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CeneBble NOTOKM: kaTacTpodobl, PUCK, NPOTHO3, 3aLLuTa

Climate change and flash floods in Himalayan region
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Flash floods are being commonly observed in many parts of world. Uttarakhand state of
India is highly vulnerable to climate mediated risks. The study analyses the last 35 years
climatological changes and historical flash flood events in the Uttarakhand state of India.
Change in land forms and loss of soil has been assessed for the years of major flash flood
events by using Remote sensing images. Study shows that the large amount of soil
displacement from higher slopes due to flash flood impacts. Sudden rise and rapid fall of
water levels, as well as the high flow velocities combined with large sediment, transports
large amount of debris at the lower reaches causing heavy amount of soil losses. Excess
rainfall events are the major cause of receding glaciers and upwardly moving snowline and
depleting natural resources. Erratic rainfall events leading to flash floods, induces changes
in water resources and causes landslides to glacial melt in the Himalayas. Increased flood
events are affecting water resources and are increasing the chances of deteriorating water
quality and quantity within the next few decades. Study shows that the debris flow control,
flood control and flood risk management demands area specific special procedures for
disaster mitigation and Management.

flash floods, climatological changes, debris flow, Himalayas
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CeneBble TaBOJKK HAOIIOJAIOTCA BO MHOTHX 4yacTax mupa. Iltat Yrrapakxana, Namus
OYCHb YA3BUM IJIsI PUCKOB, CBA3AaHHBIX C KIMMATOM. B HCCIICIOBAHUN AHAJIU3UPYIOTCA
TMOCTICAHUEC KIMMATUYECKUEC U3MCHCHNUA U UCTOPUICCKUEC COOBITHUS CEJIEBBIX IIaBOAKOB B
mrate YTrapakxasz 3a 35 ner. M3smenenue Mmopgonorun peiabeda U moTepu MoYBbI ObUITH
OIICHCHBI 3a HECKOJIBKO JIET KPYIIHBIX CEJIEBBIX CO6BITPIﬁ, HCIIOJIB3Ys 14306pa>1<eH1/m
JUCTaHIMOHHOTO 30HAMpOBaHMsA. VcciienoBaHue Mokasano, 4To OOJBIIOE KOIMYECTBO
00BaJIOB U OMOJ3HEH M3-3a BHE3AITHOTO HAaBOJHEHUS BBI3BIBACT MOJBEM U HOCIEIYIOIIEe
6I)ICTpOG MnMaaCHuEe YPOBHA BOJbI, a4 TAaKXC BBICOKHE CKOPOCTH TCUCHUA. boapmoe
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KOJINYECTBO PHIXJIOr0 MaTepuaa MepeHOCUTCS CENEeBBIMY TaBOJKaMU B HIDKHEE TEUCHHUE,
9TO MPUBOAUT K 3HAUUTEIBHOMY CHIDKEHUIO KauecTB MOYBBL. DKCTPEMaJIbHBIE OCAIKU
SIBJISIFOTCSI OCHOBHOM IPUYMHOMN OTCTYIAHUS JICJHUKOB, OBICTPOTO CMEIIEHHs CHErOBOU
JUHUN U MCTOLICHMSA IPUPOJHBIX pecypcoB. HeoxupaHHble ocaaku, BeAyllue K
BHE3aIHBIM HAaBOJHEHUSAM, BBI3BIBAIOT H3MEHEHHUS BOJHBIX PECYpCOB M INPUBOIAT K
OMOJI3HAM M TasHUIO JINHUKOB B I'mmanasx. Bospacraromiee KOIMUECTBO HABOJHEHUH
BIMSET Ha BOJHBIE PECYpPCHl M YCHJIMBAET yXyALIEHHE KauecTBa U KOJIMYECTBA BOABI B
TE€YEHHUE MOCIEeIYIONUX HECKONbKHUX JecsTuieTuil. VccienoBaHue MOKAa3bIBaeT, UTO
KOHTPOJIb CeJICHl M CEJEeBBIX MAaBOJKOB W YIPaBICHUE PUCKaMH HABOJHCHHH TPEOYIOT
0cOOBIX CHEUMANbHBIX MPOLENYp JUIL CMSTYEHHS MOCIEACTBUA O€NCTBUA M I
yIpaBJICHUSL.

cejnesvle nCZGOaKM, U3MEeHeHRUuA Kiumama, ceilv, Tumanau

Introduction

Flash floods are being commonly observed in many parts of world. Large-magnitude
debris flows in alpine basins are widely documented in the scientific and technical literature.
Past flash floods and debris flow events have often caused high numbers of casualties
[Alcoverro et al. 1999], A flash flood is defined as a flood which follows shortly (i.e. within a
few hours) after a heavy or excessive rainfall event [Georgakakos, 1986; Sweeney, 1992; Borga
et al., 2007] and consequently, the important hydrologic processes are occurring on the same
spatial and temporal scale as the intense precipitation. These kinds of events represent an
important problem in Europe, especially in many Mediterranean catchments, as well as in many
other temperate areas in the world, resulting from severe rain clouds, which can produce
thunderstorms or [Doswell 111 et al., 1996] mainly of convective origin that occur locally,
typical in these regions.

