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ABSTRACT
The Siwalik hill of Nepal lies in between the two major thrusts; Main boundary Thrust and Main Frontal Thrust. Thrusting and
continuous erosion of material from surface causes several landslides and debris flow problem in the Siwalik region. Debris flow
commonly occurs after landslide during heavy rainfall in the steep slope. This paper described about the topographical and geological
controls on debris flow occurring in gullies in the Siwaliks of the Malai River catchment of mid-Western Nepal. The length of gully,
length of debris channel, area of debris channel, area of catchment of debris flow, area of gully without debris flow were found using
Google earth pro, a free version online database. Similarly, a form factor (F), average gradient of stream, slope area ratio and a
topographical factor (T) were calculated. Lithology and geological structure were studied in the field. The relation between each factor
was identified.
Gully having larger debris flow event had T value greater than 0.01 and that having small debris flow event had T value less than
0.01. Gully without debris flow had T value less than 0.001. Gully having debris flow had F more than 0.1 and that free from debris
flow had F less than 0.1. Both topograohic and form factors were found greater than 0.1 at the hanging wall of the Malai Thrust, where
large size debris flows were encountered. The T and F values obtained from the Middle and Upper Siwaliks were greater than 0.1.
The number of debris flow events and large debris flows were found high the in the Middle and the Upper Siwaliks, and hanging wall
of the Malai Thrust.
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INTRODUCTION

Various researchers have studied about the gully-type
debris flow mechanism in the past (Hua-yong, 2015; Mei, 2018;
Huang, 2019). Topography, geology and hydrology are three
factors playing a major role in the formation of ordinary gullytype debris flow (Liu et al, 2009). The major responsible
topographical factors include channel length, slope angle, slope
curvature, form factors and elevation different (Lin et al., 2002;
Lan et al., 2004; Ranjan et al., 2004; Catani et al., 2005; Chang
and Chao 2006; Chang 2007; Lu et al., 2007; Lee and Pradhan
2007; Chang and Chien 2007; Tiranti et al., 2008; Tunusluoglu
et al., 2008; Akgun et al., 2008). The formation mechanism of
the triggered debris flows is the runoff-induced mechanism.
Topography has influence on the formation of debris flows in
gullies with almost identical hydrological and geological
conditions (Li et al., 2015). Various factors are responsible for
the occurrence of debris flow but this paper aims to relate debris
flow occurrence due to topographic and geologic factors.

Debris flow is defined as a flow of mixture of sediment
and water in a way such that it acts as a flow of continuous
fluid driven by gravity. It achieves large movement from the
enlarged void space saturated with water or slurry (Takahashi,
2007). Debris flow is a flood in mountain region that carries
a bulk load with increased amount of sediment that leads it to
change into viscous mass comprising of water, soil, sand, gravel,
rock block and wood mixture flowing like lava into a valley
(Stiny 1910). Gully-type debris flow is very common in the
Siwalik Hills of Nepal. The Siwalik hills of Nepal lie in between
the Terai and the Lesser Himalaya. Due to an active thrust and
continuous erosion of material from the surface in rainy season,
several landslide and debris flow in the Siwalik region occur.
The debris flows commonly occur after landslide during heavy
rainfall in the steep slope and such debris flows constrained in
a narrow steep channel, therefore are considered gully-type
debris flows, which are different from the hill slope debris flow
(Vandine, 1985). The gully-type debris flows are triggered by
flash flood during heavy rainfall (Kean et al., 2013). During
flooding in the steep gully, the high-speed runoff causes erosion
on the bank and washes away the eroded materials.

STUDY AREA
The Malai River watershed is located in the west of
Tulsipur, Dang District of Nepal, and flows 25 km SE to NW,
almost parallel to the Babai River that falls in the Siwalik zone
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Fig. 2 Drainage map with debris flow channel of the Malai
River catchment

Fig. 1: (a) Map of Nepal, (b) Dang and Salyan Districts
showing study area, and (c) Map of the Malai catchment
of Nepal (Figs. 1 and 2). It is a tributary of the Babai River.
The catchment size of the Malai River is 78 sq. km, having
min. Elv. 484 m and max. Elv. 1210 m (Fig. 3). Altogether 67
gullies are present in the area, and 6 are sub catchment having
area more than 4 sq. km. The gullies without debris flow are
31 and with debris flow are 36 (Fig. 2). The minimum area of
debris flow channel is 1957 sq. m and maximum area is 242760
sq. m. The total area of debris channel is 1.178 sq. km and area
of channel without debris flow is 0.56 sq. km. The total area of
main channel of the Malai River is 1.81 sq. km. The maximum
slope of study area is 58 degrees and maximum area is covered
by the slope 10–30 degrees (Fig. 4).
Fig. 3: Elevation map of the Malai River Catchment

