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Abstract:

Present day climatic circumstances seem to be accountable for accelerating the disaster most of the
Himalayan region. For the Uttarakhand Himalaya, the regional hydrology, climatic and geological
variations are directly influenced by the Himalayan slopes and drainage system. The present paper aims to
study about the disaster events of a higher Himalayan Tehsil, viz., Munsyari in district Pithoragarh. This
Tehsil is located in the tectonically active thrust zone known as Main Central Thrust (MCT), which passes
through the middle part of the study area. In 2009, 2010 and 2013 Munsyari Tehsil experiences by
frequent earthquakes and due to heavy rainfall catastrophic cloudburst, flash flood, mass-wasting and huge
landslides were generated throughout the higher Himalayan region of the Uttarakhand State. This study
provides spatial distribution and geographic description of major disaster events of the last five years
(2009-2013) of the Tehsil Munsyari. The Remote Sensing and GIS based description of disaster events
also aims to present a scientific strategy for mitigation of disaster events in the region.

Keyword Higher Himalaya, Cloudburst, Flash flood, Landslide and GIS application.

1.0 INTRODUCTION (Guzzetti et al., 2009; Malamud et al., 2004 and

Disaster events are generally triggered by
flash flood, cloudburst, landslides and prolonged
heavy rainfall events the period between June and
August has the highest disaster events frequency
(Can et al., 2005). The sizes and volumes of these
landslides disaster deep seated slides and shallow
earth flows are the most abundant types of
landslides in the mountain areas (Can et al., 2005
and Duman et al., 2005). A reliable landslide
inventory is a key requirement for understanding
landslide dominated landscapes, hill slope
processes and mass wasting, landslide activity and
the frequency and magnitude of slope failures

Van Westen et al.,, 2013). In the last 20 year
(1996-2016) period, 335 of the total 1375 deaths
caused by landslides in European countries have
occurred in Turkey (Haque et al., 2016).
Moreover, the rate of mortality and economic loss
from landslide disaster events constitute the
second threatening factor after earthquakes in
Turkey (Gorum, 2019). There is a report on
evidences of earthquake induced landslides in

south Andaman Island after great earth quake 26th
December 2004 (Malik et Al., 2005). Haigh et al.,
1987, studied down slope of the road loose screed
of debris derived from newly road construction
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induced landslides cause for more ecological
damage. Bansal and Mathur, 1976 told about
mountain roads induced landslides are nightmares
for all concerned with newly constructed
mountain roads.

Monsoon season occurs heavy rainfall
during June to September moth of every year
generally brings a sad period in the Kumaun
Himalaya region in Uttarakhand which is part of
Central Himalaya. Tehsil Munsyari usually
experience natural disasters during monsoon

2.0 OBJECTIVE
The fundamental objectives of the present
investigation to study the damages caused by

2009, 2010 and 2013 disaster in the Munsyari

block, which incorporates the follows:

» Study of different types of disaster events in
Tehsil Munsyari during 2009-2013.

» Study and mapping with the help of remote
sensing and GIS of damaged villages during
disaster events.

» Detailed study of losses (houses, livestock,
power house, river bridges etc.) in disaster
events.

» Recommendations for further damage
controls during disaster events in the study
area.

3.0 METHODOLOGY

For the present study Geographic
Information System (GIS) of 2009, 2010 and
2013 disaster was prepared maps by using Arc
GIS software. The Tehsil Munsyari was
delineation using Digital Elevation Model (DEM)
based on Cartosat-1 data. Extract drainage system
(Figure-3) of the study area by using Cartosat-1,
DEM. Disaster affected villages recorded were
obtained from Tehsil headquarter office Munsyari
and District Disaster Management Office
(DDMO) Pithoragarh. Affected villages details of
damages caused by 2009, 2010 and 2013 disaster
events and damages are given in Table-3 to Table-
6 prepare of map using Global Position System
(GPS) coordinates, Arc GIS and Q-GIS software.
Details of isolated village during disaster events

season almost every year like cloud burst, heavy
rainfall, flash flood, mass wasting, land creeping,
mud flowing, slumping and landslides. In the year
2009, 2010 and 2013 the upper catchment of Gori
Ganga River in Tehsil Munsyari region have
experienced such major natural disaster due to
extreme precipitation causing heavy casualty of
livelihood and properties of pilgrims. During
summer monsoon 2013 disaster events were most
affected in Tehsil Munsyari.

