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Bengalis theultimateoutletof 89,000cumecwatercarriedby the GBM systemduringthe monsoormonths(Rudrg 2018.

The GangesBrahmaputraand Meghna(GBM) basinand numerousminor rivers provide the main freshwaterflow into the northernand central part of
BangladeshDuring the monsoonperiod (Juné October),the volume of water often exceedshe carrying capacityof theserivers, and fluvial flooding

OCCurs

Bangladeshs well know as'land of rivers' andthereare about230 rivers networkwithin the countryincluding 54 internationalrivers flowing acrossthe
countryand finally reachto the Bay of Bengal The combinedcatchmentareaof three major river systemse.g. the Gangesthe Brahmmaputraand the
Meghnais approximately1500000km? of which only 7.5 percenties within BangladesltiDewanetal., 2003.

The country hasa long history of destructiveflooding. In the 1%h century, six major floods wererecorded 1842 1858 1871, 1875 1885and 1892
Eighteen major floods occurredin the 20th century. Thoseof 1951, 1987, 1988and 1998were of catastrophiconsequenceéMore recentfloods include

2004and201Q
Flood Flood damages
ear

1987 57,300 squarkilometres(22,100sgmi) of land, (about 40% of the total area of the country), seriously affected regions were on the western side of t
Brahmaputra, the area below the confluence of the Ganges and the Brahmaputra and considerable areas north of Khulna.

1988 Inundated about 82,000 square kilometres (32,000 sq mi) of land, (about 60% of the area), flood lasted 15 to 20 days.

1998 About 75% of the total area of the country was flooded, including half of Dhaka. It was similar to the catastrophicl®88d3f million people were mad
homeless and the death toll reached over a thousand, 700,000 hectares of crops were destroyed, 400 factories wdosdpereditteece was a 20%
decrease in economic production

1999 The 1999 floods, although not as serious as the 1998 floods, were still very dangerous and costly. The floods occunrddbaehsie®eptember, causing
many deaths, and leaving many people homeless. The extensive damage had to be paid for with foreign assistance.

2004 Flood was very similar to the 1988 and 1998 floods with two thirds of the country under water

2005 Dozens of villages were inundated when rain caused the rivers of northwestern Bangladesh to burst their banks

2007 2007 affected 252 villages in 40 districts causing millions of people became homeless.

2017 Unpredicted early heavy rain caused flooding in several parts of Bangladesh and damageekepted crops in April. The Apfibod continued until the
last week of August and caused substantial damage to housing, property, and infrastructure.
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flood Tidal flood Fig. Examplesof typical flood peaksfor the major rivers or Bangladeshn (upper)anaveragalood year(year
flood 2000 and(lower) anextremeflood year (year1998;Source BangladestWaterDevelopmenBoard (BWDB)
Fig: Different types of oot CLRE T A During the monsoonperiod (Juné October),the volume of water often exceedshe carrying

capacityof theserivers,andfluvial flooding occurs

T T L e Pl A The number of historical flood events from 1954 to 2@ddegorized by exteshown in
to 2014 (60 fluvial flood events in 60 years) (BWDB 2015) the table.

Extreme flood year Average flood year . .
(flooded area >24%) (flooded area 20-24%)  Dry year (flooded area <20%) A Twentyfive per cent of all flood eventsoccurredduring extremeflood yearsand

No.of Percentage No.of events Percentage No.of events Percentage causedsignificantdamage Two typical examplesof fluvial floods, onefor anaverage
events flood condition (year 2000 and one for an extremeflood condition (year 1998, are
L 8 shownin Fig.

onsoon(Juné July) andreachesits first peak in the third weekof July. It thenfalls andrises
againand,in anaveragdlood year,attainsits secondpeakin the first weekof August. The Ganges hasa single peak of flood level occurringin the second

week of September For the Upper Meghna, thefirst flood peak occursin the secondor third weekof May, and,in anaveragdlood year,a secondpeak
occurscloseto the secondpeak of the Brahmaputra.



A Tides alongthe Bangladesitoastare semidiurnal The 18.6-year lunar nodal cycle hasno influence along the Bangladesitoast,but the 4.4-year lunar
perigearcycle modulateghetide by 4 cm (Sumaiya2017).

A Tidal rangeis greatestlongthe Noakhali coast,jmmediatelyeastof the Lower Meghnaestuary, and declinesto the eastand west (Ahmed and Louters
1997).

A Themeantidal rangeat Hiron Pointnearthe Sundarbanéwestcoast)is around3 m, increasesip to 6 m nearSandwip(westcoast)andthendecreasew 3.6
m furthereast{ C o Razas).

