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Abstract
The Landslide happens in mountainous regions due to the catastrophe of slope through 
intensive rain and seismicity. The Himalayas is one of the susceptible parts of the world 
in the perspective of slope catastrophe hazard; i.e., Mass Movement, especially Neelum 
valley is considerable destruction of community infrastructure, highway, and critically 
disturbed the tourism segment. Landslide is a common and recurrent phenomenon in the 
northern mountainous terrain of Pakistan such as District Neelum. After the 2005 Kash-
mir earthquake, the importance of landslide investigation is increasing. The purpose of 
this research is to establish a brief landslide inventory and to determine the relationship 
of landslides with causative factors by spatial distribution analysis. With the aid of Google 
Earth imageries and field visits, a total of 618 landslides were identified in the study area of 
3621 km. These landslide localities compared with causative factors. Finally, distribution 
maps are generated and analyse their feature class through Digital Elevation Model and 
ArcGIS. Landslide intensity is calculated in terms of landslide concentration. Landslide 
concentration (LC) is significantly found very high in slope gradient less than 30 (1.21) and 
the first 100 m zone around the road network (15.06). A bit higher landslide frequency is 
noted in east orienting slopes. In the first 100 m, zone road network and drainage networks 
are 83.49% and 62.78% of the total landslide occurs having LC value 4.6, respectively. The 
analysis shows that the steep slopes, an area closer to the road network, drainage network, 
barren lands, and Quaternary alluvium of loose material are more susceptible to landslides. 
In addition, a landslide classification map is also prepared on the basis of field observation 
that shows that debris slides are more dominating.
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1  Introduction

The Himalayan belt due to its, topography, geology, environment, and massive tectonic 
activity, is susceptible to landslide (Sarwar et al. 2016). It has been considered that 30% 
of the world landslide happen in these Himalayan series (Khan 2000). The Neelum Dis-
trict lies in the northeast of the Muzaffarabad and is the part of lesser and higher Hima-
layan Pakistan.

The word landslide refers to the downward movement of a rock mass, debris, or earth 
under the influence of gravity (Cruden and Varnes 1996). Various triggering factors like 
intense rainfall, earthquake, and anthropogenic activity cause landslides. In developing 
countries like Pakistan, a landslide is one of the major disasters responsible for fatali-
ties, damages of the communication links, loss of fertile soil, and economic losses in the 
mountainous areas (Jadoon et al. 2015; Petley et al. 2006). Particularly, northern part of 
Pakistan such as Neelum district, AJ&K lies the part of lesser and higher is character-
ized by steep slopes (Sato et al. 2007), active tectonics, fragile rocks units, and heavy 
monsoon rains that makes the area more prone to landslide. This instability has caused 
many slope failures in the region. Particularly, the slope failures occur mainly along the 
main road built in the mountain environment (Ali et  al. 2017). In addition, deforesta-
tion has further accelerated the problem of mass wasting in the region (Basharat 2012; 
Kamp et al. 2008; Owen et al. 2008; Sudmeier-Rieux et al. 2007).

In Pakistan, landslides occur regardless of the time frame and slope parameters for 
its geomorphological and climatic conditions. Nevertheless, its existence becomes more 
conspicuous by the elements of high values economically downslope such as casualties, 
economic losses, and injuries (Tan et al. 2020). Especially, the Northern area of Paki-
stan which is prone to severe landslide because of the young Himalayas and throughout 
the active fault zone. The most critical fault line exists and stretches as far as in the study 
area, which making the area highly prone to natural disasters, including landslides.

The Neelum road is the main connected path with interior districts of Kashmir and 
Pakistan. The road has been badly affected due to landslide during the rainy season 
and cause road blockage many days to weeks. The blockage effects the life and tourism 
sector. A huge number of the landslide were also triggered along this highway during 
the 2005 (Basharat and Rohn 2015) Kashmir earthquake which causes blockage of the 
road for many days (Basharat 2012). The Donga Kass and Panjgran, landslide were the 
most significant that reactivated during the 2005 Kashmir earthquake along this road 
(Basharat and Rohn 2015).

To reduce the effect of landslides, avoidance is the most useful mitigation measure 
(Hussain et al. 2017). Therefore, modern, and emerging techniques like digital elevation 
model (DEM), high resolution satellite data, and geographic information system (GIS) 
are very useful for hazard analysis, landslide susceptibility mapping, and risk assess-
ment. Establishment on the result of these observations, mitigation measures such as 
structural measures (check dams, debris basins) or non-structural measures could be 
taken to reduce the risk (Ayalew and Yamagishi 2005). In order to minimize the dam-
ages due to mass movement in the future, this study has focused on producing a GIS-
based landslide distribution maps and analysis with respect to many geological and top-
ographical factors (Regmi et al. 2016) for district Neelum. The present study focused to 
understand active landslide, investigate the mountain geomorphic hazards distribution 
probability by assembling historical landslide evidence (Zhou et al. 2020). This study is 
the first attempt and will contribute as a primary database for future landslide research 
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in this area. In addition, it will be helpful for planners and other concerned authorities 
to mitigate the landslide hazards in the region (Fig. 1).

