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ABSTRACT

Floods are probably the most recurring, widespread, disastrous and frequent natural hazards of the world. This
geomorphic hazard is common in West Tripura District as it is situated in a tropical monsoon region. Lohar Nala
flows for 22.53 km distance in Mohanpur Rural Development Block, West Tripura District. About 20-25% of the
total basin area (102.51 kn) is flood affected. This study aims to identify the flood affected mouzas and to prepare
Flood Hazard Map of the Lohar Nala Basin, where flood pose a recurrent danger. An additive model was utilized to
create a composite flood hazard index of this basin. A composite flood hazard index was prepared incorporating
variables of near distance to the Lohar Nala, population density, number of households in each mouza, agricultural
losses and availability of high ground (shelter). Flood hazard zones were mapped in a GI S environment. Three flood
hazard zones have been identified in the basin according to these five variables among which Bamutia falls under
High Flood Zone. Fatikchhara and Kalkalia mouzas fall under Moderate and Low Flood Zone respectively.The
study demonstrates the potentials of GISapplication in flood hazard mapping.

Key words: Lohar Nala, Flood Hazard Zone, Flood Hazard Ind&§ modeling.

INTRODUCTION

River and river systems are very important to nhathe historical times, the entire civilizatioregr around or near
the rivers. River and their adjacent floodplainriors fulfill a variety of functions both as pasf the natural
ecosystem and for a variety of human uses. Thesriaed river systems also have negative valueg;dfien cause
great damage and death due to flood. Flood hazatteiprobability of occurrence of a potentiallydaying flood
event of a certain magnitude within a given timeique and area [7]. It is one of the most devastatiatural
hazards which lead to the loss of lives, propedias resources. Lohar Nala is the smallest andaugeay river with
22.53 km length of West Tripura District. About 26-% of the total basin area (102.51 sq. km) iedlaffected.
Flood Hazard Mapping is a vital component for appiete land use in flood plain$t creates easily readable,
rapidly accessible charts and maps [4] which featds the identification of risk areas and priméttheir mitigation
effects.
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Fig.1: Location Map of the study area.

2. Study Area:

This basin extends from Z&2'N to 2358'N latitude and 9M7'30’E to 9£27'50’E longtitude (Fig.1).
Geologically, the study area falls under Dupitdleries and Tipam group of rocks which is charaoteriby sand
rocks with shale and fossil woods. Tropical monsoge of climate prevails here. The area is cherasd by
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piedmont slopes and uplands, terraces and tilld€laad plains where red loam and sandy loam swits older and

younger alluvial soils are found respectively.

3. Objectives:

Main objective of this research work is to prepli@d Hazard Map of the basin.

In order to carry out this study Geomatica V 10dr (GIS mapping), Adobe Photoshop V 7, GPS tooll SO
topographical map No. 79 M/5 (1:63360 scale) of2k93, Land sat Imagery of 1989 and 2006 (LISSH#ye been

MATERIALS AND METHODS

used.
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The present study is mainly based on intensive felrvey and observations. Intensive field work hesn carried
out to collect the information regarding flood imlation and related problems in the flood affectegias. No
satellite data was available for flood period; #fere, for inundation data the researcher had pen@ on field
survey and the information collected from the Te@dfices of respective mouzas. Then, flood inuratatayer has
been prepared on the basis of the GPS (Globali®xsig System) reading. Inundation depth has atsmlyecorded
during field visit. No secondary data was availafde preparing Flood Hazard Map. Thus, this map besn

prepared following Forkuo’s Method. For preparingdel Hazard Map five variables, namely, (i) distrd the

affected mouzas from the catchment, (ii) populatdtensity, (iii) land elevation, (iv) number of he@ss (v)

agricultural losses of those affected areas haea baken. Questionnaire survey has been carrieth ¢bé affected
mouzasto find out the amount of loss, available governtreannon- government relief, diseases, other sinfgesr

during flood etc.