A Coastalflooding due to tides is more pronouncedn the centraland easternparts of the coastcomparedto west coast, reflecting the tidal range The
constructiorof polderssincethe 1960 haseliminatedsignificanttidal flooding in theseareas

Compoundflooding causedoy the combinationof fluvial flows andhigh tides This is importantin
coastalBangladeshput has not been describedpreviously A typical hydrographof fluvio-tidal
flooding showsboth rising andfalling dueto fluvial effectsfrom the monsooncombinedwith tidal
variationdueto tidal effects.

The coastal region of Bangladesh is well known for storm surge flooding with major events going
several centuries or morAlém andDomineyHowes2015.
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1991 cyclone occurred at high tide, generating extreme water levels exceeding 8 m
in a few places. For the Bangladesh coast, when a cyclone makes landfall during
high tide, it has more potential for generating extensive storm surge flooding and
50 100 150 . 200 250 300 350 400 associated damage
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floods (Source: model simulation)




Location and Topographic Expressio

Excessive monsoon rainfall in the plai
and catchment areas of three major ri
systems

Synchronization of peak flows of the
major rivers

Tidal effect
Drainage congestion

Dams and barrages on River

Unplanned development with poor
engineering

Deforestation

Theaverageheightof thelandis 25feetor 8 meters(Hugl1986.
The 1987flood waspredominanthcausedy local rainfall (Miah,1988.

Thethreemajorriver catchmentareaarealsooneof the rainiestareasof the
world where every year on average,the GangesBasin receives140cm,
Brahmmaputrabasin receives210 cm and Meghnabasin receives400 cm
rainfall respectively(Mirza,1998.

The differenttiming of the flood peaksof the major rivers are mainly dueto

variationsin rainfall in the uppercatchmentandthe travel time to reachthe

discharge measuremenioints considered Synchronisationof the peaks
acrossthe threeriversis rare,but hasoccurred the floods of 1988and 1998
beingexampleglslamandChowdhury2002.

During peaksynchronisationthe secondpeakof the Brahmaputras delayed
or may occur asa third peakcoincidingwith the single peakof the Ganges
Thistriggerssignificantfluvial floodingin Bangladesh

The dams and barragesaltered the hydrological characteristicsof a river
(Islametal. 2022b) aswell asthe natureof floods wasalsoalteredfrom low-
frequencyhigh magnitudeto high-frequencyandlow-magnitudemainly in the
Indianpartof GBM delta
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in the Meghna Estuary during the period of 1973-2008. Source
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Fig. ae Channel oscillation of river
Bhagirathi in the lower reach during
1927202Q f. Spacetime specificity in
channelcut-off

A In 1989 in Bhagirathi river ahutecut-

off has been occurredfiggered by the Fig. District-wise distribution of erosion and

accretionduringthe periodof 1973 2008 Source
Sarkeretal. (201])

flood impulse of 1989Rasuet al.

2005). As a result, a reduced length of 9
km has made the channel more
straightened.



Impact on Occupation and Livelihoods

Before Flood
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A Thelowerincomeleadsto agriculturalpovertyand Laaonis
lower capacity for buying agrarian inputs g=°°m°_’°b‘g;:ng
. upatu
However, to run the agrariansystemthey borrow [ NSU=Su—
money at a higher interest rate from mahajans
(personavho lendmoneyat a high-interestrate) Fig. Shifting of Occupationsdue to Flash Floodsin the

TanguarHaorof SunamganjBangladesh

Occupation and income of the poor are the two most crucial sectors on which flood have sigmjiaats F § , — = ~
FIl ash floods not only force people to change th“?'f'e“i\"’r“v,ﬁoc‘:cupathi Qné."‘but
Earlyflash flood causes damage to paddy production andrpossoon flash flood is a hazard for vegetable <. = o po— =\ o
production endraa T |

Early flash floods increases fish production as water comes early and inundates the whole area and staysDilagifatedkutchahouse due to flood iHlijal
period. (India)
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The farmerswere awareof ecologicalbenefitsof flooding of their farmlandaseachflood usedto replenishagriculturalland with a layer of newsilts. The

farmersusedto cut the bankof the river andallow silt-ladenflood waterto submergehe field. This wasdescribedas6é o v e rn fr Ir 0 whaWillcacks 6

(1930.

townsor cities(Khatunetal., 2021]) .
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Fig. Relationbetween per capita income and economic
vulnerability

In the lower MayurakshiBasin it hasbeenshownthat thereis
negative relation with per capita income and economic
vulnerability andthe remittancesnhanceshe per capitaincome
of theregion

Migration andreceipthugeamountof remittancesvhich helpto enhanceshe percapitaincome

Table 18.6 Use of remittance money

Use of remittance Teligari Char
(Jamuna)

