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A landslide is a downslope gravita- 
tional movement of rock, earth, 

deoris or artificial fill. The move- 
ment may be a slide, flow or fall, 
acting singly or together (Sirnonett, 
1968). Landslide may be induced 
by natural agencies such as heavy 
rain, earthquake or it may be caused 
by human interference with the 
slope stability (Whitlow, 1984). 
Among the natural hazards such as 
earthquakes, seismic sea waves, 
volcanic eruptions, tropical cy- 
clones, monsoon storms, torna- 
does, thunderstorms, sea fogs, sea 
ice and ice burg drift, landslides are 
least documented and researched. 

This could be because landslides 
are restricted to small areas or be- 
cause no adequate statistics are 
available (WMNH, 1988; Figure 1). 
However, the extreme rainfall inten- 
sities, thunder and lightning, the 
downslope gravitational movement 
of rocks, debris and earth associ- 
ated with landslides can damage the 
natural environment as well as de- 
stroy life and property within a short 
period of time. 

Landslides in Sri b n k a  

Physical Conditions of Landslide 
Prone Areas 

The incidence of landslides in Sri 
Lanka has increased over the past 
ten years in the districts of Kegalle, 
Ratnapura, Kalutara, Kandy, Matale, 
Nuwara Eliya and Badulla. The hilly 
areas of these districts include Cen- 
tral Highlands, the Sabaragamuwa 
ranges, the Rakwana and the 
Knucles Massifs. Physiographically, 
the whole area ranges between 
300 m and 220E) m altitude and is 
broadly divide into (a) uplands, and 
(b) highlands. 

The Central Hill Country, the Knuck- 
les Massif, the Sabaragamuwa 
Ranges and the Rakwana Massif are 



characterized by Rdling and hilly ter- 
rain (Upland 1, 150 - 460 m); dis- 
sected rolling and hilly terrain 
(Upland 11, 460 - 930 m); steeply dis- 
sected rolling and hilly terrain (Up- 
land 111, 915 - 1830 m); and 
Mountainous terrain (1830 m or 
more). The convex creep slopes, 
free faces of these terrains (Figure 2) 

are highly dissected by 1st and 2nd 
order streams. The slopes in the Up- 
lands & Mountainous have gradients 
between 1 to 5 and 1 to 1 (Katupotha, 
1 992). 

Highland planation surface and the 
middle Highland planation surfaqe 
(from Palabaddala to Balangoda). 
The common features of the moun- 
tain terrain are the ranges and 
peaks (e.g. Samaqala, 
Pidurutalagala, Namunukula, 
Lunugala and Knuckles); rel- 
ic t  plateaus, platforms and 
rocklands (Hatton, Kandy, Koslanda, 
Haputale and Eastern Platform). 
This Highland planation surface is 
strongly dissected by the upper 
reaches of the rivers. 

Muddy water springs are another in- 
dicator of landslides. Some times, 
seep or saturated water flows 
through bedrock and the top soil, 
outwards from valley boitoms, road 
intersects of the roads and founda- 
tions. The iron-rich clay materials 
present in muddy waters indicate 
that the bond between bedrock and 
the top soil is broken. These features 
appear on steep slopes, sometimes 
even on 15' slopes subject to down- 
ward movement. 

Rolling and hilly topography com- 
prises dissected ridges'and valleys. 
It is a distinctive feature developed 
due to the transverse valleys. Paral- 
lel drainage pettern has been deve- 
loped along the tributaries in the 
western Sabaragamuwa Ranges and 
the Rakwana Massif. The dendritic 
drainage pattern is developed in the 
moderately steep, rolling and hilly 
terrain laid on the Highlands plana- 
tion and intermediate planation sur- 
faces of the western flanks of the 
Central Hill Country. Locally this 
drainage pattern is responsible for 
the formation of dissected features 
by 1st and 2nd order streams. Ac- 
cording to the observations made by 
Cooray (1984) the highest part of the 
Sabaragamuwa ridges consist of a 
series of high plains such as 
Handapan Ella and Tangamale at a 
general elevation of 1,000 m to 1,225 
m; they are surrounded by escarp- 
ments and several peaks. The m6re 
prominent peaks in the area are 
Beralagala (1,385 m), Gongala 
(1,346 m), Suriyakanda (1,310 m) 
and Abbey Rock (1,300 m). The 
Bulutota escarpment and much of 
the massif are made up largely 
of gently - dipping resistant 
charnockites. The other high plains 
can be seen betwe6n the upper 