2 � Materials and methods

2.1 � Study area

The study area is mainly hilly and mountainous with valleys and stretches of plains (Bou-
hadad et al. 2010; Kiani et al. 2005) The elevation ranges between 730–3600 m (Fig. 2). 
The steep slopes and escarpments are prominent features of the area. The entire region is 
drained by the Neelum River and its tributaries. Due to extremely difficult terrain, the Val-
ley is divided by its forested, north facing left bank (Sudmeier-Rieux et al. 2007). The right 
bank is South-facing to a large extent deforested.

2.2 � Geology and tectonic setting

The area comprises of lesser to higher Himalayas (Fig. 3). Rocks of lesser Himalayas have 
composed of Precambrian Tanol Formation intruded by the (Mughal et  al. 2016) Cam-
brian Mansehra—type granites (Calkins et  al. 1975; Wadia 1931) and Tectonically, the 
main boundary thrust (MBT) demarcates the boundary between the lesser and the Sub-
Himalayas at Nauseri area. The rock units of the Sub-Himalayas are composed of sedi-
mentary sequences (Greco 1989; Hutchinson 1988; Naseer et al. 2019; Pierson et al. 1993) 
and extend to the southern end of the study area. The general strike direction in the area 
between Tithwal and Kel is northwest-southeast. The general dip direction from Titwal to 

Fig. 1   the regional tectonic map shows the major tectonics features in northern Pakistan (compiled after 
(Baig and Lawrence 1987; Basharat 2012; Wadia 1931)
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Fig. 2   Digital elevation model (DEM) of the study area

Fig. 3   Geological map of the study area (Source: AKMIDC)
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Salkhala village is northeast and from Salkhala to Kel, the general dip is in the opposite 
direction i.e., southwest. There is a distinct syncline, the Salkhala syncline, between the 
villages of Shahkot and Salkhala with its axis running east–west and plunge toward east. 
Folds are generally open parallel type which is not noticeable features in the area. There 
are noticeable faulted contacts such as Barrayn, Bata, Lala and Loat Fault.

3 � Data

3.1 � Data collection

Initially, previous literature regarding landslide spatial distribution was collected and thor-
oughly reviewed.

A variety of research techniques was used to collect field data. Prior to the fieldwork, 
topographical and geological maps were collected (Kanwal et  al. 2017). To obtain the 
expected results, questionnaires were designed to collect information regarding locally 
understood causes within the study area. Most of the data were obtained through a ques-
tionnaire survey and observations during field trips.

Landslides were marked using different conventional and new emerging (Shafique et al. 
2016) techniques i.e., field visits and remote sensing technologies. Google earth image-
ries and satellite imagery were used to identify landslides in the study area which were 
not accessible through field surveys. Hence, a brief landslide inventory was prepared using 
ArcGIS. Then, different causative maps like slope, aspect, curvature, elevation, and drain-
age were derived from the SRTM digital elevation model (DEM) (Fig. 4).
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Fig. 4   Process flow diagram of the research work
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3.2 � Landslide inventory

The landslide inventory of the study area was prepared based on field investigation as well 
as by the visual interpretation of Google imageries (Sato et al. 2007). The final landslide 
inventory contains 618 landslides out of them 138 landslide were marked during field vis-
its. These landslides were converted from polygons to point feature in ArcGIS for spatial 
distribution analysis. Most of the landslides were found along drainage and road network in 
the study area because all these geo-environmental and human factors have a great deal in 
triggering of landslides (Bibi et al. 2016) (Fig. 5).

3.3 � Landslide special distribution analysis

The data development is the first step before performing special data analysis to contract 
landslide causative factors. To develop a different factor map, for that, some of the previ-
ous data are carried out according to its own purpose. Preparation of landslide spatial dis-
tribution map concerning different geo-environmental factors involves large data sources. 
Therefore, performing spatial analysis requires a spatial database for the study area, and a 
variety of software was involved for achieving certain valuable information. geographic 
information system (GIS) 10.4,1 was used for mapping, digitization, and analyzing the data 
collected from various sources. Data in the form of tables and flow charts were prepared 
and presented by using MS office. The location of landslide and attribute data is organized 
firstly in MS Excel for graphical representation.

