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Excess rainfall during August 2018 triggered numer-
ous landslides in the Western Ghats region of India 
covering the states of Kerala, Karnataka and Tamil 
Nadu. These landslides caused widespread damage to 
property, loss of life and adversely affected various 
land resources. In this article, we present an inventory 
of landslide prepared from the analysis of multi-
temporal high-resolution images acquired before  
and after the rainfall event from Resourcesat-2, 
WorldView-2, GF-2, SPOT-6 and 7, Pleiades-1, 
Kompsat-3 and Sentinel-2 Earth observation satellites. 
A total of 6970 landslides with a cumulative area of 
22.6 sq. km were mapped for this rainfall event.  
Majority of landslides have occurred in Kerala (5191), 
followed by Karnataka (993) and Tamil Nadu (606). 
Landslides are mostly debris slide and debris flow 
type with entrainment along the channels. Results 
show that landslides (83.2%) are triggered by very 
high rainfall. Also, very high rainfall has resulted in 
14.9% of landslides even though slopes are moderate, 
mainly in the Kodagu district of Karnataka. 
 
Keywords: Debris flows, disaster response, excess 
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DURING August 2018, the Western Ghats region of penin-
sular India received excess rainfall due to a low pressure 
system in the Arabian Sea. This resulted in the worst 
floods in the state of Kerala during the last century and 
consequently triggered thousands of landslides causing 
death of 483 persons and large-scale loss of property1. 
The quantum of rainfall and inflow from the catchment 
were so high that crest gates of the Idukki dam on Periyar 
river (the largest river in Kerala) had to be opened after a 
span of 26 years2. Although Kerala bore the brunt of 
excess rainfall, adjacent states of Karnataka and Tamil 
Nadu also witnessed landslides resulting in damage to 
plantations of cash crops such as coffee, spices, etc.3. The 
Bengaluru–Mangaluru railway line and hill roads were 
blocked at several places4. The tourism industry, which is

the major source of income to the government and locals 
in all three states, was also affected due to landslides and 
floods. 
 Mapping of landslides is important to estimate the  
extent of damage and prioritization of rescue and relief 
operations. Inaccessibility of the terrain and large extent 
of the study area mostly drive the dependency of 
landslide mapping on remote sensing data. Rapid  
mapping of landslides and related damage using satellite 
data is a proven concept5–9. Loss of vegetation and expo-
sure of fresh rock and soil after a landslide are key crite-
ria used in satellite-based landslide mapping10. According 
to Voigt et al.11, disaster response using satellite data has 
shown a significant increase since the last 15 years main-
ly due to availability of high-resolution satellite data from 
international cooperation programmes such as the Inter-
national Charter Space and Major Disasters (ICSMD), 
European Copernicus and Sentinel Asia, etc. National 
Remote Sensing Centre (NRSC) of the Indian Space Re-
search Organisation (ISRO), Hyderabad is the nodal 
agency in India for rapid mapping and assessment of 
large scale landslide disaster using satellite images 
through its Disaster Management Support Programme 
(DMSP)11. The recent landslide disaster in the Western 
Ghats was analysed using the satellite resources of ISRO 
with significant support from ICSMD. The value-added 
products on landslide distribution and damages derived 
from satellite data were provided as emergency response 
to disaster management authorities12,13. 
 The Western Ghats, being the second most prone  
area to landslide occurrences in India after the Himalaya,  
has always been a region of prime concern14,15.  
Steep slope and thick soil cover make this area suscepti-
ble to landslides16. Some of the infamous landslides  
that had caused large-scale deaths and damage to proper-
ty in this region are Amboori landslide in Kerala, and 
Marapallam landslide in Tamil Nadu17. This study 
presents a comprehensive inventory of landslides trig-
gered by the excess rainfall event in August 2018 in the 
Western Ghats region covering Kerala, Karnataka and 
Tamil Nadu in peninsular India, using high-resolution  
satellite data. 
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Materials and methods 

