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Abstract: 

The present research work focused on landslide 

susceptibility Mapping of Northern part of 

Uttrakhand which is highly sensitive for incidence of 

Landslides. The main aim of this study is to produce 

landslide susceptibility mapping using probabilistic 

and binary logistic regression models under GIS 

environment. In order to assess and generate the 

potential geo-environmental factors for integrated 

Landslide susceptibility mapping using remote 

sensing, GIS and field survey were performed. 

Important geo-environmental factors such slope, 

aspect, geology, lineaments density, Drainage density, 

land use land cover of the study area were used for 

landslide susceptibility mapping. The results obtained 

through this model for landslide susceptibility 

mapping shows good results under probabilistic and 

binary logistic regression models using ARC GIS for 

primary level land use planning and generation 

hazard mitigation plan in the area.  
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Introduction 

Landslide is a complex geological phenomena causing huge amount of loss to the life and property, it is 

termed as hazard when it occurs over a sparsely populated area because the amount of damage done by the 

landslide is very less, it is termed as a disaster when the damage done by the landslides is comparatively 

higher than the later part. Landslides are caused due to the slope instability which are devoid of vegetation in 

which the huge volume of rock is dislocated and moves down slopeunder the influence of gravity (Cruder , 

1991). According to (Hong et al. 2007 ; Nadim et al. 2006) landslides are the events of hazard causing huge 

amount of loss not only to  life and property but economic loss as well and (Teherzaghi , 1950) stated that 

instantaneous removal of soil sediments due to which the centre of gravity accelerates the downward pull of 

the dislocated material ,. Landslides can be categorized in many types depending upon the size of the material 

dislocated thus making it more kind of complex phenomena such as topples , rock fall, spreads , debris flow, 

mud flow, soil creeping , transitional slides (Varnes 1984) due to these complexities , there is not a single 

method to map hazard zones and risk evaluation (Guzzetti et al. 2005).. there are number of geo spatial and 

statistical methodologies which have been used by different researches such as fuzzy logic integration with 

likelihood ratio method (Fabbri and Chung 2003) , discriminant analysis and index of entropy method (Kim Y 

2014) Bayesian logistic regression (Ishwar Das , Vk dadhwal , Alfred stein , Norman Kerle 2011 & Wenping Li 

2014) , Logistic regression (Pradhan 2010 & Das et al. 2007) among all these methods best can be classified as 

“what” are the chances of the occurrences of  landslide or an event  and “when”(Guzzetti et al. 2005) but the 

magnitude   can be estimated by using the temporal data of landslides and sizes by using probability methods 

such as Poisson and binomial model validation. With the advent of GIS these mathematical and statistical 

models were generated and applied. 
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Study Area 
 

                              
 

                                                                                        Fig: 1 - Location of the study area.                                                                                       

 

The study area is located in the northern part of Uttrakhand lying in 44th UTM zone and having geographical 

extent of 30°59’11”N - 30°34’15”N and 78°15’22”E to & 78°44’24”E, covering a total area of 2455.56 km². The 

area is having physiographic variations; its northern part is covered with snow which represents the frosting 

and thawing activity on the rocks. The main central thrust divides the study area into two equal parts. The 

northern part is composed of central crystalline formation which consists of schist and phyllite showing larger 

intensity of landslides at higher elevation areas. The study area is having a rugged terrain. The area is having a 

minimum elevation of 715 m and highest elevation of 6253m. it has Bhagirathi(ganga)  river having a deep v 

shaped valleys at upper elevations and represents great amount of fluvial knick zones as identified by the 

basin asymmetry and other lithological and geomorphological  indicators. The soil which is there in the study 

area is basically porous therefore erosion takes place easily. 

 

Data Used and Methodology 
Landsat7 ETM+ (2002) satellite images were used for the study having a 30 m spatial resolution. All the bands 

were stacked and area of interest was cropped out from the image.  

Table: 1: Data used in the present work 

Data/ Year  Resolution 

LANDSAT ETM / (2002) 30m 

SRTM   DEM 90m 
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SRTM Digital elevation model was used in the present work with spatial resolution of 90m for terrain 

evaluation and generation important layers of the study area.  