The maps are obtained by various sources were scanned and saved in JPEG or TIFF 
format having no spatial reference. Therefore, to make these maps spatially recog-
nized, geometric corrections were applied according to the world geodetic system 1984 
(WGS 84). After geo-referencing, these maps are transformed into Projected Coordinate 
system UTM zone 43  N to get the distances in the meter for some map analysis like 
slope map, fault and drainage buffers, etc. Then correlation was carried out between 

Fig. 5   Landslide inventory illustrates distribution of landslides within the study area
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geological units and topographic factors like slope, aspect, elevation, curvature, drain-
age, etc. Many distribution maps were generated concerning each causative factor.

The digital elevation model (DEM) of 12.5 m resolution, for developing the factor 
map by using “Spatial Analyst” to make elevation, slop, aspect, and curvature maps. 
Some of the calculations are made to estimate the area in km2 of each feature class i.e., 
slope category, elevation range, land use type, etc.

Hence, no. of pixels containing each feature class of the causative factors is multi-
plied with the above factor to calculate the area in a square kilometer.

3.4 � Elevation

Elevation plays most important role in slope failures, and the Neelum district has a 
higher altitude elevation at higher altitudes the weathering process become more intense 
due to heavy precipitation in addition to the frost action caused by drop and tempera-
ture, so landslide concentration can be expected more (Norini et al. 2016; Waseem et al. 
2018) A larger part of the study area lies between the elevations from ranges 1500 to 
4500 m (Fig. 6). Some higher peaks more than 4500 m are also present. The minimum 
elevation of the area is 1014 m, and the maximum elevation is 5105 m.

Area in km2
= No. of pixels per class × 0.0001563.

Fig. 6   Map showing distribution of landslides with respect to elevation of study area
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3.5 � Slope gradient

It is also the main factor of landslide occurrence. If the slope angle is gentle, the shear 
stress will be low effective and landslide frequency will be expected low (Sandyavitri 
2016). And if the angle is steeper it will be more effective of shear stress. In the present 
study, slope gradient map was prepared from SRTM (DEM) by using ArcGIS software. 
The gradient was classified into eight classes having interval i.e., 10 (Fig. 7).

3.6 � Slope aspect

Slope aspect is also another causative factor of slope instabilities (Brawner and Wyllie 
1976), as the orientation of the slope controls the ground surface to some certain weath-
ering agents and in winter seasons the alternate process of frost thawing and subsequent 
melting on the exposure of the surface to sunlight which is control by slope orientation 
(Romana 1985). Slope aspect usually represents the direction facing of the terrain surface. 
A Slope aspect map was prepared from SRTM (DEM). The aspect was classified into eight 
classes using ArcGIS (Fig. 8).

3.7 � Slope curvature

The curvature of the slope shows the shape of the slope. It is one of the controlling factors 
for slope failure (Nefeslioglu et al. 2008). Where slope failure occurs, Curvature is respon-
sible for the geometry of slope (Abbasi et al. 2002), water concentration or run off spread-
ing becomes a vital cause of shallow sliding depend upon the curvature of the area (Baig 
and Lawrence 1987; Xu et al. 2014).

Fig. 7   Map shows distribution of landslides with respect to different slope classes of study area
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Slope curvature also controls the flow of water along slope (Ayalew et al. 2004). Cur-
vature standards were comprehensively used for intersection plane surface. The curvature 
analysis permits categorizing the part into concave and convex to identify regions that are 
prone to mass movements. A positive curvature value specifies an upwardly convex surface 
while the negative specifies an upwardly concave surface. The curvature map and profile 
curvature map were created in ArcGIS. One class is convex which shows positive values, 
and the other class is concave which shows negative values (Fig. 9).

3.8 � Distance to drainage

Distance to stream or drainage is also considered as another causative factor of land slid-
ing because groundwater movement in hilly areas cuts the toe frequently (Sudmeier-
Rieux et  al. 2007). The study area is comprised of a large drainage network. The drain-
age network of the region was extracted from the digital elevation model (DEM) by using 
Arc GIS  environment through Watershed analysis.  In the extracting procedure calculate 
Fill, Flow Direction, and then Flow Accumulation with the help of Spatial Analyst Tool 
and Hydrology Tool in GIS. The Flow Accumulation map is the visualization as a drainage 
pattern.

To assess the influence of hydrological network and landslide concentration in the study 
area, a classified map was prepared having different zones of increasing distance from the 
drainage network (Fig. 10).

3.9 � Distance to road

Road network is also a causative factor of landslide occurrence (Sudmeier-Rieux et al. 
2007; Yalcin et  al. 2011) Excavation for roads development and moment of transport 

Fig. 8   Map shows distribution of landslides among different slope orientation
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vibrate the unstable steep slopes in a hilly area, which causes slope failure (Highland 
and Bobrowsky 2008; Sato et al. 2007). To locate its bearing on slope stability, the road 
map was appropriately digitized using a topographic sheet of Neelum district, Kashmir 
on the scale of 1:500,000 prepared by the Geological Survey of Pakistan. Consequently, 
a highway buffer map was prepared through GIS (Fig. 11).