Study area 

The Western Ghats (hills) runs approximately 1600 km 
parallel to the west coast of India from Gujarat to Tamil 
Nadu and represents a faulted escarpment, mainly made 
out of the Deccan plateau18. Physiographically, it can be 
divided into four main domains, viz. the Western Ghats, 
foothills, midland and coastal lowlands from east to 
west19. The Western Ghats forms the major physiographic 
unit of the study area encompassing a length of 750 km 
from Udupi district, Karnataka in the north to Kanyaku-
mari district, Tamil Nadu in the south. The linear trend of 
the Ghats is intermittently breached by the Palaghat Gap. 
The hill ranges of the Ghats rise to an altitude of over 
2500 m amsl at places, occasionally forming steep slopes 
or escarpments. The highest point of this area is Anaimu-
di, which is located at an elevation of 2695 m amsl. The 
escarpment blocks the monsoon wind carrying moisture 
from the Arabian Sea due to orographic effect and hence 
causes plenty of rainfall. High rainfall makes this area a 
biodiversity hotspot20. The Ghats houses about 4000 plant 
species which represent more than 25% of the plant spe-
cies in the country. The number of total endemic plant 
species in the Western Ghats is estimated to be 1500 (ref. 
21). With a wide array of bioclimatic and topographic 
conditions, the Western Ghats has been designated as a 
UNESCO World Heritage Site22. 
 The study area is a part of the South Indian Precam-
brian terrain with charnockites and charnockitic gneisses 
forming the major and most pervasively occupying rock 
types. Charnockitic gneisses and pyroxene-bearing granu-
lites occupy the major parts of the Western Ghats in  
Kerala, especially in the central and northern parts. Quan-
titatively, around 40–50% of the total area of the state 
comprises these rocks. The predominance of charnockites 
and the associated gneisses continues along the trend of 
the Western Ghats till the Palaghat Gap. Apart from these, 
rocks of the Peninsular Gneissic Complex, mainly compris-
ing hornblende–biotite gneisses and foliated granites are 
seen exposed in the Palakkad and Idukki districts19. 
 In the southern part, beyond the Palaghat Gap, the rock 
types are primarily that of khondalites with garnet–
sillimanite–bearing gneisses. Tertiary sedimentary depo-
sits mark the extensive coastline of the state. A total of 23 
districts from the three above-mentioned states covering 
an area of 98,356 sq. km were considered for the map-
ping of landslides (Figure 1). 

Rainfall during August 2018 

Kerala received 2387 mm of cumulative rainfall during 1 
June–21 August 2018, deviating +41% from normal, 
while Karnataka and Tamil Nadu deviated +3% and –4% 
respectively, from normal rainfall23. However, rainfall 

distribution was not uniform both temporally and spatially. 
Precipitation was intense in the first and second week of 
August 2018. For Coimbatore and Theni districts of  
Tamil Nadu, and Kodagu and Dakshina Kannada districts 
of Karnataka, the deviation in rainfall was higher in com-
parison to the state average. We used daily rainfall data 
from Climate Prediction Center (CPC) of National Ocea-
nic and Atmospheric Administration, USA for analysing 
the temporal and spatial distribution of rainfall. These  
data, also known as CPC Merged analysis of Precipitation 
(CMAP), are available for the entire globe with an  
approximate spatial resolution of 10 km (ref. 24). Figure 
2 shows the daily mean rainfall in August 2018 for the 
most affected districts in the three states. It is observed 
that rainfall was high on 8 August 2018 and after a gap of 
two days, it resumed on 11 August and continued till 17 
August with highest rainfall of the year recorded on 14 
August 2018 (Figure 2). As a consequence, the area  
witnessed massive floods and landslides. 

Data 

Pre- and post-landslide high-resolution satellite data were 
used to map landslides (Table 1). The mapping of landslides 
 
 

 
 

Figure 1. Painted relief map of the study area. 
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Figure 2. Graph showing daily mean rainfall (August 2018) for the most affected districts in the West-
ern Ghats of India. Rainfall was measured from Climate Prediction Center (CPC) data. 

