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Computation of Flood Vulnerability Index
[FVI] for KOSI River Flood Affected
Samastipur District of North Bihar - India,
by Employing Multi-Parametric Approach
of Simulation

Prince Divaker Saxena*

Abstract : River creates landforms areas that are built by sediments with old and new deposits are known as
Flood Plain and a river with a complete floodplain is considered to be “healthy” river. Increasing human
intervention in watersheds and extensive deforestation has resulted in a deficiency in recent floodplain deposits.
In addition, an increase in the relative proportion near river side as the river side fertile soil is suitable for
farming is one of the major causes of damaging of flood plains. One of the major factors contributing to flood
events is encroachment on floodplains. Although occurrence of flood is natural phenomenon but increased
surface runoff along with such obstruction to natural flood ways has created floods vulnerable.

Inthis study, a methodology to calculateflood vulnerability index, whichis onthe basis of variousindicators, is
developed. It aims at evaluating various conditions that favour flood damages at various landforms created
viz.,: river basin, sub-catchment and urban area.

This research also helps in decision making for direct investments in needing sectors. In addition to thisit can
also help peoplein administration to deal with floods.

The methodology includes two concepts:

1. Vulnerability including rel ated concepts called factors of vulnerability: exposure, susceptibility and resilience.
2. Actua flooding understanding which eements of a system is suffering from this natural disaster.

Overall objectiveof this study is* Sustainable Reductionin Disaster Risk in Samastipur District”, thisresearch
essentially aims and recommend at strengthening community, L ocal sdf-governmentsand district administration’'s
response, preparedness and mitigation measures in some pre specified (with the help of proposed software) of
the most vulnerable areas. So that local administration can rescues society to reduce the impact of disaster.
Keywords : Flood Vulnerability Index, Flood detection, Quantitative forecasting method of floods, Flood
vulnerability, Group decision Support system [GDSS], Disaster M anagement Programme[DM P], United Nations
development Program (UNDP).

1. STATEMENT OFACTUAL PROBLEM

* Inthepast 220 years Kos hasflown about 120 kmwestwardsin the plainsof North Bihar (Wellsand

Dorr 1987).
 Flow regulation has enhanced shifting of river waterway.
» Asnatura phenomenonriver floodiscreated dueto heavy rainfal by overflow on the bank.
» Main cause of floodislow absorption of ground.

*
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» Heretheflood of river Kosi, which has alittle bit flavour of flash flood, intermsof itsintensity of
occurrence.

* Flood encountersimmense amount of human and animal loss, public property damage, destroy social
living of society.
» Duetothisnaturd disaster every year, hugeexpenditureis surmounted.

Avulsion

Fig. 1. An Avulsion results into Inundation due to Movement of a River to a New L ocation.

Thewidespread and pervasivenatureof the problem isevident from thefollowing table.

Zone Total Flood Prone Percentage of flood Length of flood Protected
Geographical Area Prone of total Protective Area

Area(inL Ha) (InL ha) Area zone wise Embankments (inL Ha)

(in Km)
North Bihar 58.50 44.46 76.02 2952 27.16
Central Bihar 35.31 24.34 53.35 478 2.00
Tota 93.81 68.80 67.48 3430 29.16

Sour ce: Bihar Flood Report 2007, Memorandum Part - 11, CWC, Sector wise detail report

Following figureillustrates pedagogy for Flood Risk Analysisand Protocol for hazard prediction and develops
an early warning systemto reduce theimpact of disaster on society.
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Fig. 2. “Prediction of Flood and computation of Early warning system to Reduce damage”

Research Objective : Aninsuranceprovider, scientist may have different views on disaster than asocial
reformer. Thebasic purpose of thisresearchisto utilizetechnological innovation through softwaresmulation, to
help, design and do make an optimal decision that can contribute to the welfare of acountry andits people. The
disaster risk (of aregion, afamily, or aperson) istherefore made up of two elements. hazard and vulnerability.
Under thesponsorship of the International Strategy for Disaster Reduction (ISDR) an updated glossary wasissued
inMay, 2001, which marksamajor step forward in standardizing termsin disaster risk management.
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Disagter Risk = Hazard x Vulnerahility (Helplessness*)

* Because of weak, early warning systemfor disaster prevention and mitigation, it will increasethe vulnerability
factor. (Hazards are extreme natural eventswith a certain degree of probability of having adverse effect ona
locdlity or region; itsintendgty and probability can differ by place. VVulnerability on the other hand isaninadequate
ability to protect onesalf againgt the adverseimpactsof natural events.) Inthe context of disaster, “vulnerability can
be seento have two basic e ements: exposure and susceptibility to harm. So we concludethat,

Disaster Risk oc Vulnerability

Inthis case, the objective of study isto reduce vulnerability factor with the aid of technology by generating
early warning system and itsintensity, before the occurrence of disaster and it will automatically reducethe
disaster risk.