Fig. 9   Map shows distribution of landslides with respect to curvature

Fig. 10   Map shows distance of landslides from drainage network
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3.10 � Lithology

Landslide is also dependent on the nature of rock units. Generally, the majority of land-
slides occur in formations having loose or fragile lithology that give ease in mass move-
ments (Norini et al. 2016). To determine the relationship of landslide occurrence with 
lithology.

The study area mainly consists of eleven lithostratigraphic units in which the Pre-
cambrian Naril Group covers 9.75%, Precambrian Tannol Formation covers 36.33%, 
Precambrian Kundal Shahi Group covers 4.31%, and the Upper Paleozoic to Mesozoic 
Surhgun Group covers 29.01% of the study area. The Neelum granite cover 14.29% 
of the study area. The Glaciar Deposits cover 1.93% while the alluvial deposit covers 
1.44% of the study area (Fig. 12).

4 � Results and discussion

4.1 � Landslide classification

Landslide classification is carried out by field observation. These are classified based 
on nature of movement and material involved (Cruden and  Varnes 1996), and a clas-
sification map is prepared. The study area mainly comprises debris slides, followed by 
a rockslide, rock fall, and debris fall (Table 1). Figure 13 shows comparison of different 
landslide types and their%age. Debris slide is the most dominated landslide type in the 
study area. Because of quick actions of weathering and erosion (denudation) in hilly 

Fig. 11   Map shows distribution of landslides from their proximity to road networks
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Fig. 12   Map showing distribution of landslides with respect to geology

Table 1    Landslide type in the 
study area

Slide types No. of landslides % of total 
landslides

Debris sfiglide 79 57.24
Rock slide 26 18.84
Debris fall 19 13.76
Rock fall 14 10.14
Total 138 100
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Fig. 13   Graph chart shows dominance of different landslide types
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terrain, a good amount of thick soil and regolith is produced which is further dislocated 
as debris slide.

4.2 � Spatial distribution analysis

After establishing a brief landslide inventory (Shafique et  al. 2016) by field visits and 
Google Earth imageries, the analysis of these landslide occurrence was carried out by dif-
ferent causative factors including geological and topographic factors with the aid of distri-
bution maps. The results of these spatial distribution analysis are given in detail below.

4.2.1 � Landslide concentration (LC) as a function of slope gradient

The relationships between slope angle and landslides are shown in Table 2 and Fig. 14. 
Most landslide occurrence (33%) is in a slope of 21–30°. The second highest landslide 
occurrence (29.77%) is in a slope of 31–40°. The slope classes of 11–20 and more than 
41–50 have an equal percent age of landslides i.e., 12.62%. And above 60° it reduces to 
only 0 to 0.97%. The analysis shows that most of the landslides (62.77%) have occurred in 
low to moderate slope (Xu et al. 2014) i.e., 21–40°. In case of high slope angles, the weight 
of slope material directly and efficiently transformed to the ground by the toe, and slope 
stays stable unless (Buss et al., 1995) any strong activity occurs or toe removal takes place 
by any natural or human activity (Taherynia et al. 2014). The Landslide concentration ratio 
has the highest value (0.47) in 0–10°. And declines to 0.378 in 21–30°, 0.371 in 0–10° 
and declines to 0.378 in 21–30°, 0.371 in 11–20°, 0.33 in 51–60°, 0.29 in 61–70°, 0.24 in 
31–40°, and 0.18 in 41–50.

4.2.2 � Landslide concentration as a function of elevation

In the present study, a factor map of elevation was classified into eight classes as 
shown in Table 3 and Fig. 15. The analysis of landslide and elevation reveals that most 
landslides events (36.89%) occurred at the elevation between 1014–1500  m. While, 
the other prominent elevation classes in decreasing order of landslide occurrence are 
2000–2500 m (31.06%), 1500–2000 m (29.12%), 2500–3000 m (2.58%), 3000–3500 m 
(0.32%), 3500–4000 m (0%), the elevation class 4000–4500, and 4500–5105 m. Most 

Table 2   Relationship between 
landslides and slope angle

Slope (°) Area (km2) Area % Land Slides L.S % L.S 
concen-
tration

0–10 58.54 2.75 28 4.53 0.47
11–20 210.18 9.89 78 12.62 0.37
21–30 539.37 25.4 204 33 0.37
31–40 740.29 34.86 184 29.77 0.24
41–50 432 20.34 78 12.62 0.18
51–60 120.89 5.69 40 6.47 0.33
61–70 20.6 0.97 6 0.97 0.29
71–80 1.47 0.06 0 0 0
Total 2123.38 99.96 618 99.98 2.25
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of the landslides have occurred in elevation range from 1014 to 2500  m (97.07%). 
While at higher altitudes collectively comprise only 2.9% of total landslides.

