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ANALYSIS OF SINMAP IN LANDSLIDE SUSCEPTIBILITY MAPPING OF COONOOR 1 

WATERSHED, NILGIRIS, INDIA 2 

 3 

ABSTRACT 4 

Landslide susceptibility mapping is crucial for risk management in mountainous Nilgiris district, Tamil Nadu, India.  5 

In this study, the spatially distributed Stability INdex MAPping (SINMAP) model was used to develop a landslide 6 

susceptibility model for Coonoor watershed, which is based on a steady-state hydrologic model coupled with an 7 

infinite-slope stability equation. Shuttle Radar Topography Mission (SRTM) digital elevation model was utilized to 8 

compute the slope and other topographic parameters. In-situ data collection and laboratory tests were executed to 9 

estimate the hydro-geotechnical parameters.  A detailed field study was conducted, and 35 samples were taken from 10 

the landslide locations to perform laboratory tests to find the geotechnical parameters.  Also, an inventory landslide 11 

map was generated to evaluate the model performance. Statistical results of SINMAP show that, under the fully 12 

saturated condition, 58.96% of the region was found to be stable, 16.79% moderately stable, 8.72% quasi-stable and 13 

15.24% unstable. The Area under the Curve (AUC) value of the predicted result is 72.3% which infer that the 14 

underlying predictors perform good in classifying the outcome. Thus, the considered parameters in the model have 15 

played its part well in the classification of the region based on its stability. 16 

Keywords: Coonoor; GIS; Landslide Susceptibility map; SINMAP; Shallow landslide.  17 

1. INTRODUCTION 18 

Last few decades have faced worst diasaters, viz., floods, landslides, earthquakes, tsunamis and hurricanes, which 19 

prone a threat to human lives and property. Overall, landslides alone represents 9% of the natural diasaters which have 20 

happened worldwide during the 1990’s and this trend is likely to carry on in upcoming decades with the increase in 21 

population and urbanization along with the drastic changes in the climate pattern (Schuster 1996). 22 

The profound increase in the world’s population leads to drastic climate change and disastrous events.  Landslides are 23 

said to be one of the protuberant catastrophes around the world, most likely to occur in hilly terrain.  However, 24 

landslides are claimed to be the natural processes that are responsible for the channel maintenance, landscape 25 

formation, evolution, and sediment supply; it also serves as a mechanism to release sediment from the slopes of hills 26 

to the stream and rivers (Cendrero & Dramis 1996; Michel et al. 2014; Petley 2012).  Among various geological risks, 27 

landslides instigate more human loss and damages that costs billions of dollars. Few measures to mitigate these losses 28 

include the generation of maps that implies the landslide susceptibility, danger and risk. Over latest years, geographical 29 

information systems (GIS) is gaining its potential for spatial data management, analysis and manipulation. The Indian 30 

hilly terrains in the Himalayas, North, East and the Western Ghats region are extremely susceptible to landslides 31 

(Mandal & Mandal 2018).  The occurrence of landslide is triggered by natural and human activities  (Haigh & Rawat 32 



2012). The causal factors of landslides may broadly be classified under geological causes, morphological causes and 33 

social causes (Mandal & Maiti 2015). The strength of the terrain materials, their weathering property, presence of 34 

fractures and fissures, permeability and stiffness of the rocks fall under the geological causes. (Seshagiri Rao 2020). 35 

The tectonic and volcanic reflexes, erosion activity, type of vegetation, thawing and freezing activity are clubbed 36 

under the morphological causes. The excavation, construction, irrigation, deforestation, water leakage and mining 37 

from utilities are categorized under the human causes (Maina-Gichaba et al. 2013; Shit et al. 2015). 38 

With the invention of remote sensing and GIS techniques, the disaster monitoring and management sectors have 39 

benefitted extensively.  The mapping of landslide susceptibility zones has been done widely worldwide using 40 

numerous techniques and methodologies.  The zone mapping demarcates the spatial extent, which is likely to landslide 41 

occurrence.  The concerned region prone to landslides though triggered by external factors, the terrain properties and 42 

characteristics also influence the susceptibility of the region. Thereby, making it necessary to consider the triggering 43 

factors and causative parameters of the terrain.(Jennifer et al. 2020; Wang et al. 2014) 44 