The thematic layers were created by using Arc GIS such as slope, lineament Density, stream density, aspect, 

land use land cover and geology along with the present landslide inventory map. Each layer was resampled at 

150m * 150m pixel size so that there could be equal number of rows and columns of pixels, the landslide 

inventory map was binarized as ‘0’ and ‘1’ as logistic regression model takes dependent variable as 

dichotomous which is ‘true’ or ‘false’ . All the thematic layers were converted into ASCII format and were put 

into the model in medcalc software to obtain the intercept and slope values of the independent variables after 

that these layers were integrated using raster algebra in Arc GIS to obtain the probability values of the study 

area by using natural jenks algorithm. 

                              
Fig:  2  Flow chart of methodology adopted in the present work 

 

 
Binary Logistic Regression Model 
 
Binary logistic regression model includes depend variable as dichotomous and depend variables should be 

categorical , it fits those values in the equation and generates the β coefficient values which depicts the 

contribution of each class of the geo environmental factor and those values ranges from -∞ to +∞ based on 

the maximum likelihood link function. Logistic regression measures the probability of the event happening 

over the event which is not happening in other words the probability of success over probability of failure in 

the form of odds ratio values. 
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The general logistic regression is in the form of:- 

 

ln⌈ ρ/(1-ρ)⌉ =log(odds)=logit=α+βx…………………………………………………….…1 

where, 

Ln = natural logarithm 

ρ = probability of the event 

α = intercept  

β = slope parameter estimate 

The main arrangement of the equation is as follows 

                       
Probability =   e^ (α+βx)/(1+ e^(α+βx) )  ……………………………………………………2 

Where:- 

α = intercept of the equation 

β = coefficient values of the predicted variables 

e = is the exponential function which is the base of the natural algorithm (2.72 approx). 

 

odds ratio = exp β………………………………………………………………………….3 

 

 
Input Thematic Layers and Their Interpretation 
 
LANDUSE LANDCOVER  
LULC refers to the natural and manmade features on the Earth’s surface and important component 

responsible for the landslide events to a great extent. Unsupervised classification was performed just to get 

the general view about the classes of the study area (2002) in which the output was in pseudo colour after 

that the supervised classification was performed on the study area, both the classifications were performed in 

ENVI software and   5 – 6 region of interest were taken from the three images for the above mentioned classes 

and merged to get a final classified map. Major Landuse (vegetation, water body, barren land, forest cover and 

snow cover) were identified on the basis of tone shape and size factor of visual image interpretation. 

 
DRAINAGE DENSITY 
Drainage density refers to the number of streams present in area . Drainage density was mapped in Arc GIS 

software using SRTM digital elevation model and all the hydrological processing were performed for drainage 

pattern evaluation and generation of drainage density map of the study area.  5th order stream was taken and 

density was calculated using focal stats and the resultant map was divided into three classes i.e. Low, medium 

and high. Greater the drainage density implies high bifurcation ratio of the rivers, drainage density usually 

means how well or poorly streams of the watershed are drained. Greater drainage density results in greater 

surface runoff in hard rock area and erosion in permeable rocks which tends to break. 
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                     Fig: 3   Landuse / Landcover map                                                  Fig: 4 Drainage Density map 
 
 

SLOPE 
Slope is nothing but the vertical height divided by horizontal height and tan inverse function gives the slope 

.the present slope map is generated with SRTM elevation model in ArcGIS and is divided into 5 classes i.e. 0° - 

12° , 12° - 22° , 22° - 32°, 32° - 42°  and  >42° .  As higher slope is more prone to landslides which are devoid of 

vegetation. In compare to the gentle slope areas therefore there is a positive correlation between landslides 

and slope angle. 

