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ABSTRACT: Uttarakhand is the alpine Himalayan state which are highly vulnerable for natural disaster,
every year during monsoon floods claim number of casualty in terms of human property and infrastructure
loss. Flood hazard zoning is important to map the extent of flooding which is helpful in case of planning any
activities nearby river banks and valley portion of the river. The Bhagirathi River basin of Garhwal Himalaya
is highly susceptible to flood hazards. A GIS-based Multi-Criteria Decision-Analysis (GIS-MCDA) has been
implemented for the first time in Bhagirathi River basin using four physical parameters like land-use land-
cover, elevation, slope, and distance to river. It was observed by the spatial analysis that the risk is very high
up to 350 m distance along both sides of the river terraces. The results estimated that 16.7% area (1028.3
km?) of the Bhagirathi River basin is vulnerable for flood hazards, 46323 population and 9753 households of
96 villages were identified as hotspots for flood hazard. A total of 160 km of the road length is found under
high to a very high category of the risk. This study would be very helpful to reduce the losses of life,
property, and infrastructure during floods in the future, the outcomes of the study can be used as a ready
reference to support the management and mitigation of rescue and rehabilitation policies of the banks of
river Bhagirathi.

Keywords: Remote Sensing, Flood damages, Mapping of hazard and risk, GIS, Bhagirathi River basin, Vulnerability.

Abbreviations: GIS, Geographical Information System; MCDA, Multi Criteria Decision Analysis; UNDP, United
Nation Development Programme; ICIMOD, International Centre for Integrated Mountain Development; MOEF & CC,
Minatory of Environment, Forest & Climate Change; MNWDI, Modified Normalized Difference Water Index; NDWI,
Normalized Difference Water Index.

I. INTRODUCTION

Regional climatic conditions have a major effect on the

occur during the monsoon period because of the high
spatial and temporal variations in the precipitation.

mountainous glacial environment. Flash floods are one
of the biggest hazards related to the changing climate
and natural disasters in the world [1]. They are the
major sources of destruction to mankind lies in plains
and river valleys [2]. One-third of the total land area,
including 82% of the total world population of 90 nations
is directly prone to catastrophic flooding [3-6]. Similarly,
one-eighth of India’s total geographical (40.0 million
hectares) area is prone to floods [7-9]. However, the
area under the risk of floods is increasing extensively in
India with a rate of 0.014 million hectares annually
under the changing climatic scenarios [10]. Over a
period of five decades (1953-2007), there was an
increase of 7.5 million-hectare area is getting affected
by the floods.

In India, about 30 million individuals are under the
threat of floods and contributed annually one-fifth (more
than 1,500 individuals) of the world death count
because of floods. The majority of flood events in India

Gourav et al.,

Furthermore, the reducing capability of rivers to hold the
large volume of water under heavy siltation may change
the direction of river flow. Glacial and cloud outbursts
aggravate common issues related to the increased
incidences of floods.

The Indian Himalayas are one of the most vulnerable for
flooding due to change in climatic conditions and human
interference. A number of studies have indicated that
the rate of progressive warming of higher altitude region
of the Himalaya is much higher than the rate of average
global warming (0.09°C per year). For the eastern
Himalayas, the warming trend ranges from 0.1°C to
0.06°C per year [11-16].

Climate change is directly related to extreme weather
changes in Himalayas as intense unpredicted rainfall
that is leading to flash flood, cloud burst, mass
movement and debris flow [17].