Table 1.
Value of Value of Damaged Damage Value CashDole Total
Damaged Residental of Public Compensation Amount
Crops Buildings Property distributed (Rs)
(RsLakh) (Rs. Lakh) (Rs. Lakh) (Rs. Lakh)
1991 294.15 % 525 0 344
1992 0 0 0 0 0
1993 471.88 1582 0 01 4878
194 385.13 2267 0 0 4078
1995 22 84 285 6 261
19% 736.83 ) 0 548 767.31
1997 658 1337 0 15 80.72
1998 12441 102 183 12878 1357.02
1999 28134 37 0 4932 364.36
2000 5349 1859 1 502 781
2001 45011 26.7 83.01 1585 820.67
4992.28 Trend

2002 4487.33 174585 a5 218 7383.68 673.7976
2003 121333 620 2335 1393 2080.76 7104566
2004 56510.35 10613.75 276625 41232 44198.92 747.1156
2005 100 0 0 0#A 10034 783.7746
2006 0 0 0 03 03 8204336

53764 3735.578

TrendLine

years X Y X*X XY
1991 1 344 1 344
1992 2 0 4 0
1993 3 4878 14634
194 4 4078 16 1631.2
1995 5 2661 ) 13255
19% 6 767.31 H 4603.86
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Value of Value of Damaged Damage Value Cash Dole Total
Damaged Residental of Public Compensation Amount
Crops Buildings Property distributed (Rs)
(RsLakh) (Rs. Lakh) (Rs. Lakh) (Rs. Lakh)
1997 7 80.72 49 565.04
1998 8 1357.02 A 10856.16
1999 9 364.36 a1 3279.24
2000 10 781 100 781
2001 n 820.67 1 9126.37
69) 4992.28 506 33986.17
bar X = 6
barY = 4538436
B= 36.659
A= 233.889%6
cpY= 673.7976
7104566
747.1156
783.7746
8204336
Actual Trends
2002 7383.68 673.7976 -6709.88
2003 2080.76 7104566 -1370.3
2004 44198.92 747.1156 -43451.8
2005 10034 783.7746 6834346
2006 03 8204336 820.1336
53764 3735.578
Fig. 3.

Inabovefigurefive year actud and linear trend andlysisadvocatesthat Samastipur isaflood affected districts
innorth Bihar- India
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Fig. 4.

To vdidateregion whereflood affectsalmost every year, atime series- Quantitative forecasting method is

used for long rangeforecast onthe basic of following facts:

 Padt information about the variable being forecast; isavailable (fromyear 1991 to 2001).

* Availableinformationisquantitative (intermsof, amount in rupees)
* A reasonable assumptionisthat the pattern of past will continueinto thefuture.

Research M ethodology

Research Design Exploratory Research Design.
Data Type Secondary Data
Data Sour ce » For gatigtica forecasting data- Bihar Secretariat (Govt. of Bihar)-

 Datafor Simulation- Official Website of NASA
e NIC/Censusdataof Govt. of India
Sampling Used Area Sampling and Judgmental Sampling

Sample Size Samastipur isone, among five heavily flood affected districts of North Bihar
(that had been the main focus areaof United Nations development Program

(UNDP) during year 2002- 2006).

Research Hypothesis

Null Hypothesis(A): Therewill be minimum occurrence of flood during the month of May to
(HO) November every year.
(B): Therewill be no relationship betweenintensity of flood and Flood Vulnerahility

Index [FV.1.], for mitigation to flood affected areas.

Hypothesis Testing If numerical weight of Climate and Hydrogeological Factorsisgreater than 1

then therewill not be any “Hood” dsetherewill be*“Hood”.
Collectingthe Data

Toanalysefollowing dominant land and surfacefactors :
1. Forcing (such assurface meteorology and radiation)
2. State(such assoil moisture and temperature)
3. Hux (suchasevaporation and sensible heat flux)
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Within LandClimateHydrogeologica (functionused in following algorithm) conditions, monthly data(starting
from January-1979to August-2014) isfetched using file transfer protocol from officia website of NASA, and
gtored in CPU for farther executiononit .

