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Abstract: Tectonic instability, geological sensitivity along with human intrusion in Himalaya has greatly exacerbated the 
occurrence of hazardous situation. Dynamics of slope instability have been evaluated under three processes leading to 
geomorphic instability, viz. i. erosion ii. mass wasting and iii. anthropogenic. Their causative factors have been identified 
under Ghuniyoli Gad watershed. The measurement of the intensity, magnitude and nature of instability factors were 
done within the units of 1 km2 under 21 units of watershed. Each unit was evaluated in terms of type, extent and cor-
responding degree of instability along with their potential assessment. The stage of erosion reveals that Ghuniyoli Gad 
watershed experiences instability. Maximum units fall under instability of degree 1 and degree 2 (38% and 38%) while 
minimum units belong to instability of degree 4 (4.76%). The instability of degree 3 contributes only about 19.04%. 
Appropriate mitigation measures to overcome hazardous calamities are needed to be introduced therein.

Key words: slope instability, erosion hazards, mass wasting hazards, anthropogenic hazards, potential instability/degree 
of instability, Himalaya

Introduction
Himalaya is the greatest physical identity of the 
Earth but fragile enough under physical and human 
stress. Combined action of the two is resulting in 
environmental degradation which has now become 
a global concern (Kienholz et al. 1983, 1984, Byers 
1985, Zimmerman et al. 1986). The strategies for de-
velopment, therefore, for Himalaya should be strictly 
with the nature, local resource base, socio-economic 
needs and aspirations of the people. 

The tectonic sensitivity of Himalayan territory 
contributes significantly for the determination of 
landslide hazard and other land degradational pro-
cesses (Valdiya 1985, 1987, Bartararya, Valdiya 1989, 
Rautela 2001, Pande et al. 2002, Chandel, Brar 2010, 
Chandel et al. 2011, Pande 2013). The anthropogenic 
processes have not only accelerated hazardous pro-
cesses but also exposed human lives to greater risk 
(Bhandari, Gupta 1985, Bhandari 1988, Haigh et al. 
1995, Singh 1998, Sah, Mazari 1998, 2007, Barnard 
et al. 2001, Cole, Sinclair 2002, Gardner, Saczuk 
2004, Gardner, Dekens 2007, Sharma 2006, Taran-
tino et al. 2007, Starkel 2010). Himalaya is high-
ly sensitive to changes in hydrological and climatic 

aspects which ultimately effects mountain environ-
ments development and sustainability (IPCC 2001, 
Eriksson 2006). The severe rainstorm was believed 
to be capable of triggering widespread landslides 
(Chen, Lee, 2003). The Earthquake triggered land-
slides are highly concentrated in specific zones asso-
ciated with the lithology, structure, geomorphology, 
topography and human presence (Keefer 1994, 2002, 
Owen et al. 2008, Sato, Harp 2009, Yin et al. 2009). 
The mass-movement classification problem has been 
more complex than it has for many other types of 
extreme natural phenomena (Alexander 2008). Dif-
ferent researches provided model being able to iden-
tify those areas in greater risk of slope failure, and 
to differentiate between stable and landslide-prone 
ground (Mason, Rosenbaum 2002, Liu et al. 2004, 
Fourniadis et al. 2007). Spatial data for the assess-
ment of landslide susceptibility, hazard, and vulner-
ability is of prime concern for hazard mapping (Van 
Westen et al. 2008). 

The primary objective of the present study is to 
estimate the geomorphic hazards in the Himalayan 
environment and to determine the factors (natural or 
man-induced) those lead to changes in geomorphic 
stability so prediction can be made for future damage.
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Study area

The Ghuniyoli Gad watershed (10.22 km2) was se-
lected for study (Fig. 1). The Ghuniyoli Gad is fourth 
order stream, tributary of fifth order Jaigan river. The 
Jaigan watershed (150 km2) extends in between the 
latitudes of 29o39’5” N to 29o47’25” N to and the 
longitudes of 79o41’45” E to 79o53’40” E. Adminis-
tratively it lies in Almora and Bageshwar Districts of 
Uttarakhand. It is a part of the greatest Sarju-Kali 
drainage system of Central Himalaya. 

Data base and methodology

The climate of the area has been assessed on the ba-
sis of nearest meteorological stations: Bhainsiyach-
hana (700 m a.s.l.) and Kanarichhina (1,000 m a.s.l.) 
located in valley, and Dhaulchhina (1,900 m a.s.l.) on 
ridge (Fig. 1). The base data was collected by the Au-
thor (Pande 1998). Detailed geological and structural 
maps of Valdiya (1980) were used to identify litho-
logical formations, thrust, fault and fold, verifications 
of which were done during field studies. Base maps 
of relief, drainage, land use, vegetation were pre-
pared with the help of SOI Topographical sheet No. 
53 O/14. The stream ordering was done by Strahler’s 
(1964) stream segment method. The stages of geo-
morphic development of watershed were derived by 
Strahler’s (1952) percentage hypsometric curve. Area 
computation and length measurements were done by 
grid method and rotameter/opisometer. 

The approach of present study was based on the 
standards provided by United Nations University 

MHM project on Kathmandu – Kakani area, Nepal 
(Kienholz et al. 1984). 1 km2 grid was selected as 
basic unit for the field observations and measure-
ment of hazards. GPS is used for the geographical 
location and measurement of elevation of affected 
localities. Each grid was designated by code num-
ber (for example A1, see Fig. 5). And the observa-
tion sites were identified within specific grid, the 
numbers of which were dependent on the intensi-
ty, magnitude and nature of instability factors un-
der specific land use. The criterion selected for the 
establishment of observational sites were boarder 
between depressions of stream and open slope, ac-
cumulation of certain types of damage, change of 
general slope angle, change in land use and change 
in slope direction.