2010 and 2013 received from DDMO Pithoragarh
and prepare of map using based on field visit and
GPS coordinates, Arc GIS and Quantum
Geographic  Information ~ System  (Q-GIS)
software. Rainfall recorded data (Table-2)
received from the Tehsil headquarter office
Munsyari.

4.0 STUDY AREA

The study area, viz., the Tehsil Munsyari
lies in the eastern Higher Himalayan region in
district Pithoragarh, which extends in between 29°
45’ 00.75” to 30° 35’ 42.50” North latitudes, and
80° 22 34.99” to 80° 02 32.06” East longitudes
and encompasses an area of 2248.35 km? (Figure-
1). The altitude of the Tehsil Munsyari varies
between 892 m to 6728 m (Figure-2) there are as
many as 92 villages (Figure-3) where 46523
population (Censes 2011). Tehsil headquarter
office is located in 2298 meters from mean sea
level. It is naturally landscaped with high
Himalayan Mountains, snow-capped peaks,
passes, valleys, alpine meadows, forests,
waterfalls, perennial rivers, glaciers, and springs.
The flora and fauna of the area have rich
ecological diversity. Basically all mountain towns
have very beautiful views but Munsyari town
have view of snow covered mountain peaks of
Nanda Devi, Trishul, Chhiplakot, Panchachuli and
Rajrambha peaks of the Kumaun Himalayas and
attractive culture of villages and their cultural
variation. Munsyari have many Bugyals
(Grasslands) in the alpine region of the
surrounding mountain peaks.
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Figure-1: Location map of the study area viz., Tehsil Munsyari, District Pithoragarh, Uttarakhand (India).

5.0 RESULT AND DISSCUSSION

For the present study using remote sensing
and GIS mapping in major disaster events year-
2009, 2010 and 2013 in Tehsil Munsyari,
Kumaun Himalaya is based on field visit, primary
and secondary data collections. Data used for
mapping are registered in Table-1 to Table-5.
Figure- 4 to Figure-10 depicts spatial distribution
of earthquakes, rainfall which are badly affected
places, villages, hydro electronic plants and
watermills due to the disaster events of 20009,
2010 and 2013. Figure-6 (A, B and C) is depicts
the percentages of damage during disaster events
summer monsoon- 2009, 2010 and 2013 in the
study area. While Figure-10 is depicts the
geographical distribution of those villages which
were completely isolated from rest of the word
due to damage of transport and cumulus system

and Figure-11 depicts geographical distribution of
the villages frequently affected by flash flood,
mud flowing, landslides, mass wasting and land
creeping by earthquake and heavy rainfall during
monsoon season in the Tehsil Munsyari during
2010 and 2013 disaster events.

6.0 DISASTERS EVENTS
MUNSYARI

There have been numerous devastating
incidents of disaster events claiming huge
numbers of human lives alongside huge loss of
property, damages to forest wealth, road,
agriculture land, infrastructure and livelihood in
the Tehsil Munsyari. Disaster cause direct and
indirect losses to both the public and to the
administration. Main cause for the land slides,

IN TEHSIL
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mass wasting and mud flowing in Tehsil
Munsyari is the unprecedented heavy rainfall,
cloudburst, flash flood, earthquakes and deep
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Figure-2: DEM of the Tehsil Munsyari (based on Cartosat-1 Satellite)

6.1 Earth Quakes and Rainfalls Induced
Disaster

Types of Disaster Events- Landslide and Rock
fall.

Reports of earthquake-induced landslides
surface virtually after every earthquake mainly in
summer monsoon every year in study areas. Total
part of study area Viz., Tehsil Musnyari lies in
Higher Himalayan region fall in seismic zone V
which is indicate a high degree of susceptibility to
earthquakes. A district disaster management office
report reveals earthquake-induced landslides is in

impact by anthropogenic activities in the basin
area. A brief account of above mentioned disaster
events will be present following paragraphs.

