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ABSTRACT

The climate change significantly affect the glacial of Himalayan region. The flash floods are one of the most
perilous climate-related disastrous events in the Himalayan region. Such floods grow under six hours after the
rainfall that prompted risky circumstances for individuals and cause loss of life, property and environment. Just
about seven years after such flash floods attacked the Kedarnath valley in Uttarakhand, around 5,000
individuals were killed, and the scientists have cautioned that conditions were creating for a comparative
misfortune going to happen in the district again. The cloudburst situation on every next day had occurred
mainly in the Uttarakhand caused decimating floods and landslides turning into the nation's most exceedingly
awful natural disaster event since the tsunami in the year of 2004, which was about 375% more than the
benchmark rainfall during an ordinary rainstorm. Aside from the social, political, and affordable misfortunes,
such natural disasters adjust the prior landscape of Kedarnath region. This paper provided the satellite data for
the year 2007, 2013, and 2019. The information and data are compared with before the event of the flash flood
and after the flash flood and its impact caused alongside. The comparative analysis have also been carried out
by using the GIS and Remote Sensing techniques by comparing before and after flash flood event.

Keywords: Flash Flood, Himalayan Region, Geographic Information System, Natural Disaster, Remote Sensing,
Risk Assessment.

I. INTRODUCTION

The weak idea of worldwide tourism is one of the significant worries for possible management. Disaster
management is a significant part of any tourism destination (particularly despite an emergency). The particular
possibilities, for example, war, crime waves, epidemic, and natural disasters impacts affect any community,
region, state, or country. Any potential objective is presented to at least one of the above dangers, which can
scrutinize the security of residents, travelers, and can hamper the market view of that particular destination[1].

The 2013 calamity in Uttarakhand is viewed as India's most noticeably awful natural disaster since the
December 2004 caused by Indian Ocean tidal wave, these areas are in danger from the staggering impacts of
future tidal wave because of the presence of a structural intelligent plate [3], absence of a tsunami warning
system in the Indian Ocean, and absence of set up correspondence network giving opportune data to that
region[2]. Weighty, constant downpours have made uncommon harm to life and property where heavy
waterways from the Himalaya cleared away streets, scaffolds, houses, and structures in the whirling water,
whirling is main driver of harm like exhaustion, scraped spot of toward the back harsh cylinder bearing and oil
spillage at the fixing and makes different issues emerge, for example, propeller shaft, harsh cylinder orientation
and harsh cylinder fixing gadget[3]. As per government authorities, in excess of 1000 people are normal dead
with in excess of 6000 absent and many thousands have been uprooted. The heavy rainfall somewhere in the
range of 15 and 17 June 2013 flooded the zone causing unreasonable gulley disintegrations and silt statements
on its way. It is proposed that during the evening of 16 June 2013, because of perpetual precipitation, a huge
volume of water conveying an immense measure of residue, and trash from cold moraines also, encompassing
zones struck Kedarnath town and washed off its upper parts[4]. Using a daily rainfall data set, Goswami et al.
(2006) have shown (i) significant rising trends in the frequency and the magnitude of extreme rain events and
(ii) a significant decreasing trend in the frequency of moderate events over central India during the monsoon
season[5].

Different reasons have been seen for this catastrophe. Some propose this the occasion happened because of
flash floods and others are agreeable to a cloud burst. The primary reason behind such a voluminous stream is
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a penetrate in the snowmelt and rain fed Chorabari Lake (3960 m AMSL, roughly 400 m long, 200 m wide, 15-
20 m profundity) otherwise called Gandhi Sarovar Lake, which was dammed by the moraines stored by the
Chorabari glacier[4].

Despite the fact that all potential results of the environmental disaster are yet to be determined it has been
considered as a critical factor for expanding the weakness of communities, particularly of poor people, ladies,
and negligible networks living in disaster-inclined zone. There are a few factor adding to the flooding issue
covering from geography, geomorphology, seepage, designing constructions and environment as indicated by
the current work done by nearby scholars[6]. These segments of the social orders are generally more
vulnerable to the account of more prominent reliance on atmosphere delicate areas like farming and forestry
for their occupations or restricted versatile limit. In the current years, the constancy of natural and
anthropogenic calamities has expanded in the whole Himalayan district making it one of the most powerless
and delicate areas of the world.