Each basic unit of 1 km2 was evaluated in terms 
of the types of instability and the causative factors 
responsible for the specific hazard. Thus a succeed-
ing map of geomorphic hazards was fabricated. The 
derived map provides a scenario for the types and 
corresponding degrees of confirmed/inferred insta-
bility along with area coverage. The hazard map was 
again evaluated in terms of probable damage and the 
derived map constitutes types and corresponding de-
grees of suspected instability.

The hazard of surficial erosion (se) was noticed 
along the terraces under cultivation/agriculture 
practices. Thus, surficial erosion was denoted by 
the entire cultivated land that’s why the number of 
observation sites was not mentioned in the Table 3. 
The geomorphic hazard was evaluated also exclud-
ing surficial erosion because of the fact that surficial 
erosion was mapped but not assessed as hazards like 
other processes since it was not considered as direct 

Fig. 1. Location of study area. No. 2 – the Ghuniyoli Gad watershed
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danger. The 1st, 2nd and 3rd order seasonal streams 
marked on S.O.I. topographical sheets of 1963 and 
verified during field survey were designated as old 
gullies. The hazard of old gully erosion (go) indicat-
ed the erosion along these preexisted (before present 
survey) gullies. The new gullies are surveyed during 
field work which was supposed to be created after 
1963 as those were not present in SOI topographi-
cal sheets. The hazard of new gully erosion (gn) was 
indicated by the erosion along these newly created 
gullies.

Results

Climate setting

The mean monthly air temperature ranges between 
15°C to 30°C in valley while 12°C to 23°C on the 
ridge (Table 1). The mean maximum air tempera-
ture reach 36°C and to 28°C respectively. The mean 
minimum air temperature ranges in between 8°C to 
26°C in valley while 4°C to 18°C on the ridge. The 
coldest month is January while warmest month is 
June. The annual rainfall totals reach 1,126 mm in 
valleys and 994 mm in hill tops. The maximum rain-
falls occur from June to September, when monthly 
totals are from 125 to 241 mm. Minimum monthly 
totals are in November and range from 8 mm (val-
ley area) to 13 mm (hill tops). Winter rainfalls are 
insignificant. 

Geological setting

The watershed is built by the rocks of Augun Gneiss 
formation. This unit comprises granitic gneiss, chlo-
rite-sericite schist. The North Almora Thrust (NAT) 
and regional anticline followed by the Jaigan River 
are two key factors completely controlled modern to-
pography of the studied catchment. The NAT pass-
es through the northern most part of the Ghuniyoli 
watershed (out of the watershed). Along the thrust 
the rocks are powered. The tectonic activity of this 
zone is marked by immature topography and unlim-
ited landslides of valley sides. The tight overturned 
northerly dipping Jaigan anticline is followed by Jai-
gan River, trending NNW–SSE. The unusual devel-
opment of river terraces shows active nature of this 
anticline. The existence of Jaigan River along the ax-
ial trace of the anticline creates a reversal topogra-
phy forming an anticlinal valley and synclinal ridge. 
The most noticeable point was that Ghuniyoli Gad 
flows from south to north and ultimately meets Jai-
gan River where the axis of anticline exists (Valdiya 
1980).

Geomorphological setting

Relief
Wide valleys, with slopes developed up to sharp 
spurs and extended ridges are characteristic land-
forms in the area (Fig. 2). The altitude ranges be-
tween 840 m to 2,346 m a.s.l. and 34.14% of the 
area is located above 2,100 m a.s.l. while only 6.95% 

Table 1. Characteristics of climate in Ghuniyoli Watershed based on meteorological data 1995–1998

Months

Meteorological station
Bhainsiyachhana

Valley-Station (700 m a.s.l.)
Kanarichhina

Valley-Station (1,000 m a.s.l.)
Dhaulchhina

Ridge-Station (1,900 m a.s.l.)
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[ºC] [mm] [%] [ºC] [mm] [%] [ºC] [mm] [%]

January 22.5 7.6 15.0 54 75 23.1 8.1 15.6 30 70 21.7 4.1 12.9 41 54
February 24.4 9.8 17.1 76 79 23.6 10.2 16.9 48 69 20.4 4.9 12.6 32 63
March 32.7 13.4 28.0 24 70 31.9 14.6 23.2 46 64 22.7 9.3 16.0 25 62
April 33.5 17.1 25.3 40 67 34.0 20.0 27.0 87 72 24.1 12.5 18.3 69 66
May 35.2 20.6 27.9 28 62 35.1 21.6 28.4 28 59 28.3 15.5 21.9 19 66
June 35.5 22.5 29.0 86 65 36.1 25.1 30.6 167 73 26.0 15.8 20.9 194 87
July 34.8 25.6 30.2 208 84 34.5 26.0 30.2 174 83 27.0 18.5 22.7 156 88
August 33.1 24.3 28.7 261 85 34.1 21.0 27.6 277 87 26.7 17.8 22.2 241 88
September 34.0 22.9 28.5 216 86 35.1 18.9 27.0 190 83 25.8 16.6 21.2 125 84
October 28.6 17.5 23.1 31 81 33.1 19.2 26.2 48 80 25.1 12.0 18.6 46 64
November 28.3 12.6 20.4 0 77 31.8 16.4 24.1 8 77 25.4 9.6 17.5 13 55
December 25.1 9.4 17.2 8 74 27.1 10.9 19.0 23 71 23.3 6.4 14.8 33 55
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below 1,500 m a.s.l. Relative relief ranges in be-
tween 420 m to 760 m. Maximum area (51.20%) 
falls under below 550 m zone while minimum area 
(3.52%) is covered by above 650 m zone. Dissection 
index ranges in between 0.18 to 0.44. Maximum 
area (35.71%) falls under 0.20 to 0.25 zone followed 
by 0.25 to 0.30 zone, i.e. 33.66% while minimum 
area (3.73%) is covered by above 0.40 zone. Average 
slope ranges in between 20º to 35º. Maximum area 
(52.54%) falls under 30º to 35º zone while 47.46% 
of the area is covered by below 300 zone. The steep-
est slope of the watershed belongs to the headward 
part of the watershed (Fig. 3). The watershed is 
characterized by three types of soils: Regolith, Allu-
vial and Podzol. Regolith soils develop due to high 
degradational processes along the slopes. The val-
leys possess the alluvial soil by the aggradational 
process of Ghuniyoli Gad stream. The composition 
of this soil is sand and pebbles. The colour and size 
of this soil are brown and granular respectively with 
a nature of loamous. Because of good aeration and 
water holding capacity it is best soil for cultivation. 
Podzol soils occur under the oak forest cover where 
deceased lichen and moss provide it the podzolic 
nature.