The characteristics of catchments and its sediment yield and its relationship with the occurrence of landslides have 45 

accelerated the need for study based on hydrological, physically-based and spatially-distributed models (Bathurst et 46 

al. 2005; Michel et al. 2014). The hydrological and stability models coupled with DEM in the GIS platform are utilized 47 

to calculate the factor of safety (FOS), which facilitates the analysis of various potential circumstances or rainfall 48 

events (Corominas & Moya, 2008; Michel et al. 2014). There exist several stability models such as GEOtop-FS, 49 

SHALSTAB, CHASM, SHETRAN, SUSHI, TRIGRS, and SINMAP (Safaei et al. 2011). There are very few methods 50 

that adopt the terrain characteristics such as the geology of the bedrock, soil type, thickness and cohesive nature, land-51 

use/ land cover, vegetation type including the drainage of the terrain and the precipitation in the region. Among these, 52 

the SINMAP (Stability INdex MAPping) (Pack et al. 1998) adopts probabilistic approach that utilizes the geomorphic, 53 

hydrological and geotechnical features. SINMAP is an extension designed for ArcView GIS SINMAP, which is 54 

extensively applied in assessing the shallow transitional land sliding phenomena influenced by the shallow 55 

groundwater convergence.  The SINMAP approach is applicable to the shallow translational landsliding phenomena 56 

and is not functional in the case of analyzing deep-seated instability. The field information is essential for calibration, 57 

and the data required includes the soil and climate properties which are vastly inconstant in space and time.  The 58 

precision of the output is greatly reliant on the digital elevation model (DEM) and the software relies on grid-based 59 

sata structures.  The output stability indices are interpreted in terms of relative hazard, which could be assisted for 60 

reconnaissance-level and detailed mapping, given that the input data are reliable and precise (Pack et al. 1998). 61 

The current study is based on the the analysis on the landslide vulnerable zones in the Nilgiris district of Tamil Nadu, 62 

India, which is a disaster prone region with a history of significant landslide occurrence.  A notable event is one which 63 

occurred in Novemeber 2009, when the landslide befell at over three hundred locations in the region causing severe 64 

damages to the people and society leaving nearly fifty people dead and hundreds of people homeless (Ganapathy et 65 

al. 2010; Uvaraj and Neelakantan 2018).  Numerous landslides were reported within five days from 10th to 15th of 66 



November, 2019.  After 1978, this event has been declared as the major disaster in the district.  Ooty, Coonoor and 67 

Kotagiri are the regions profoundly affected by landslides in the district. 68 

The application of the SINMAP model over the region prone to shallow landslides triggered by rainfall has been 69 

implemented by various researchers in their study to predict the spatial distribution of the unstable zones (Zaitchik 70 

and Van 2003; Zaitchik et al. 2003; Calcaterra et al. 2004; Lan et al. 2004; Meisina and Scarabelli 2007).  71 

 72 

2. STUDY AREA DESCRIPTION 73 

The study area covers a part of Coonoor river watershed in the Nilgiris district, mountainous terrain in the North-74 

Western part of Tamil Nadu, India.  The Coonoor watershed has a catchment area of 45.4 km2 and extends from 75 

latitude 11°20¢00¢ ¢ N to 11°28¢00¢ ¢ N and longitude 76°40¢05¢ ¢ E to 76°49¢40¢ ¢ E in the Nilgiris district (Fig 1).  The 76 

watershed  predominantly consists of forest (38.7%), tea  estates (14.7%), cropland (11%), settlement (19.2%), and 77 

scrub land (29.2%) (Saravanan et al. 2019). The elevation of the terrain ranges from 1557 to 2638 meters above the 78 

sea level.  The basin has four distinct seasons, South-West monsoon (SW) and North-East monsoon (NE) ) from June 79 

to September, and October to December respectively, and the winter and summer season from January to February 80 

from March to May respectively. The average annual rainfall ranges from 1100 to 1600 mm/year, while most of the 81 

precipitation is predominant during the NE monsoon period.  The depth of the soil usually varies from one to three 82 

feet and that of the sub-soil from 3 to 5 m.  The soil gets saturated even during the low-intensity rains and water flush 83 

through the fissures rapidly. The geology is represented by the Charnickite group which comprises of two-pyroxene 84 

granulite, charnockite, banded quartz-magnetite quartzite and thin pink quartzo-felspathic granulite outcropping or 85 

covered by forest-cum-grassland (Guru et al., 2017). The rocks are metamorphic in nature and various geomorphic 86 

features comprised in this region are debris slope, denudational hill, denudational slope and plateau. The economy of 87 

this region depends highly on the cultivation of tea plantations, The temperature of the district ranges between 18℃ 88 

to 28℃ during summer and between 0℃ to 16℃ during winter. The viability of occurrence of landslides are abundant 89 

in the area, and mostly shallow translational debris slides and flows in cut slopes occur at the transportation routes 90 