Landslide concentration ratio has the highest value (4.96) in 1014–1500  m. And 
declines to 1.08 in 1500–2000 m, 0.47 in 2000–2500 m, 0.02 in 2500–3000 m, 0.004 
in 3000–3500  m, and the elevation 3500–5105  m. At lower altitude, landslide con-
centration is high, this is due to the fact of main road networks and major streams 
of the area which lie in this zone and are influential causes for landslide occurrence 
(Sandyavitri 2016).
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Fig. 14   Spatial distribution analysis of landslides with respect to slope gradient

Table 3   Relationship between 
landslides and elevation

Elevation (m) Area (km2) Area% Land Slides L.S% L.S 
concen-
tration

1014–1500 45.87 2.16 228 36.89 4.97
1500–2000 165.53 7.79 180 29.12 1.08
2000–2500 407.66 19.19 192 31.06 0.47
2500–3000 579.94 27.31 16 2.58 0.02
3000–3500 475.75 22.4 2 0.32 0
3500–4000 310.74 14.63 0 0 0
4000–4500 127.19 5.99 0 0 0
4500–5105 10.65 0.5 0 0 0
Total 2123.33 99.97 618 99.97 6.54
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4.2.3 � Landslide concentration as a function of slope aspect

The aspect analysis of the study area shows that it comprises more or less an equal 
amount of area in all orientation categories. However, east orienting slopes are a little 
more than other orientations (Barredo et al. 2000); followed by the southeast and north-
east directions (Table 1).

Most of the landslides (27.83%) have occurred in the east direction; followed by 
the southeast (24.91%), south (22.97%), southwest (11.97%), northeast (7.44%), north 
(3.55%), the west has equal% to the northwest (0.647) (Table 4).

The highest landslide concentration (1.18) is also found in eastward orienting slopes 
and gradually declines in the southeast (1.17), northeast (1.04). It has the same value 
of 1.00 in southwest and west directions, then it declines to the south (0.92), northwest 
(0.79), and north (0.63) (Fig. 16).
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Fig. 15   Spatial distribution analysis of landslides with respect to elevation

Table 4   Relationship of 
landslides with slope aspect

Slope aspect Area (km2) Area% Land slides L.S% L.S con-
centration

N 249.87 11.76 22 3.55 0.08
NE 234.76 11.05 46 7.44 0.19
E 310.1 14.6 172 27.83 0.55
SE 310.99 14.64 154 24.91 0.49
S 282.73 13.31 142 22.97 0.5
SW 275.7 12.98 74 11.97 0.26
W 235.58 11.09 4 0.647 0.01
NW 223.6 10.53 4 0.647 0.01
Total 2123.33 99.96 618 99.964 2.09
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4.2.4 � Landslide concentration as a function of slope curvature

The curvature of the study area was classified in two classes. Most of the study area lies in 
convex curvature i.e., 81.67% of the total area. While 18.32% of the area has a concave cur-
vature. Spatial relationships between landslide and curvature shows that more landslides 
occur on the convex side (70.87%) as compared to that of concave curvature (29.12%) 
(Table 5). Spatial distribution analysis of curvature and landslides are shown in Figs. 14 
and 15. Landslide concentration is 0.46 in concave slope, and it decreases to 0.25 in convex 
slope.

4.2.5 � Landslide concentration as a function of lithology

Precambrian Tannol Formation covers 36.33% of the study area, Precambrian Naril Group 
covers 9.75%, Precambrian Kundal Shahi Group cover 4.31%, and the Upper Paleozoic 
to Mesozoic Surhgun Group covers 29.01 of the study area. The Neelum granite covers 
14.29% of the study area. The Glaciar Deposits covers 1.93% while the alluvial deposit 
covers 1.44% of the study area Fig. 17.