Specificlat long scale used for thisdata miningisasunder:

Table2. Lat Long Scalefor Spatial Data-Mining

Latitude Longitude Pointer Location (as Under)(scale: 2mi = 2kms)
North East West South
Samadtipur 25.881002 85.807830 85.741397 25.842539

District Name

DataAnalysis

Total 27 factorsconddered for analysing theimpact of LandClimateHydrogeologicd (function usedinfollowing
algorithm) components, on occurrenceof flood, sevenareof different dimensonsand near surface specific humidity
isdimengonless. So, researcher cannot determine the quantitative relationship among such variables. Such type of
dataistermed as‘non-metric’ data

Ascorrelation and regression techniques are not applicable for non-metric data, so inthese circumstances
researcher isapplying ‘ Linear Discriminant Analysis that enablesthe researcher to predict the quantitativerelation
among mutually exclusive data elements (such asnon-metric data).

Discriminant analysis promotesascoring system, onthe basis of which it classifiesindividual data elementsin
themost likely classes. In mathemeatical equationsof LDA; not only the values of the Discriminant coefficient but
also the postive or negative Sngsof these coefficientsareequaly relevant. Podtive or negative Sgn of dataitemin
Mathematical equation elaboratesthat individual datacomponent belong to that category or not and the numeric
vaue beforesing emphasis the magnitude of support.

To obtaindesred resultsL DA givesfollowing agorithmthat processing mathematical formulation (ontotal
427 months, monthly data) for assessment of Land, Climate and Hydrogeologica Componentsover study area:

Table 3. Impact of Bihar Floodsand State Response

Districts Camps  Blocks Affected Liveslost  Boats Deployed Relief Camps  Medical
Sameastipur 19 175 74 276 51
Source: http://mww.unicef.org/evadatabase/files’2008_India Floods Emergency  Response.pdf

Table 4.
Description Rural Urban
Literates 2,040,582 102,298
Population (%) 96.53 % 3.47%
Totd Population 4,113,769 147,797
MalePopulaion 2,152,273 77,730
Female Population 1,961,496 70,067
Sex Ratio o1l 901

Sour ce: http://www.censusindia.gov.in/2011census/dcht/1019 PART_B_DCHB_SAMASTIPUR.pdf
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Algorithm for Flood Vulnerability Index [F.V.l.] computation

Void SAMASTIPUR()

{

Begin

Int:1,], k, m;

long double: valuel, vaue2; FVI =0,FVI

struct  {

char month(3);

int year (4);

} Array(427);// therearetota 427 recordsinArray(k); starting from JAN1979to AUG2014
for (k=0; k< 427; k ++)

{

write (“enter the*month’ and ‘year’ starting from JAN1979 onwards’);

read (“%s, %d”, Array(k).month, & Array (k).year);

[finitidizetion of array

}

write(“enter the‘ starting’ month and year for flood Vulnerahility Index (FV1) estimation”);
read(“%os, %d”, Array(i).month, & Array(i).year);

//gtarting record (inmonth & Year) isinitidized asitlogicallocation of Array

write(“enter the* ending’ month and year for flood Vulnerability Index (FV1) estimation®);
read(“%s, %d”, Array(j).month, &Array(j).year);

/lending record (inmonth & Year) isinitidized asjMogical location of Array

/* Logica Addressing :

Array(0) Arrav(l) Array(2) Array(3) Arrav(4)  Array() e Array(425) Arrayv(426)
| JAN | 1979 | FEB | 1979 | MAR | 1979 y APR | 1979 | MAY | 1979 | JUN [ 1979 | — | JUL | 2014 | AUG | 2014
0 3]0 3]0 10 3|0 3]0 [ 0 110 3
0 5 10 15 20 25 30— 2125 2130

physical addressng:*/

if (j <i)

exit(1); /*if logical valueof endingmonth & Year (i.e’j’) issmaller thanlogical value of starting
month & Year (i.e’i’), thenexit*/

dse

for (m= logicd location of Array(i); m< = logical location of Array(j) ; m++)
Begin

valuel = Land Climate Hydro geologicd Data(G1, H1,11,J1,k,I,m);

vaue2 = Population Socio Economic Data();

