix
Resources | Population | Environment | Socio-cultural Technalogy | Economi
Resources {1,1,1) f1/2,1.2) {178, 1/5,1/4} ! (144 143, 172) (1,1,1% [l2,1 2}

[ Population 12.1.2) | (1,1.1} (a.42.1i2) | (1/8.1/5.174) (1/B8,1;7.1/8) | (16,175 1
Enviranment {4,585 {2,3,4) 1 (11,1} [1/2,1,2} [2.3.4) (1,11
Sacio-cultural | (2,34} {4,583 142,121 {(11,1) 112,1,2) {1.1,1}
Technolegy {1/2,4,2) (6.7.8) (104, 143,112) | (12,1, 2 (1,11 (1.1.1)
Economic {1212 {4.5,6) {1/2,1.2) {1/2,1,2) 112,1.2) {1.1,1]

Upper triangle element* lower triangle clement = |

e.g Environment vs Population is (2, 3, 4) * (1/4. 1/53.14)
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Thus, 2*1/2=1,
3*1/3=1,
4*1/4=]

Step-$: Agyregation of the experis opiniony by a staeistical measure (geomelric mean),
and form the fuzzy reciprocal matrix. The elements of fuzzy reciprocal matrix are such
that the products of each upper triangle element with its corvesponding lower triangle

element shauld approximately be equal to 1.

Step-6: Normalizution of the geomelric row means of fuzzv reciprocal matroe and find
the importance in terms of weights. I A= fawfor is fuzzy reciprocal matrix then
CFenmetric Fow mean Fy = ey vl v aug”“ £l
The total of geometric row mean values = (Fp T 72 Fgv ¥ vl f2)
Using (1) and (20, the imporiance weights of euch criterin w, and the imporiance
weight of each sub criteria wnder is main criteric is colculaied,

Normalized geometric row mean or importance Weight h, =r /fry s ri+. e ¥3)
Then by combining importance weight of each criteri. CGHobal weight of each criteria iv

ceilcalated.

Table 5.3.5 : Geometric Rew Mean Values And The Importance Weight

| Geemetric row mean [ Importance weight

Resources I (0 457328, 0 §36773, 0 830899) | (0048543, 0 092225, 0 181081}
Fopulation {0 273161, 0 352079, 0467328} (025582, 0 0505892, .094948)
Environment {1.414214, 1.885973, 2401874} {0 145808, 0273148, & 4ATYE]
Socio-cultural (1.122462, 1 570418, 2 139828) {0.116533, 0 227445, { 434742
Technology (0849191, 1.151674, 1.587401} (0 088208, 0166799, 0.322508)
Economic {0.7§3701, 1.30766, 2 130828) {0 082444, 018835, O 434742}
Column Sum (4.922055, 6,904577, 5.627154)

Culeunlation:
Geometric mean of first row:
The Geometric mean value of first row (Resource criteria) 15
| (AN 22" {166,145, 144} (114,143, 142)" f1.1.11° {¥21.2)
= {0.01" 6 066", 0.5™
= (0 467328, 0636773, {3.390899)



The total of geometric row mean valuey = (4.922055, 5.904577, 9.627154)
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Imporiance Weight of resowrce criteria= (0.4678/9.6271, (1.6367/8.8045, 0.5908/4 9220)
= (0.048543, 0092225, 0.181001)

The above exercise will be repeated for each level of criterion for each expert

separately.

Table 3.3.6 : Impertance weights of criteria

|' Expert-2 Expert-1 Expert-3 Geometric Mean
Critaria Importance weight (Importance weight [importance weight importance weight
Resources 0127 0247 04675 |0 049 [0.092 [0.178 [0.08 [0.159 (0.288 [0 083 [D.154 1022
Population o023 005 0091 (0029 [0.051 (D082 004 0065 0112 j0.032 0055 DOS
‘Environment 0103 10195 [0.3537 [0 147 0273 0.475 (019 (0.3 |0.489 |0 142 10252 043
Socio-cuitural D6 |0i24 02624 [D117 [0.227 [0.423 |0.03 (0048 00749 (D08 0108 020
Technology G114 0206 |0.3711 D102 [0 167 [0.314 015 |0.278 [0513 0118 D212 D3E
!Ecnnamic 0.073 |0.179 [0 4165 [0.082 |0 189 |0423 |0.09 |0.154 n231 (0082 D173 (034
Area  under waterE

class 0082 017 03523 [6.107 |0178 (0297 00§ no7s 0112 078 (0431 D22
:Fiah haitat IO.’CMJL 0.085 [0 1674 [0 048 [0.082 0141 |304 G056 0.08s D043 [DOT3 '!EI 1z
RECE under)

lagrlcu’.ture clags 0043 D085 [0.1669 0.058 |[0097 0974 0.05 .0 067 D102 [po4s [poBZ (C1<
Cultivable area 068 |0 147 (03116 [3.030 (0071 0134 [00% |0.153 [0286 0.063 [0.417 022
Irrigated afea D.042 |0091 [02021 {0107 10.197 (0354 0OV D100 |0 188 [0 065 (0125 0.22
Sediment in-beels 1078 D163 03388 Q044 0022 D 154 10 1& |0 302 |0.494 (0085 0158 02%
Sediment in rvers (& 123 0236 ‘04162 (0148 |0 268 [0.483 [238 |0 21 1,344 11.651 |0237 [04°
ITrai:‘h?:r:.‘] member [0 014 [0.022 (00378 (0045 |3.023 |G 037 |0