% of respondents

Household expenditure | 68.09
‘Medical treatment | 17.02
Educational 3191
expenditure

'Repairing house 29.79
Construction of house | 34.04
VChildrcn's mamage ] 4.56
Repayment of loan 3.65
Investment in livestock | 3830
Investment in J 59.57
agriculture

‘Buying new lands | 10.64
Savings 2553
‘Buying boat | 213
Business

Leasing in land

Buying farming ‘ 7.89
equipment

Lending money for 358
interest
Donating for 3.15

community level
infrastructure

Multiple answers were considered and the percentage is calculated with respect to the total number

of respondents
Source Field Sudy (2019)

% of respondents

Char Tepurakandi
(Padma)

% of respondents
25.49

9.80

19.61

5.88

2157

Migration is considered survival strategyandaffectedhouseholdgor the charpeopleof Bangladeslivery often haveno alternativebut to moveto nearby

Khatunet al ( 2021) also
collected from the field
survey that the remittances
uses for the betterment of
the socio economic
condition which indicates
that flood is not only

curse.



A Displacement

Phasing out of riverbank households (RBH)
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2022.




History of flood management

Theflood managemenissuein Bangladestdid not receivemuchattentionbefore1954and1955disastroudloods After two consecutive
big events, thenEastPakistangovernmensoughtthe assistancef the United Nationsto tackleflood problem

In 1964 a Master Plan was drawn up by the US InternationalEngineeringCompanylnc.(lEe) underthe aegisof Water and Power
DevelopmentAuthority (WAPDA), proposinglarge scaleflood control, drainageand irrigation (FCDI) programs Theseprogramswere
basedon the experiencegainedin a century of flood protectionworks on the lower Mississippiriver. Three types of projectswere
envisagedon the Master plan such as flood embankmentwith gravity drainage flood embankmentswith sluice drainageand flood
embankmentsvith pumpdrainage

The Master Plan failed to deliver expectedbenefitsand was entangledwith faulty designand construction,poor maintenanceof the

structuresand implementationdelays Noting the failure of the MasterPlanthe World Bank got involved with the agricultureand water

developmentprogramsand suggesteda shift in strategyfrom large scale embankmento small scale Flood Control Development
projectsECD) like low lift pump,shallowtubewellandimprovedcroppingpractices Suchsmallscaleprojectscontinueduntil Bangladesh
wasagaindevastatedby the successivéloodsof 1987and1988

Soonafter the catastrophidloods of 1988 the Governmentof Bangladeshrequestedhe World Bank (WB) to coordinateand formulate

plans that could mitigate the flood problemsof Bangladesh Accordingly, the World Bank prepareda Flood Action Plan, which

incorporated structural and non-structural options of flood control, but the structural measuresformed the basis for longterm

comprehensivdélood protection The implementationof the plan hasnot progresseds expecteddueto various delaysandcontroversies
overtheengineeringcontrolsto bethe bestsolutionfor flood protectionin Bangladesi{Alam,1990.

Sofar, Bangladesihasspenta goodamountof foreignaid andinternalresourcesn the constructionof the engineeringcontrols The major
typesof watercontrol projectsconstructedso far in Bangladeshare (1) Flood embankmentslongthe river which are constructedn the
form of roadsand railways, (2) Submersibleflood embankment(3) Polderswith drainageregulatorsPolderswith pumpirrigation and
drainage(5) Gravity irrigation projectswith pumpingstationsalongthe majorrivers.
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Civil engineering (Structural) measuresGBM delta

A To date, more than 10,000-km-long embankmentin West Bengal is

maintainedby Irrigation and WaterwaysDepartmentin Bangladeshthe total
lengthof theembankmenits reportedly7555km.

A In the postindependenceera, some dams/reservoiravere built with twin
purpose®f flood controlandirrigation.
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Comparativeeffectivenes®f bio-engineeringandcivil engineeringpractices
overtime (Basedon Howell, 1999. It provesthat bio-engineeringstructures
areincreasingat the expensef civil engineeringstructures

Bio-engineering measure:

*

Vegetative cover of Kans grass

(Saccharum Spontaneum) - -

¥

Evaluation of bieengineering measures a. Natural bank protection kaitisgrass along the left
bank of the Bhagirathi River, b. Bamboo root penetration deeper into the soil reduces the rate ¢
riverbank erosion along the Bhagirathi nBarkupurvillage. It is observed that places without
bamboo root penetration have an accelerated rate of bank line shifting.