30
1
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Figure-3: Villages of the Tehsil Munsyari.

the surface virtually after every major earthquakes
relevant to the study areas which mean earth
quakes plays an important role in disaster events.
Field observations have indicated that rock fall at
Kokila Mandir (between Madkote town and Fagua
village) and landslides and rock fall (throughout
the year) at Ghigrani (between Sera village and
Bangapani town) etc. is often associated with
earthquakes. Earthquake occurrences with date,
time, geographical location, reactor scale and
epicenter place name reveals at the district disaster
management office Pithoragarh are presented in
Table-1.
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The very widespread damaging and most prone area transform into debris /mud flows i.e.

frequent landslides in the Tehsil Munsyari fast moving of water, soil and rock. Table-2 and
triggered by heavy rainfall during summer Figure-4 depicts the rainfall status during summer
monsoon every year. Many times continuous monsoon in the Tehsil Munsyari.

rainfalls in the study area induced some landslide

Table-1: Major earthquakes from 2011-2014 which are bigger than 3 magnitudes nearby the study area (Source: District Disaster Management Office,

Pithoragarh).
Date Time Latitude (N)/ Reactor Epicenter in District
Longitude (E) Scale (M) Pithoragarh
04-04-2011 5:02 PM 29.60° /80.80° 5.7 Dharchula
05-05-2011 7:00 PM 30.20°/80.40° 5 India-Nepal Border
15-06-2011 6:29 AM 30.60°/80.10° 3.4 Dharchula
14-07-2011 7:14 AM 29.60°/80.40° 31 India-Nepal Border
28-07-2012 11:20 AM 29.70°/80.70° 45 India-Nepal Border
02-01-2013 1:20 AM 30.00°/81.60° 4 India-Nepal Border
30-01-2013 1:20 AM 30.00°/80.60° 4 Dharchula
06-03-2013 10:00 AM 29.70°/80.40° 3 India-Nepal Border
03-07-2014 5:05 PM 30.20° /80.20° 41 Between Bogdiyar and Milam
06-07-2014 8:18 PM 30.20°/80.30° 45 Between Darma and Malla Johar

Table-2: Summer monsoon rainfall (mm) in the study area from 2010-2014 (source: Tehsil Headquarter office, Munsyari).

Month Rainfall recorded of years 2010-2014
2010 2011 2012 2013 2014
June 106.6 2585 1905 442%* 1385
July 728.25* 685.7 577.5 754** 517.6
August 837.5* 491 460.4 494 464.05
September 497.7 234 393 191.5 206.5
Summer Monsoon Rainfall 2010-2014
900
A =—&—June —o—July =d=—August —=—September
800 ‘A\ —
T 700 § TN
é 600 \ \ / \
—_ ~—
< ]
€ 500 . \\5
= A =
= </ N\
. P aUANY
200 / ~——— N—/\'
100 ¢
0
2009 2010 2011 2012 2013 2014 2015
Years

Figure-4: Monsoon rainfall in the block Munsyari of year 2010 to 2014 (based on Tehsil Headquarter office, Munsyari).

*Summer Monsoon 2010 July month was **Summer Monsoon 2013 June month were
received more than 700 mm rainfall and August received more than three time according normal
month were received more than two times year and July moth were received more than 700
according to normal year. mm rainfall.
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6.2 Disaster Event in Tehsil
(Summer Monsoon-2009)

Types of Disaster Events- Heavy rainfall,
cloudburst, flash flood and landslides.

Cloudburst is a large amount of
precipitation which normally lasts for minutes but
can also cause flash flood and flash flood are very
common hydro-meteorological hazard which
occur due to excessive rainfall, bursting of natural
and manmade dams and cloudburst (NIDM-
National Institute of Disaster Management). In
the Laa-Jhekla cloudburst and flash flood events
are affected very devastatingly because of the
high velocity of water with huge energetic
capacity to carry away everything on its way. The

Munsyari

cause of the Laa-Jhekla disaster event which
occurred in summer monsoon on 7 August 2009
an unprecedented heavy rainfall often termed as
cloudburst and flash flood by DDMO- District
Disaster Management Office, Pithoragarh. It
seems that the slope before the slide must have
been in a marginally stable condition due to
erosion by the stream, weakening the weathered
geological strata overlain by loose rock boulders.
Figure-5 depicts the geographical distribution of
disaster event site and Figure-7(A) and Table-3
depicts the damages in details and in percentage
during disaster events summer monsoon- 2009 in
the Tehsil Munsyari.

