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Abstract— Landslides play an important role in the 

evolution of landforms and represent a serious hazard in 

many areas of the World. In places, fatalities and economic 

damage caused by landslides are larger than those caused by 

other natural hazards, including earthquakes, volcanic 

eruptions and floods. The Nilgiris district is located in the 

southern state of Tamilnadu in India, bounded on the north 

by the state of Karnataka, on the east by Coimbatore and 

Erode districts, on the south by Coimbatore district and on 

the west by the state of Kerala. Although most parts of 

Nilgiris have experienced landslides during the past 30 

years, strategies for preparedness of the community and 

mitigation activities are lacking. Intense rainfall during the 

2009 monsoon in the hilly district of Nilgiris, triggered 

landslides which affected road and rail traffic, destroyed 

buildings, caused the death of more people etc.,. In this 

connection to the previous landslide hazard, the study 

carried  on landslide hazard mitigation in the district, the 

possibility of cost effective technology for slope 

stabilization, environmental and communal issues have to be 

addressed for the Nilgiris district and suggestion were given 

to defeat these issues. 
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I. INTRODUCTION 

Landslides play an important role in the evolution of 

landforms and represent a serious hazard in many areas of 

the World. In places, fatalities and economic damage caused 

by landslides are larger than those caused by other natural 

hazards, including earthquakes, volcanic eruptions and 

floods. Landslides are a complex natural phenomenon that 

constitutes a serious natural hazard in many countries 

(Brabb and Harrod, 1989). Landslides also play a major role 

in the evolution of landforms. The term ‘landslide’ includes 

a wide variety of slope movements, such as soil slips, deep-

seated slides, mud flows, debris flows, rock falls (Varnes, 

1978; Pierson and Costa, 1987; Hutchinson, 1988; Cruden 

and Varnes, 1996; Hungr et al., 2001). Landslides pose 

serious threats to human settlements and to infrastructure, 

including developmental programmers, power projects, 

highways, railways, waterways, pipelines.   

The seriousness of landslide hazard was first 

realized in the year 1978 Nilgiris when heavy rainfall 

triggered landslides in over 150 locations (Seshagiri et al. 

1980). The problem became more serious in 1979 when 

landslides were recorded in nearly 200 locations. While the 

1978 landslides were shallow landslides, induced by very 

heavy rainfall for two days, 4th and 5 th November, 1978, 

the 1979 slides were deep landslides caused by a prolonged 

spell of rainfall for a week from 12th to 19th November, 

1979 (Ganapathy, 2013). Majority of the landslides have 

occurred in the tea estates and areas where vegetable crops 

were grown and the death toll was 4 due to a 1 km long 

debris slide in Selas near Ketti. Settlements where less 

damaged as they were in safe zones. Since, 1978-79, the 

frequency of landslides has increased and the landslide 

during October, 1990, buried more than 35 families in a 

place called Geddai and in 1993, the landslide in 

Marappalam killed 12 persons, 15 were reported missing 

and 21 persons were killed when two busses were washed 

away down steep slopes (Ganapathy, Hada, 2012). In 2009, 

heavy rains resulted in the death of 42 persons. The history 

of landslides show that the events which were isolated 

events in the past have become widespread since 1978. 

Further, the death toll and damage to houses are also 

showing an increase as people are establishing their homes 

in unsafe slopes.  

Many factors contribute to slides, including 

geology, gravity, weather, groundwater, wave action, and 

human actions. Landslides can occur as ground failure of 

river bluffs, cut and-fill failures that may accompany 

highway and building excavations, collapse of mine-waste 

piles, and slope failures associated with quarries and open-

pit mines. They can also vary in their extent, with some 

occurring very locally and impacting a very small area or 

hill slope while others affect much larger regional areas. The 

distance travelled by landslide material also can differ 

significantly with slides travelling from a few centimeters to 

many kilometres depending on the volume of material, 

water content and gradient of the slope.  Underwater 

landslides usually involve areas of low relief and small slope 

gradients in lakes and reservoirs in marine settings. The two 

type of land slide cause such as natural causes and 

anthropogenic causes. 

Landslides are regarded as natural degradation 

processes as stated (Van Westen, 1994) produced by natural 

and human activities. Natural factors such as high rainfall, 

earthquake and volcanic eruption can trigger landslide 

occurrences. This condition becomes worse when human 

activity alters the slope and landuse which increases the 

susceptibility of landslide. 