Fig. 2: Flood affected areas of the Lohar Nala basj West Tripura.
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RESULTS AND DISCUSSION

5.1 Flood affected areas:

Flood s a very common hazard in Lohar Nala Basin. Heajority of the victims are poor people living irold
plain. The lower reach of the Lohar Nala is densely pdpdlaand during field visit it has been noticed ttat
people have built settlements withthe river channel. Out of 17 mouzas only three meumamely Kalkalia
Fatikchhara and Bamutia are flood affected whighsduated in the lower reach of the Lohar Nalg.(B)

In the study area flood occurrédice (June and September) in the year 2004, amciuly 2007 and September
2010 and due to whicKalkalia, Fatikchhera and Bamt were adversehaffected. In the year 20, there was a
havoc flood due to prolonged duration of rainfdl20 days in the month of Ju@00mm and 21 days in the month
of September (555.9mm) (Fig.Becaus, in this year rainfall started to occiuom thepre-monsoon season which
lead to the saturation of sadlll storag capacities became satisfied as a result of whiehrtinsoon shower of Ju
increased the discharge from 15 cume30.63 cumec in June and 21 cume81033 cume in September (Fig.4).
Consequentlyexcessive amount of water spread over the surragratie. and inundate vast area of the Lohar M
basin. In the year 2007, there wamtinuousrainfall for 21 days in th month of June (745.4 mrand 23 days in
the month of July (908.6 mmyhen discharge was 29 cumec and 31.33 cumec reagg. In the year 2010, these
three mouzas were affectedthe month of Maydue to highdischarge (25.72 cumec) becaus long duration of
rainfall (671.6mm) for 20 day&enerall, river maintains very low flow and lowelocity of water during most part
of the year and hencsudden torrential rainfall causes sudden increagde volume of water which cannot
disposed off by the river immediately and thus tiver banks are overtopped by swelling of water
instantaneous floods are caused [8]
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Fig. 3: Temporal variation of rainfall in the Lohar Nala (2004 — 2A.1), West Tripura.
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Fig.4: Monthly discharge hydrograph of the Lohar Nda during 2004-2011
(based on rainfal-temperature data provided by the ICAR, Lembuchharg.
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These floods damaged houses, standing crops, gedtszchools, roads and livestock of these thrdagés. Many
families were displaced and mostly seek sheltschool buildings, relative’s house etc.

5.2 Flood hazard Mapping:

The purpose of flood hazard mapping is to iderttify areas within a development plan that are ktafidlooding

based on factors that are relevant to flood risk@naging and analyzing flood hazard is one of tlestnmportant
factors. A flood Hazard Map based on administratings is a quick, accurate and cost effective mdanplanners
and administrators to formulate remedial stratdgyaddition, it makes the process of resource atioo simple
resulting in a smooth and effective implementatémtopted flood management strategy. A small scaldsld¢o
identification of the higher hazard zone upon whictarge scale and a detailed mapping eventuadigtifies the
high hazard areas [5].

For this study, SOI topographical map (79M/5) cawgrthe study area at a scale of 1: 63360, DidHalation
Model (DEM), digitised contour map, administrativeap of the basin, population census data, housedetial,
supervised classification map were used. Howelies hiazard map is very much data intensive in Batur

5.2.1Digital Elevation Model and its applicationsm Flood Hazard Mapping:

To prepare Flood Hazard Map, Digital Elevation Miodé Lohar Nala has been prepared (Fig.5). A Dlgita
Elevation Model (DEM) is a digital representatidittee Earth’s relief that consists of an ordere@yaof elevations
relative to a datum and referenced to a geograpbicdinate system [2]. DEM is the main source todpce
information of land topography. Today, the advaneethin both information technology and computingvpoand
graphics visualizations capabilities have led ® ridipid growth of DEM usage in many fields, suclaasiscaping,
mapping and GIS [1]. It provides elevation inforioatthat is useful for many environmental applicas including
hydrologic modelling and flood management plannj@ They provide the opportunity to model, analyaed
display phenomenon related to topography and cilvdaces.
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Fig.5: Digital Elevation Model (DEM) of the Lohar Nala basin, West Tripura.
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Fig.6: Contour map of the Lohar Nala basin, West Tipura.
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From DEM, contour has been generated at an intefvhD m using GIS technique and this contour map heen
used to extract the highest point for each flodécéd mouzas (Fig.6). The mouza boundary layeve teeen
overlaid and highest elevation for each mouza leas lextracted using Geomatica 10.1 software.