The climate of study area is sub-tropical. The winter is
very cold and summer is very hot. The rainfall is heavy and
occasionally intense during rainy season. The average annual
rainfall over the period 1986–2017 is in the range of 1400–3000
mm. More than 80 percent of rainfall occurs in rainy season.
In the year 2015, the maximum 24 hours rainfall was recorded
as 236.6 mm that was the highest rainfall within 24 hours since
2000. The total rainfall in three months (June, July and August)
in 2015 was 1397.6 mm. The rainfall pattern in every part of
study area is same.

and is bounded by Indo-Gangetic Plain at South and the Lesser
Himalayan zone at North. The Siwalik Group in the study area
is lithologically divided into three units; Lower Siwalik, Middle
Siwalik and Upper Siwalik in ascending order. The study area
consists of two major thrusts; the Malai Thrust and the Babai
Thrust. The Lower Siwalik consists of very fine to fine grained
greenish grey sandstone interbedded with variegated mudstone
where the proportion of mudstone dominates. The Middle
Siwalik consists of medium to coarse grained thickly bedded
sandstone with dark grey mudstone. The Upper Siwalik consists
of well sorted pebble and cobble conglomerate with thin layer
of mudstone and sandstone. The conglomerates beds are mostly
clay bonded.

GEOLOGICAL SETTING
The Siwalik zone is located between two major Thrusts;
Main Boundary Thrust (MBT) and Main Frontal Thrust (MFT),
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of the stream and the slope of outlet of the catchment to the
stream length. For the calculation of the gradient, the stream
can be divided into a number of sections, for each of which an
average gradient of the stream is calculated (Eq. 2).
Average gradient of stream in the formation area of
debris flow was calculated by using equation after Li et al.
(2015) as:
J = [SUM(Hi-1 +Hi)Li – 2HoL] /1000L2................(2)
where, J is average gradient of stream, Hi is elevation
of upper part of each section and H0 is elevation of lowest part
of each stream. Li is the stream length of each section and L is
the total length of debris flow channel.
The ratio of area of each catchment to area of potential
slope (S) was measured by using DEM of 30 m resolution
prepared by digitized topo map of 1:25,000 scales. The ratio of
area of each slope class and area of catchment is denoted as
‘S”:

Fig. 4: Slope map of the Malai River catchment

S = A/a…………………..(3)

METHODS

where, A = area of catchment and a = area of potential

DEM based data were used for analysis. The total length
and area of debris flow were identified from the Google earth
free online satellite image. Every gully with and without debris
flow was traced out by polygon. The catchment area of each
debris flow was measured by drawing polygon. Total area of
gully and area of debris flow of each gully were identified. The
debris flow inventory was prepared in the Google earth and
verified in the field. Data that had been prepared in the Google
earth were obtained in the Arc GIS and used to prepared a map.
The origin of debris flow was studied in the field and the
causative factors like slope geometry, curvature, geology and
nature of gullies were studied in the field. The thrust zone was
identified. Debris flow mechanism and occurrence were related
with the hanging wall and foot wall of the thrust. The sub
catchment of debris flow was sub divided in to source area such
as transporting and depositional area. In the field, the major
role of topographic factor for the debris flow occurrence was
focused so that only the sensitive gully for debris flow occurrence
could be selected. For the analysis of topographic factors, the
certain topographical parameters, such as: watershed area,
channel length, elevation different, average gradient of stream,
form factor, percentage of basin area with slope angle as
described by Li et al. (2015) were selected.

slope.
Gradient or slope of catchment plays vital role for the
formation of debris flow. In general, Flow velocity of water is
higher in the steep slope. Landslide and rock fall are very
common phenomena in the slope >400. During heavy rainfall
in the rainy season, the water having high velocity carries the
deposited materials and slope cutting materials with it. So, slope
is another important factor to occur debris flow.
Catchment size also determines the amount of debris
flow sediment. Larger the catchment area, larger the sediments
likely to be provided by landslide or any other mass movement
(Li et al., 2015). The large catchment area collects large amount
of water during heavy rainfall and flows with high speed towards
downstream that causes higher discharge in the channel and
debris flow.
Topographical factor (T) is the factor obtained from the
combination of form factor, catchment size, average gradient
of stream and ratio of slope class area and catchment area as
after equation of Li et al. (2015):
T = FJS(A/a)0.2

…………………(4)

Every topographical factor was analysed by using linear
regression. The relationship between each factor with debris
flow occurrence was identified.