Stage of erosion
The geomorphic evolution (erosion stage) of the wa-
tershed was assessed under varying altitudinal vari-
ations (Table 2). Further the erosion was evaluated 
under different land use, i.e. inact land, cultivated 
land and forest land while barren land was not avail-
able in the watershed (Fig. 4A, B, C). 

Stage of erosion, altitude and the watershed 
The watershed is under severe land degradation. Out 
of total Ghuniyoli watershed area, 36.16% area at-
tained stress as a result of erosion. The zone of criti-
cal height was 1,800–1,900 m a.s.l. above which the 
erosion was the most strong. The watershed attained 
inequilibrium (youthful) stage as per the hypsomet-
ric integral (63.84%). In reference to area under in-
tense erosion, the altitudinal zone of 2,200 to 2,300 
m a.s.l. contributes maximum area (6.34%) while 
900 to 1,000 m a.s.l. zone constitutes minimum area 
(0.04%) out of the area of the watershed. In reference 
to area under insignificant erosion, the altitudinal 
zone of 900 to 1,000 m a.s.l. contributes maximum 
area (6.96%) while the altitudinal zone of above (>) 
2,300 m a.s.l. constitutes minimum area (0.09%) out 
of the area of the watershed.

Fig. 2. Sharp ridges and wide valleys of the study area. Location of settlement along flat topped waterdivide in Thala Village



Assessment of slope instability and its impact on land status: a case study from Central Himalaya, India

31

Fig. 3. Nick points along the water divide in Ghuniyoli watershed 

Table 2. Ghuniyoli Watershed: Variability in stage of erosion (EI, HI) under varying altitude

Altitude
[m a.s.l.]

Intact Watershed Scenario Cultivated Land Scenario Forest Land Scenario
intensely 

eroded area
insignificantly 
eroded area

total 
area

intensely 
eroded area

insignificantly 
eroded area

total 
area

intensely 
eroded area

insignificantly 
eroded area

total 
area

EI HI EI HI EI HI
[%]

< 900 0.00 4.00 4.0 0.00 5.00 5.0 0.00 3.00 3.0
900–1,000 0.04 6.96 7.0 0.05 6.95 7.0 0.04 5.96 6.0

1,000–1,100 0.12 5.88 6.0 0.08 7.92 8.0 0.14 6.86 7.0
1,100–1,200 0.31 6.69 7.0 0.13 7.87 8.0 0.39 6.61 7.0
1,200–1,300 0.52 5.98 6.5 0.34 7.66 8.0 0.68 6.32 7.0
1,300–1,400 0.75 5.75 6.5 0.57 6.43 7.0 0.79 5.21 6.0
1,400–1,500 1.05 5.95 7.0 0.92 7.08 8.0 1.20 5.80 7.0
1,500–1,600 1.27 4.73 6.0 1.29 6.71 8.0 1.67 5.33 7.0
1,600–1,700 2.10 4.90 7.0 2.05 4.95 7.0 1.86 4.14 6.0
1,700–1,800 2.91 4.09 7.0 4.12 3.88 8.0 2.60 4.40 7.0
1,800–1,900 3.20 2.80 6.0 5.92 2.08 8.0 3.05 3.95 7.0
1,900–2,000 4.47 2.53 7.0 7.06 0.94 8.0 3.69 3.31 7.0
2,000–2,100 5.17 1.83 7.0 7.59 0.41 8.0 3.88 2.12 6.0
2,100–2,200 5.00 1.00 6.0 1.97 0.03 2.0 5.34 1.66 7.0
2,200–2,300 6.34 0.66 7.0 N.A. N.A. N.A. 6.03 0.97 7.0

> 2,300 2.91 0.09 3.0 N.A. N.A. N.A. 2.85 0.15 3.0

N.A. – not available.
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Stage of erosion, altitude and the cultivated land
The cultivated land of watershed was under the severe 
stress of erosion. Out of total cultivated land, Ghuni-
yoli watershed possesses 32.09% area under serious 
threat to erosion. Over the entire cultivated land, 
the zone of critical height was 1,800 to 1,900 m a.s.l. 
above which erosion was intense. The hypsometric 
integral (67.91%) determined the stage of inequilib-
rium (youthful) for cultivated land of the watershed. 
In reference to area of the cultivated land under in-
tense erosion, the altitudinal zone of 2,000 to 2,100 
m a.s.l. contributes maximum area (7.59%) while the 
altitudinal zone of 900 to 1,000 m a.s.l. attains min-
imum area (0.05%) out of the area of cultivated land 
of the watershed. In reference to area of the cultivated 
land under insignificant erosion, the altitudinal zone 
of 1,000 to 1,100 m a.s.l. contributes maximum area 
(7.92%) while the altitudinal zone of 2,100 to 2,200 
m a.s.l. constitutes minimum area (0.03%) out of the 
area of cultivated land of the watershed. 