A Mangrovescaneffectively attenuatavavesandhenceeffectively contributeto naturebasedlood defence

A The Sundarbansnangroveforestcoversan areaof about10,000 km2 (3,900 sq mi), of which forestsin Bangladesh'&hulna Division
extendover 6,517 km2 (2,516 sq mi) andin WestBengal,they extendover 3,483 km2 (1,345 sqmi) acrossthe South24 Parganasand
North 24 Parganaslistricts



Social engineering

Thefocus has shifted from hard engineering to soft engineeringgimaatural) measures.

Forexample, early flood forecasting, restructuring and strengthening the economic base of a community, and preparation of floc
zonation maps are being prioritized in recent times to make the community flood reslidaintyet al. 2020Costacheet al.
2022).

It is also observed flood vulnerability varies greatly depending on the-soitizal fabric of a community based on religion,teas
composition, agaex structure, ethnicity, and majority and minority relations (Mishra 2010

Forexample, the presence of a higher number of women or the elderly population in a community may hinder flood managemer
works Enarsoret al. 2009; Islam and Ghog&0213.

Thus understanding community traits anehaviouradynamics become more relevant in the context of flood management,
especially in densely populated tropical region.



A case study of proposing social engineering metho&BIN delta
(Lower Mayurakshi River Basin)



Database uses for the casstudy

Primary data
U Primary data are concernedwith the collection of data vis-a-vis sociceconomicvulnerabilitiesby river floods (especially

income,occupationabdversitiesandoccupationakhifting, family budget fragility in anagrarianeconomydepletingwealthand
resource base, deteriorating health and education conditions, changing demographic characteristics,and neighborhood

characteristics)
Secondary data

u District Census Handbookurshidabadrom 1961 to 2011

U Topographical maps (Survey of Indig2 P/16, 78 D/4, 73 P/13, and 79 A/1)

U District Resource Map oMurshidabadGSI

U Satellite Images (Landsat 5 TM, Lands@BI/TIRS, SRTM DEM-30m); Google Earth Imageries

U Disaster Management Plan (201)

u Annual Flood Reports ( 2012016)

U Meteorological data especially rainfall fraMD for MurshidabadandBirbhumdistrict ( 19012016)

U Flood discharge data for Mayuraksbwaraka BrahmaniandKuye rivers from Kandi Final Report, 2012
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10% sample villages from each block have been selected by purposive sampling aided
survey and some secondary database.
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The presentprojecthasbeenexecutedaking a statisticallysignificantsamplesize (n) for eachvillage usingsimple
randomsamplingas a particularareais homogeneous termsof population The samplesize hasbeendetermined
usingtheformulaof United NationsFrameworkConventionon ClimateChangg UNFCC).

Formula;

1.645% NV

n>=

~ (1-N)x0.12 +1.6452V

Where n stands for sample size; N for total number of households of the vataers2011 Census p for proportion of

the households having economic marginalization (loss of crops and building damage minus coping capacity) due to the

flood of 2000 as derived through the pilot survey infielkel.

C.D. Blocks

C.D. Block
Nabagram

C.D. Block
Khargram

C.D. BlockKandi

Subblocks Villages

Bagmara
Nabagram Nortt
Rajdharpur
Raghupur
Mahadipur
Dafarpur
Indrani

Nabagram Sout

Khargram north

o Amjua

Surkhali
Titidanga
Jadabpur

Bajitpur
Jhajhra

Khargram north

west Padamkandi

Sarbbamangalaj
r

Sabaldaha

Kalgram
Goai
Haripur
DakshinGopinatl
pur
Ranagram
Indrahata
Bundai

Khargram soutt

Kandi north

Total Household
(2011)

427

746

459
167
1228
1885

392

Sample

Households C.D. Blocks

42

60

44
32

C.D. Block
Burwan

C.D. Block
Bharatpusl

Subblocks

Kandi southeast

kandi south wes

Burwan east

Burwan west

Bharatpur | eas

Bharatpur | nortt
west

Bharatpur | sout
west

Total Household

Villages (2011)

Purandarpur 1109

Srikanthapur 881

Hijal 2713
Harinagar 269
Andulia-1* 521
Sashpara 1045

Gram Salkia 715
Mamudpur 90
Andulia-11* 116

Kakra 98
Margram
Talbona 69

Mandra
Panuti
Sijgram
Ibrahimpur

Chhatrapur
Jakhani

Kolla

Kasipur
Balichuna
Total households

Sample
Households

105

89

27
40
75

72
27
24

30
42
28

60
44

59

40
36
30

48

50
24
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To studythe feasibility of this strategy(marketorientedagriculture)in the study area,we
randomlyselectedive villageslocatedabovethe averageannualflood level (>20 m) and5
focusgroup discussiongFGDg9 eachconsistingof 10-15 membersvereorganizedn the 5
villages of five different blocks Another3 FGDseachconsistingof 10-15 memberswvere
organizedn the 3 villagesi.e., Amjua, Churigram andJamuniof C.D. Block Khargramfor
feasibility analysisof commercialfishing in thewetlands