2 Phuh
iDafa '

Longitude- 80°08'58.75" E
Latitude - 30°01'17.46"N
Hight- 1600 m

Figure-5: Geographical presentation of disaster site viz., village Laa-Jhekla in Tehsil Munsyari

6.3 Disaster Events in Tehsil Munsyari
(Summer Monsoon-2010)
Types of Disaster Events-Heavy Rain falls, Flash
Floods, Landslides and Rock falls.

The most important cause of the landslides,
rock falls and flash flood was an unprecedented

heavy rainfall often in the study area viz. Tehsil
Munsyari. Table-2 depicted the July and August
month received more than rainfall in compare to
other normal years which is cause of disaster
events in the study area in year 2010. Table-4
depicts the damages and losses during summer
monsoon 2010 in the Tehsil Munsyari which is
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indicate the monsoon season is hazardous for
Kumaun Himalaya. During disaster events 4
peoples and 58 livestock losses their lives and 12
Villages (Radgari, Dani Bagar, Umargada, Ropar,
Motighat, Bangapani, Seraghat, Sera, Mavani,
Bali Bagar, Ghigrani and Khinnu Gauna) are most
damages where 58 houses, 3 hotels, 5
Gharats/watermills (Radgari, Timphu, Bhikuriya,
Dobari and Ropar) and 2 cowshed are damaged.
Figure-6 (B) depicts damages in percentages
Figure-7 depicts geographical distribution of
damaged villages and Figure-8 depicts damaged
Gharats during disaster events summer monsoon-
2010 in Tehsil Munsyari.

6.4 Disaster Events in Tehsil Munsyari
(Summer Monsoon-2013)

Types of Disaster Events- Heavy rain falls, Flash
floods, Mass wasting, Mud flowing, Land slide,
Land creeping and Rock fall.

The study area viz. Tehsil Munsyari was
affected by flood, mass wasting, mud flowing,
landslides, land creeping and rock falls was
induced due to heavy rainfall often. Table- 2
depicted the year 2013, June and July moth were
received more than according normal year rainfall
which is induced disaster event during monsoon
season. Table- 5 depicts the damages and losses
during monsoon season 2013 in the Tehsil
Munsyari. During disaster events 14 peoples dead,
2 people lost, 11 people injured and 273 livestock
losses their lives and 24 Villages (Jimy Ghat,
Talla Dhapa, Basantkote, Bhadeli, Sana, Gaila,
Ropar, Radgari, Motighat, Dani Bagar, Bali
Bagar, Madkote, Devi Bagar, Bhora Bagar, Fagua
Bagar, Sera, Umargada, Bangapani, Seraghat,
Mavani, Davani, Ghigrani Shiling, Khinnu Gauna
and Chhoribagar) are most damages where 712
houses, 19 hotels, 17 Gharats/watermills near the
villages are (Jimy Ghat, Talla Dhapa, Radgari,
Timphu, Fagua Bagar, Sana, Gaila, Ghigrani
Shiling, Ropar, Bhikuriya, Dobari and Umargada)
and 21 cowshed are damaged. Figure-6 (C) and
Figure-9 are depicts damages in percentages and
geographical distribution of damaged villages
during disaster events summer monsoon- 2013 in
Tehsil Munsyari.