According to the Indian Institute of Tropical Meteorology
(ITM), the recent rainfall pattern of the country shows
an increase in precipitation rate. The hilly regions like
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Uttarakhand and Himachal Pradesh received maximum
precipitation in Northwest monsoon (July-September),
which commonly causes natural calamities like cloud
burst that led to flash floods almost every year. In the
Himalayan region of India, the Bhagirathi River basin is
highly susceptible to flood hazard, the major incidents
were reported in years of 1978, 1980, 2000, 2009, 2012
and 2013, which caused widespread damage in the
river basin [18]. The Bhagirathi River originates at
Gaumukh (~ 4000 m) from the Gangotri glacier of
Himalaya in the Uttarkashi district of Uttarakhand state
[19]. The river flows around 205 km from its origin to
merge with the Alaknanda River at Devprayag
(elevation 830m asl) being named as river Ganga
thereafter. The Bhagirathi River basin is spread over
6170.82 km? within Garhwal Himalaya. Because of
active tectonics and fragile geomorphic condition, the
basin area is highly vulnerable to natural hazards and in
consequence, during monsoon season the hydrologic
process enhances the frequency of natural calamities.
Floods in the Bhagirathi river basin can be classified into
two categories with flash flood and rapid flood. The flash
floods occur due to extreme downpour whereas and the
rapid floods occur due to continuous downpour for
several days [20]. Flood hazard mapping of this area is
important to prevent and plan the risk with the help of
various high-end computer programming where disaster
can be predicted with high accuracy [21, 22]. Hence,
there is a need for flood zonation of this river basin to
understand the threat of lives and socio-economic
losses. For flood zonation, the GIS-based analysis is
widely used due to its multidimensional spatial
phenomena. It manages a large volume of spatial data
very effectively [23-26].

MCDA is a significant tool for mapping of flood
risk/hazard zones in a river basin. This method is helpful
particularly for flood management plans of remote
settlements and population within the river basin [27].
The study is focused to determine the spatial extent of
flood hazard zones in the Bhagirathi River basin as well
as in identifying the settlements at greater risk during
flood events. The MCDA used to determine the spatial
extent of flood, and the GIS overlay analyses are used
to identify settlement under flood influence [28]. The
analyses are based on four spatial parameters as the
distance to a river, land-use land-cover, slope, and
elevation. The results identifies the hotspots areas
under flood hazards including population, number of
villages, households, educational institutions, hospitals,
road network, and bridges. The outcomes of this study
will  help policy makers, scientists and local
administration to take on-time preventive measures and
decision making to save total loss.

Il. MATERIALS AND METHODS

Study Area: The study area spread over Uttarkashi and
Tehri Garhwal districts, Uttarakhand and some part of
Kinnaur district, Himachal Pradesh. The geographic
extent of Bhagirathi River basin is 30°16" to 31°10
North and 78°11” to 79°17" East, the basin is at the
North West region of Uttarakhand state (Fig. 1).

Gourav et al.,

Location Map of Bhagirathi River Basin
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Fig. 1. Location map of Bhagirathi River basin showing
water bodies, river, settlement, and roads.

The total area of the Bhagirathi basin is about 6170.82
km? Physiographically it is the part of Garhwal Himalaya
and falls under the lower to higher Himalayan zone. The
climate of the study area is sub-tropical with the
seasonal monsoon period of July to September, August
as the wettest month during monsoon. As per the
thematic layer of census of India, 2011, a total of 690
villages fall under the study area that covers the total
population of 332541 individuals and 59115 households.
The road network within the basin area includes both
state and national highways covering a total length of
224.6 km.

GIS-based multi-criteria decision analysis (GIS-
MCDA) approach: In past studies, the impact of a
natural hazard on socioeconomic parameters was done
using various statistical tools. GIS-based multi-criteria
decision approach method has been used the first time
in the Bhagirathi River basin by using four factors like
land-use land-cover, elevation, slope, and distance from
the river. The factors like hierarchical model structure
and criteria weights, the application of the GIS-MCDA
tool overcome the hindrance of various factors
mentioned in the past studies [29]. For social and
economic vulnerability assessment towards flood risk,
there is a limited scope available for the application of
spatial MCDA [30-32]. In this study, proximity analyses
of GIS tools were used to create a distance buffer from
the main stream.

The topographic inputs like slope and elevation were
derived (Table 1) from 1 arc-second Digital Elevation
Model (DEM) of Shuttle Radar Topography Mission.