Highest number of landslides (46.60%) are found in the Tannol Formation which is the 
most dominant rock unit of the study area. The second most landslide occurrence (15.53%) 
is in Neelum Granite. The third lithological unit concerning landslide dominance is Nanial 
group/Surgan Group Unit C–B having 9.70% of the total landslides. Surgan Group Unit B 
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Fig. 16   Spatial distribution analysis of landslides with respect to slope aspect

Table 5   Relationship of 
landslides with slope curvature

Curvature Area (km2) Area% Landslides L.S% L.S 
Concen-
tration

Concave 389.16 18.32 180 29.12 0.46
Convex 1734.21 81.67 438 70.87 0.25
Total 2123.37 99.99 618 99.99 0.71
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comprises 5.50% of the total landslides while the Glacial Deposit/Punjal Trips of 2.91% 
of the total landslides and the Alluvial Deposite/ Surgan Group Unit A having 2.58% of 
the total landslide. The Kundal Shahi Group having 1.94% of the total landslides while 
Surghan Group Unite C–B having 0% of the total landslide (Table 6). Landslide concen-
tration sharply fluctuates in all rock formations because each rock unit has distinct physi-
cal properties that assist or resist slope failures. The highest landslide concentration is in 
the alluvial deposit (0.521) because of its loose matrix and unstable binding framework 
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Fig. 17   Spatial distribution analysis of landslides with respect to slope curvature

Table 6   Relationship between landslides and lithological unit

Geological units Area (km2) Area% Landslides L.S% L.S con-
centration

Tannol formation 771.53 36.33 288 46.6 0.37
Neelum granite 303.48 14.29 96 15.53 0.31
Kuldan Shai group 91.7 4.31 12 1.94 0.13
Glacial deposit 41.11 1.93 18 2.91 0.43
Alluvial deposite 30.69 1.44 16 2.58 0.52
Naril group 207.03 9.75 60 9.7 0.28
Punjal traps 61.15 2.87 18 2.91 0.29
Surgan group unit A 69.33 3.26 16 2.58 0.23
Surgan group unit B 237.38 11.17 34 5.5 0.14
Surgan group unit C-B 268.15 12.62 60 9.7 0.22
Surgan group unit C-A 41.79 1.96 0 0 0
Total 2123.34 99.93 618 99.95 2.92
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it is more prone to landslides. The lowest landslide concentration is in Kudan Shai Group 
(0.13) (Fig. 18).

4.2.6 � Landslide concentration as a function of distance to drainage

Drainage network effects significantly in slope destabilization in hilly areas as streams 
cause undercutting of slope toes, and all drainage channels cause percolation of surface 
waters to the ground which is also responsible for slope destabilization especially where 
expansive clays are present (Agliardi et al. 2009).

To understand the influence of drainage on land sliding, a map is prepared to shows 
increasing distance zones with intervals of 100 m, 200 m, 300 m, and more than 300 m. In 
the first 100-m interval, 62.78% of the total landslides occur. In the next 100 m, 14.56% of 
the total landslides occur and in the area of 200 m to 300 m around drainage, 1.16% of the 
total landslides occur (Table 7). The area above 300 m is considered as one class and about 
21.03% of the total landslide is occurring in this zone. In the first 100 m around drainage, 
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Fig. 18   Spatial distribution analysis of landslides with respect to lithological units

Table 7   Relationship between 
landslide and their distance to 
drainage

Drainage (m) Area (km2) Area% Land slides L.S% L.S con-
centration

100 84.18 3.96 388 62.78 4.6
200 83.45 3.93 90 14.56 1.07
300 80.39 3.78 10 1.61 0.12
above 300 1875.34 88.31 130 21.03 0.06
total 2123.36 99.98 618 99.98 5.85
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the landslide concentration is 2.07, and then regularly declines to 1.18 in the 200 m zone, 
0.82 in the 300 m zone, and 0.62 in the more than 300 m zones (Fig. 19). As a result, land-
slide concentration is significantly high near to drainage network.

4.2.7 � Landslide concentration as a function of distance to road network

Human activities also cause significant slope destabilization in developing countries espe-
cially the roads that are built in a hilly area cause more ground failures as slope toes are 
instantly removed which causes sudden or gradual failures of ground (Hewitt 1999). To 
understand the effect of road networks over landslide distribution, a classified map of the 
road network was prepared to estimate the impact of distance to the roads. For better eval-
uating the role of roads in slope failure, four multiple buffers were developed along the 
roads. The developed buffer zones are 100 m, 200 m, 300 m, 500 m, and > 500 m from the 
roads. The first 100 m buffer encircles 1.613% of the total study area. 100–200 m buffer 
covers 1.538% of the study area. 200-300 m buffer covers 1.495% of the total study area. 
Next 300–500  m buffer c0vers 2.906 and above 500  m, 92.446% of the study area lies 
(Table 8). Only in the first 100 m distance 83.49% of the total landslides occurs, in the next 
100 m buffer zone landslide%age declines to only 4.85. In 300 m buffer from roads, only 
1.29% of the total landslides occurs. 500 m distance from the road network, only 1.9% of 
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Fig. 19   Spatial distribution analysis of landslides with respect to distance from drainage network

Table 8   Relationship between landslide and their distance to road network

Road (m) Area (km2) Area% Land slides L.S% L.S concentration

100 34.26 1.61 516 83.49 15.06
200 32.66 1.53 30 4.85 0.91
300 31.75 1.49 8 1.29 0.25
500 61.7 2.9 12 1.94 0.19
Above 500 1962.98 92.44 52 8.41 0.02
Total 2123.35 99.97 618 99.98 16.43



984	 Natural Hazards (2021) 106:965–989

1 3

the total landslide occur. Above 500 m distance from all the area is classified as one cumu-
lative class, and 8.41% of the total landslides occur in this class (Table 8).