(Jaiswal and Van Westen 2009).   91 

<Figure 1 Study area map of Coonoor watershed, Nilgiris, India> 92 

<Table 1 Materials and data source of the study area> 93 

3. HISTORY OF LANDSLIDES IN COONOOR WATERSHED 94 

As per the inventory record for the period 1987 – 2007, 1040 landslides have been compiled, which were triggered on 95 

116 different periods.  Out of 1040, 643 (62%) landslides were found to have been occurred at the railway slip regions, 96 

259 (24%) along the railroads, and the remaining 132 happened to have occurred at various other zones.  In the study 97 

area, shallow translational debris slides are predominant. Moreover, the inventory reports claim that there had been a 98 



frequent occurrence of landslides annually in the region (except 1995) with an average rate of 20 landslides per year.  99 

The first tragedy due to the monsoon occurred on November 4th, 1978, in which scores of people lost their lives due 100 

to drowning, house collapse and landslides.  Coonoor and Kotagiri region was profoundly affected due to this event.  101 

In the year 1979, heavy rain for 10 days was prevalent in November, which triggered landslides at various locations.  102 

Later, a massive landslide occurred on October 25, 1990; it buried 35 people alive in the Geddhai region.  A cloudburst 103 

induced another landslide event on 11th November 1993 which washed away a long stretch of highway between 104 

Coonoor and Mettupalayam and there were human losses too.  Following this event, on 11th December 1998, a massive 105 

boulder fell on the same highway which blocked the road for several days.  Later in December 2001, intense rainfall 106 

caused two major landslides in the highways itself.  On November 14, 2006 occurrence of continuous rainfall triggered 107 

several landslides in the Nilgiris district.  The major landslide in the recent past occurred in November 2009, which 108 

killed numerous lives and properties of the residents and government.  Nearly 60 landslides have been found to have 109 

occurred in the Kattabettu and Coonoor road, and a 60 m pit was found along the roadside near Aravenu.  This 110 

desperate event caused major damages to the utilities and the Coonoor region had no power supply for five days (7th 111 

to 11th of Nov, 2009) and the roads were also blocked due to damages, putting the people under greater struggle and 112 

distress.  This substantial calamitous event is considered in the present study to map the landslide susceptible zones 113 

in the Coonoor watershed region.  Figure 2 depicts the hourly and cumulative rainfall of three days (8.11.2009 to 114 

10.11.2009) on Coonoor watershed region. 115 

<Figure 2 Hourly and cumulative rainfall intensity of Coonoor watershed on 8 – 10 November, 2009> 116 

4. METHODOLOGY 117 

The infinite-slope stability model is the foundation of the SINMAP model.  Here, the gravity and friction components 118 

that aid in restoration of the plane are considered to be balanced on a failure plane with an addition to the negligence 119 

to edge effects (Hammond et al. 1992; Montgomery & Dietrich 1994).  The specific catchment area, its topographic 120 

slope and hydrologic wetness parameters contributes in the assessment of terrain stability of the model (Pack et al. 121 

1998).  The increase in the moisture of the soil is directly proportional to its pore pressure thereby causing a reduction 122 

in the effective normal stress, thereby shear strength.  This study assumes hydrologic steady state in the computation 123 

of pore water pressure.  The parameters involved in the model such as topographic variable are derived from the DEM 124 

and the other hydrological input parameters are provided in terms of upper and lower bounds due to their uncertainty.  125 

The stability index, which is obtained as the primary output from the model is defined such that the probability of a 126 

location being stable is assumed when the parameters are uniformly distributed over uncertainty ranges.  However, 127 

the instability arises when the combined parametric values lie within the bounds of uncertainty and variability (Pack 128 

et al. 1998). 129 

The primary data requirements include the hydrological data, geotechnical data, geographical data and field data for 130 

validation of the results.  The secondary data retrieved from the primary ones are fed into the model; they include, 131 

rainfall and hydrological conductivity from hydrological data, cohesion and angle of internal friction from 132 

geotechnical data and DEM from geographical data. The topographic wetness index which is reliant on hydrologic 133 



and geomorphologic condition is considered as a vital parameter in the evalution of slope stability.  These parameters 134 

are accounted in the model to compute the stability indices spatially over the region.  The SINMAP model has been 135 

simulated based on the rainstorm on November 2009, providing the value of effective precipitation, q as 90 mm/hr. 136 