FVI =((valuel + vdue2)/2);

write(* Hood Vulnerahility Index = %Lf", & FVI);

FVIm=FVI;

End

Write(* Resultant Flood VVulnerability Index (FV1) for selected time duration will be =
%Lf" ,&median(FVIm));

End
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//END OF SAMASTIPUR() function

Land Climate Hydrogeological Data(G1, H1,11, J1, k, |, m)

Begin

longdouble: k, I, mG1,H1,11,J1,F1=0;

write(* Enter the valuesof :Near surface specific humidity, Near surface wind Magnitude, Surface Pressure’);
read (“ %Lf, %Lf, %Lf" ,&k,&I,&m);

G1=9();

H1=h();

11=10);

J1=j();

Valuel = ((0.40975179056133* g(x)) —(0.636477761191054* h(x)) +
(0.653121974750474%i(x)) + ( 0.451129718711898*j(X)) +
(0.630889891120117* k) — (0.234615652062864* 1)-
(0.0695464807516757* m));

return(Valuel);

End

/lend of function LandClimateHydrogeologicalData(g( ), h(),i(),j (), k, I, m);

a()

Begin

long double: g1, g2, g3, g4, g5, g6, 9g7,G =0;

write (“ Enter thevaues of: Averagelayer 4 (100-200 cm) soil temperature, Average layer 3 (40-100 cm) soil

temperature, Deep soil temperature, Average layer 2 (10-40 cm) soil temperature, Near surfaceair temperature,
Averagelayer 1 (0-10 cm) soil temperature , Average surfacetemperature’);

read (“ %Lf, %Lf, %Lf, %Lf, %Lf, %Lf, %L, &91,&92,&03,&094,&05,&06,&Q7);

G = ((0.673082256593763 * gl1(x)) + (0.402765331464704 * g2(X)) +
(0.281762184228599 * g3(X)) + (0.276170783309992 * g4(X))+
(0.2316553492387 * g5(x))+ (0.204674835404771 * g6(X))+
(0.190510066427232 * g7(X)));

return(G);

End

/lend of functiong();

h()

Begin

long double: hl, h2, h3, h4, h5, h6, h7,H =0;

write (“Enter thevaluesof: Latent heat flux Ground heat flux, Net longwave radiation, Surfaceincident long

waveradiation, Surfaceincident shortwave radiation, Net shortwaveradiation, Sensble heat flux, Ground heat
flux™);

read(* %Lf, %6Lf, %LF, %6Lf, %L, %Lf,%LF &hl,&h2,&h3,&h4,&h5,8 16,8 h7);
H = (—(0.495034455183463 * h1(X)) — (0.406890003084864 * h2(x)) —
—(0.362373234711186 *h3(x))+ ( 0.142754695925954 * h4(x))+
(0.141302145545916 * h5(x)) + ( 0.125878006823456 * h6(x))+
(0.116485544423381 * h7(X)));
End
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/lend of function h();
i()
Begin
longdouble:il,i2,i3,i4,i5,i6, 1 =0;
write (“Enter the values of: Average layer 4 (100-200 cm) soil moisture,Average layer 1 (0-10 cm) soil

moisture, Averagelayer 2 (10-40 cm) soil moisture, Average layer 5 (200-350 cm) soil moisture, Average layer 3
(40-100 cm) soil moisture, Tota canopy water sorage”);

read(* %Lf, %6Lf, %Lf, %6Lf, %Lf, %Lf" &i1,&i2,&i3&i4&i5&i6);

| = (((0.776585922257536* i 1(X)) + ( 0.745776097426174*12(X)) +
( 0.678180720261499%i3(x)) + ( 0.500792725339721*i4(x)) +
( 0.492194856093907*i5(x)) + ( 0.427401061924336*i6(x)))

);
return(l);
End
/lend of functioni();
i0)
Begin
longdouble:jl,j2,j3,j4,J=0;
write (“Enter thevauesof: Tota evaporation, Rainfall rate, Subsurface runoff , Surface runoff “);
read(" %oLf, %L f, %oLf, %L f“,&j1,&j2,&)3,&]4);
J=(((0.888109636425971*j1(x)) + ( 0.651107932475691 * j2(X)) +