Nilgiri is hilly district with an area of 2500 sq. kms 

and is situated in the northwestern part of Tamil Nadu state. 

It is bordered by the states of Karnataka in the north, Kerala 

in the west and south and by the districts Erode and 

Coimbatore of Tamil Nadu in the north east respectively. 

Ootacamund (udagamandalam) is the district headquarters. 

The total population of the district is 762141 as per the 

Census 2001(Ganapathy, Hada, 2012). 

II. STUDY AREA 

The study area (Fig.1) falls in the north-eastern part of 

Bhavani River Sub-Basin of Tamil Nadu. The study area 

lies between the Latitudes 11°18’27.42”N - 11°24’35.426” 

N and Longitudes 76°41’19”E – 76°53’20”E and forms 
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parts of Survey of India Toposheet Nos. 58 A/11/SE, 58 

A/15/NW, 58 A/15/SE, & 58 A/15/SW and covers an area 

of about 140 sq.kms with a maximum length of 22 kms in 

East – West direction and 12 kms in NE – SW direction. 

The selected for study as the area is severely affected by 

landslides during the years 1978 and 1979. The minimum 

and maximum altitude of the study area is 330m and 2650m 

respectively above mean sea level (MSL). The study area 

receives rain in two seasons. The southwest monsoon (June 

to August) is more predominant and brings relatively a large 

amount of heavy rainfall as 620 mm while the northeast 

monsoon (October to December) record a heavy rainfall as 

280 mm. 

 
Fig: 1: Base map of the study area 

A. Geology 

The charnockite group of rocks with the enclaves of 

Satyamangalam Schist Complex exposes in the Nilgiri 

district. This group represented by chamcokite and pyroxene 

granulite and covers a major part of the district in the 

southern part, which is popularly known as “Nilgiri Massif”. 

The Bhavani Group (Peninsular Gneissic complex) 

comprises fissile hornblende biotite gneiss and occurs in the 

northern part of the district. The Satyamangalam Schist 

Complex is represented by quartzsericite / mica schist, 

ultramafics and banded magnetite quartzite. The Nilgiri 

Massif is capped by aluminous laterite at a number of places 

indicating the deep zone of weathering (GSI, 2000). Most of 

the parts of the district rocks are deeply weathered and the 

soil thickness is found to be upto 40m with lithomarge is a 

common feature in the district. The low gradient of slope in 

Ootacamund, promotes stagnation of surface water as bogs 

and swamps (GSI, 2000). The study area predominantly 

covered with garnetiferous charnockite forms the major 

lithology followed by non-garnetiferouscharnockite and 

biotite gneisses. Dolerite dykes intrude mainly in ENE-

WSW direction which is subparallel to the Bhavani shear 

zone (Fig.2). 
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Fig. 2: Geology map of the study area 

III. GEOMORPHOLOGY 

Geomorphology is also an important factor which induces 

the landslide in the study area. It is derived from the satellite 

images and also from image processing techniques in order 

to delineate the features precisely. Five geomorphic units 

viz., highly dissected plateau, moderately dissected plateau, 

less dissected plateau, valley fills and water body are 

recognised in the study area (Fig.3). 

Highly dissected plateau landform is found in the 

southeast in Adderley-Burliyar region where the Nilgiri 

plateau is uplifted with a relative elevation of 

~1000m.Highly dissected landform is also recognised in the 

northern part in the area north of Sholur and Hullathi. The 

landform is characterised by steep escarpments and rocky 

knobs. The moderately dissected plateau landform occupies 

the central part of the area and is characteristic of 

Doddabetta Planation surface. Linear ridges with steep 

escarpments are noticed in the eastern part of this landform 

forming the Honnatalai-Jagguntha hills. Moderately 

dissected plateau landform is also found in the southern part 

of the area in Ariyatti-Konnalkombe area. Less dissected 

plateau landform form the major geomorphic unit and is 

found in the area west of Uthagamandalam and Coonoor and 

Kothagiri region. Valley fills are noticed throughout the area 

along streams. 
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Fig. 3: Geomorphology map of study area 

IV. LANDSLIDES HISTORY OF NILGIRI DISTRICT 

1865: Worst Storm on record occurred around Ooty and 

Coonoor. Coonoor Railway station was covered with water 

up to five feet deep. In Ooty Lake rose up to top of willow 

bound and threatened to breach. 