Changes in rainfall pattern and bursting of high-height glacial lakes conjure flash floods and cloud burst in the
upper Himalayas prompting flooding circumstances in the down-stream, the effect of large stream bodies
outpouring might cause changes in downstream hydrology and geomorphology like change in absolute
streams, change in occasional planning of streams, momentary vacillations in streams, change in outrageous
high and low of stream, channel disintegration and statement, riverbed creation, and so forth[7]. Also, the
expanded frequency of forest fires, soil disintegration, and changes in land use the example that is influencing
the natural life and people similarly. A gigantic flash flood after hefty rainfall in the high height districts of
Kedarnath valley in Uttarakhand in the year 2013 caused the greatest provincial natural disaster of the century
that slaughtered a large number of individuals which incorporates local people and sightseers from everywhere
India just as far off nations. The disaster was bothered because of the few disregarded developments in the
delicate mountains and monstrous infringement of the stream beds. It has additionally brought about long haul
socio-efficient and biological emergency in the area. The current paper subsequently means to underline and
talk about the social and environmental weakness in the Kedar valley in the outcome of the 2013 disaster[8].

Rishi Ganga valley Flash Flood

The Flash Flood in Rishi & Dhauli Ganga river, Uttarakhand Himalayan region occurred on 7t Feb 2021,
Because of the collison, the Himalaya is seismically exceptionally dynamic, rough and delicate mountain
framework. Further, slants in the higher Himalaya are by and large exceptionally steep and subsequently
profoundly inclined to landslides, prompting weighty loss of both life and property[9]. There were casualty of
65 people & more than 141 people had missing report and Devastated 2 Hydropower projects. Flood was
triggered by a combination of avalanche and debris flow. Glacier was melt due to global warming (climate
change). Climate change is the subject of how weather examples change over many years or more, Climate
change happens because of regular and human impacts and Since the Industrial Revolution (i.e., 1750), people
have added to environmental change through the outflows of GHGs and vapor sprayers, and through changes in
land use, bringing about an ascent in worldwide temperatures[10]. After Glacier was melt, it mixed with the
Rishi & Dhauli ganga river. Since , the lakes are formed at higher elevations, the downstream impact is going to
be severe due to extremely rapid debris flow. The breaching and associated flash flood are called GLOFs (Glacial
Lake Outburst Floods). The study is not only for incorporating the disaster risk assessment in development
planning of Himalayan region but also routine monitoring of potential area of geological failures in glaciated
valleys along with supra-glacial lake[11].

Hydraulic and Hydrological Simulation

A significant test related to flash floods is the quantitative character of the forecast; the undertaking isn't simply
to estimate the event of an occasion, which is troublesome enough without anyone else, however, to foresee the
extent of the occasion. It is the measure of precipitation that changes a generally conventional rainfall into an
unprecedented, dangerous circumstance, The increase the recurrence of outrageous precipitation, for example
the quantity of occasions per unit time with force over a given limit, has commonly gotten substantially less
consideration[12]. This test is exacerbated by the cooperation of meteorology with hydrology. Advances in
flood estimating past the current situation with the-workmanship are to be accomplished, among others, based
on broadening figure lead-time. This should be possible by climate gauging at different worldly and spatial
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goals. The downpour check is the most fundamental meteorological instrument for estimating the measure of
precipitation at a specific area. Downpour measure records are helpful for meteorology, hydrology
,agribusiness, and scientific and viable exercises. For the last mentioned, precipitation records can be utilized to
assess the effect of the measure of precipitation on the plant water needs and its nonappearance in dry spell
conditions[13].

The unremitting rainfall occurred at Uttarakhand region during 15-17 June 2013, caused annihilating floods
and avalanches in the nation's most exceedingly terrible natural disaster since the 2004 wave. Specialists stated
that it is another alert with respect to the effect of fast environmental change on the environment.

The extraordinary decimation in rainfall in Uttarakhand caused due to an exceptional meteorological occasion
as because of informal formative exercises attempted in ongoing many years adding to the loss of lives and
property. The satellite symbolisms show that gigantic avalanches happened in the upstream upper east district
of the Kedarnath valley because of focused energy rainfall.