Stage of erosion, altitude and forest land
The forest land was also under the crucial problem of 
erosion. Out of total forest land, Ghuniyoli watershed 
attained 34.21% area under severe stress as a result 
of erosion. Over the entire forest area of watershed, 
the zone of critical height was 1,900 to 2,000 m a.s.l. 
above which erosion was acute. The hypsometric 
integral (65.79%) ascertained the stage of inequilib-
rium (youthful) for forest land of the watershed. In 
reference to the area of the forest land under intense 
erosion, the altitudinal zone of 2,200 to 2,300 m 
a.s.l. contributes maximum area (6.03%) while the 
altitudinal zone of 900 to 1,000 m a.s.l. constitutes 
minimum area (0.04%), out of the area of forest land 
of the watershed. In reference to the area of the forest 
land under insignificant erosion, the altitudinal zone 
of 1,000 to 1,100 m a.s.l. contributes maximum area 
(6.86%) while the altitudinal zone of above 2,300 
m a.s.l. constitutes minimum area (15%), out of the 
area of forest land of the watershed.

Land use

The Ghuniyoli Gad watershed possesses two types of 
land use/land cover. 32.29% area falls under cultivat-
ed land while rest 67.71% area is covered by forest 
(Fig. 5). Field observations reveal that land use pat-
tern is controlled by geomorphic and climatic con-
ditions. The part of the watershed at altitude from 
800 to 1,200 m a.s.l. is covered by forest because the 
lower part of watershed posses narrow valleys with 
steep slopes. The upper part has extended valley and 
moderate slope, but at altitude from 1,800 to 2,346 m 
a.s.l. extreme climatic conditions (dry) do not allow 
the habitation and agricultural processes therefore 
this area is also under forest. Thus middle part at al-

Fig. 4. Stages of erosion and land use in the the Ghuniyoli 
Gad watershed
A – inact (entire) watershed, B – cultivated land, C – forest land. 
H – total height of the watershed, h – height between two suc-
cessive contours, a – area between two successive contours, A 
– total area of the watershed, HI – Hypsometric Integral , EI – 
Erosion Integral 
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titude from 1,200 to 1,800 m a.s.l. is under intensive 
settlement and agricultural processes owing to ap-
pealing geomorphic and climatic (humid) conditions.

Cultivated land

Cultivation commences from the river banks (irrigat-
ed alluvial terraces) and continues towards uphill (dry 
man-made terraces) as the population grows. All the 
cultivation is carried out in terraced landform. Terrac-
ing is an indigenous method of adapting hill-sides for 
cultivation and only effective means of control soil ero-
sion. The uphill terraces are locally known as Upraon 
land (dry land) and the farming is known as dry-farm-
ing while the river bank terraces are locally known as 
Talaon land (irrigated land) and the farming is known 
as wet-farming. The uplands, like the irrigated plots, 
produce two harvests. The kharif or autumn crop is 
known as the chaumasiya kheti, and the rabi or spring 
crop as the huniya or winter crop. Main crops of Kha-
rif are madua (Eleusine coracana), paddy, amaranthus 
(Amaranths penictata), buckwheat (ogal), kauni (Pani-
cum italicum), jhangora (Oplismenus frumentaceus) and 
mixed crop of pulses (bhat, gahat, rans), amaranthus 
and maize are grown side by side. Chilies and turmer-
ic are the basic commercial crops of uplands dry-farm-

ing system. Under rabi crops, main crops are wheat, 
barley and mustard. In Talaon land, paddy is the only 
crop which is grown in kharif (autumn crop), which 
is the most important staple in these lands and the 
cultivator devotes all his energies to the production of 
this crop. Rabi (spring crop) in these valley bottoms 
consists of wheat, barley, lentils, mustard and flax. 

Forest land

The Himalayan sub-tropical pine forest, oak forest, 
moist mixed and deciduous forest were the charac-
teristic feature of the area. Field study indicates that 
pine forest was very vulnerable to erosion (intensive 
gully erosion) due to thin soil cover and shallow 
roots of the tree.

Settlement

Settlement area is in scattered form only within the 
cultivated land. Density of population is found about 
18 persons per km2. The population of the watershed 
is confined to 32.29% of the total geographical area 
of the watershed, resulting in a very high degree of 
population concentration. Although the general den-
sity of population is very low, in case of population 
pressure per unit cultivated land, it is very high al-
most equal to Gangetic plain, i.e. about 545 persons 
per km2. In general, the area of the watershed depicts 
that the expansion has taken place mostly in the out-
wardly sloping land in mid and upper elevations of 
the watershed which has contributed in exaggerating 
hazardous geomorphic processes. 

Geomorphic hazards

Eleven types of geomorphic hazards were identified 
in the Ghuniyoli watershed within twenty one study 
units (Fig. 6, Table 3) which were grouped into three 
major hazards: a/ erosion hazards (surficial erosion 
(se), gully erosion (erosion in old gully (go), erosion 
in new gully(gn), gully-induced terrace collapsing 
(gc), flood-induced terrace collapsing (fc), accumu-
lation of water transported material (aw)), b/ mass 
wasting hazards (debris flows (df), landslides (ls), 
soil creeping (sc)), c/ anthropogenic hazards (stone 
quarry (sq), man-induced terrace collapsing (mc)).