A preliminary exercise was carried out for the selection
of technology and assessment of flood hazards. After
successful analysis of several natural hazards [33-35]
and geo-environmental studies, the combination of
multi-criteria decision analysis (MCDA) along with GIS
has to be found the most appropriate fundamental tool
for assessing the vulnerability and flood hazard due to
accuracy and flexibility for decision-making.
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Table 1: Data used for flood risk hazard zonation in
the Bhagirathi River basin.

Data Derived Maps Sources
Land-use Land 8 May 2.015 and 21
LANDSAT-8, OLI Cover April 2016
Distance to river https://earthexplore
r.usgs.gov/
SRTM DEM Elevation 11 February 2000
1 arc-second (30 Slope https://earthexplore
m) r.usgs.gov/
Census of

Village/ Settlement
/Population/
Roads

690 point locations,
224 Kmroad, & 84
Bridge locations

2011/Google Map

http://www.censusi
ndia.gov.in/2011ce

nsus/dchb/DCHB.ht

ml

Historical flood

literature review
Events

Location

The adoption of methodology for evaluating the flood
hazard is a fundamental step, it is important to identify
basic factors that are responsible for flooding in order to
create a reliable vulnerable flood map [36-39]. Before
performing the analysis, the secondary data was
collected from different sources. The methodology
framework is shown in through Fig. 2.

l Flood risk hazard analysis using GIS based multi-criteria decision analysis (GIS-MCDA) l

Data Collection

[ SRTM DEM (farc second) |
Terrain

Landsat-8, OLI (2015-16)
Proximity

Analysis Analysis

[ Distance to river | [ Land use-Land cover | Slope Elevation
v v v v
v

l Rank and Wright Assignment (Applicable for all four layers) l

l Normalised Rank and Weight (Individual/Total, for all four layer

l Result Verification with Pre-historic Flood Events

) ]
v
[ Final Result (Landslide Hazard Zonation Map) |

Impact Assessment and Identify Village, Population,
Household, Roads, Bridges under Risk

Fig. 2. Flow diagram of methodology used for GIS-
MCDA based flood hazard zonation mapping.

Criteria Selected for Flood Vulnerability Mapping

(a) Distance to River: The impact of the flood is more
on the river terraces/flood plains along the main river
stream [40].

For this study, the river channel was delineated by the
visual image interpretation of remote sensing data. A
digital band combination of near-infrared (NIR), Green
and Blue bands of LANDSAT-8, OLI (Path/Row of
146/38 and 146/39, 15 m panchromatic resolution)
optical satellite remote sensing imagery of 8" May 2015
and 21 April 2016 were also used [41] (Fig. 3).

The simple Normalized Difference Water Index, (NDWI)
does not differentiate shallow parts of the water (Eqn.
1), therefore to delineate the whole water body the
Modified Normalized Difference Water Index, (MNDWI)
were used (Eqn. 2).
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The combination of NDVI and MNDWI is very useful to
extract “maximum water body” (Egn. 3) from the digital
imageries [42].

NDWI = (Green — NIR)/(Green + NIR) (1)
MNDWI = (Blue — NIR)/(Blue + NIR) (2
The Index is used (1)

(I) = NDWI + MNDWI (3)

Fig. 3. Overlay of Bhagirathi River basin boundary on
LANDSAT-8, FCC of 8" May 2015.

After delineation of river channel form satellite imagery
through visual image interpretation, a GIS-based
proximity analysis was done to find out the distance
from the river to most affected areas during floods. The
effect of flood is more visible up to the distance of 2000
meters from the main river stream showing more
vulnerability towards floods, therefore the study area is
classified into nine different classes of specific intervals
of distance (Table 2).

Table 2: Proximity distance class distribution of
Bhagirathi River basin.

Range of Proximity Distance Area

from River (m) (km?) Area (%)
<50 103.8 1.7
50-150 102.8 1.7
150-350 198.0 3.2
350-600 237.6 3.9
600-900 2741 4.4
900-1250 308.0 5.0
1250-1650 337.6 5.5
1650-2000 284.9 4.6
> 2000 43241 70.1
Total 6170.8 100

The range of nine thematic classes are 0 to 50, 50-150,
150-350, 350-600, 600-900, 900-1250, 1250-1650,
1650-2000, and more than 2000 m has been presented
through Fig. 4.