5.2.2 Land Use Classification:
To identify and measure agricultural area landafsthe Lohar Nala basin has been classified usit®t€chnique
(Fig. 7). The method for land use classificatiotludes two steps: (a) geo-referencing and (b) incdagsification.
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. Vegetation Agriculture - Road and . Water bodies
Settlement
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Fig.7: Supervised Classification of the satelliteiage of the Lohar Nala basin, West Tripura.

5.2.3 Proximity to the river:

For the analysis, various mouza'’s distances froenlthhar Nala were determined. The midpoints of timizas
were considered. Since the mouzas were digitigedoiolygons, it was firstly converted into poinafare, as shown
in Fig.8, to define the midpoints of the affectedumas. The distances of the various mouzas in kiloea were
then extracted.
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Fig.8: Point feature class of flood affected mouzasf Lohar Nala basin, West Tripura.

5.3 Flood Hazard Index (FHI):

An additive model has been adopted for creatingmaposite flood hazard map. It is recognised thatpitinciple of
assigning rank to the variables is very cruciathis entire process of hazard mapping. In this pépe process of
assigning rank to the flood hazard indicators isprily knowledge based. The variable ‘Near_Mouzhich is the
proximity to the river has been attached high ingace because where the risk of inundation is l@nyother
variables do not contribute anything to the elemeihflood hazard [3]. The ranking scheme for flobdzard
indicators is presented in Tables 1 according tkuws Method.
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Table 1: Ranking scheme for flood hazard indicators

Distance from the Population Density Highest Elevation Number of Cultivated Cropped
catchment (km) (persons/knf) (m) Houses Land (km?
Adjective Range Rank Range Rank| Range Rank Rarjge Rank Range ank R
Negligible >3.60 0 0-300 0.25 >60 1 10007 0.20 0.01-1 0.02
1300
Very Low 3.00 - 3.60 1.50 301-600 1 51-6 1.5 1301- 0.52 1.01-2 0.04
1600
Low 2.41-3.00 1.80 601-900 15 41-5 2. 1601- 0.68 2.01-3 0.06
1900
Moderate 1.81-2.40 2.63 901-1200 25 31-40 3 1901-0.88 3.01-4 0.08
2200
High 1.21-1.80 4.50 1201-1500 4 21-3 4 2201-1.14 4.01-5 0.10
2500
Very 0.61-1.20 6.75 1501-1800 6 11-2@ 4.5 2501- 1.50 5.01-6 0.12
High 2800
Extreme 0-0.6C 8.8( >180( 8 0-1C 5 >280( 1.6¢ >6 0.1¢

This ranking scheme clearly displays that very v ranking has been applied at very high ‘Nearukéo (Table
2) value and at very high elevation value (Tableodprevent the far mouzas from getting a higheod| hazard
index on the basis of other factors. On the otlardh ranking has been increased at rate with higslerof other
factors namely population density, number of houagscultural losses of those affected areas @8bb and 6).
That means very low 0 ranking has been appliedest low value of population density, number of hesiaind
agricultural losses area.

Table 2 : Proximity to the catchment ranks

Name of the Mouza| Distance(km) from the catchment Hazard Rank
(Near_Mouza) (R_Mouza)
Bamutia 1.90 2.63
Fatikchhara 1.73 4.50
Kalkalia 1.94 2.63

Table 3 : Population density ranks

Name of the Mouza| Population Density | Hazard Rank
(persons/kn?) (2011) (R_Pop)
Bamutia 1,259 4
Fatikchhara 735 15
Kalkalia 481 1

Table 4 : Highest Elevation ranks

Name of the Mouza | Highest Elevation in m| Hazard Rank
(Shelter) (R_Shelter)
Bamutia 20 4.5
Fatikchhara 40 3
Kalkalia 20 4.5
Table 5: Property ranks
Name of the Mouza| Number of Houses Rank
(Property) (2011) | (R_Prop)
Bamutia 2,376 1.14
Fatikchhara 2,913 1.68
Kalkalia 2,321 1.14

Table 6 : Cultivated Cropped land ranks

Name of the Mouzas| Cultivated Cropped land (k) | Rank (R_Crop)
Bamutia 511 0.12
Fatikchhar 2.3¢€ 0.06
Kalkalia 1.5¢ 0.04
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5.3.1Flood Hazard Index (FHI) model:

For preparing a flood hazard index (FHI), a modeiormally adopted. The variables and the prinsipleassigning
ranks to the variables are very crucial in arrivatga flood composite index in process of hazardpimg. Mostly,
the process of assigning ranking of flood hazadicetors is knowledge based.