 
Table 1. Satellite data used for landslide inventory mapping 

Satellite Sensor Resolution (m) Date of acquisition Source 
 

Pre-disaster 
 Resourcesat-2,2A LISS-IV Mx 5.8 24 January 2018 ISRO 
   22 February 2018  
   24 February 2018  
   1 March 2018  
   3 March 2018  
   8 March 2018  
   25 March 2018  
   30 April 2018  
 

 WorldView-2 PAN and MS 0.46 12 March 2018 USGS 
   25 March 2018  
   1 February 2018  
 Sentinel-2 MSI 10 22 May 2018 ESA 
 

Post-disaster 
 Resourcesat-2A LISS-IV Mx 5.8 4 September 2018 ISRO 
    9 September 2018 
    16 September 2018 
    21 September 2018 
    28 September 2018 
    29 October 2018 
    27 November 2018 
 

 Sentinel-2 MSI 10 6 September 2018 ESA 
   11 September 2018 
    21 October 2018 
    24 October 2018 
 

Pleiades-1A&1B PAN and MS 0.5 22 August 2018 
    25 August 2018 CNES 
 

GF-2 PMS 3.2 2 September 2018 CNSA 
Kompsat-3 AEISS 4 22 August 2018 KARI 
SPOT-6&7 MI 1.5 23 August 2018 
    1 September 2018 CNES 
 

WorldView-2 PAN and MS 0.46 25 August 2018 USGS 

 
 
for Karnataka was mainly carried out using satellite data-
sets such as Pleiades-1, WorldView-2, Kompsat-3, GF-2 
and SPOT-6&7 received from ICSMD. For Kerala and 
Tamil Nadu, landslides were mapped mainly using Re-
sourcesat-2 and Sentinel-2 datasets. Digital elevation 
models (DEMs) of Shuttle Radar Topographic Mission 
(SRTM) (30 m) and CartoDEM (10 m) were also used for 

mapping and analysis of landslides. The study area re-
mains under cloud during most parts of the year. Hence 
multiple satellite images were used to obtain a cloud-free 
condition of the study area. In addition to the earth obser-
vation datasets, rainfall data for the period June to August 
2018, taken from CPC, were used to understand the spa-
tial correlation of landslides with rainfall distribution. 
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Methodology 

Change detection analysis of satellite images acquired be-
fore and after the landslide event was performed using 
visual image interpretation and semi-automatic landslide 
detection techniques. Visual change detection for map-
ping of landslides was done using onscreen digitization 
with the help of Erdas and ArcGIS software. Semi-
automatic detection of landslides was done when a large 
number of landslides had to be mapped from a scene.  
Object-based image analysis (OBIA) technique devel-
oped by Martha et al.10,25,26 was used for semi-automatic 
detection of landslides with eCognition software. 

Results and discussion 

Landslide inventory 

A total of 6970 landslides were mapped in the Western 
Ghats covering the three states which received excess 
rainfall in August 2018. Table 2 shows the summary sta-
tistics of landslides. Maximum number of landslides 
(5191) was mapped in Kerala. Karnataka and Tamil Nadu 
witnessed 993 and 606 landslides respectively. Table 3 
shows number of landslides mapped in each of the  
affected districts of the three states. 
Landslides in Kerala: All the 13 hilly districts of Kerala 
(out of total 14 districts) were affected by landslides. 
Maximum number of landslides (1632) occurred in Iduk-
ki district (Table 3). High-intensity rainfall and steep 
slopes with highly dissected hills and valleys and thick 
topsoil are mainly responsible for maximum occurrence 
of landslides in this district. Toe cutting by rivers due to 
sudden release of excess water has accelerated landslid-
ing and subsequent damage. Debris flows with long run-
out zones were mapped in Palakkad (Figure 3) and 
Wayanad districts of Kerala (Figure 4). For example, the 
run-out length of one such debris flow recorded in Waya-
nad district is 3.1 km (Figure 4). Figure 5 shows field 
photographs of landslides in Kerala. 
 