In the current work, a hydrological and hydraulic reenactment study was done on the Mandakini River to
comprehend the occasions which occurred in the Kedarnath valley during 10-18 June 2013. The disaster was
because of a coordinated impact of hefty rainfall power, the abrupt outburst of a lake (Chorabari), and steep
geological conditions. The total situation was reenacted in the Geographic Information System (GIS)
environment utilizing far off detecting information contributions through HEC-HMS and HEC-RAS hydrological
demonstrating software.

As per the India Meteorological Department, combined rainfall during 14-18 June 2013 at Tehri, Uttarkasi,
Tharali, and Jakoli was 381, 359, 326 and 390 mm separately.This high rainfall was because of a solid
connection between an approaching box in the westerlies and the solid southeasterly storm wind stream in
relationship with a rainstorm low-pressure framework over the North Indian district, bringing about the
advancement of lower tropospheric wind combination over Uttarakhand and neighboring areas. Due to the
solid collaboration between an approaching mid tropospheric box in the westerlies and the solid lower-
tropospheric south easterly storm wind stream in relationship with a rainstorm low-pressure framework over
the North Indian locale, a lower tropospheric wind assembly zone created over Uttarakhand and its adjoining
areas[14].

Because of the non-availability of adequate rainfall field information, satellite-based rainfall information was
utilized in the current examination. Tropical Rainfall Measuring Mission (TRMM) 3 h rainfall information of
0.25@ @ 0.25@ spatial goal pictures were utilized in the examination for the period 10-18 June 2013, covering
the Alaknanda and Bhagirathi catchments, the variability of release from both the catchments decides the
stream system in the waterway Ganga. The worldwide idea of waterway Ganga and its colossal bowl makes its
review muddled and its hydrological information hard to get[15]. Day by day aggregated rainfall was
determined. The day by day rainfall dispersion fluctuates spatially from 50 to 200 mm during 15-17 June 2013.
Gathered rainfall figured in the Bhagirathi and Alaknanda catchments during 10-18 June 2013 was discovered
to be 550 and 530 mm separately. It was seen that substantial rainfall happened on 10 and 11 June 2013 also;
these predecessor weighty rainfall occasions raised the dirt dampness to immersion level and the ensuing
rainfall occasions brought about full run-off in the catchments. Transient dispersion of rainfall in these two
bowls from 10 to 18 June 2013. Accordingly, the residue were contributed from two significant sources: the
moraines and alluvial fans situated in the Trans and Higher Himalaya; and the avalanches in the Higher and
Lesser Himalaya, Although the flood was the aftereffect of a focused energy precipitation occasion, the
greatness was expanded because of the multiplication of settlements along the waterway and a progression of
to some extent developed blasts on the river bed[16]. It tends to be discovered that rainfall which happened
during 15-17 June 2013 was the primary setting off power behind the disaster. Remote satellite pictures of 28
May and 21 June 2013 showed that there was roughly 30% expansion in snow cover in the Alaknanda and
Mandakini catchment territory.

It is an uncommon marvel to have a snowfall of this degree during June.As per the energy balance hypothesis,
snowmelt during the snowfall time frame will be less. However, Spatial variety of rainfall in Bhagirathi and
Alaknanda catchments as blocked by TRMM on 15, 16, and 17 June 2013 (in mm). But, because of the kinetic
energy of extreme focus rainfall, dissolve might have quickened from the new day off. The stream in the
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Mandakini River preceding the occasion, as indicated by the Central Water Commission information, was of the
request for 50-150 m/sec, which was an aftereffect of snowmelt as there was no critical rainfall before the
occasion. Consequently, considering the pre-occasion snowmelt run-off and increment in the new snow cover
during the occasion, an accepted normal snowmelt run-off of 150 m/sec was considered in the flood
hydrograph calculations.

Geological Structure

The geological set-up of a zone assumes an indispensable job, which controls the whole lithological surface of
the specific region. The region among Sonprayag and Kedarnath lies in Vaikrita Group [4] of Central Crystalline,
which includes the Munsiari, Joshimath, Pandukeshwar, and Pindari Formation. In Kumaon, these crystalline
were incorporated as a fundamental piece of the "Focal Crystalline Zone" by Kazunori. Kedarnath sanctuary and
the municipality are situated over the stones of Kyanite Sillimanite zone of Higher Central Himalaya. The
geological statement of the zone proof that the higher focal glasslike mass overlying the lower Meta silt of
Garhwal window arrangement alongside Thrust contact for example Fundamental Central Thrust (MCT).