FHI= (R_Mouza+ R_Pop + R_Shelter + R_ Prop + R_Lrop

Where R_Mouza is rank for the mouzas proximity He tiver, R_Pop is rank for mouza’s population dgns
R_Shelter is rank for mouza’s highest elevationP®p is rank for properties and R_Crop is rankafgricultural
produce at risk. The attribute tables bearing #méous indicators ranking were added and calculatjgerformed to
obtain the index for the mouzas (Table 7).

Table 7 : Flood Hazard Index (FHI)

Name of the Mouzas| R_Mouza] R Pop R Shelter R Prop Rrop | FHI
Bamutia 2.63 4 4.5 1.14 0.12 12.39
Fatikchhara 4.50 15 3 1.68 0.06 1074
Kalkalia 2.63 1 4.5 1.14 0.04 9.31

5.3.2 Hazard categories:

Hazard values have been divided into 3 classeb®basis of two quartile measurements (Table &)lera shows
the hazard categories of affected mouzas of Lolzda.Mfter the final flood hazard index was derivedhits been
represented in a graduated coloured map using Gean&oftware.

Table 8: Classification of composite hazard ranksnto qualitative hazard intensity classes

Index Value Range | Hazard Category
9.31-10.61 Low
10.62-11.91 Moderatt
11.92 -13.21 High

Table 9: Hazard Categories of affected mouzas

Name of the Mouzas| FHI | Hazard Category
Bamutia 12.39 High
Fatikchhara 10.74 Moderate
Kalkalia 9.31 Low

5.3.3 Analysis of Results:

Five indicators have been taken into consideratiwrdeveloping the composite flood hazard indexctEaf the
factors has been assigned different ranking to tifyahe severity of hazard. In Fig.9, the finabdld hazard map is
represented in a graduated colour map. Proximitthef mouzas to the Lohar Nala has been considesettiea
measure of flood proneness of a particular mouragdantify the lives under potential flood threadpulation
density of each was taken as another importan@abiari Elevation takes into account as the aspedtoofl
emergency management. During the time of inundatiffected population are required to be evacutieal safe
place for temporary shelter, not likely to be subyed by flood water. Agricultural land was the icator that takes
into account agricultural production that will bifeated in times of flood. Number of houses in eawbuzas was
considered to quantify the economic assets und@npal flood threat. Bamutia, Fatikchhara and ik are
located in close proximity to the Lohar Nala andsth areas are characterized by very low to lowaétav due to
which excessive amount of water overtops the rhank and spreads over these areas. Populationtydemsi
agricultural losses are highest at Bamutia in campa to Fatikchhara and Kalkalia. Population dignand area
under agriculture are moderate at Fatikchhara awdat Kalkalia. Thus, Bamutia mouza falls undemhhigaizardous
zone, Fatikchhara mouza under moderate hazardoesaza Kalkalia mouza under low hazardous zone.
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Fig. 9: Flood Hazard Map of the Lohar Nala Basin, Vst Tripura.
CONCLUSION

From the above discussion it can be concludedttitae mouzas namely Kalkalia, Bamutia and Fatikcdlzae
flood affected mouzas of Lohar Nala Basin. Becdhsse three areas are situated in the lower refatted ohar
Nala. Three flood hazard zones have been identifietthe basin according to these five variables mgmavhich
Bamutia falls under High Flood Zone. Here populat@tensity, the main resource of any area, and wlgrial
losses, the main source of income of this areahigiteest in comparison to Fatikchhara and Kalkal@uizas. These
two fall under Moderate and Low Flood Zone respetyi.
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