(b) Land-use Land-cover: Land use and land cover are
the most important factor for flood vulnerability study.
The water infiltration and the surface runoff are
controlled by the density of vegetation cover and forest
cover. The areas of high forest density and high
vegetation density are less susceptible because of the
high infiltration rate. Surface runoff is very high in urban
and agricultural areas as compared to the forest areas
[43].
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Fig. 4. Proximity distance from the river channel.

The land-use land-cover map of the study area has
been derived from optical Landsat-8 (LOIl) satellite
remote sensing imageries of 2015-16 (Fig. 5). There are
nine classes for land-use land-cover mapping using
supervised classification in ERDAS Imagine image
processing software (Table 3).

Table 3: Land use/Land cover classes under the
different characteristics of the Bhagirathi River

basin.

Area Area

Land-use Land-Cover Class (km?) (%)
River/ Stream/ Canals/Lake/Ponds 44.4 0.7
Urban/Rural 3.1 0.1

Cropland 367.4 6.0

Fallow land 100.7 1.6

Scrub land 37.6 0.6

Evergreen/ Semi-evergreen

Grassland/Grazing Land 2338.9 87.9
Deciduous 93.2 1.5

Scrub Forest 47.2 0.8

Snow /Glaciers & Barren Rocky 3138.3 50.9
Total 6170.8 100

(c) Elevation: Elevation map of the study area is
derived from the 30 m digital elevation model (DEM) of
SRTM. The maximum and minimum elevation of the
Bhagirathi River basin is 6757 m and 545 m asl
respectively (Fig. 6).

(d) Slope: The Bhagirathi River originated from the
snout (Gaumukh) of Gangotri glacier at a height of
about 4000 m asl. The whole glaciated area is barren
rocky, devoid of vegetation and covered with snowfields
throughout the year. Between 3000 to 4000 m
elevation, the valley is filled with glacier derbies that
have very few and sparse alpine type vegetation. The
steep valley was observed between the elevation of
2000 to 3000 m with tremendous gorges and steep to a
dizzy height.

Gourav et al.,

Landuse/Landcover Map of Bhagirathi River Basin
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Fig. 5. Land-use Land-cover map of Bhagirathi River
basin derived through Landsat-8 satellite imagery of the
year 2015-16.

Evelevation Map of Bhagirathi River Basin
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Fig. 6. Elevation map of the Bhagirathi River basin in
meter above sea level.

This area is also extremely rugged and full of forests.
The river terraces, agriculture, and forest were seen at
the elevation of 1000 to 2000 m. The slope map of the
river basin area is derived from the one arc second
SRTM DEM. The study area shows a wide variety of
average slope from 3°to 69° with a mean of 32° (Fig.

7).
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For the analysis of the flood damage risk using GIS-
MCDA, the elevation and slope maps were classified
into nine classes (Table 4 and 5). It may be noted that
each criterion has own significance in the special
analysis.

Slope Map of Bhagirathi River Basin

Slope Classes

= b 4 Il vERY MILD (0-57)

g S B MiLD (5-10%)
oo

MODERATE (10-15°)

MODERATELY STEEP (15-25°)
STEEP (25-35°)

m distance both sides from the main river course has
been considered as flood risk zone.

Out of the total basin, 29.9% (1846.7 km?) area is falling
under flood risk zone covering up to 2000 m distance on
both sides of the river. The slope plays an important role
in flood hazard mapping in alpine areas.

The movement of water is very slow on the flat and low
gradient slopes and it accumulates for a longer time.
About 26.2% (1617.9 km?) area of the basin slope is
falling in the range between 0°-20°slopes. Land use of
the Bhagirathi River basin shows that the human activity
is comparatively more frequent in these three classes,
therefore the most susceptible land use classes for
floods are, (1) River/Stream/Canals/Lake/Ponds (2)
Urban/Rural (3) Cropland. About 6.7% (414.9 km?) of
the basin area is covered by these vulnerable classes.
The surface elevation plays an important role to identify
the flood damage risk zone, with this analysis the impact
of flood damage has been taken from 545 m to 1025 m
asl. Total 27.5 % (1161.9 km2) areas are falling under
the risk zone (Table 6).