Using the structured questionnairesurvey
encompassin@382 rural householdshoth
the quantitativeand qualitative data have
beencollectedon different dimensionsof
flood hazard (frequency, depth and
duration 19982018 and vulnerability of
agriculture,occupationandincome

Using the unstructured questionnaire
survey, 10 randomly selectedfishermenof

wetlandssuch as Belun bil, Patanbil, and
Kurul bil were primarily enquiredaboutthe

nature of fishing in the bils and how the

wetlands are used for economic pursuits
andprofit level of fisherman etc

Similarly, another 35 farmers were
randomly surveyedusing an unstructured
guestionnaireto know their experienceof

floriculture in selectedsevenvillages from

C.D. Block Kolaghat and another 25
farmerswererandomlysurveyedn thefive

villages from C.D. Block Nakashipara
WestBengal



(a) ldentification of suitablelocation for crops using geospatialtechniques

The DEM-basedsolution has beenembracedo find out the three flood vulnerable
zones (1) high, (2) medium,and(3) low. The elevationdatahasbeenprocessedvith

the help of the algorithmsof the raster processingsystemavailablein the spatial
analysttool of ArcGIS 104 software Using the algorithmsof the spatialanalysttool

(fill, flow direction, flow accumulation),an elevation map has been prepared
Moreover,the elevationmap hasbeenvalidatedusing 43 GPSelevationpoints stored
in the Garmin GPSetrex 10 deviceduring the field surveyin the villages (N= 43).

Finally, basedon the elevationmapandidentificationof the vulnerability of acroparea
to flood, suitablecroppingcombinationdhhavebeenmodelled

(b) Identification of potential fishing area using buffering

Potentialfishing areafor commercialdevelopmenhasbeenestimatedusingbuffering
in ArcGIS. The principle of spatial proximity analysishas beenappliedto find the
allegianceof the villagesto accesghe wetlandareas From the geocentrgas derived
from ArcGIS 10.4) of eachbil, threebuffershavingl km radiushavebeendrawnfor
thispurpose

(c) Measuring the impact of labor migration

One of the significant facetsof this remittanceeconomyis the economicmultiplier.
The simple multiplier (M) hasbeencomputedusing Eg. 6 of Marglin and Spiegler
[40].

Where,MPC standdor marginalpropensityto consume

Sample size
determination &
structured
questionnaire Survey

Crop diversity, occupation
diversity, per capita
income and expenditure

Measuring nature of
flood

Analysis of flood
frequency of total region
(1870-2020)

Block wise flood
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Bharatpur-I

Nature of flood in Lower Mayurakshi River Basin
.| Nabagam |

Flood
frequency

Flood depth
(m)

Flood duration
(days)

Average
Range
(highest -
lowest)
SD
Skewness

Standard error

Average
Range
(highest -
lowest)
SD
Skewness

Standard error

Average

Range
(highest -
lowest)
SD
Skewness

Standard error

ram Bharatpur |
9 10 12 9 11

10-8
0.84
-0.51
0.37

0.91 (2.13)

1.46-0.57
(2.83-1.70)

0.35 (0.42)
1.10 (1.37)

0.16 (0.19)

4.60 (20.20)

10-2 (26-16)

3.21 (4.49)
1.66 (0.61)

1.44 (2.01)

11-8
0.85
-0.43
0.23

1.28 (3.09)

2.89-0 (5.34-
1.41)

0.78 (1.05)
0.47 (0.40)

0.21 (0.28)

8.29 (22.29)

32-0 (67-14)

7.61 (13.22)
2.47 (3.41)

2.03 (3.53)

15-9
2
0.48
0.67
1.35 (3.43)

2.44-0.32 (6.07-
1.48)

0.74 (1.61)
0.06 (0.24)

0.25 (0.54)

11.67 (40.22)

22-2 (80-11)

7.97 (24.27)
-0.13 (0.26)

2.66 (8.09)

10-8
0.93
0.00
0.33

0.53 (1.89)

1.24-0 (2.91-
1.17)

0.45 (0.63)
0.29 (0.34)

0.16 (0.22)

3.25 (15.38)

9-0 (45-7)

3.06 (12.22)
0.92 (2.60)

1.08 (4.32)

13-9
1.29
0.00
0.49

1.73 (3.72)

2.32-1.01 (5.37-
2.28)

0.39 (1.03)
-0.61 (0.31)

0.15 (0.39)

11.57 (30.29)

16-6 (41-18)

3.64 (9.71)
-0.50 (0.13)

1.38 (3.67)

The major floods recordedn the studyareasince1870exhibit thatthe flood frequencyhasgradually
increased
The natureof floodsduringthelast20 years(1998 2017 showsthat 11 yearsrecordedloodswith at

leastoneflood eventperyearin thedifferentC.D. blocks
However,Kandi experiencedloodstwice in 2006and2015and3 timesin 2007. Moreover,Khargram
alsoexperiencedlood two timesin 2007.