1891: Storm caused many landslips on the Coonoor 

Ghat, and did great damage to the Kotagiri ¬ Metuppalayam 

road. 

1902: Twenty one inches of rain (three times the average 

amount) fell in that month in Coonoor, and at Kotagiri 24 

inches was received, of which  8.45  inches fell in a single  

night. The Coonoor railway was blocked for a month the old 

and new Coonoor railway was blocked for a month the old 

and new Coonoor ghat roads for nearly as long; and  all the  

traffic  of the  eastern side  of the  plateau  was thrown upon 

the Kotagiri that, which was itself in a perilous condition 

¬slips having occurred throughout  and being serious in  six 

places out of its twenty one miles length.  

1905: 6.8 inches of rain fall at  Coonoor in three 

hours and the Coonoor river and  its effluents came down in 

heavy and sudden floods, the former sweeping right over the 

parapet  of the  bridge  near the  railway station. The 

families of the station staff had to be rescued by breaking 

open the back windows of their quarters with crowbars.  

 1978: 323mm of rain was recorded at Ooty of which 243 

MM was during the night between 5.00 pm of 4th and 8.00 

am of 5th. Many people were killed in Ooty on account of 

houses collapses, landslides and drowning. Reports were 

also received regarding the causalities due to landslides and 

floods in Kookalthorai, Madithorai, Adashola and Kallatti 

areas of Uthagamandalam Taluk and Manthada of Coonoor 

Taluk.  

1979: Heavy rainfall started from 12th November 

1979 and the highest rain fall was 114.5mm at Kodanad. On 

13th it was 149.4mm at Coonoor and  169.9mm at Kodanad. 

On the  15th night heavy landslide  had  occurred at  

Doddacombai, on 16th night there was heavy rain  at 

Coonoor resulting  in washing  away of one woman and  2  

Children. The rainfall recorded  at Coonoor and Kodanad 

was 145.2  mm and 142.2 mm respectively. On 19th there 

was heavy landslide of 100 yards in width and about 1.00 

km in length in Selas of Ketti Village of Coonoor Taluk  

resulting  in filling  up  of a  Valley of 30’ ¬ 50'. The rainfall 

recorded on that day at Kotagiri, Kodanad and Kundah was 

90.4 mm, 99.8 mm and 78.0 mm respectively. There was 

heavy rainfall of 71.0 mm at Devala on 21st. On 28.11.79 

also there was heavy rain of 144.2 mm at Coonoor. 

1990: The North East Monsoon was heavy and 

there was a 'cloud burst’. More than 35 families were buried 

alive in a place called Geddai.  

1993: There  was another  'cloud  burst' in the  

upper  reach of  Marappalam  of Coonoor Taluk, about 18  

huts situated  below  the  road  and  washing  away  Coonoor 

MTP that Road for about  1 ½ k.m. The Road traffic was 

suspended for more than a fort night. 12 persons lost their 

live and 15 persons missing. It is laid that 21 passengers 

were washed away with two buses. An important highway, 

sheared stretched of rail road for about 300 m.  

1998: Due to continuous rain fall, one big boulder 

weighing about 20m tonnes fell an the Coonoor 

Mettupalayam main road and the road was closed for traffic, 
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the rock was blasted and earth slips were removed and 

traffic was resumed.   

2001: Due to continuous rainfall, two massive 

landslides occurred near pudukadu on the Coonoor¬ 

Mettupalayam high way damaging  two  bridges resulting in 

the complete closure of traffic. In addition a closer damage 

was also caused to the railway track between Coonoor ¬ 

Mettupalayam. Bridge no 55 near hill grove railway station 

was completely damaged and Bridge No 56 was also 

damaged. November 2006: Consequent upon continuous 

heavy rains in the  Nilgiri Hills, numerous landslides were  

reported  to have  occurred  at the  early hours on 

14.11.2006 killing  one  and  injuring  three persons and  

disrupting  traffic  in  NH ¬ 67  and  blocking  of Mountain 

Rail track  between Mettupalayam and Coonoor 

(nilgiris.nic.in). 

2009: More than 100 major landslides were 

reported within three days from 8 to 10 November, 2009. 

The event was restricted to Coonoor, Uthagamandalam and 

Kothagiri taluks and claimed 48 lives and severe damage 

reported on houses, roads and railway lines. The total 

estimated property losses are worth   about Rs.300 crore by 

the Government report. 