Table 6: Criteria wise risk percentage and
associated area for flood vulnerability of Bhagirathi

?- 5_1:,-_30 32_:(_',‘”‘ Il VERY STEEP (=35°) River basin.
. . R . Area
Fig. 7. Slope map of Bhagirathi River basin represented Area under
in the range of degree. Criteria Vulnerable class under risk
under flood risk risk area
Table 4: Slope classes and its area characteristics (%) (km?)
of the Bhagirathi River basin. Do o 2000 m distance from
river both side of the river 29.9 1846.7
Slope Class(degree) Area (km?) Area (%) stream
Slope 0 to 20°slope 26.2 1617.9
<2 7.4 0.1 River / Stream /
2-3 19.1 0.3 Land use/land Canals/Lake/Ponds, 6.7 414.9
3-4 32.2 0.5 cover Urban/Rural, Cropland ’ :
4-5 38.5 0.6
5-6 49.9 0.8 Elevation 545 mto 1025 m asl 27.5 1161.9
10 909 29 To finalise the analysis, Rank (R) and Weight (W) for
1520 635.9 103 each responsible criteria were assigned. For this study
> 20 4552.9 73.8 there are four criteria that have been selected for flood

Table 5: Elevation classes and its area
characteristics in the Bhagirathi River basin.

Elevation Class (meter) Area (km2) Area (%)
<545 1.9 0.0
545-565 2.3 0.0
565-585 3.6 0.1
585-605 2.8 0.1
605-725 23.8 0.4
725-825 66.0 1.1
825-925 431.8 7.0
925-1025 1161.9 18.8
> 1025 4476.8 72.6
Total 6170.8 100

lll. RESULTS AND DISCUSSION

Zonation and ranking of area: The most important
criterion “distance to the river” shows that the most
affected area is near the main river course including
river banks, river terraces, and flood plains. Depending
on the physiography of the Bhagirathi River basin 2000
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risk vulnerable mapping, the criteria are the distance to
the river, land-use/land-cover, elevation, and slope. All
the criteria parameters were classified into a scale of 1
to 9 as per user-defined rank under the geospatial
environment. High rank (9) assigned for high-risk class
and low rank (1) is assigned for no-risk class [44-46].
After assigning ranks for all four thematic layers, the
sum weight (W) of 10 was assigned after dividing all
four parameters as per the priority of importance.
Weight 4 assigned “distance to the river” due to its
importance as compared to the other three. As per the
importance, the weight for slope (3) elevation (2) and
Land-Use/Land cover (1) were assigned for assessment
of vulnerability.

After assigning Rank (R) and weight (W), the
Normalized rating index (NRI) and Normalized weight
index (NWI) were calculated using the raster tool in
ArcGIS. NRI is the value of total Rank dividing with
individual Rank, whereas NWI was calculated using
total weight dividing with individual weight (Table 7).

The GIS layer integration of NRI and NWI| was done
using weighted sum overlay analysis of spatial analysis
tool extension of ArcGIS.
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Table 7: Criteria wise Normalised Rank Index (NRI) & Normalised Weight Index (NWI) calculation for thematic