(0.5176086212317%3(x))+( 0.428810758414187*j4(X))));
return(J);
End
/lend of functionj();
}
PopulationSocioEconomicData)
Begin
Int: p;
float :f20,f21,f22,19,f23,f24,18,f25,f26,f17,f27,f28,f16,f29,f210,f15,f211,f212,f14,f213,f214,f215,f 13,
f216,f217, f218,f219, 220, 1221,f222;
long double :
wl,w2 w3 w4,w5w6,w7,w8wo,wi0wll,wl2 wi3wi4,wi5wli6,wl7,wli8wl19,w20,w21,w22, F2;
write(* Total Population Person, Total Population Made, Tota Population Female, Literates Population Person,
Literates PopulationMale, Literates Population Female, llliterate Persons, llliterate Mde, 1lliterate Female,
Total Worker Population Person, Total Worker Population Mde, Tota Worker Population Female,
Tota NonWorking Population Person, NonWorking Population Male, NonWorking Population Female,
Tota Population of infants (0-6years), Population of infants (0-6years) Male, Population of infants (0-6years)
Femde, Tota Number of Households, House Type Permanent, House Type Semi- Permanent, House Type
Temporary, Totd inhabited villages, Drinking water facility, Electricity availability, Educational ingtitutes,
Medical centres, Road connectivity, communication services, Trangport services’);
readl( %of, %of, %of Yof, %6f, %/6f,%of, %of, ¥/6f, %6f, %of, %/6f Yof, %of, 9/6f Yof, %of, %/6f Yof, Yof, /6f Yof, Yof, %6f Yof, %of, ¥of Yof, %of, Yof”,
&f20,&21,&22,&19,&123,&124,& 18,&125,& f26,&17,&27,&f28,&16,& 29,&210,& 15,& f211,& 212,
&f14,&1213,&1214,&1215,&13,& f216,& 217,& £218,&1219,& f220,& 221,& f222);
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//(Relativeweight of Total Population Mae)// wl = (f21/£20);
//(Relativeweight of Total Population Femae)// w2 = (f22/f20);
//(Relativeweight of Literates Population Male)// w3 = (f23/19);
//(Relative weight of Literates Population Female)// w4 = (f24/£19);
//(Relativeweight of Illiterate Mde)// wh = (f25/f18);
//(Relativeweight of Illiterate Femde)// w6 = (f26/f18);
//(Relative weight of Tota Worker Population Mae)// w7 = (f27/17);
//(Relative weight of Total Worker Population Femae)// w8 (f28/f17);
//(Relative weight of Non Working PopulationMale)// w9 = (f29/f16);
//(Relative weight of NonWorking Population Femae)// w10 = (f210/f16);
//(Relative weight of Population of infants(0-6years) Mae)// wll = (f211/£15);
//(Relative weight of Population of infants(0-6years) Female)// wl2 = (f212/f15);
//(Relative weight of House Type Permanent)// wl3 = (f213/f14);
/l(Relativeweight of House Type Semi- Permanent)// wi4 = (f214/f14);
//(Relative weight of House Type Temporary)// wi5 = (f215/f14);
l/(Relativeweight of Drinking water facility)// w16 = (f216/f13);
lI(Relativeweight of Electricity availability)// wl7 = (f217/f13);
lI(Relativeweight of Educationd indtitutes)// w18 = (f218/f13);
lI(Relativeweight of Medica centers)// w19 = (f219/f13);
//(Relativeweight of Road connectivity)// w20 = (f220/f13);
//(Relative weight of communication services)// w2l = (f221/£13);
//(Relativeweight of Transport services)// w22 = (f222/f13);

for (p=1; p<23; p++)

Value2 =sum(wp);

return(Value?);

End

/lend of PopulationSocioEconomicData()

Testing of Results

Sameastipur district hasbeenfound that among 428 months sudy (starting from January 1979 toAugust 2014)
theactud results obtained support hypothesisin 373 months, so it gives87.1495327102804 % favoursor advocates
tautness of hypothesisand expressesthat forecast is‘ True'.