Need for the study 

The present study gives the information about the 

comparison of present and past landslides in the Nilgiris 

hills. The Nilgiris has entered an anxious era of landslides 

since the calamitous landslides of 1978. The frequency of 

landslides has increased in recent years with major slides 

occurring in 1993, 1995, 2002, 2006 and 2009. The worst 

ever landslide (on an average 1,000 metres in length and 150 

metres in width and displacing three million tonnes of earth 

and rock debris) occurred in 1993. The recent landslide in 

November 2009 due to heavy rains in the upper hills 

completely washed off a 10-feet bridge. In the past 

landslides (before and during 1978-79), most of the 

landslides was happened in the tea plantations and the 

present landslide event has affected roads and settlements 

which leads to the more causalities.  

The landslides in Nilgiris have been investigated in 

the past and were generally on individual slides (eg. 

Srinivasan, 1961). When the district was devastated by 

landslides in the years 1978 and 1979, the Department of 

Geology and Mining and Geological Survey of India made a 

detailed investigation and documented the landslide event 

and prepared a landslide hazard zonation following a 

geomorphic approach (Seshagiri et al. 1982). Ramakrishnan 

et al. (2002) have highlighted the utility of remote sensing 

and GIS in landslide investigations. Ganapathy et al. (2010) 

made a report on the landslides that took place in Nilgiris in 

November, 2009. Hence, it is proposed to produce a 

landslide susceptibility zonation map for the eastern part of 

Nilgiris wherein landslides are more frequent. 

V. LANDSLIDE INVENTORY MAP  

landslide inventory map forms the basis of investigation of 

landslides as the future landslides can occur in the same 

combination of physical and environmental conditions as in 

the past landslides (Van Westenet al., 2003). The landslide 

inventory map (Fig.4) for the area was prepared based on 

the unpublished map of Geotechnical Cell, Department of 

Geology and Mining, Government of Tamil Nadu is given 

in.  

One hundred and seventy four landslides have 

taken place in the study area during the landslide event in 

1978 and 1979. The landslide density map (Fig.5) calculated 

using ArcGIS with 500 m search radius shows that highest 

landslide density of more than 8 slides per km2 is found in 

Coonoor and Gandhipuram of Lower Coonoor micro 

watershed. Most part of the study area which includes Upper 

Coonoor, Upper Katteri and Lower Katteri experienced an 

average of 23-37 landslides. 37 to 52 landslides occurred in 

eastern part of the Lower Coonoor micro watershed where 

the drainage density is more. The Kallar Halla micro 

watershed having high to very high drainage density 

occurred 52-66 landslides. The density however is lower 

when compared with the drainage density calculated based 

on number of landslides and total area of the watershed. 

 
Fig. 4: Landslide Inventory Map 
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Fig. 5: Landslide Density Map 

VI. RESULT AND CONCLUSION 

The rapid urbanization development and land utilization 

from the past two has resulted in the deprivation of the 

mountain ecosystem and one of the impact of these man 

made activities is enlarged the occurrence of landslides 

which affect the environment. Due to raise in population, the 

region is on the edge for expansion of  infrastructures and 

the spoil in future is anticipated to increase. The best way to 

manage this hazard is to identify safe zones for human 

settlements. 

The study reveals that there is a need  to investigate 

the causes of landslides and its distribution. The present 

study has classified into five zones with different landslide 

susceptibilities. Two probabilistic method viz., frequency 

ratio and Weights of Evidence method were used and these 

maps were validated adopting suitable methods. 

Among the various causative factors used, aspect, 

drainage density, geomorphology, distance to drainage, 

landuse and soil have greater influence on landslide 

susceptibility. Slope plays a vital role to cause of landslides, 

as slope increases the possibility of landslide increases. If 

slope rises, it leads to higher shear stress which causes the 

slope failure. The frequency ratio is around 1 or more than 1 

found in slope class 0 – 10o, 10 – 15 o and 15 – 25 o with 

the latter more susceptible to slope failure. The lowest 

probability of landslide is found in steeper slopes (>25°).  

Based on the different causative factors it is understandable 

that type of soil, the geomorphic setup and drainage density 

which change the seepage of rainwater as well as the under 

flowing by streams are the main factors to causes of the 

slope instability. 
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