Geomorphology Structure

Geomorphology of any hilly locale incorporates mostly four qualities that are significant for depicting the cycle
following up on them. These are:

1. Height, regularly in outright terms;
2. Steep, even sharp slopes;

3. Rough landscape; and

4. The presence of day off ice.

The examination zone is exceptionally analyzed into various little edges and prods, wide U - molded to limit V-
formed valleys, profound chasms to wide outwash fields with an assortment of inclines. The whole valley from
Rambara up to the nose of the Mandakini waterway (Chorabari Glacier) is shrouded with frosty stores as the
sidelong and average moraine. The region is covered by erosional just as depositional highlights including
cirques, horns, edges, alluvial fans, morainic stores, bone cones, porches, and so on The absolute bottom in the
Kedarnath region is Sonprayag for example the intersection purpose of Mandakini and Songanga Rivers, though
the most noteworthy raised culmination is known as Kedarnath top (6940 m) Wadia establishment of
Himalayan Geology, 2013, is the institute which has been set up to do investigate towards the advancement of
new ideas and models for the geodynamic development of the Himalaya and foster investigation procedures
and the executives of the regular holds like minerals, modern material, icy masses, and water[17].

Analysis of weakness to environmental risks in Kedarnath valley

Extraordinary atmosphere related fiascoes emerge because of the connection of atmosphere related unsafe
occasions with the human and natural weakness, and their presentation and adapting capacity. Increasing
paces of such negative changes in the atmosphere framework increment the danger of disasters, effects of
which are by and large irreversible and inconvenient. It has now settled by an investigation of Wadia Institute
of Himalayan Geology, that the impact of atmosphere inconstancy was one of the main considerations behind
the disaster as the absolute terminal retreat of Chorabari glacier somewhere in the range of 1962 and 2003 was
around 262 m at a normal pace of 6.4 m per annum, and during 2003-2010 at a normal of 9.3 m per annum. It
shows that about 9.6% territory of the glacier has been lost and which has been affirmed by the IPCC Synthesis
Report too, which is the cryosphere coordinates climate varieties throughout a wide scope of time scales,
making it a characteristic sensor of environment changeability and giving a noticeable articulation of climate
change, Previously, the cryosphere has gone through enormous minor departure from many time scales related
with ice ages and with more limited term varieties like the Younger Dryas or the Little Ice Age [18].

River Mandakini begins from the Chor Bamak glacier close to Kedarnath hallowed place and is generally taken
care of by a few mountain streams. Mandakini joins Alaknanda at Rudraprayag and afterward Alaknanda joins
Bhagirathi at Devprayag to frame the Ganga. The June 2013 catastrophe happened during the pinnacle traveler
and journey season and not long previously the beginning of storm when by and large such hefty downpours
are not anticipated. It was maybe the most exceedingly terrible disaster of the ongoing hundreds of years in
which in excess of 6000 journey and local occupants were cleared away by the flash flood. It high measures of
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precipitation, joined with exceptionally productive and fast overflow on generally little catchments, are
common of flash floods. A flash flood promptly follows the actuating storm occasion whereas the term 'flash’
itself demonstrates an abrupt fast hydrological reaction of a generally little catchment, where water levels
might ascend to their most extreme in no time or a couple of hours after the beginning of the downpour
occasion[19]. The disaster harmed around 2174 streets, 85 engine spans, 140 harness spans, 995 public
structures including school structures, emergency clinics, ladies and kid improvement focuses, block
workplaces, and other private structures, 2540 houses either completely or then again incompletely harmed in
the five influenced regions. It grabbed network to around 4200 towns and upset the whole correspondence
framework (Table 4). Radio semiconductor set is viewed as one of the significant public location frameworks
around the world, which can be utilized effectively during any crisis, for example, environmental disaster, war,
pestilence at least expense and support. In the examination zone, just 10.85% of families had a radio
semiconductor set before the disaster, which was decreased to 3.89% after the misfortune. Nonetheless, about
90.28% of families in the influenced locale had TVs before the disaster, which was likewise decreased to
57.89% after the misfortune. It is assessed that the area endured an absolute loss of property worth 12 million
including the loss of correspondence lines and other framework. Despite the fact that the accessibility of web
association among the considered families was very poor before the disaster as just 12.33% of groups of
Chandrapuri bunch had the web association yet it went to invalid after the fiasco. Presently 64% of individuals
have cell phones while before the disaster practically 98% of individuals had it. The significance of cell phones
as a wellspring of availability is notable to the individuals however because of helpless organization just as
sporadic power individuals are being debilitated to have cell phones. Any appraisal of the effect of disaster-
related weakness includes community cooperation at all levels. The recognizable proof of dangers and the
elements liable for weakness are pivotal in the investigation and outlining techniques for adapting and
transformation to the circumstance (Fig. 5).