6.0 IMPACT OF DISASTER EVENTS

There have been numerous devastating
incidents of disasters claiming huge numbers of
human lives alongside huge loss of property, river
bridge (Plate-2, A), road (Plate-2, C), agriculture
field (Plate-1, A and B), infrastructure and
livelihood (Plate-2, D) in the Tehsil Munsyari. In
the study area destruction of the agricultural land
is the direct impact of landslide hazards. Many
landslides of the study area destroyed the terraced
fields where potato and Rajma (White Kidney
Beans) crops cultivated by the farmers. Due to its
lithology, many landslides (both small and large)
occur in both sites of the rivers, springs and
constructed road. Many temporary steel bridges
are built over a deep gorge which is vulnerable
during monsoon season. This road is mostly
manifested in the form of landslides, rock slides,
block slides, debris slides and mudflows. The
field survey in February 2014 revealed that
landslide site was covered with debris and the
place was almost abandoned. In extreme cases
when cracks occur on the surface the land cannot
be used even as pastures since they are dangerous
for both animals and man. A brief account of
above mentioned impact of disaster events will be
present following paragraphs.

7.1 Isolated Villages

During disaster events of the year 2010,
2013 many villages are isolated from the
neighboring villages, main market, road, health
centers and other connectivity. Many high
altitudinal villages are totally isolated during
monsoon season almost every year. Due to
disaster events losses Local River bridges,
footpath, road and other connectivity which is
impact on education, health, food security etc.
Figure-10 depicted geographical distribution of
39 villages which are mostly isolated during
monsoon season. Villages are Nirtoli, Sain,
Leelam, Sumdu, Tomik, Jimiya, Talla Paton,
Martoli, Bona, Quirry, Paton, Burfu, Kolu,
Sinnar, Jimighat, Mapa, Golfa, Okhali, Lyang,
Bilju, Umdada, Syalthing, Ralam, Madarma,
Gaila, Lwa, Marjhali, Gangdhar, Jara, Darma,
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Bogdyar, Pachhu, Narki, Dhoonamani, Rilkote,
Milam, Lari Pyankti, Buiee and Khelanch.

7.2 Damaged Hydro Electronic Plants

Munsyari is a mountainous region situated
in the great Himalaya and lesser Himalaya. It is
endowed with innumerable major and minor
perennial rivers. Most of these rivers have their
origin from the Himalayan glaciers. Thus, they
flow throughout the year and have been exploited
for the hydropower generation. Beside all these

advantages various hydro electronic projects in
the study area have left repulsive wounds on the
environment and the human beings. Table-9
depicts the details of hydro electronic production
sites (Suring Ghat, Seraghat, Tanga and
Danibagar), hydro electronic production capacity
and number of worker is depending on hydro
project in the Tehsil Munsyari which is damages
(Plate-2, B) by disaster event summer monsoon-
2013.

Table-3: Damages during disaster events summer monsoon- 2009 in Laa-Jhekla village (based on District Disaster Management Office data, Pithoragarh).

Details of damages Total losses
Complete damaged villages (CDV) 2
Severely damaged Pacca house (SDPH) 06
Dead peoples 43
Complete damaged hotels (CDH) 2
Livestock losses 180

Table-4: Damages during disaster events summer monsoon- 2010 in Tehsil Munsyari (based on District Disaster Management Office data, Pithoragarh).

Details of damages Total casualities
Total damaged village (TDV) 12
Complete damaged Pacca houses (CDPH) 43
Severely damaged Pacca house (SDPH) 15
Complete damaged hotels (CDH) 03
Dead peoples 04
Livestock casualties 58
Complete damaged (CD) Gharat (Watermill) 05
Complete damaged (CD) Cowshed 02

Table-5: Damages during disaster events summer monsoon- 2013 in Tehsil Munsyari (based on District Disaster Management Office data, Pithoragarh).

Details of damages Total casualties

Total affected villages 24
Completely damaged Pacca houses (CDPH) 147
Completely damaged Kachcha houses (CDKH) 33
Severely damaged Kachcha houses (SDKH) 16
Severely damaged Pacca houses (SDPH) 173
Partially damaged Pacca houses (PDPH) 343
Completely damaged (CD) cowshed 21
Completely damaged (CD) Gharat (Watermill) 17
Completely damaged hotel and Dhaba(CDHD) 19
Injured peoples 11
Dead peoples 14
Lost peoples 2

Livestock losses 273
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Figure-6: Damages during disaster events (in %) summarsoon: (A) 2009, (B) 2010 and (C) 2013 in TelMinsyari (based on District Disaster
Management Office data, Pithoragarh).
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