Erosion hazards 

Surficial erosion (se) is significant in the units with 
cultivation especially in upper reaches of valley slopes 
with terraces (Fig. 7). This is observed in fourteen 
units (Table 3, Fig. 6). Gully erosion is significant 
under 14 units out of total 21 units of the watershed 

Fig. 5. Study units and land use in the Ghuniyoli Gad wa-
tershed
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which proves the extent of erosion and instability of 
the area (Table 3, Fig. 6). It was active in old erosional 
gully in 13 units while in fresh erosional gullies in 10 
units only. The gully erosion was prominent in forest 
area along steeply sloping forest (Fig. 8). Gully induced 
terrace collapsing was experienced by 4 units (Fig. 6) 
located within the cultivated land. In the others the 
new gullies were created in pine forest. Efforts have 
been done by the inhabitants to manage their cultivat-
ed land, yet their efforts were proved fruitless due to 
geological sensitivity of the terrain consequently the 
reconstructed terraces were not maintained. Flood in-
duced terrace collapsing was experienced 2 units (Ta-
ble 3, Fig. 6). Accumulation of water transported ma-
terial upon cultivated land was found only in one unit 
(4D) (Table 3, Fig. 6). The debris material transported 
through new created gully from pine forest area was 
accumulated upon cultivated land on area of 3,000 m2 
and disturbed the continuity of agricultural terraces.

Table 3. Ghuniyoli Watershed: types and corresponding degree of confirmed / inferred and suspected instability

Basic 
Units

Number of observation 
sites of particular type 

of instability

Confirmed/Inferred Land use (% of area) Suspected 
degree of 
instabilitytype of instability degree cultivated forest

1D *, 2. se, fc. 1, 2b 33.33 66.67 D1

2C *, 1, 7. se, go, gn. 1, 2b 29.47 70.53 D2

2D *, 1. se, fc. 1, 2b 24.17 75.83 D2

3A N.A. N.A. 1 N.A. 100.00 D1

3B *, 6, 2, 2, 1, 10. se, go, gn, fc, df, mc. 1 87.27 12.73 D2

3C *, 9, 5, 3, 2. se, go, gn, fc, mc. 1, 2b 15.87 84.13 D2

3D *, 5, 3, 5, 1. se, go, gn, gc, ls. 1 34.85 65.15 D2

4A *, 4, 3. se, go, gn. 1, 2b 32.17 67.83 D2

4B *, 11, 7, 6, 4. se,go,gn,fc,mc. 1 52.25 47.75 D3

4C *, 15, 4, 1, 12. se,go,gn,ls,mc. 1, 2b 68.00 32.00 D3

4D *, 6, 4, 4, 6, 4, 1, 6, 2. se, go, gn, gc, fc, aw, df, ls, sq. 2a 46.75 53.25 D4

5A *, 4. se, go. 1 02.86 97.14 D2

5B 10 go. 1 N.A. 100.00 D2

5C *, 6, 20, 7. se, gn, gc, fc. 1, 2b 19.00 81.00 D3

5D *, 9, 2, 8, 2, 1, 1. se, go, gn, gc, ls, sc, sq. 1, 2b 14.25 85.75 D3

5E *. se 0 08.82 91.18 D1

6A N.A. N.A. 0 N.A. 100.00 D1

6B 1. go 1 N.A. 100.00 D2

6C NA N.A. 0 N.A. 100.00 D1

6D 2. go 1 N.A. 100.00 D2

6E N.A. N.A. 0 N.A. 100.00 D1

Type of instability: explanations of abbreviations see Fig. 6, Degree: 0 – no known instability, 1 – moderate instability, 2a – land may 
be irreversibly destroyed 2b – arable land may be damaged, 3 – high instability; Suspected degree of instability – explanations see Fig. 
15; N.A. Not Available.

Fig. 6. Types and corresponding degree of confirmed/in-
ferred instability
se – surficial erosion, go – erosion in old gully, gn – erosion in 
new gully, gc – gully induced collapsing of terraces, fc – flood in-
duced collapsing of terraces, aw – accumulation of water trans-
ported material, df – debris flow, ls – landslide, sc – soil creep-
ing, sq – stone quarry, mc – man-induced collapsing of terraces
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Mass wasting hazards

Debris flows was observed in two units (Table 3, Fig. 
6). In unit 3B debris flow is studied in pine forest 
area located along Ghuniyoli Gad. The debris flow 
covers about 30,000 m2 area along steep (almost 
vertical slope) slope. Maximum debris was washed 
away by Ghuniyoli Gad stream and form a tonque 
with badland like topography. Debris flows are active 
each year during monsoons. Downslope the tonque 
cutting of pine forest along steep scarp were the ob-
served causes of this hazard. In unit 4D, the debris 
flow was observed in grassy slope (Jaduri village) 
surrounded by sparse pine forest. An area of about 
24 m2 was covered by this debris flow which was pro-
tected by check dams in its initial stage. The upper-
most part of this debris flow was under the pressure 
of agricultural processes, thus exaggerating the vul-
nerability of the terrain.