 
GEOLOGY 
The lithology of the present study area is divided in 6 types of formation such as central crystalline , Deoband 

group , Jutogh group , Rautgara group, Jaunsar and Martoli group in which Jutogh group consist of totally hard 

rock area composed of metamorphic rocks such as massive quartzite , inter bedded gneiss which has a very 

limited or no permeability there these types of rocks are more rigid and resistance to weathering it is basically 

connected to Deoband formation as they both belongs to Mezoprotozoic age and consist of shale , slate, 

quartzite and limestone. 
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                      Fig: 5  Slope map                                                                                         Fig: 6 Geology map 
 
 

        
 
                          Fig: 7 Aspect map                                                                          Fig: 8 Lineament density map 

 
 
LINEAMENT DENSITY 

Lineament refers to the any linear feature present in the area, it can be a fault, shearing, fracture, it is a type 

of discontinuity and weaker zones in geological formation.  lineaments  were identified using landsat  band 8 

(Short wave infrared) was taken and Gram Schmidt spectral sharpening filter was implemented in envi 

software for remote sensing then principal component analysis was also done in envi till 4th order because 

lineaments are not highlighted in 1st second and third order . Different classes such as vegetation, barren 

land, water body are filtered out in the first second and the third order only.Later on focal stats tool was used 

to calculate the density. 
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ASPECT 
An aspect map was also created in arc GIS which shows the direction of the slope in different categories, 

aspect has a strong influence over the microclimate of that region because of the incoming solar radiation and 

also influences the vegetation. 

  

                                                             
                                                     Fig:   9 Landslide prediction and training samples 

 

Results and Discussion  
 

Table: - 2 – Binary Logistic Regression Model output 

Variable Coefficient Std. Error P 

Aspect =FLAT -2.37128 0.51098 <0.0001 

Aspect =NORTH -0.69991 0.22410 0.0018 

Aspect =NORTH EAST 0.25987 0.13489 0.0540 

Aspect =EAST 0.87558 0.11071 <0.0001 

Aspect =SOUTH EAST 0.52625 0.11079 <0.0001 

Aspect =SOUTH 0.23695 0.11912 0.0467 

Aspect =WEST  -1.12174 0.20762 <0.0001 

Aspect =NORTH WEST -1.10007 0.23659 <0.0001 

Aspect =NORTH -1.86145 0.34945 <0.0001 

Drainage Density = LOW -0.23895 0.070106 0.0007 

Drainage Density = HIGH -0.31478 0.082887 0.0001 

Geology = RAUTGARA -2.25952 0.13357 <0.0001 

Geology = JAUNSAR -1.22849 0.10073 <0.0001 
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Fig: 10 Landslide probability map of the area. 

 

According to the output of the model , the most favourable geo enviornmental factor was high lineament 

density which has generated the coefficient value of 2.67 followed by barren steep slopes 1.06 and 1.75. 

Drainage Density was not not much favourable since it is showing negetive correlation , geology excluding 

central crystalline rock formation is favourable but the remaining rautgara , jutogh and deoband are the least 

effective towards the landslide events as they are composed of hard rocks such as quartzite so , they are not 

easily weathered because of their low porousity.Aspect excluding south and south east are the least 

favourable as they have olso generated negetive values in the model this is because south and south east 

slopes generally gets least amount of sunlight in compared to the other directions of the slope therefore 

Geology = DEOBAND -4.82583 1.00113 <0.0001 

Lineament  Density = LOW 1.82141 0.11809 <0.0001 

Lineament  Density = HIGH 2.67906 0.45290 <0.0001 

Lulc = SNOW COVER -0.84068 0.36209 0.0202 

Lulc = VEGETATION COVER 0.65544 0.11394 <0.0001 

Lulc = BARREN LAND 1.75366 0.079345 <0.0001 

Slope =0 - 12° -0.64249 0.14052 <0.0001 

Slope =12 - 22° -0.61382 0.089003 <0.0001 

Slope =32 - 42° 0.58368 0.073138 <0.0001 

Slope > 42° 1.06612 0.10842 <0.0001 

INTERCEPT -4.6151  
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resulting in landslide events in the south east and south slopes much more. The final map was classified in 

terms of probability in which the values were between 0 – 0.97 fom very low to very high. 

 

Conclusion 
 
In the present study, the probabilistic modelling of landslide was carried out in the northern part of North 

Uttarakhand by using binary logistic regression. Various thematic layers affecting landslides were prepared 

using geospatial techniques and interpretation skills. Each layer was assigned the statistical weight from the 

output of the model and integrated to get the probability values. The remotely sensed data  along with Gis 

and statistics came out to be very useful and important for landslide proability and can be used for 

implementation over a larger area and their validation using ROC  curves ,planning and decision making tasks 

of policy makers. 
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