<Figure 3 Methodology flow chart> 137 

 138 

4.1 Stability INdex MAPping (SINMAP) Model 139 

The Stability Index Mapping is a deterministic and spatially distributed model, which estimates the shallow 140 

translational landslides by using a steady-state hydrological model with infinite slope-stability equation (Pack et al. 141 

1998).  The depth of saturation is accounted as an estimate to determine the possibly unstable zones. The topographical 142 

parameters are determined DEM data with the integration of GIS.  Spatially varying Stability Index are determined 143 

from hydrological, topographic and soil characteristics.  Slope and contributing area are derived by using filled DEM. 144 

The factor of safety is represented as the fraction between the shear stress for failure and the shear stress for stability.  145 

Various landslide models are adopted to identity the variables in the equation:  146 
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Where,  150 

FS – Factor of Safety 151 

c1 – effective  cohesion (KN/m3) 152 

Cs – cohesion in soil 153 

Cr – cohesion in root 154 

γw – unit weight of soil (KN/m3) 155 

Zw – underground water level 156 

Z – soil depth from ground surface 157 

γ – unit weight of water (ton/m3) 158 

θ – slope of the terrain (°) 159 

ϕ – internal friction angle (°) 160 

The steady-state hydrological model (Eq. (4)) is used to estimate soil saturation, assuming that the maximum value of 161 

h/z is equal to 1. Then, if the value is >1, the overland flow is formed.  162 
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Where, 164 

W – saturation index (wetness) 165 

q – effective precipitation 166 

T – landslide soil transmissivity (m2/h) 167 

a – specific catchment area or contributing area 168 

The q/T rate determines the relative wetness in terms of uniform recharge state in relation to soil capability in drain 169 

water; moreover, it represents the saturation state of landslide rock mass or soil.  The term ‘steady state’ in the model 170 

does not represent long term average recharge, rather it denotes the rate of effective recharge which triggers landslides 171 

during the critical period (Pack et al. 1998).   172 

The value of saturation (W) ranges between 0 and 1, where 1 denotes complete saturation.  Based on the variability in 173 

slope and wetness (W) the grid cells were classified into four categories as follows: 174 

Class A – moist rolling terrain (θ < 30°, W < 0.5) 175 

Class B – wet rolling terrain (θ < 30°, W ≥ 0.5) 176 

Class C – moist steep terrain (θ ≥ 30°, W < 0.5) 177 

Class D – wet steep terrain (θ ≥ 30°, W ≥ 0.5) 178 

30° is opted as a cut-off to distinguish the steepness of terrain according to the FAO definition of steep lands.  179 

In SINMAP, a probabilistic approach was applied to solve the uncertainty problem.  180 
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 183 

Denoting c1 = Cr + Cs and tan ϕ = t1, the worst combinations of parameters for landslide stability can be defined by 184 

the minimum value of cohesion and internal friction angle (C1min and tmin) together with the maximum value of 185 

precipitation (Xmax).  The region which holds the FS less than 1 are prone to failure in slope and it is said to be related 186 

to the uncertainty of spatial and temporal variation in parameters.  FS equals 1 suggests the condition of slope to be 187 

in the edge between stability and unstability.  However, the FS values presides between 0 and 1 (i.e), most unstable 188 

and least unstable respectively.  The SI values tends to get greater than 1 when the most conservative model parameters 189 

results in stability.   190 

The methodology adopted by SINMAP is shown in Figure 3 and stability classes are shown in Table 1. The table 1 191 

defines the broad classes of stability.  The selections of these breakpoints (1.5, 1.25, 1 0.5, 0.0) are said to be subjective.  192 