The customary method for dealing with stress to the weaknesses dependent on the conventional information
framework should be converged with present day logical systems and techniques to accomplish better
outcomes in the distant mountain regions. Considering this, community support, joint effort, ID of objectives,
hazards, appraisal of community limit, combination of customary and current innovations, mindfulness, and
expertise improvement of the community could be useful in lessening weakness in the valley.

Sequence of happened event in the area of Mandakini River

There is no denying the way that there were hefty downpours in the region that prompted the expanded
release of the streams and waterways. The equivalent is affirmed by rainfall and water level information (Table
1).

Decimation in the Mandakini valley occurred in two flood occasions on 16 and 17 June 2013 and the last was
related to the break of Chorabari Tal that had collected enough water to compel the moraine hindrance to give
way. The previous occasion that washed off Rambara in the late night of 16 June 2013 could just occur by the
bar of the course of Mandakini in the nearness of Kedarnath in order to I) flood Kedarnath, ii) power water into
the relinquished eastern the channel of Mandakini and iii) guarantee that enough water is seized to obliterate
Bambara and Gaurikund with the unexpected evacuation of the hindrance. Hydro - geomorphic arrangement of
the zone shows that Dudh Ganga is the just significant stream joining Mandakini among Kedarnath and
Rambara that has the capability of cutting down enough trash in order to guarantee impoundment of
Mandakini stream. Besides, the conversion of Mandakini and Dudh Ganga is situated at a spot bar over which
could flood Kedarnath. Barricade at a downstream spot would not influence Kedarnath in view of the high angle
of the stream in the zone.

It was this bar of Mandakini on 16 June 2013 that prompted the impoundment of the channel toward the west
of Kedarnath. The dike on the left bank of the channel before long gave way and the relinquished channel of
Mandakini toward the east of

Kedarnath got dynamic. It was this occasion that brought about washing off of a few individuals in the late night
of 16 June 2013 from Kedarnath, that in this way became water bolted. The rising degree of the landslide
dammed lake constrained the boundary to give way furthermore, the resulting floods crushed Rambara and
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Gaurikund as additionally, the walker connect over Mandakini close to Kedarnath. All networks with the
territory was along these lines snapped.

Constant downpours caused the degree of water in Chorabari Tal to rise. With the downturn of the glacier, the
lake had a powerless moraine boundary that proved unable to withstand persistently rising hydrostatic weight.
The stage was hence set for a significant disaster in Kedarnath and the boundary gave path around 0700 hrs on
17 June 2013. The volume of water was colossal and it conveyed with it enormous cold stones and outwash
material that gagged the western channel of Mandakini and the progression of water and trash got redirected
towards Kedarnath municipality that was in this manner attacked. There was definitely no admonition and a
great many people were overwhelmed furthermore, had the opportunity to react. Other than Kedarnath, this
occasion caused demolition in Bambara, Gaurikund, Sonprayag, and different spots.

Optical Remote Sensing of the Floods
Pre-Flood

I =X
Fig 1: Optical Remote Sensing map of Pre-flood & During Flood
Microwave Remote Sensing

OPTICAL

RISAT-1 - Indian Microwave Satellite launched in 2012

Fig 2: Optical & Microwave Remote Sensing map of Flood
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Satellite information comparing to High Flood Levels (HFL) utilized Mostly during 2003-2013 (around 100
satellite datasets) Important occasions remembered for expansion to 2003-13 information

e 1998-Assam

e 2000-West Bengal

e 2002-Bihar floods

e 1988-Delhi floods

Complete satellite-based greatest flood immersed region - Aggregated Flood Area - is about 10.934 MHA.
Role of Geographical Information System in Disaster Management

Disaster Mitigation and Management Center (DMMC) of Uttarakhand Government has given a brief description
of drainage residence, street, water system, health framework, remote correspondence offices, and wellbeing
maps for all locale of Uttarakhand arranged in GIS. NRSC has arranged Landslide danger maps for all the Char
Dham courses utilizing GIS. For J&K, the Ministry of Environment and Forests as a team with the Indian Space
Research Organization has gathered a National Wetland Atlas where point by point wetlands, settlements,
streets, railroads, and waste guides have been made in GIS.