Fig. Natureof flood in the studyarea,A. Flood frequencyduring
1870 202Q B. Variation of flood inundationareain differentC.D.
blocks during 200Q C. Spatiality in the flood inundation area
during2000




Flood resilient agriculture model

A Based on the field observation at the

Flood season agriculture Annual flood economy Post-flood agriculture extensiveinterviews with the farmers, this

investigation proposes a flood resilient

Farmers k— agriculturemodelwheretherearefour major
e driversof the annualflood economyi flood,
Flood resilient cash Traditional Infrastrictiral community f [
illferabillty. a5d m . - ramers,Govt and cooperativeand external
crops (e.g. lute, cereal crops resilience Market oriented Traditional cereal

Mesta, Dhaincha) | | (e.g. Paddy) in | | flood ~ related through sl leg crapt ofl) ecads economy and remittance which determine

and flood tolerant the areas above ERRMEL education and floriculture) and pulses (HYVs) the ag rarianstability andaffluence

rice varieties in the annual  flood behaviour training

low-lying areas level

7 A During the flood season, there is an
Eepule R sl st emphasion growing of flood resilientcrops

Maturity of crops surface after flood

Govt. and like jute, mestaon the low-lying land that

Soopeiatve may reducethe cropvulnerability
A The traditional crops e.g. paddy may be

: grown on the land aboveannualflood level
Local market Sulseisianae Agricultural debt : Local market ; . . .
free External economy thatmayreducerisk of cropfailure. Despite,

Ll L the crop is damagedoy the floodwatercrop
insuranceand freeing the agricultural debt
Less

s W Attraction of | | Generation y by the Govt is needed In the postflood
on  buying income from of local expenditure . . .
food grains - cutzide e on  buying per!Od, this model propolsegnarketorltlen-ted
e R agriculture coupled with the existing
traditionalcrops

Revenue Less J/

Fig. Floodresilient agriculture model proposed by the researcher
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Traditional crops
and Tuber rose

Traditional crops, Tuber
rose, and Rose

Traditional crops, Rose
and Marigold

- Tier I: Most flood vulnerable zones (0-8 m)

- Tier II: Moderately flood vulnerable zones (8-14 m)

Reduced level with respect - Tier I1I: Least flood vulnerable zones (14-26 m)
Legend to local datum (meter)

® Geocentre of villages I 0-8
I River 514

Local datum (12.47 m) 1240»27%
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Fig. Locationof the villages and wards in the different rekehes and proposed
crop combinations in the different flood vulnerable zones

This model takes care of traditional agriculturei.e. the villages
proposedunderthis schemewill be also cultivating the majority of
the land (85%) for traditional crops which will help them for
subsistencehile thefloriculture will helpthemearnmoney

This modelis alsodealingwith the typesof flowersto be cultivated
In the different flood vulnerablezoneswhich are dependentn the
local relief. Therearefour relief zonesreducedo thelocal datumof
1247 m.

Thezonesare0-8 m, 8-14, 14-20 and20-26 m. The majority of the
villagesare locatedbelow 14m. Thus,threeflood vulnerablezones
are delineatedas i) most flood vulnerable zone (0-8 m), ii)
moderatelyflood vulnerablezone(8-14 m)andleasflood vulnerable
zone(14-26 m).

Tier-l having the most flood vulnerability may be used for the
combinationof traditional crops and tuber rose becausehe tuber
rose may withstandthe water logging or food condition for about
two weeks

The second zone having moderateflood vulnerability may be
usedfor tuberrose,rosecoupledwith traditionalcrops

In the tierlll, marigold can be cultivated along with the rose and
traditional crops.