The stability index for these cases implies the factor of safety, which is determined from the combination of the 193 

parameters that induces instability (Pack et al., 1998).  194 

<Table 2 Stability Class Definitions> 195 

4.2 Collection of field data 196 

The identified landslides were recorded using GRAMIN GPS locator and were mapped.  A total of 35 locations were 197 

identified and they comprise of mosty shallow landslides which shows a progressive nature.  The soil samples were 198 

collected on 6th January 2010 from all the landslide scars; the runout length breadth and volume of the landslide 199 

locations were also measured.  The samples were collected from sites with correspondence to the range of soil and 200 

land-use types in the study region.  However, topographical parameters and landslide history were not accounted in 201 

site selection of sample collection. 202 

<Figure 4 Photographs of landslide scarps in the Coonoor region> 203 

5. RESULTS AND DISCUSSION 204 

The stability index map was derived from the SINMAP model using the DEM and landslide inventory data as inputs. 205 

The SINMAP model adopted to study the stability of the Coonoor watershed region incorporates input data such as 206 

the topographic slope, the soil properties, soil depth, water table parameters and time-varying rainfall intensity.  The 207 

slope of the terrain was computed from the using SRTM 30 m DEM. Along with the slope, the morphometric 208 

parameters such as flow direction and flow accumulation were also computed for the determination of saturation.  209 

The region was assigned with a uniform geotechnical properties due to the small size of the catchment area, where the 210 

region is predominantly covered by loamy soil with a negligible cohesion.  The soil friction angle ranges from 27° to 211 

30°, as obtained from the shear stress tests conducted in the lab. Soil unit weight ranges from 17.45 to 19.4 kN/m3 and 212 

the soil depth is found to be varied from 1-10m. Root cohesion values at different depths have been adopted from 213 

previous literature (Bischetti 2009). Average value of the geotechnical parameters has been applied for the initial 214 

simulation. The collected soil samples from the study region, its type and properties have been discussed in Table 2.   215 

Figure 5 depicts the DEM, flow direction, contributing area and slope maps.  According to the model description, the 216 

variables to be considered include a, h, r, C, T/ q.  The specific catchment area a and the slope angle h are derived 217 

from DEM. The samples collected from the landslide locations are tested and the corresponding geotechnical 218 

parameter database shown in table 2 and 3. The effective rainfall q was evaluated from the real-time rainfall data. 219 

<Figure 5 (a) DEM, (b) Flow Direction, (c) Contributing area, (d) Slope map of Coonoor watershed> 220 

Wetness index gives an idea of slope failure under the influence of groundwater being half saturated. The significant 221 

factor of the landslide equation is the ratio between the underground water level and the soil depth, m. The value of m 222 

is 0 when the underground water level is none, and 1 when it is fully saturated.  In general, the simulations were 223 



performed, while the parameters are changed relative to the thickness of the soil and T/R ratios for better susceptibility 224 

mapping. However, the November 2009 rainstorm existed for five days, which left the region fully saturated. Figure 225 

6 portrays the saturation index map of the Coonoor watershed region.  226 

<Table 3 Parametric description of the soil samples> 227 

<Table 4 Parameters’ range used in parameter estimation> 228 

<Figure 6 Saturation index map of Coonoor watershed> 229 

Table 4 indicates the classification details of the Coonoor watershed based on its stability. The results are shown in 230 

table 4 and stability map is shown in figure 7 in which, every pixel in the investigation area is assigned with a specific 231 

stability index (SI) value. The SI values more than zero, yields low potential slide susceptibility (Pack  et al. 2001; 232 

Wawer and Nowocien 2003). The evaluation of stability index shows that the unconditionally unstable category 233 

characterizes approximately 75.0% of the observed landslide scars. Under the fully saturated condition, 58.96% of the 234 

region was found to be stable, 16.79% moderately stable, 8.72% quasi-stable and 15.24% unstable. Figure 7 shows 235 

the distributed stability index with the identified landslide location. Out of sixteen landslides measured in the study 236 

area, twelve landslides were identified in unstable area one in quasi-stable, one from moderately stable and two from 237 

stable area. The results obtained in the present work depicts that there exists a higher density of slides at the region 238 

with high probability of unstability. However, its also evident that at higher altitudes where the saturation level is at 239 

minimum the probability of slide occurrence is considerably lower whilst the occurrence of slide in these region are 240 

contributed by the slope gradient.  241 

<Table 5 Stability index classification for Coonoor watershed> 242 

<Figure 7 Stability index map of Coonoor watershed> 243 

The slope seems to play a considerable role in the stability of the region; thereby an enhanced approach has been 244 

adopted to classify the region based on its slope factor relative to the prominent stability index in it.  Table 5 portrays 245 

the classification of the slopes based on their stability concerning the Coonoor watershed region.  It has shown 246 

evidence that the very steep slopes have been highly unstable though steep slope and moderately slope areas are quasi-247 

stable and unstable.  A portion of flat land also falls under the highly unstable region, which may be due to the influence 248 

of other influencing factors and soil parameters.  Moreover, this classification of the stability of slopes has been 249 

categorized based on its behaviour at the dry condition.  At wet condition, there exist high feasibility of the variation 250 

in the behaviour of the slopes. 251 

<Table 6 Area in percentage for different stability classes for different slope types under dry condition> 252 