The above data ought to be made accessible to Disaster Management bodies, Public Administrative bodies and
local individuals for arranging, asset assembly, and quick and composed reaction when natural disasters strike
at the individual and community level[20].

Impact of the Disaster

The following disaster was statewide. Of all shapes and sizes waterways and mountain streams all through the
state burst their banks unleashing devastation in close by towns. The weighty downpours destabilized
mountain inclines causing landslides at a great many areas. The fundamental effect was felt close to the more
delicate high ranges. It was given the primer appraisal information incorporated by various offices. In spite of
the fact that a portion of the numbers was not clear, they uncovered the size of the disaster. The accompanying
passages quickly portray the idea of the effects.

Floods: Flash floods are a typical event in the Himalayas however the obliteration at numerous areas this year
was exceptionally unordinary. Huge streams like the Ganga, Kali, Saryu, and Ramganga (E) penetrated their risk
marks. The Ganga immersed Rishikesh and Haridwar. Its feeder, River Bhagirathi, flooded pieces of Uttarkashi
while the Alaknanda suffocated portions of Srinagar under 30 feet of water, mud, and residue. The Mandakini
level rose 30 to 50 feet in its lower reach, close to Rudraprayag (Chopra, 2014). Floods influenced all aspects of
the state; country and metropolitan zones the same. The Yamuna immersed Vikasnagar (Chopra, 2014).
Landslides: In a starter appraisal, the Indian Space Research Organization (ISRO) distinguished 2,395 landslides
in different pieces of the Mandakini, Alaknanda, and Bhagirathi watersheds (www.bhuvan-noeda.nrsc.gov.in).
Just about 200 of them were among Kedarnath and Gaurikund. Street and media transmission joins were
seriously influenced (Chopra, 2014).

Loss of infra: Infrastructure in Uttarakhand was gravely hit. Streets, spans, electrical cables, irrigation trenches,
drinking water flexibly frameworks, media transmission pinnacles and lodgings and houses were obliterated or
harmed. Authorities esteemed the lost structures at several billion rupees (www.tehelka.com). The ensuing
business misfortunes were comparable. The vast majority of the serious harm was in the northern locale of
Uttarkashi, Rudraprayag, Chamoli, Bageshwar, and Pithoragarh. Government information indicated that 145
extensions had been cleared away and that streets were harmed at more than 2300 areas. A rampaging
Mandakini stream cleared away most scaffolds across it. The more than 100-years of age connect interfacing
India to Nepal at Jauljibi was washed away by the Kali waterway. In certain spots, individuals suffocated
attempting to cross swollen mountain streams on shoddy extensions (Chopra, 2014).

Life and Livelihoods: The human misfortune coming about because of the disaster is grimmer. Without homes,
lands, and domesticated animals, the fundamental vocation resources of thousands of rustic families,
reestablishing jobs will be a significant test. The sudden finish of the yatra season and its far-fetched
resumption on this scale soon will ruin a great many families whose men administration travelers and
sightseers on the yatra courses. They work taxis, transports lodges, dhabas, and slow down; some guide
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doormen conveying the youthful, old, and weak on their backs thousands of these individuals and the creatures
were simply swept the Kedarnath.

II. METHODOLOGY

Information source

» To satisfy the motivation behind this exploration paper computerized rise model (DEM),

» Survey of India (SOI) toposheets,

» pre and post-disaster satellite picture of the investigation territory,

» CARTOSAT-1 and CARTOSAT-2 information could be used.

Technique

The land use and land cover (LULC) guide of the investigation zone were characterized utilizing the
administered grouping procedure. To contemplate the harmed zone of Kedarnath, distant detecting and GIS
methods were a utilized, and the harmed territory delegated high, moderate and low dependent on the force of
the harms. The Built-up land, chilly/day off, slant, late moraine land, spring/tank, transport/foundation, valley,
and water body are the LULC highlights characterized in this examination.