Landsliding was experienced as a severe problem 
of the watershed. It was observed that almost each 
village of the watershed possesses active landslides 
which were located especially in the upper reaches of 
the watershed, though check dams were constructed 
along Jalia Gad (tributary of Ghuniyoli Gad). Reshap-
ing of already constructed check dams indicate the 
continuous process of  landsliding (cracks in houses, 
tilting of courtyard and fruit trees, break in the conti-
nuity of agricultural terraces, subsided houses (dislo-
cation of houses from their original places) as a result 
of which the houses were removed to escape from 

Fig. 7. Subsiding agricultural terraces along steep slope in Thala Village 

Fig. 8. Debris dam to check gully erosion in forest land 



Anita Pande

36

any casualty and above all the whole area along with 
agriculture land bulging towards toe were evidences 
of landslides. The hazard of landslides manifestated 
in unit 3D (Dhanauli village), 4C (Sandani village), 
4D (Bari, Jaduri and Thala villages), 5D (Rest part 
of Jaduri village). It’s noteworthy that unit 4D was 
at the worst stage (Table 4, Fig. 6). Landslides oc-
curred in whole Bari village. The upper part (about 
50% of area) has terraces collapsing, gully develop-
ment, debris accumulation, disappearance of natural 
spring while the lower half present discontinuity in 
terraces and bulging of the fields. The landslides area 
was supported by regular check dams, about 30 m 
of length each. These check dams were constructed 
along Jalia Gad at the toe of Bari village (Fig. 8). In 
Jaduri village present landslide was the part of old 
landslide. The resettlement processes occurred upon 
the old landslide part and the agricultural processes 
were started by the inhabitants but again landslide 
triggered about thirty five years back. After this haz-
ard some part was left barren on account of unalter-
ably degraded lands which use to collapse in every 
rainy season and some part was cultivated to fulfill 
their livelihood. Out of the cultivated area some part 

was again left barren due to the frequent collapsing 
of terraces due to landslide movement (Fig. 9). In 
whole Thala village (settlement and cultivated land) 
is under the grip of landsliding. The discontinuity 
of agricultural terraces due to landslide has created 
three gullies within the cultivated land. Consequent-
ly the entire cultivated land was divided into three 
major agricultural zones (Fig. 10). These gullies pro-
vide intensive erosion to the area. These were about 
1.5 to 2.0 m deep and 1.5 to 2.0 m wide so the col-
lapsing of agricultural terraces in each rainy season 
has become a common problem as the sufficient rain 
water accumulates in these gullies. The cultivated 
land destroyed along these gullies is about 10 1000 
m2. After rain repairable part of terraces is recon-
structed each year to fulfill their food requirements 
from the agricultural field.

Soil creeping was observed only in one unit, i.e. 
5D. A zone covering about 10,379 m2 area exists in 
the Dense Mixed forest. The tilting of huge trees in 
this particular zone indicates the instability of the 
forest area where anthropogenic process was neg-
ligible and dense mixed vegetation cover seemed to 
be good protective cover (Fig. 11).

Table 4. Characteristics of landslide hazard sites in the Ghuniyoli Watershed

Locality 
(basic 
unit)

Altitude
[m a.s.l.]

Geographical 
coordinates Observed evidences Causative factors

Area affect-
ed by land 
subsidence 
hazard [m2]

Dhanauli 
(3D)  
Fig. 10

1,550 29040’23”N
79052’07”E

Cracks in houses (3 cases observed)
Subsidence of courtyard
Subsidence of house stairs
iv. Subsidence of agriculture land.

i. Existence of sea-
sonal rivulet at the 
toe of the affected 
area.

1,050

Sandani 
(4C)

1,500 29040’18”N
79051’31”E

Damaged agricultural terraces
Fissures in the houses
iii. Collapsing of courtyard

Existence of Ghuni-
yoli Gad at the toe of 
the village
ii. Land subsidence 
was taking place 
along Ghuniyoli Gad 
and gradually affect-
ing towards the up-
per reaches.

337,500

Bari  
(4D)  
Fig. 11

1,400 29040’22”N
79051’53”E

Discontinuity of agricultural terrace wall and 
their bulging towards toe
ii. Tilting of trees along the crown of affected 
area.
Destruction of trees/plants and consequent 
creation of gully
This gully development caused collapsing of 
the terraces.
The original source of water spring was buried 
under the debris produced by terrace collaps-
ing and this spring was reappeared in 20 m be-
low from its original place.
vi. Construction of regular check dams (30 
m length) by Soil Conservation Department 
along Jalia Gad (tributary of Ghuniyoli Gad) at 
the toe of Bari village

Severe toe erosion 
by Jalia Gad
ii. Agricultural pro-
cesses at the crown 
of the area along 
vegetation less 
slope.

16,800
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Anthropogenic hazards

Stone quarry was observed in unit 4D and 5D. In unit 
4D, two stone quarry were observed, which disturbed 
the stability of the landform, thus head ward erosion 
took place and the quarry generated debris was accu-
mulated along footpath. In unit 5D, two stone quar-

ry were observed in the flat land which created huge 
depression, thus ultimately leading to intensive gully 
erosion during rains.

Man induced terrace collapsing occurred in 3 
units while 5 units experienced both type (flood in-
duced and man induced) of terrace collapsing (Table 
3, Fig. 6). 

Locality 
(basic 
unit)

Altitude
[m a.s.l.]

Geographical 
coordinates Observed evidences Causative factors

Area affect-
ed by land 
subsidence 
hazard [m2]

Jaduri  
(4D)  
Fig. 9

1,700 29039’47”N
79051’41”E

a) the houses got cracks during land subsid-
ence.
ii. Collapsed agricultural fields and dislocated 
as evident from their discontinuity
Whenever the terraces were reconstructed af-
ter land subsidence, the subsided soil forms 
steeply sloping terraces which were again vul-
nerable to erosion
iv. Check dams were constructed at the toe of 
the agricultural land along Jalia Gad as well as 
amid agricultural terraces but these terraces 
were not remained stable due to the occasional 
occurrence of land subsidence.
The broken and tilted check dams amid the ag-
ricultural land and dislocated check dams along 
Jalia bank speak of the still active process of 
land subsidence.
b) this area possessed systematic agricultural 
processes but the subsided land became irre-
versible consequently the whole area was con-
verted into barren land.
Ii. Due to instability agricultural field were 
converted into steeply sloping land and the 
terraces use to collapse again during monsoons 
whenever the terraces were reconstructed 
along this sloping land.