The form factor F was calculated using the equation
developed by Li et al. (2015) as:
F= A/ L2 ..................................(1)

RESULTS

where, A is catchment size of each debris flow and L is
the length of stream in the catchment. According to Chang
(2007), under the same conditions, a watershed with a large
form factor has a higher likelihood to generate debris flows.

Among the 67 gullies, debris flow event was present
only in 36 gullies. But only 20 major gullies with debris flow
were selected for study. The debris flow is found higher number
in conglomerate bed in comparison with sandstone and mudstone
(Fig. 5).

The average gradient of a stream (J) was calculated as
the ratio of the elevation difference between the slope of origin
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Fig. 5: The bar diagram shows the debris flow present and
absent in the associated rock type

Fig. 6: Number of debris flow present and absent in the foot
wall and hanging wall of the Malai thrust

Most of the landslides and debris flows (Fig. 3) are
concentrated in the hanging wall of the Malai thrust (Fig. 6).
The thrust separates the Middle and the Upper Siwaliks hanging
wall from the Lower Siwalik foot wall.

Relationship between different factors was identified by
using general linear model. The relation between form factor
and area slope percentage, form factor and catchment size, form
factor and average gradient, average gradient and area percentage
of each debris flow gullies were analysed.

Five major factors were considered for the debris flow
analysis. Form factor (F), slope percentage (S), average gradient
of stream (J) and topographical factor (T) (Table 1). It is
considered that higher the form factor higher the discharge of
water and higher the possibility of debris flow. Similarly, higher
the catchment area, higher will be the flood possibility. The
higher value of topographical factor is considered as the higher
possibility of debris flow.

It was assumed that there should be positive relation
between each factor. But the relation was not satisfactory to
conclude the result. Every debris flow occurred during the
intense rainfall. The gullies of same topography without debris
flow and with debris flow were compared. For the further
verification and identification of gully-type debris flow
mechanism, geological study was done.

Table 1: Geological and topographical factors of debris flow channel, Malai Khola watershed
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To verify the T factors, the values of T factors of the
gullies with and without debris flow were calculated and listed
in Table 1. Gullies having larger debris flow event have T value
greater than 0.01 and gullies having small debris flow event
have T value less than 0.01. T values of gullies without debris
flow were less than 0.001.

factors are higher in sandstone of the Middle Siwalik and
Conglomerate of the Upper Siwalik.

CONCLUSION
The rainfall conditions in the studied catchments were
roughly identical during the large rainfall event. A topographic
factor T is proposed as a single topographical indicator, which
may be used as an indicator of the formation of gully-type debris
flows. The major topographic factors related with the
development of debris flows are the catchment form factor, the
gradient of the stream channels, and the size of the catchments.
The topographical factor T is a combination of these three
factors and the area percentage of the catchment of terrain slopes
between 100–600. Initiation of debris flow is also controlled
by the local geological factor. Finally, the conclusion is made
the Probability of debris flow to occur increases with increase
of topographic factors in the thrust zone at weak sedimentary
rocks. It can be concluded that the topographical and geological
factors are mainly responsible for gully-type debris flow in the
study area.

DISCUSSION
Debris flow caused by long duration or short-term intense
rainfall may be generated from landslide or several soil erosion.
Takahashi (2000) studied about debris flow and concluded that
landslide, bedrock erosion and natural dam destruction are three
major causes to induce debris flow. In present study, slidetriggered debris flows were found negligible. Most of the debris
flows occurred due to erosion of weathered bed rock and old
colluvium during heavy runoff. The study area consists of weak
and fragile Cenozoic, alternate layer of sedimentary rocks like
mudstone, sandstone and conglomerate. The sandstone and
conglomerate beds are found very weak and easily erodible in
the study area.
It is found that most of the debris flow was occurred in
2015 AD. Maximum annual and 24-hour rainfall was recorded
in the very same year. An earthquake of 7.8 ML was occurred
in the same year. The debris flows are concentrated near and
along the Malai Thrust. The earthquake may have loosened the
slope material making them more unstable (Li et al., 1015).
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