classes.
Criterion (T:';f;fr'; ('Ef;’:; Rank (r) ':/FF‘{' Weight (w) 'm'
<50 9 0.20
50-150 8 0.18
150-350 7 0.16
350-600 6 0.13
Proximity form 600-900 5 0.11 4 04
River (Meter) 900-1250 4 0.09 ’
1250-1650 3 0.07
1650-2000 2 0.04
> 2000 1 0.02
Total (R) 45 1.00
<2 9 0.20
2-3 8 0.18
3-4 7 0.16
4-5 6 0.13
5-6 5 0.11
Slope (Degree) 610 7 0.09 3 0.3
10-15 3 0.07
15-20 2 0.04
> 20 1 0.02
Total (R) 45 1.00
<545 9 0.20
545-565 8 0.18
565-585 7 0.16
585-605 6 0.13
. 605-725 5 0.11
Elevation (meters) 795825 7 0.09 2 0.2
825-925 3 0.07
925-1025 2 0.04
> 1025 1 0.02
Total (R) 45 1.00
River/ Stream/
Canals/Lake/Ponds 9 020
Urban/Rural 8 0.18
Cropland 7 0.16
Fallow land 6 0.13
Scrub land 5 0.11
Land Use/Laznd Eve;g\]/reerzr:(/a ;em" 1 0.1
Cover (Km") Grassland/Grazing 4 0.09
Land
Deciduous 3 0.07
Scrub Forest 2 0.04
Snow /Glaciers &
Barren Rocky ! 0.02
Total (R) 45 1.00

Identification of Flood vulnerability: Based on the
various indicators, flood damage risk index map has
been prepared through ArcGIS by using the weighted
value (Table 7) of each parameter. In the flood index
map, the range of vulnerability was from 0.013 to 0.168,
which means the lower value (0.013). Represents the
low-risk zone whereas the higher value (0.168)
represented the high risk (Fig. 8).

Further, the flood risk index map of the study area was
classified into five categories using natural break
classification method in ArcGIS, the classes were very
high risk (0.0133-0.049), high risk (0.049-0.074),
medium risk (0.074-0.093), low risk (0.093-0.112) and
no risk (0.113-0.168). The category wise risk map is
shown in Fig. 9.
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Fig. 8. Flood risk index map of Bhagirathi River basin
showing high and low index values.

Flood Risk Hazard Zonation Map of Bhagirathi River Basin
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Fig. 9. Flood risk hazard map showing hotspot areas of
Bhagirathi River basin.

It has been observed that the area lying near to the river
channel is prone to very high flood risk and as we move
forward away from the river channel the risk decreases
gradually. During the assessment, it was observed that
1028.28 km? (16.7%) of basin area comes under flood
vulnerable zone. The very high-risk zone lies up to 350
m on both sides of the river channel which covers 91.27
km? (1.5 %) area of the complete river basin. The high-
risk zone, moderately risk and low risk occupies 183.0
km? (3.0%), 382.62 km? (6.2%) and 371.39 km? (6.0%)

area of river basin respectively. The details about the
flood damage risk vulnerable area are given in Table 8.
Extent of socio-economic loss: As per the Census of
India 2011, a thematic layer of 690 villages was
generated for the Bhagirathi River basin. The thematic
layers were superimposed on the flood risk vulnerability
map. It was found that 23 villages come under very
high-risk zone followed by 73 villages under the high-
risk zone, 109 villages under moderate, 275 under the
low risk and 210 villages under no risk (Table 8).

In terms of human threats and infrastructure, a total of
224400 individuals and 41638 households of 480
villages falls under the flood vulnerable zone in different
categories.

A total of 9625 individuals and 2036 households of 23
villages fall under the very high-risk flood hazard zone
whereas 36698 individuals and 7717 households of 73
villages are under the high-risk zone. However, 77033
individuals and 11293 households of 109 villages are
falling under the moderate risk zone while 101044
individuals and 20592 households of 275 villages lie
under low-risk flood hazard zone. The majority of the
road i.e. 94.36 km lies under a very high-risk zone
followed by high risk (65.68 km), moderate risk (2.06
km) and low risk (58.18 km). It was also found that a
total of 81 bridges is lying under a moderate flood risk
zone to a very high flood risk zone in the study (Table
8).

The findings of this study were further revalidated
through ground-truthing and secondary data available in
official records of Uttarakhand state Govt. It was verified
that the overall 2100 km length of national highway and
1600 km of state highways have been damaged due to
natural hazards in the Garhwal region of Uttarakhand
throughout the year. The final GIS-MCDA based flood
risk hazard map was also verified through the available
literature (Fig. 10) related to four extreme historical
flood events i.e. Bhagirathi flood in (1978), Gyansu Nala
flash flood (1980), Uttarkashi flood (1991), Asi-Ganga
flood (2012), [47-49]. In (2013), the Mandakini,
Alakananda, Bhagirathi and other river basins have
experienced the flash flood, making a loss of 580
individuals and overall 900000 individuals were affected
by the flood in Uttarakhand (Government of Uttarakhand
2013). It may be noted that 41638 households, 220.28
km roads, and 84 bridges are under the threat of floods
in this study.