In the first 100  m buffer, landslide concentration is 15.058 and in the next zone of 
200 m, it declines to 0.918. In the next 300 m it reduces 0.25, in next 500 m. It further 
reduces 0.194 and in the zone of more than 500 m, it slightly decreases to 0.026 (Fig. 20). 
Generally, landslide concentration has the highest landslide concentration near to the roads 
and shows a sharp decrease in moving away from the roads. This phenomenon is due to the 
disturbance created by human activities in road building which caused the imbalance of 
slope equilibrium by cutting the toes of steep mountainous terrain. And triggered a greater 
number of landslides near the road network. Away from the road network, the ground is 
more stable and safe as landslide concentration is very low.

5 � Discussion

Abundant measures and practices are used for landslide distribution modeling. Neverthe-
less, the greatest informal to use and comprehend performances with high precision pro-
vide outstanding landslide models. GIS-based approaches are accomplished for consider-
able calculation rate marked through the results of the current study.

This study was an effort to produce a landslide hazard distribution map by using digital 
elevation models (DEM), for simply extraction Geological and Geomorphic statistics sup-
plementary with landslides. We make a comprehensive field study and analysis to prepar-
ing reliable and valuable material for landslide distribution hazard inventory.

In the present study, the method of landslide spatial distribution analysis is too applied 
to determine and sort out different strongly influential causative factors that caused slope 
failures (Brawner and Wyllie 1976).
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In this method, a landslide inventory by the combination of Google Earth imageries and 
field identifications of the study area was established, and then identification and devel-
opment of causative factors were established that influence the landslides (Shafique et al. 
2016). By the overlay of landslides inventory with each causative factor map, landslide 
(Keefer 1984) distribution maps are prepared and analyzed in ArcGIS. And finally, the 
results are illustrated in tabular and graphical form for better interpretation and analysis.

A total of seven causative parameters were identified and developed including elevation, 
aspect, slope, curvature, lithology, and distance to drainage network and distance to the 
road network (Shahabi et al. 2015). Topographic factors like slope, aspect, elevation, etc. 
were derived from (SRTM) DEM of 12.5 m resolution using ArcGIS.

All these seven causative factors were rasterized and were used to calculate the area 
covered by each feature class and number of landslides present in the class to calculate the 
landslide concentration (LC). LC determines the° of severity of landslides and enumerates 
landslide intensity in a specific feature class of a causative factor (Carrara et al. 1999).

The slope gradient is a highly influencing causative factor for landslide (Chau et  al. 
1998) triggering in the study area. About 33% of the total landslides occur at a slope angle 
of 21–30°. Followed by the slope angle of 31–40° in which 29.77% of landslides are lying. 
Kamp et al. (2008) also concluded that slope gradient influence in trigging of landslides, 
and they concluded that the majority of landslides occurred at slope between 25–35°in 
Kashmir earthquake regions. But here in the study area, the slope class of 21°-30° is sus-
ceptible to land sliding in future as the majority of landslide frequency is occupied by this 
most dominating slope class.

Among all factors, the highest landslide concentration (0.478) lies in slope of 0–10°. 
LC value of other slope classes is as follows: 11°–20° (0.371), 21°–30° (0.378), 31°–40° 
(0.248), 41°–50° (0.180), 51°–60° (0.330), 61°–70° (0.291), and 71°–80° (0).

The second highest LC value (15.058) is of first 100  m zone around road network. 
Buffer zones are developed having increasing an intervals from the road network, having 
an interval of 100 m, 200 m, 300 m, 500 m, and more than 500 m. In the first 100 m buffer, 
landslide concentration is 15.058% and 83.49% of the total landslides occurs in this cat-
egory, in the next zone of 200 m, it declines to 0.918 and 4.85% of the landslides occurs in 
this category. In the next 300 m, it decline to 0.25. In next zone of 500 m, LC values fur-
ther reduce to 0.194 to possessing 1.94% of the total landslides. In the zone of more than 
500 m, it slightly increases to 0.02.

The occurrence of 83.49% of total landslides in just the first 100 m zone around the road 
network and then a gradual decrease on moving away from shows that the factor of human 
activity has a great dominance for slope destabilization by removing the slope toes which 
caused land sliding (Maerz et al. 2015).