It is essential to discuss the results based on the land use/land cover of the study area.  The Coonoor watershed region 253 

is highly comprised of tea plantations, which cover 48.06% of the region followed by dense forest (29.10%), wasteland 254 

(13.74%), cultivation land (5%) and built-up area (4.09%).  Table 6 depicts the stability classification of the study 255 



region based on its land use/ land cover.  The wastelands are found to be highly unstable, followed by the cultivation 256 

land while the dense forest region is highly stable.   257 

The comparison between figure 6 and 7 implies  he effect of saturation on soil stability.  The saturation ratio (m) has 258 

played a considerable role in defining the stability of slope. From the results, it is evident that higher the saturation 259 

index lower the staibility of the region. The model emphasizes the account of saturation index in assessing the 260 

staibility. 261 

<Table 7 Area in the percentage of stability classes for different land use/land cover types> 262 

The calibration of the model is carried out by the comparison between the landslide scars mapped from the field with 263 

the simulated output from the model. Better calibration performance is attained with more positive comparisons where 264 

more coincidences are obtained. The assessment of model efficiency is also based on the observed instability area and 265 

the number of landslide points falling on that area. Further, the resultant susceptibility map was validated using the 266 

Receiver Operating Characteristic curve (Figure 8).  It has been adopted to validate the predictive index, which is no 267 

better than pure chance in forecasting an event.  The obtained AUC value is 72.3%, which infer that the model has 268 

performed good in classifying the outcome. 269 

<Figure 8 Receiver Operating Characteristic Curve> 270 

6. CONCLUSIONS 271 

The landslide susceptibility mapping has been carried out at various region adopting numerous analytical techniques. 272 

Stability Index MAPping (SINMAP) analysis figures out the probable unstable region susceptible to landslide. In 273 

particular is delieates the swales where many landslides originate (Park et al. 1998). The recent disastrous event based 274 

on landslides in the Nilgiris district has been taken into account for the current study.  The November 2009 intense 275 

rainfall has caused numerous landslides in the Coonoor watershed region, which were investigated to identify and 276 

measure the scarps, damages and the intensity of the disaster. The stability indexes obtained from the model classifies 277 

the study region based on its stability factor. These stability indices depend upon various topographical, morphological 278 

and geotechnical parameters.  These parameters and their characteristics influence the stability of the terrain at the 279 

onset of precipitation condition.  The SINMAP model is an efficient tool to classify the small region based on its 280 

stability. However, the incorporation of aerial photo analysis along with field mapping techniques would increase the 281 

performance of the model. In this present research, the resultant stability index map shows that the unconditionally 282 

unstable category have 75.0% of the observed landslide scars.  The resultant ouput SI map could be utilized by district 283 

administrators and land developers to ascertain decision based on the risk of the terrain.  284 

 285 

7. ABBREVIATIONS 286 



Stability INdex MAPping (SINMAP), Shuttle Radar Topography Mission (SRTM), Area under the Curve (AUC), 287 

Geographical information systems (GIS), Factor of safety (FOS), Digital elevation model (DEM), Specific stability 288 

index (SI). 289 

8. AVAILABILITY OF DATA AND MATERIALS 290 

Landslide inventory of the study area and other data can be shared upon request. 291 
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Figures

Figure 1

Study area map of Coonoor watershed, Nilgiris, India



Figure 2

Hourly and cumulative rainfall intensity of Coonoor watershed on 8 – 10 November, 2009



Figure 3

Methodology �ow chart



Figure 4

Photographs of landslide scarps in the Coonoor region



Figure 5

(a) DEM, (b) Flow Direction, (c) Contributing area, (d) Slope map of Coonoor watershed



Figure 6

Saturation index map of Coonoor watershed



Figure 7

Stability index map of Coonoor watershed



Figure 8

Receiver Operating Characteristic Curve