Table Distributionof land among floriculture and traditional

Table: Distributionof income among floriculture and traditional crops

crops
Prop
P L
Irrigat Non osed [ Prop 0;?;1 Total re:g?n
Elev 9 irrigat | Total | Irrig | tube | osed ) land .
) ed Mari ing for
. atio ed area | ated | rrose | Rose for »
Villages area . gold . traditio
n - area | (Bigh | land | area | area area floricul nal
m | Bigh | a) [ | | ®ig | T ture
) a) bigh | ha) | B9 [ gighay [ €OPS
9 hay | ©'9"¥ | (Bigha)
a)
Sijgram 2668.7 0.0 2224 2446.3
Ranagram 338.8 1728.0 0.0 138.9 1589.1
Kalgram 105.3 705.7 0.0 60.1 645.7
SIICGEL] 150.5 2100.9 0.0 195.0 1905.9
Dafarpur 1633.1 4232.9 0.0 260.0 3972.9
Raghupur 255.0 750.2 0.0 49.5 700.7
Rajdharpur 733.2 2074.9 0.0 134.2 1940.8
Jakina 303.2 748.0 0.0 66.7 681.3
Balichuna 120.1 630.1 0.0 76.5 553.6
Ibrahimpur 391.4 1036.4 0.0 96.7 939.6
Mamudpur 7.4 461.8 0.0 68.2 393.7
Dakhin
Gopinathpu 1232.8 0.0 174.3 1058.6
r
Amjua 0.0 810.3 0.0 1215 688.7
Indrani 37.1 2416.7 0.0 356.9 2059.7
Talbona 14.8 556.0 27.1 81.2 474.8
Mandra 215.0 773.9 28.0 83.8 690.1

Computed from the Google Earth, Census of India (2011) and field

data (20172019)

Income Income Total income Income Total income
Village Income from from from from from Floriculture
g tuberose Rose Marigold floriculture traditional and traditional
Ccrops
Sijgram 1779156 0 1779156 931115 2710271
Ranagram 1111379 0 1111379 589285 1700664
Kalgram 480372 0 480372 233280 713652
Surkhali 1560320 0 1560320 667480 2227799
Dafarpur 2079833 0 2079833 1619772 3699606
Raghupur 396159 0 396159 315311 711470
Rajdharpur 1073424 0 1073424 600236 1673660
Jakina 355831 133437 0 489268 270286 759554
Balichuna 408020 153007 0 561027 193765 754792
Ibrahimpur 515955 193483 0 709438 361356 1070795
Mamudpur 363541 136328 0 499869 157470 657339
Dakhin Gopinathpur 929312 348492 0 1277805 571921 1849726
Amjua 648206 243077 0 891283 313429 1204712
Indrani 1903697 713886 0 2617583 988850 3606434
Talbona 0 324696 108232 432928 148860 581788
Mandra 0 335371 111790 447161 248753 695915

Source: Computed from the Google Earth, Census of India (2011) and field dataZQ2Yy

A The study hence proposes that those villages having at lebigfsland with irrigation as
an estimate of 10 % of the total irrigated land may opt for agriculture

A It is observed that there is a huge gap between the income generated from the traditional
crops and the proposed floriculture



Table: Estimatedgricultural income differential and number of households to be supported with a minimum income

Agricultural
Village Existing agricultural Proposed agriculture income Number of households
income per bigha income Per bigha from differential per to be supported by the Number of total
INR INR bigha (INR income of INR 6000 households

Sijgram
Ranagram
Kalgram
Surkhali
Dafarpur
Raghupur
Rajdharpur
Jakina
Balichuna
Ibrahimpur
Mamudpur

Dakhin Gopinathpur
Amjua
Indrani
Talbona
Mandra

A Theincomedifferential (per bighapermonth)is aboutINR 3450to INR 3700for raisingmarigold,aboutINR 5450to INR 5700for roseandabout
INR 7450to INR 7700for tuberrose

A This income differential may act as the stimulusto changetheir choicein crop selection Taking the accountof householdsn the respective
villagesit is observedhatwith the supportof monthlyincomeaboutINR 6000a goodnumberof householdsangingfrom aboutl18 % of thetotal
household¢Ranagramto 100% (Balichuna)may be gainfully employedn thelocaleconomy



Fishing in Wetlands
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A To save the economy, fishing could be another option as the ar
Is characterized by hudmel (palaeochannel area

A For exampleformula of 20:40:40 may be adopted.e. 20% of the
coststo be borneby the fisherman ,40% to be takenasloanfrom
Bandhanbankor similar organizationandthe restto be given by
the Govt The secondproblemis a seriousissuebecausehe huge
bil areais disputedn termsof its ownership

W Wetland (Bil) ®  Geocentre of village
(1 Buffer zone Villages adjacent to bil ® | Geocentre of bil

Fig. Natureof the presentfishing in the wetlands,A. Waterlily and hyacinthoccupyingBelun Bil nearDurgarampurvillage dueto lack of care,B. Small boatusedfor fishing and paddy

cultivation at the edgeof Belun Bil nearDurgarampuwillage, C. Largesegmenbf PatanBil nearKalgramcoveredby lotus, D. Buffering for PatanBil andadjacentvillages, E. Buffering for
BelunBil andadjacenvillages,F. Buffering for Kurul Bil andadjacentillages