The third highest LC value is found in the first 100 m around drainage i.e., 4.60. As it 
is concluded from results that distance to drainage also has an association with landslide 
occurrence. Drainage causes undercutting during flood seasons so becomes a causative fac-
tor for land sliding.

In other zones of drainage (Riaz et al. 2018), LC gradually declines to 1.07 in the 200 m 
zone, 0.12 in the 300 m zone, and 0.06 in more than 300 m zones. This shows stream net-
works significantly contributed to slope destabilization in the study area.

In the 2005 Kashmir earthquake, most of the landslides have occurred at a 25 m dis-
tance from drainage (Kamp et al. 2008). And in this case maximum landslides (62.78%) 
also occurred in the first 100  m zone around the drainage network. The Fourth highest 
landslide concentration, among all causative factors, is found in Alluvial Deposit (0.52), in 
other rock units, the second highest LC value is found in Glacial Deposit (0.43), in other 
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rock units, the third highest LC value is found in Tannol Formation (0.37), in other rock 
units, the fourth LC value is found in Neelum Granite (0.31), in other rock units, the Fifth 
LC value is found in Panjal Traps (0.29), in other rock units, the sixth LC value is found in 
Nanial Group (0.28), in other rock units, the seventh LC value is found in Surghan Group 
Unit A (0.23), in other rock units, the eight LC value is found in Surghan Group Unit C-B 
(0.22), in other rock units, the ninth LC value is found in Surgan Group Unit B (0.14), in 
other rock units, the tenth LC value is found in Kundal Shai Group (0.13). While Surghan 
Group Unit C = A Formation has a low LC value (0).

The Elevation is also a dominant causative factor of landslide occurrence. 36.89% of 
the total landslide occurs in the elevation of 1014–1500  m. Followed by the elevation 
of 2000–2500  m in which 31.06% of the landslide occurs. The third prominent class is 
1500–2000 m in which 29.12% of the landslide occurs. The highest LC value is found in 
4.96 in elevation class of 1014–1500 m. Followed by the elevation of 1500–2000 m (1.08). 
The third prominent elevation is 2000–2500 m which has a 0.47 LC value. Lower altitudes 
have more LC value because of their closeness to main streams and road networks of the 
area (Uzielli et al. 2008).

The Slope aspect is also an important causative factor in slope failures (Soomro et al. 
2012). The study area has a diversity of slope orientations. With few exceptions, a more 
or less equal%age of area is trending in all directions. However, Southeast orienting slopes 
are a bit greater (14.64% of the total area). The highest LC value (0.55) is found in east 
orienting. Then LC gradually declines in south (0.50), southeast (0.49), southwest (0.26), 
northeast (0.19), north (0.08), northwest (0.017), and west (0.016). East oriented slopes 
have high landslide occurrence because of a bit longer exposure to sunlight that gives rise 
to alternate freezing and melting of water especially in winter causing slope destabilization 
(Freeman at al. 2002).

Landslide distribution analysis concerning curvature of the area reveals that the major-
ity of the landslides (70.87%) are occurring in convex curvature, while 29.12% of the land-
slides is occurring in concave curvature. Most of the study area (81.67%) also lies in con-
vex curvature and 18.32% of the study area lies in concave curvature. LC value is high 
(0.46) in the concave slope as compared to that of the convex slope (0.25).

The Landslide classification map is also prepared on field observation which shows that 
debris slides are 57.54% of total landslides, followed by the rock slide (18.84%), debris 
fall (13.76%), and rock fall (10.14). The highest dominance of debris slides shows that the 
majority of the area possesses weathering product of loose materials as a form of rego-
lith which is easily dislocated by causative factors in a form of debris slides (Haines et al. 
2006).

6 � Conclusions

This research work applied landslide spatial distribution analysis to measure landslide 
characteristics for district Neelum, Azad Jammu and Kashmir, Pakistan.

The slope range of 21–30° is more vulnerable to landslide occurrence due to its domi-
nance and high frequency of landslides. Besides, an LC value of 0.47 is found in the slope 
class of 0–10°. The elevation range of 1014–1500 m contains the majority of total land-
slides i.e., 36.89%. And the LC value of 4.96 is also high in this class. The First 100 m 
buffer zone around the road network possesses about 83.49% of the total landslide, and 
the LC value is significantly high (15.05) in this zone. The First 100 m buffer zone around 
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drainage possesses 62.78% of the total landslides, and landside concentration is also high 
(4.60) in this zone. The LC varies between different lithological units. However, LC is high 
in quaternary deposits. Landslide frequency and LC value are a bit higher in the east direc-
tion as compared to other orientations. The most dominant type of landslide is debris slide 
(57.54%), followed by the rock slide (18.84%), debris fall (13.76%), and rock fall (10.14).
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