Severe toe erosion 
by Jalia Gad
ii. Outwardly slop-
ing agricultural ter-
races along the hill

4,000

19,500

Thala 
(4D)

1,750 29039’49”N
79052’04”E

The tilting of agricultural terraces and bulging 
towards toe.
ii. The houses got cracked (five cases) and sub-
sided vertically. These houses were ultimate-
ly dismantled by the inhabitants for escaping 
from any casualty and the land is being used for 
agricultural purposes at present.
iii. The cracks visible on village path (about 6 
to 7 m) and sliding of the land along this crack. 
This crack is usually filled by the inhabitants 
to save village path, but during monsoons this 
fissure reappears.

Severe toe erosion 
along Jalia Gad
ii. Unscientific an-
thropogenic inter-
ferences

Total 
village was 
subsiding 
downward

Rest Part 
of Jaduri 
(5D)

1,700 29039’47”N
79051’41”E

Tilting of agricultural terraces
ii. Cracks in house.

i. Severe toe erosion 
along Jalia Gad

3,000

Dankhali 
(5D)

1,900 29039’33”N
79052’09”E

i. Collapsing of agricultural Terraces along out-
wardly sloping land during monsoon period

i. Existence of Pine 
Forest (with shal-
low soil cover) along 
steeply sloping land 
proved major factor 
for degradation.

2,500

Table 4 cont.
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Fig. 9. Location of Jaduri Village under different steps 

Fig. 10. Location of  Thala and Dhanauli village. Gully development within cultivated land in Thala Village

Fig. 11. Tilted trees due to soil creeping
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Extent of geomorphic hazards

Figure 12 illustrates that surficial erosion (se) covers 
maximum area under 14 units. Unit 3B is the most 
hazardous (92.08%) where surficial erosion covers 
87.27% area while debris flows also contributes con-
siderably (4.36% area) (Table 5). 4C and 4D units 
contributes significantly where 73% and 71% area is 
hazardous and surficial erosion covers 68% and 47% 
area respectively. Landslides cover about 4% and 
23% area of the units respectively. Excluding surficial 
erosion, the most hazardous unit is 4D where 24% 
area is hazardous and dominating hazardous process 
(23%) is landsliding (Table 5).

Figures 13A and 13B exhibit that surficial ero-
sion covers maximum area under the watershed, i.e. 
32.29% (Table 6). If surficial erosion is excluded, 
landsliding (2.64%) covers maximum hazardous area 
out of total watershed area. Under the assessment of 
geomorphic hazards in studied units, it is observed 
that unit 4C (7.15%) followed by unit 4D (6.95%), 
3B (6.21%) and 4B (5.28%) cover maximum hazard-
ous area out of total hazardous area of the watershed, 
i.e. 36.55%. While excluding surficial erosion maxi-
mum hazardous unit is 4D, covering 2.38% area out 
of 4.26% hazardous area of the watershed excluding 
surficial erosion (Table 6).

Figures 14A and 14B exhibit that out of total haz-
ardous area of the watershed, surficial erosion covers 
maximum area i.e. 88.58%. If surficial erosion is ex-
cluded, landsliding (63.24%) covers the most hazard-
ous area (Table 7). 

Fig. 12. Area under different hazardous geomorphic pro-
cesses in particular units

Table 5. Ghuniyoli Watershed: Area in percent out of per unit area under different hazardous geomorphic processes

Basic 
units

Hazard Type Per unit  
hazardous area

Per unit  
hazardous area 
excluding ”se”

se go gn gc fc aw df ls sc sq mc [%]
1D 33.330 – – – 1.020 – – – – – – 34.350 1.020
2C 29.470 0.150 0.510 – – – – – – – – 30.130 0.660
2D 24.170 – – – 0.010 – – – – – – 24.180 0.010
3A – – – – – – – – – – – N.A. N.A.
3B 87.270 0.360 0.080 – 0.003 – 4.360 – – – 0.005 92.080 4.810
3C 15.870 0.520 0.250 – 0.003 – – – – – 0.001 16.650 0.780
3D 34.850 0.370 0.150 0.660 – – – 0.170 – – – 36.200 1.350
4A 32.170 0.360 0.140 – – – – – – – – 32.670 0.500
4B 52.250 1.440 0.220 – 0.002 – – – – – – 53.910 1.660
4C 68.000 1.110 0.130 – – – – 3.750 – – 0.004 72.990 4.990
4D 46.750 0.690 0.080 0.180 0.003 0.300 0.003 22.850 – 0.006 – 70.860 24.110
5A 02.860 1.140 – – – – – – – – – 04.000 1.140
5B – 1.140 – – – – – – – – – 01.140 1.140
5C 19.000 0.890 – 0.990 0.004 – – 0.210 – – – 20.880 1.880
5D 14.250 1.230 0.050 0.250 – – – – 1.040 0.003 – 17.030 2.780
5E 08.820 – – – – – – – – – – 8.820 N.A.
6A – – – – – – – – – – – N.A. N.A.
6B – 0.190 – – – – – – – – – 0.190 0.190
6C – – – – – – – – – – – N.A. N.A.
6D – 0.010 – – – – – – – – – 0.010 0.010
6E – – – – – – – – – – – N.A. N.A.