Table: Estimatef the potential fishing area, monthly profit and number of households to be supported by providing a
minimum income ofNR 6000 per month

Parameters Patan Bil Belun Bil Kurul Bil

Total Wetland available for fishing (Acre)
1496 1532 261

Total profit from fishing of 1 acre (INR) 32219 32219 32219

Total Profit (INR) 48199624 49359508 8409159

Total Monthly Profit (INR)

4016635 4113292 700763

Minimum support income (INR) 6000 6000 6000

Number of households to be supported 669 636 117

Number of villages adjacent to Bil proposed to be supported under
fishing

7 9 2

A After the preliminary scrutiny, it appearghat the bil areascontainwater throughoutthe year As per the study conductedby the
Dandapatndislam (2009, fishing peracreperannummay generate profit of aboutINR 32,219 at currentprice level (baseyear

2001 and the multiplying factor 3.19 as on July 2019 as per the consumetprice index, Labour Bureau,Govt of India) andthe
demandor fish in thelocal marketis adequate

A Thus,fishing in theseareasmay generatea profit of aboutINR 4,81,99,624 for Patanbil, INR 4,93,59,508 for Belun bil, andINR
8,40,9159for Kurul bil which may supportatleast669familiesin andaroundthe Patanbil, 686 familiesfor Belunbil, 117 families
aroundKurul respectivelyThefield surveysuggestedhatthe peoplein andaroundarereadyfor fishingin thebil area



007 o Model of labour migration and multiplier effects
90 - :
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o , : e ..._Oneinterestingfeatureis thatflood hazardhascreateda bondamongthe different
Labourmigration and remittance across the different religious Commumt'eﬁroupsof people The field study showsthat labour migrantsgenerallyfollow a
cycle of about6 years Within the 1-2 yearsthey constructmonacstoriedbuilding
whichis upgradedo the multi-storiedin thefollowing 1-2 years



Table: Estimatiorof simple multiplier due to receipt of remittance

Number of | Total households| % households . Per capita
. . . Per capita .
Villages/Wards sample drawing drawing savings on

) . Remittances .
Households remittance remittance remittances

Jhajhra

Sarbbamangalpur

DakshinGopinathp
ur

Thefield investigationshowsthat dueto the receiptof the remittancethereis a hugescopefor economicboomingbasedon multiplier of spendingIn other
words, it may be arguedthatthis boomingis dueto the minimumsavingsof aroundINR 200 per capitaper monthwhile the expendituras aroundiNR 3000
5000 In the study area,the economicmultiplier in mostof the villagesis more than 10 while the highesthasappearedup to 20 in Dakshin Gopinathur
signalingthe hugegrowthof theeconomy

Marginal Marginal
propensity to Propensity to Simple Multiplier
consume (MPC)| Save (tMPC)

per capita
expenditure




Flood -society cohesion model

Societal developmentinstead of mere economic
developmentis the ultimate goal of this chapter
Thus, finally considering the perspectiveof the
Local flood i 2 . . .
o (+) Dismazehoscrons Local flood broadersouety,afloqd sougtycphesmnmodel_has
: P beenproposedvherefive major pillars aretakeninto
committee (_) mitigation - ) e ;
commitice account They are social drivers, social integrity,

@) Homelessness pr—— socichydrological processes,economic affluence
Flood andeconomicdrivers

Flood shelter camp The socialdriversincludethe local flood mitigation

Ad,‘;?“‘zn Of,ﬂ‘ﬁ’f committee, Government and NGO, teachers,
. resiiient agriculture . . .
Maintenance of e students doctors, and relativeswhile the economic

I . model Microfinance i -
I Flood relief embankment drivers are constituted by the external economy,

Govt. and NGO

Teachers

company (e,g, j ] ) i,
Bl micro-finance in addition to the role played by

Governmentand flood mitigation committee The
Free medical check up Cooperative fishing socialdriversaim to attain socialintegrity while the
economicdrivers target economicaffluenceof the

External SOCiety

Students

Doctors

Sl snppart Poultry farming o e B ; ; : ;
multiplier The most important part of this model is socic
effects hydrological process Here, in socichydrological

processesconsideredare flood, flood forecasting,

Social awareness and Social cohesion and maintenanceof embankmentsocial memory,

Model of labour . i . )
_— social dilemma, and social cohesion Flood posesa

Relatives
community and collective

(+) preparedness actions migration

threatto the settlementindcrops

social cohesionis achievedthroughthe bond of the
individualsand communitiesi.e. the intra-groupand
inter-groupsocialcohesion
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