Didrict support hypothesis level (in%) If we alter our hypothesisthat flood will occur only in Juneto
for correctness of forecast, October every year (instead of flood occurs only from May to
based on 428 months study November) then support hypothesis|evel (in%) for correctness of

forecast, based on 428 months study
Samastipur 87.1495327102804% 93.4579439252336%0

Findings The Kos river in north Bihar plains shows extreme variability in terms of flood magnitude and
frequency (both spatialy and temporally). During study it was found that only hydrological data is not enough
for theassessment of Hood Vulnerability Index [FV 1] asvulnerability dependson multi-dimensiona factors. So,
hydrogeological data can be meaningfully integrated with population and socioeconomic datato create Flood
Vulnerahility Index [FV1] database on monthly basisfor atimeinterva starting from January 1979 to August 2014.
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FVI hasbeen cdculated using Land, Climate and Hydrogeological Components aswell as Population and
Socio Economic Data. Such effortsareapart of non-structural measures of flood management to reduce short
termand long term damages. Analysisof ‘ FVI’isvauable and is apowerful tool for policy and decision makers
aongwithinsurers. It helpsto prioritizeinvestments and makesthe decision making processmore transparent by
identifying areas with high flood vulnerability may guide the decision make processtowards preparednessto
mitigate theimpact of flood.

Monthly assessment of numeric valuesof FVI for period of time starting from January 1979to August 2014;
for badly flood affected following five districts of North Bihar.

2.CONCLUSON

The State of Bihar isthemost flood affected state in the country, accounting for 17% of theflood pronearea
of the country. Under the flagship of the programme, themulti hazard prone state of Bihar has implemented the
natura disaster risk management programmein Sameastipur as one of the 14 most hazard pronedigrictsof the
date. Thebasic objective of the programmeisto create community capacitiesfor vulnerability reduction. Fromthe
dateto villagelevels Disaster Management Committeeshave been formed to carry out programmeimplementation
and fundsare being released to the digtricts.

The programmehasbeen structured on thefollowing linesmentioned hereunder:

» ThegateDisagter Management Policy isbeing prepared whichwill facilitatein effective disaster management
a variouslevels.

» Largescdeawarenessgeneration among various stakeholdersincluding government officials, Panchayati
Raj representativesand common massisbeing carried out at variouslevelsthrough statelevel exhibition
like*Chetna , rally among school students, dogansand wadl paintingsin buildingson variousDo’sand
Don'tson Disagers, didesin Cinema halls, and competitions among school childrenin various schools
arebeing conducted.

» Various Capacity Building training Programmesare being conducted on role of variousagenciesin Pre,
During and Post Disaster Situations.

» Many of the engineers, architects are being sent to various 11 Ts of the country fromtime to time to
undertaketraining on earthquake resstivity of building technologies.

* Multi-hazard preparednessplanning are being prepared fromthedistrict to village level dong with specidized
training on search, rescue and firgt aid training to build the capacity of the Community to face any disaster.

The conclusions concerning the development of FV I methodology and the applicability isapositive catlistic
tool that aid theadministration scientifically for detection of morevulnerable areawithin district and then forecast
comparative most vulnerable areawithin Samastipur asfollows:

1. FVI providesamethod to systematicaly expressthe vulnerability of ariver sysemto disruption factors,
such asfloods.

2. Vulnerahility can bereflected by threefactors: exposure, susceptibility and resilience.

3. Theriver and urban systems can be damaged regarding four different components. social, economical,
environmenta and physical. Floods can be a cause of these damages.

4. TheFVIisapplicableinthreedifferent spatia scales: river basin, sub catchment and urban areascales,

5. FVlisapowerful tool for policy and decision-makersto prioritize investments and makesthe decision
making processmoretransparent. | dentifying areaswith ahigh flood vulnerability may guidethedecision
making processtowards abetter way of dealing withfloodsby societies.

6. FVI offerseasyto understand results, withthe use of asinglevaueto characterize highor low vulnerability.
Thisalso allows continuous data interpretationfor morein-depth analysisand it is suitable to policy-
makers.
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7.

Finaly, the proposed methodology to caculateaFV | providesan approachto quantify how much floods
areaffecting, or can affect, thelivelihood of aspatia scale: in al the aspectsthat make asociety function
properly.

A FVIiscdculated by Areaclustering within region for heavily flood affected Samastipur district of north
Bihar; depictsthemod disagtersareathat numericaly gradeononeto fivein decreasing order of vulnerability
index.

Obtaining redl-timeonline data, administration caninstantaneously measure Flood Vulnerability Index for
individual areawithindigtrict and thenforecast comparative most vulnerableareawithin Samastipur;
whereflood impact isgoing to be serious. It helpsin decision making using GDSS (Group Decision
Support System) for optimal resource alocation for rehabilitationto reducethe overal impact of flood.
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