Flash floods causes serious damages and economic losses. [Huet et al., 2003],
Importantly, flash floods and debris flow also pose a serious risk to people, as water depths and
velocities can increase within a short time. Past flash floods and debris flow have often caused
high numbers of casualties; over 80 people, for example, lost their lives in the 1996 Biescas
flood in Spain [Alcoverro et al., 1999].

Hydrogeomorphologic processes are a key driver of sediment transfer in mountain
watersheds [Stoffel and Wilford, 2012]. In many parts of the world, flash floods are the most
destructive natural hazard often resulting in a large amount of damage and fatalities.
Approximately 40% of the flood-related deaths in Europe between 1950 and 2006 were linked
to flash floods [Barredo, 2007]. 2 people died in the flash flood and debris flow on Cable
Canyon in San Bernardino County in California in 2003 [Restrepo et al. 2009] and 19000
people were killed in the Cordillera de la Costa, Vargas (Venezuela) flash flood and debris flow
disaster in 1999 [Larsen et al. 2002].

Flash floods are caused by short duration, high intensity, localized rainfall events. They
differ from most other fluvial floods in that the lead time for warnings is generally very limited
(e.g. often much less than two hours). They usually occur on catchments draining less than
1,000 km? with response times of a few hours or less [Borga et al., 2008; Gaume and Borga,
2008].

Brief Review of Problem

Uttarakhand state of India is highly vulnerable to climate mediated risks. These events
represent an important problem in Uttrakhand hilly areas, consequently having sudden increase
in water depths and flow velocities, causing serious damages and economic losses and large
amount of debris is collected at the lower ends. Most of the slopes are poorly vegetated and,
consequently, rainfall that is normally absorbed by vegetation can run off almost instantly. All
these characteristics make those catchments prone to flash flood formation, as demonstrated by
events that occurred in the area flood prone areas. Putting together the available meteorological

116



CeneBble NOTOKM: KaTacTpoddbl, PUCK, MPOTHO3, 3aLunTa DF] 8 Debris Flows: Disasters, Risk, Forecast, Protection

and hydrological data a better insight of temporal and spatial variability of the rain storm, the
soil moisture conditions and flash flood can be obtained. Further, GIS tools can be a used to
calculate debris in the lower catchments.

Methods and Data Analysis

Uttarakhand is one of the hilly states in the Indian Himalaya. It lies in the northern part
of India between the latitudes 28°43' N and 31°27’ N and longitudes 77°34’ E and 81°02' E,
Fig. 1. The elevation ranges from 210 to 7817 m. The state shares its border with China (Tibet)
in the north, Nepal in the east, inter-state boundaries with Himachal Pradesh in the west and
north-west and UP in the south. Precipitation is received mostly in the form of monsoon rainfall
from June to September. However higher reaches experience snowfall in the months of
December, January and February. The average rainfall of the region is between 1250mm and
2000mm and of this maximum is recorded in the elevation zone of 1000 to 2000 m. The average
annual temperature of region ranges from 25° celsius in the south to sub-zero in the north.
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Fig. 1. Map of Uttrakhand state, India

Forests covers 62.54 per cent of the total reported area of the state in Uttarakhand. A
significant proportion of land (5.55%) is agricultural wasteland, which together with fallow
lands can be brought under cultivation. The agricultural in the hill region has small and
fragmented land holdings, small-sized terraced fields. The state has very low availability of
irrigation, little use of modern technological inputs like power, fertilizer and high yielding
varieties of seeds.

The study was conducted for Upalda and Pauri areas of Garwal Hills. The past study
shows that Pauri has received three flash flood events in 2010. No major and minor flood event
has been reported from 2011 to 2014. The climatic parameters of 35 years 1979 to 2014 was
analysed. Runoff for the area was estimated by curve number method.

The remote sensing images of 2009 and 2014 of Upalda for resource satellite, LISS IlI
of spatial resolution 23.5 m, was analyzed and classified. Rainfall, temperature and humidity
data of Pauri, latitude 30° 08 49.62” N and longitude 78° 46° 28.34” E, 1688 m Elevation was
analysed and correlated with the debris collected Uphalda, latitude, 30° 12° 47.22” N and
longitude,78° 45’ 19.49” E, 587 m Elevation.