Type: explanations of abbreviations see Fig. 6; N.A. – not available.
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Table 6. Ghuniyoli Watershed: Area in percent out of total watershed area under different hazardous geomorphic processes

Basic 
units

Hazard Type
Total  

hazardous  
area

Total  
hazardous area  
excluding “se”

se go gn gc fc aw df Ls sc sq mc [%]
1D 0.050 – – – 0.003 – – – – – – 0.053 0.003
2C 1.370 0.007 0.024 – – – – – – – – 1.401 0.031
2D 0.710 – – – 0.004 – – – – – – 0.714 0.004
3A – – – – – – – – – – – N.A. N.A.
3B 5.870 0.024 0.005 – 0.003 – 0.300 – – – 0.004 6.206 0.336
3C 1.540 0.051 0.024 – 0.004 – – – – – 0.002 1.621 0.081
3D 2.050 0.022 0.009 0.041 – – – 0.010 – – – 2.132 0.082
4A 0.900 0.010 0.004 – – – – – – – – 0.914 0.014
4B 5.110 0.142 0.022 – 0.003 – – – – – 0.002 5.279 0.169
4C 6.650 0.110 0.013 – – – – 0.370 – – 0.004 7.147 0.497
4D 4.570 0.068 0.008 0.023 0.004 0.030 0.001 2.240 – 0.007 – 6.951 2.381
5A 0.140 0.059 – – – – – – – – – 0.199 0.059
5B – 0.112 – – – – – – – – – 0.112 0.112
5C 1.860 0.087 – 0.107 0.005 – – 0.020 – – – 2.079 0.219
5D 1.400 0.121 0.006 0.024 – – – 0.110 0.004 – 1.665 0.265
5E 0.070 – – – – – – – – – – 0.070 N.A.
6A – – – – – – – – – – – N.A. N.A.
6B – 0.001 – – – – – – – – – 0.001 0.001
6C – – – – – – – – – – – N.A. N.A.
6D – 0.002 – – – – – – – – – 0.002 0.002
6E – – – – – – – – – – – N.A. N.A.

Total 
Area 32.290 0.816 0.115 0.195 0.026 0.030 0.301 2.640 0.110 0.011 0.012 36.546 4.256

N.A. – not available.

Fig. 13. Area under different hazardous geomorphic processes out of total watershed area
A – excluding “se”, B – including “se”. Explanations of geomorphic hazards abbreviations see Fig. 6
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The Ghuniyoli Gad watershed encompasses 36% 
hazardous area while 4% hazardous area excluding 
surficial erosion out of the 10.22 km2 area of the 
watershed.

Assessment of potential geomorphic hazards

The watershed was classified using four degrees for in-
ferred instability (Fig. 15). There are 4.76% basic units 
where more than 50% of the affected area is suspected 
to be endangered (degree 4). There are 19.04% basic 
units where 25% to 50% of affected area is suspected to 
be endangered (degree 3). There are 38.10% basic units 

Fig. 14. Area under different hazardous geomorphic processes out of total hazardous area of watershed
A – excluding “se”, B – including “se”. Explanations of geomorphic hazards abbreviations see Fig. 6

Fig. 15. Types and corresponding degree of suspected in-
stability. d1 – in case of future mismanaged land use the 
instability is suspected, d2 – up to 25% of affected area 
is suspected to be unstable, d3 – 25% to 50% of affected 
area is suspected to be unstable, d4 – more than 50% of 
affected area is suspected to be unstable

Table 7. Ghuniyoli Watershed: Hazardous area out of total 
hazardous area 

Hazard type
Hazardous area 
excluding “se”

Hazardous area 
including “se”

[%]
se – 88.583
go 19.470 2.222
gn 2.730 0.312
gc 4.280 0.489
fc 0.040 0.005
aw 0.700 0.080
df 7.050 0.805
ls 63.250 7.222
sc 2.440 0.278
mc 0.020 0.002
sq 0.020 0.002
Total 100.000 100.000
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where less than 25% of the affected area has poten-
tial for future damage (degree 2) and 38.1% basic units 
where degree of instability (degree 1) is suspected to 
be high in case of future mismanaged land use. Maxi-
mum basic units were in favour of degree 1 and degree 
2 categories while minimum basic units were in favour 
of degree 4 category (Fig. 16). So deprivation of water-
shed is under the control of recovery and there exists 
possibilities to improve the degraded environment by 
mitigating the hazardous processes in watershed.

Conclusion

The study results showed that majority of land-deg-
radation problems or slope instability processes of 
the watershed are occurring along slopes under an-
thropogenic activities, especially agricultural and set-
tlement processes as well as deforestation. Terraced 
agriculture especially outwardly sloping agricultural 
terraces are found basically vulnerable for slope insta-
bility. Apart from the outwardly sloping agricultural 
terraces, degraded Pine (Pinus roxburghii) forest cover 
also contributed in the formation of highly active gul-
lies (during monsoon period) which ultimately leads 
to slope instability process. The assessment of slope 
instability bring up that the anthropogenic interfer-
ences boosted to the vulnerability of the watershed 
and completely altered the physical landscape on one 
hand and the cultural scenario on the other.

Land is the basic resource for the livelihood of 
the inhabitants and agriculture is still the mainstay 
of the entire population so preventive measures are 
required by the government to protect the sloping 
terraces. This land conservation can only strengthen 
the economy of the inhabitants and diminish the ge-
omorphic vulnerability of the watershed.
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