Landslides in Karnataka: The five hilly districts of 
Karnataka witnessed a large number of landslides during 
the August 2018 event (Table 3). Ghat roads (e.g. Shiradi 
Ghat, Sampaje Ghat and Charmadi Ghat) connecting 
 
 

Table 2. Summary statistics of landslides 

Parameters Value 
 

Total no. of landslides 6970 
Total area (sq. km) 22.6 
Minimum area (m2) 20.1 
Maximum area (m2) 559,000 
Mean area (m2) 3330.7 

Bengaluru to Mangaluru remained closed due to these 
landslides. The railway line connecting Bengaluru to 
Mangaluru was also affected at several places (Figure 6). 
Maximum landslides (771) were mapped in Kodagu dis-
trict. The largest landslide as well as the largest total area 
of the landslide were identified in the district. This is 
mainly due to debris flows from multiple crowns coalesc-
ing in the main valley (Figure 7). 
 Kodagu district encompasses moderately dissected 
hills of the Western Ghats. The thick soil cover in the 
area has resulted in dominant agricultural land-use prac-
tices. Plantations and croplands (especially coffee) are 
predominant. The thick soil cover in the region has mostly 
encouraged the agricultural land-use practice and in turn 
has resulted in more number of landslides in the area due 
increase in pore water pressure after excessive rainfall. 
 
Landslides in Tamil Nadu: The five hilly districts of 
Tamil Nadu adjacent to Kerala also received excess rain-
fall during August 2018, among which Coimbatore dis-
trict witnessed maximum occurrence of landslides (Table 
3). Figure 8 shows landslides (shallow and deep seated) 
in Tamil Nadu, similar to those in Idukki district of  
Kerala. 
 
Table 3. District-wise distribution of landslides in the three affected  
 states 

Districts No. of landslides Area of landslides (m2) 
 

Kerala 
 Kasaragod 81 87,009 
 Kannur 145 377,528 
 Wayanad 474 1,224,631 
 Kozhikode 152 617,132 
 Malappuram 511 1,343,347 
 Palakkad 1298 3,220,440 
 Thrissur 387 1,732,639 
 Ernakulam 80 386,173 
 Idukki 1632 3,962,401 
 Kottayam 170 284,984 
 Pathanamthitta 161 342,989 
 Kollam 27 55,017 
 Thiruvananthapuram 73 140,204 
 Total 5191 13,774,492 
 

Karnataka 
 Kodagu 771 7,106,865 
 Dakshina Kannada 88 156,869 
 Chikkamagaluru 34 71,735 
 Hassan 74 399,456 
 Udupi 26 64,414 
 Total 993 7,799,339 
 

Tamil Nadu 
 Nilgiris 28 26,551 
 Coimbatore 447 793,250 
 Theni 42 82,073 
 Tirunelveli 59 93,965 
 Kanyakumari 30 45,227 
 Total 606 1,041,066 
 Gross Total 6970 22,615,845 
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Figure 3. Three-dimensional perspective view of debris flow and rock slide triggered by the August 
2018 rainfall event in Palakkad district, Kerala. 

 
 

 
 

Figure 4. Three-dimensional perspective view of multichannel debris flow triggered by the August 
2018 rainfall event in Wayanad district, Kerala. 

 

 

 
 

Figure 5. Field phogographs of landslides in Kerala. (a, b) Debris flow near Pilakavu (a), Pancharakolli (b).  
(c) Crown and tension cracks of rotational landslide near Plamoola. (d) Debris flow within a plantation near Kuri-
chelmala (courtesy: Vincent Ferrer, National Centre for Earth Science Studies, Thiruvananthapuram). 
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Figure 6. Blockage of Bengaluru–Mangaluru railway line due to landslide near a tunnel in Dakshina  
Kannada district, Karnataka. 

 
 

 
 

Figure 7. Landslides triggered by the August 2018 rainfall event in 
Kodagu district, Karnataka. 
 
 
 The landslides in Coimbatore are mostly concentrated 
towards the south of the district. Regionally, the most 
pervasive land-use practice in the area is croplands with 
coffee/tea plantations along the hill slope. Along with the 
high dissection of the hill slopes, the agricultural pattern 
may have loosened the topsoil resulting in more 
landslides being triggered in the area. 