Table 8: final flood risk hazard area and its impact on village/settlement and roads (hotspots) of the
Bhagirathi River basin.

Vulnerable Vulnerable

FIoo(;iI Hazard Area (km?) | Area (%) N\t;irlr;:ge; so f Population | Households olf-i?c?atgs Ng of
ass (Census (Census . Bridge
(Census 2011) 2011) 2011) in km
Very High Risk 91.3 1.5 23 9625 2036 94.4 42
High RISK 183.0 3.0 73 36698 7717 65.7 31
Moderate Risk 382.6 6.2 109 77033 11293 2.1
Low Risk 371.4 6.0 275 101044 20592 58.2 3
No Risk 5142.5 83.3 210 108141 17477 4.3 0
Total 6170.8 100 690 332541 59115 224.6 84
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Historical Flood Events
ﬁ Asi Ganga Flood near Bhatwari
Lat. 30.811 Lon. 76.62 (03,08.2012)

Uttarkashi Flood near Uttarkashi
Lat. 30.73, Lon. 78.44 (26.11.1991)

Bhagarathi Flash Flood Maneri
Lat. 30.74, Lon. 78.53 (06.08.1978)

Gyansu Nala Flood near Gyansu
Lat. 30.73, Lon. 78.42 (25.06.1980)

* % %

Legend .
I VERRY HIGH RISK
B HicHRISK
[ mepum Risk
| LOW RISK
o
.
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*

VILLAGE / SETTLEMENT, ROADS AND HISTORICAL FLOOD
OVERLAY ON FLOOD RISK MAP
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Fig. 10. Historic flood locations overlay on Flood Risk hazard impact zonation map of Bhagirathi River Basin.

If flood event prevails, the total financial burden
overcomes the extent of damages caused by the floods
will be approximately Rs. 124.08 billion INR for the
rehabilitation of houses, reconstruction/maintenance of
roads and bridges.

IV. CONCLUSION

The Indian Himalayan region is one of the most
vulnerable flood zones under the varying climatic
conditions. The study on the Bhagirathi River basin
revealed that this location is highly vulnerable for flood
as a natural hazard. An innovative approach, a GIS-
based MCDA technique has been used first time in this
basin to carry out the flood extent estimation and
preparation of flood zonation map where four important
factors like land-use land-cover, elevation, slope, and
distance were considered. It was observed that the risk
is very high up to 350 m distance along both sides of
river banks which covers 91.3 km? area of the complete
river basin. It may be noted that 1028.3 km? of basin
area falls under flood vulnerable zone. The high-risk
zone, moderate risk, and low risk occupy 183.0 km?,
382.7 km?, and 371.4 km? area respectively. Within this
flood vulnerable area, there are 23 villages under very
high-risk zone followed by 73 villages under the high-
risk zone, 109 villages under moderate, 275 villages
under the low risk while 210 villages under no risk. In
terms of socio-economic losses, a total of 224,400
individuals and 41,638 households of 480 villages are
under the flood vulnerable area falling indifferent
categories.
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The majority of the road segments (i.e. 94.4 km) fall
under a very high-risk zone followed by high risk (65.7
km), moderate risk (2.06 km) and low risk (58.2 km). It
was also found that a total of 81 bridges are lying under
a moderate flood risk zone to a very high flood risk
zone.

V. FUTURE SCOPE

The different natural hazards have damaged in terms of
life and property and seriously impacted the socio-
economic status of the region in the past as reported in
the records of Uttarakhand state as well as the different
works of literature. This research output will be useful in
the policy and planning for the preparedness, mitigation,
and management for rescue and rehabilitation of the
flood-affected population.
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