Flood Pre-p : [
Simulation Te=ar] revracessing Depth-damage table
‘ from survey data
y — i
Water depth data [ +
/| Flood Loss Assessment ~ [—» Flood loss map
Land use —— "
|—p| Floodhazardmap |- ,,/ Risk Assessment L—» Risk map
DEM - I
v a0
o Vulnerability ma
z Survey data Ty map
g Distance to river T
v
© ’ AHP _cg <0 1— Yes / Vulnerability Assessment /
Distance to fire station
[ No
Population density

Fig 3: Flow Chart of Risk Map of Flood

The lessons learned while reacting to this disaster can help in fortifying the a disaster management framework.
III. DATA MANAGEMENT

Interchanges having been disturbed not long after the disaster, there was no data coming to Emergency
Operations Center (EOC) from the disaster influenced territory. Other than postponing the reaction this
simultaneously added to the disarray as various adaptations were being circulated because of the absence of
real data. EOC simultaneously was accepting countless solicitations for refreshed data from authorities, media,
and the closest relative of the people who had approached Uttarakhand. To adapt up to the expanding heap of
quarries various new phone associations were hastily enacted at the EOC. The emergency operations center
(EOC) is a fundamental part of current emergency managements ,previously understood as where authorities
speak with the general population, support coordination, oversee tasks, create strategy, accumulate data, and
host guests[21].

Many phone numbers were subsequently coursed through different modes and the equivalent added up to
disarray. Earlier courses of action for media preparation and giving data to the closest relative of the people
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visiting Uttarakhand were additionally not set up. This brought about congestion at the EOC that frequently
upset everyday practice working.

The consistent inflow of refreshed, true, and dependable data is fundamental to the powerful management of
any disaster. There subsequently must be a component for guaranteeing the inflow of refreshed data from the
disaster-influenced zone. The data got at the EOC from various sources is frequently voluminous and therefore
there must be satisfactory data taking care of abilities with the goal that the data is immediately dissected and
utilized for dynamic for reaction and asset assembly. The correspondence framework ought to be strong and
solid with at any rate triple repetition to guarantee the accessibility of elective correspondence under all
conditions. EOC ought to simultaneously have a solitary phone number with various lines and with the capacity
of being upscaled during serious disaster occurrences. A committed four-digit complementary number of the
EOC (1070) can be utilized for this reason. The equivalent can be promoted through different modes. The
utilization of one number would be advantageous for all concerned. After any disaster media people are under
gigantic strain to report the most recent updates and absence of data from the genuine sources frequently
results in gossipy tidbits that add to disarray and injury of the influenced populace. This at the same time
cripples the ones occupied with post-disaster tasks. Unique care, therefore, should be taken for a preparation of
media at standard stretches by the properly approved individual approaching verified cutting-edge data and
the people engaged with tasks ought not be overburdened with the duty of associating with media. Media ought
to simultaneously be deterred from wandering into the EOC.

In the repercussions of any disaster closest relative of the influenced people are anxious to think about the
government assistance of their friends and family. Separate courses of action have therefore to be made for
reacting to such quarries. Unique consideration should be taken in cases where there is a chance of semantic
contrasts between the ones answerable for reacting to public quarries and the expected guests.

In spite of cases of preemptive guidance with respect to the rate having been imparted to the government that
was conveyed was nothing in a way that is better than a general forecast foreseeing hefty rainfall all through
the state. Endeavors for the departure of the people prone to be influenced could therefore not be started ahead
of time. Dependable admonition, with adequate lead-time, that is exact in reality and its powerful
correspondence, in an understandable way, to the populace liable to be influenced by the occasion is the way to
sparing human lives and moderating misfortunes.

Warning

With the current situation with logical information and the technological headway it is conceivable to produce
and scatter admonitions of meteorological occasions well ahead of time. The adequately thick network of
meteorological observatories with genuine time information transmission offices is anyway an essential for
this, especially in the Himalayan landscape where climate boundaries are profoundly factored over short
separations, which is keeping a limit among science an strategy in process of synthesizing science for
strategy[22].