Relationship of landslide distribution to slope and  
rainfall 

Significant deviation of rainfall from the normal was 
found in Idukki, Wayanad, Palakkad and Kodagu among 
all the 23 districts (Figure 9). Maximum rainfall during 
the August 2018 event was recorded in Idukki district. In 
Tamil Nadu, only the districts adjacent to Kerala (Coim-
batore (+403%), Kanyakumari (+52%), Nilgiri (+21%), 
Theni (+350%) and Tirunelveli (+188%)) received excess 
to large excess rainfall. Similarly, in Karnataka, Kodagu, 
Chikkmagalur and Dakshina Kannada districts received 
excess to large excess rainfall. 
 As shown in Figure 9, occurrence of landslides  
depicted a good correlation with rainfall deviation. For 
example, Idukki and Palakkad had the highest deviation 
of rainfall, and also the highest number of landslides in 
Kerala. It is also evident from Figure 9 that Kollam and 
Thiruvananthapuram districts witnessed relatively less 
number of landslides, though rainfall deviation was more. 
This can be attributed to less amount of total rainfall in 
comparison to other districts such as Idukki and Palak-
kad, and exposure of landslide-prone areas mainly in the 
eastern parts of the districts. Similarly, rainfall deviation 
is relatively less in Wayanad and Thrissur districts,  
while the occurrence of landslides is high due to high 
cumulative rainfall and steep slope (Figure 9). 
 Figure 10 shows the spatial distribution of landslides 
and cumulative rainfall in August 2018. It clearly indi-
cates that majority of landslides are triggered by excess 
rainfall. In order to study the role of rainfall and slope on 
the occurrence of landslides, we classified the cumulative 
rainfall and slope into five classes based on natural 
breaks method. The analysis shows that the occurrence of 
landslides (83.2%) is significantly controlled by very high 
rainfall. Also, very high rainfall has resulted in 14.9% of
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Figure 8. Landslides triggered by the August 2018 rainfall event in Coimbatore district, Tamil Nadu. 
 
 

 
 

Figure 9. Graph showing total rainfall and % rainfall deviation from normal for 23 districts in three 
states during 1 June–21 August 2018 (data source: IMD). Total number of landslides mapped in each  
district is also shown. 

 
 

Table 4. Landslide percentage in slope and rainfall classes 

 Rainfall 
 

  Very low Low Moderate High Very high Total 
 

Slope Very low 0.00 0.04 0.03 0.19 0.84 1.10 
 Low 0.00 0.07 0.34 1.40 5.79 7.60 
 Moderate 0.00 0.15 0.43 2.25 14.90 17.73 
 High 0.00 0.16 0.41 4.76 30.34 35.67 
 Very high 0.00 0.13 0.32 6.13 31.31 37.89 
 Total 0.00 0.56 1.53 14.73 83.18 100 

Class intervals are shown in Figure 9. 
 
 
landslides even though slopes are moderate, mainly in 
Kodagu district, Karnataka. Very high and high slopes 
contribute almost equally to the occurrence of landslides 
(Table 4). 

Conclusion 

The Western Ghat region of the South Indian peninsula 
received excess rainfall, particularly during August 2018. 

High-intensity rainfall was recorded on 8 August 2018, 
followed by another spell of excess rainfall during 11–17 
August 2018. The first spell of rainfall would have satu-
rated the pore spaces of the soil with consequent 
landslides during the second spell of excess rainfall. 
Idukki district in Kerala witnessed maximum rainfall dur-
ing this event, resulting in the highest occurrence of 
landslides among all neighbouring districts. Most of the 
landslides are debris slides and debris flows confined to



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 117, NO. 5, 10 SEPTEMBER 2019 811

 
 

Figure 10. a, Spatial distribution landslides and cumulative rainfall in August 2018. b, Spatial distribution of landslides 
with respect to slope angle. 

 
 
channels with long run-outs. Several shallow translational 
landslides have also been mapped in these areas. Kodagu 
district witnessed maximum occurrence of landslides in 
Karnataka. Landslides in this district are mainly debris 
flow type and occurred on moderate slope area due to  
saturation of soil. A large number of landslides were also 
mapped in Coimbatore district of Tamil Nadu. Although 
highest number landslides was mapped in Idukki district, 
the total area of landslide was maximum in Kodagu  
district due to debris flows with multiple crowns coalesc-
ing into the valley. We have mapped all landslides in 
these three states using high-resolution satellite data; 
however, small landslides within urban areas or below the 
dense canopy without damage of the forest strand might 
have been overlooked during the mapping. 
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