Results

The study analyses the last 35 years climatological changes and historical flash flood
events in the Uttarakhand state of India. The climate of this relatively small state varies from
tropical to alpine. This wide range of climatic conditions is present mainly due to altitudinal
variation but degree and direction of slope, the vegetal cover and presence of water bodies also
make substantial impact on rapid and unpredictable change in micro-climate and local weather.
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Climate Change in Himalayan Region

The temperature and rainfall, the two most prominent climatic factors, show large spatial
variation over the region as well as from valley bottom to hilltop within the same region. Fig 2
shows the total annual precipitation of Pauri for 35 years. A total increase of 06.7 % have been
reported in 35 years. Figure shows that total rainfall in 2010 was exceptionally high. The study
shows that configuration and altitudinal peculiarities of mountain ranges of the Himalaya are
responsible for the variation of climate within the mountain province itself. Fig 3. Shows the
analysis of daily maximum precipitation from 1979 to 2014 shows that there are three major
years of events in last 35 years 1994, 2000 and 2010 in the Pauri area of Uttrakhand. Three
major flood events of flash flood have been reported in 2010.
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Fig. 2. Total annual precipitation at Pauri

160 -
140 - = daily maximum
120 - precipitation

100 +

80 -

precipitation, mm

60 -

40 4

20 -

Daily maximum

0...................................

) & O N W

S \qq, & q?\qq, qq qeg qq \qﬁ qq “ S @@ N
Year

Fig. 3. Daily maximum precipitation at Pauri

118



CeneBble NOTOKM: KaTacTpoddbl, PUCK, MPOTHO3, 3aLunTa DF] 8 Debris Flows: Disasters, Risk, Forecast, Protection

50
mswm Precipitation,mm

40 - p
= e=—=©ax. Temp,0C
- e Min. Temp,0C
g 30 - Wind, m/s
g et Humidity, %
=
[-"
& 20 -
E Im
2 Highatly
O 10 "

o b e L l‘"mhln i { Yo"
l l ! r- 91 121 151 211 241 :
-10 Days from Jan 01,2010 to Dec 31,2010

Fig. 4. Variation in climatic parameters of 2010

Flash floods and Antecedent Moisture Conditions

Fig. 4. shows the Variation in all climatic parameters in 2010. It is evident that maximum
temperature for the duration have been reduced whereas the minimum temperature has been
increased. Nearly 95% of rainfall has been occurred from July 01 to September 30, causing
higher rate of soil saturation. Low wind velocity and high humidity were the normal features
for that duration. Figure5. Shows that the continuous precipitation during three months duration
in 2010 followed be higher 5 days antecedent moisture conditions for at least 5times and again
with high rainfall events has caused the 3 major flash flood events in the area. The elevation
difference of 1101 m has increased the flood velocity and very high rate of debris movement
from the higher reaches was seen.
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Fig. 5. Flash flood and runoff at varying antecedent moisture conditions
Debris collection and Change in Land forms

Change in land forms and loss of soil has been assessed for the years of major flash flood
events by using Remote sensing images. Study shows that the large amount of soil displacement
from higher slopes due to flash flood impacts. Sudden rise and rapid fall of water levels due to
very high antecedent moisture conditions, as well as the high flow velocities combined with
large sediment, transports large amount of debris at the lower reaches causing heavy amount of
soil losses in the area. It is evident from the Fig. 6. and Fig. 7. that remarkable change has been
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taken place at the lower reach after the flash flood events of 2010. Table 1. Shows the change
in land use at lower reaches. Study show that the 3 major flash flood events followed by high
runoff throughout the season has efficiently contributed to soil loss. Sediment loss has been

increased to 65% followed by increase in barren area to 402%.

Fig. 6. Remote sensing Image of Uphalda 2009.

Table 1. Land Use classification for Uphalda, Uttrakhand.

Fig. 7. Remote sensing Image of Uphalda 2014.

2009 2014
class Area (m?) Area (m?) % increase
River 45026 47370.5 05.207
Build-up area 207881 220900 06.2627
Forest 1123230 827505.5 -26.328
Sedimentation 85657.5 141564 65.2675
Barren land 55765.5 280220 402.4971
Total 1517560 1517560 0

Need for Ecological Sustainability

Experience with extreme floods during recent years has shown that structural measures
alone cannot guarantee sufficient protection, however, and new approaches are needed Manfred
Spreafico (2006). There is substantial increase in damage potential in the selected area as well
as other hill areas. due to intense land use and increase in economic value, in channelized rivers
runoff concentration time is affected, often causes higher flood peaks; a lack of space and
retention areas to manage large-scale events; poor maintenance of structures and river beds and
changes in runoff as a result of climate change and variations contributes more to potentials
impact.

A sustainable flood protection policy has therefore been suggested for land-use planning,
maintenance of the systems and to implement structural measures, Figure 6. It has been
suggested that environmental concerns, flood protection and soil conservation measures,
economic factors and participatory management must be included in the planning process for
early benefits.
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Vulnerability
and Risk

Fig. 6. Policy Action Plan for sustainable Development.

Conclusions

It was observed that excess rainfall events followed by high antecedent moisture
conditions for more than 5 days are the major cause of flash floods in the area. Receding glaciers
and upwardly moving snowline and depleting natural resources further contribute to the events.
Erratic rainfall events leading to loosening of soil, induces changes in water resources, causes
landslides and glacial melt in the Himalayas. Increased flood events are affecting water
resources and are increasing the chances of deteriorating water quality and quantity within the
next few decades. The debris flow control, flood control and flood risk management demand
area specific special procedures for disaster mitigation and Management.
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