The network of meteorological observatories with ongoing information transmission abilities coordinated with
rainfall - based landslide and flood forecast module can be used for creating dependable alerts well ahead of
time. A framework skilled of promptly imparting these admonitions to the grassroots level, in a way that
recommends activities to be started by individuals everywhere, must be an indispensable part of the notice
framework. As the area is visited by vacationers and explorers in enormous numbers, portable informing
administration with the arrangement of programmed conveyance of the notice to all dynamic cell phones in the
zone prone to be influenced by the said cautioning could be considered for this. The admonition can
simultaneously be shown at places where individuals assemble in enormous numbers and the equivalent can
likewise be broadcasted through FM and other radio networks as additionally broadcasted through TV
channels. Arrangements of the Disaster Management Act, 2005 can be used to guarantee that these messages
are given high need by all media houses.

Relief and Rescue

In spite of the fact that profoundly specific and well prepared, the reaction powers brought in for search and
salvage in the fallout of any disaster are regularly not familiar with the local landscape and climate conditions.
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They simultaneously don't have reasonable information on the elective courses, locally accessible resources,s
and challenges, and difficulties that are probably going to be confronted while undertaking salvage. This is
regularly basic, especially in the rugged landscape, and along these lines, the responders got from outside are
regularly not excessively powerful.

The local individuals, therefore, appreciate the particular vital preferred position and in nearly all disaster
occasions local individuals and different survivors are the people on the call. It is therefore suggested that local
masses be prepared in search and save and be sufficiently prepared so they are more ready to confront the
disaster and help their community. The particular reaction powers being raised by the states ought to
simultaneously have an adequate number of people knowing about local ground real factors. This would
guarantee their adequacy in case of any disaster.

Governance

Disaster management is a multi-departmental issue, coordination, and solidarity of order are basic to the
accomplishment of the post-disaster reaction. SOPs and conventions relating to the equivalent must be
therefore to be set down, coursed, and practiced well ahead of time to preclude the chance of breaches after a
disaster has struck. As per the set down, SOPs senior individuals telling authority should assume responsibility
for the issues not long after the disaster darning or sway.

Surveying the quantity of people engaged with the disaster was a significant test furthermore, there were
differing claims from different quarters that additional to the disarray.

It is therefore necessitated that the journey, in regions where individuals need to travel, be managed and the
main a predetermined number of people be permitted past a specific point after appropriately enlisting their
subtleties.

Wellbeing registration should be made compulsory for all people wishing to wander past a given elevation.
They ought to simultaneously additionally be informed on the territory conditions, climate, and related perils.
Bar of engine streets because of landslide and flash flood is normal in the slopes. It is therefore necessitated
that elective engine streets be arranged and created to guarantee network during disaster rates. Considering
the landscape conditions helipads are needed to be created in the slopes at vital areas. This would make
disaster reaction quick and successful.

In the fallout of the disaster, correspondence with countless saved people turned into an issue because of
etymological imperatives. It is suggested tha the alleviation camps are enough to be set up with people who are
acquainted with the language of the possible casualties.

Aside from the unfamiliar public, the disaster included individuals from more than 23 states of India and
authorities from these states were deputed to deal with the explicit necessities of people from their state. There
were anyway no past courses of action for the instructions of these authorities that necessary data on geology,
territory, climate conditions, approach, and endeavors being made for search furthermore, salvage. This
additional to crafted by the EOC. Explicit courses of action taking into account the necessities of the authorities
rolling in from various states/countries relying upon the likely arrangement of the standard guests have this to
be consolidated in the concerning SOP.

IV. CONCLUSION

Flash floods are a natural phenomenon because of weighty rainfall in rugged territory like Kedarnath, which is
constrained by the recognized geographic, orographic, and geomorphic boundaries of the Himalayan mountain
ranges. In these boundaries, the stature of the specific territory, cirques, saddles, hanging valleys like
geography, cumulus downpour clouds with stickiness, the arrangement of cold and warm convection current,
and so forth assumes a significant job. These conditions furthermore, boundaries are constrained essentially. In
this manner, the occasions of cloud burst can't be confined however the death toll and properties can be limited
by taking certain careful steps. In such territories, development ought to be completed after exhaustive and
point by point geologic, geomorphic, structural, land use, and risk zonation examines for the improvement of
the locale by previously arranging.
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