Due to regional variations, the rainfall 
figures of the landslide districts show 
different maximum seasons. 
Ratnapura, Kegalle, Kalutara, Kandy, 
Kurunegala and Matale receive rain- 
fall mainly during the southwest 
monsoon (May - August) and con- 
vectional-cyclonic-depression at 
rainfall in the inter-monsoon period 
(October to November). Diyatalawa, 
Baddula and Nuwara Eliya receive 
rainfall1 mainly from northeast mon- 
soon (November - February) and 
from the convectional - cyclonic - 
depressional rainfall of the inter- 
monsoon period (March - April). 

Indicators for Identification of Land- 
slide Areas 
Several visible indicators can be ap- 
plied for the identification of slide, fall 
and flow of rocks, earths and debris 
in steep slopes. Formation of cracks 
and fractures, especially as horizon- 
tal lines on Convex Creep Slopes and 
free Faces, encourage seep age of 
rain-water down to the weathered 
bedrock layer. *If there are iron-rich 
clay materials between bedrock and 
the top soil layer, lubrication of the 
weathered material is possible, and 
rock Mocks, so that the debris and 
blocks of rock move downwards by 
the force of gravity. 

When the soils of the steep slopes 
are saturated, the bond between 
bedrock and weathered top soil is 
broken. Consequently, the vegeta- 
tion cover would wither due to 
putrefication of the root-system. 
This indicates that there is a sign of a 
slope failure during the heavy rains. 
Furthermore, gradually inclining wire 
poles, telephone and electric wire 
poles, masonary walls, cracked 
rocks (Plate 1 .A), and cracks of the 
houses on fairto moderate and steep 
slopes also indicate future land- 
slides. 

Causes of Landslides 

The island of Srl Lanka, which is sit- 
uated in the Australia-Indian Plate, is 
considered as tectonically stable. 
This land mass is made up of highly 
weathered metamorphosed rocks of 
Precambrian age (2000 my., RbISr) 
and is similar to other Gondwana 
masses of the Indian Ocean (Craw- 
ford and Oliver, 1969). Several re- 
searchers have indicated the occur- 
rence of high seismicity conditions 
between Sri Lanka and the Cocos 
Islands, Sri Lanka and the Carlsberg 
Ridge and along the Calrsberg Ridge 
in the Indian Ocean with earthquakes 
of magnitude 7 or larger as the 
Ritcher scale (Stover, 1966; Bangar 



and Sykes, 1969; Sykes, 1970). 
There have had an impact on the 
movement of landmasses in Sri 
Lanka. Vitanage (1 990) has reported 
that 53 earthquakes have occurred in 
Sri Lanka during the period between 
1823 and 1976. This indicates how 
deeply weathered parent materials of 
high slopes can be shaken and 
moved downwards during periods of 
excessive rainfall. 

Highly weathered metamorphosed 
rocks in the hill country contain a 
high proportion of feldspar and they 
are sometimes well jointed. These 
rocks weather into reddish brown 
clayey meterial known as lithomarge 
in which are embedded boulders of 
varying size (Cooray, 1984). When 
this weathered material is saturated 
with rain water, the iron-rich clayey 
rnaterial acts as a lubricant, causing 
the mass of earth and rock to move 
rapidly down the slope under the 
force of gravity. When there is no 
vegetation cover to bind and hold 
these material together the lubrica- 
tion of the rocks, debris and earth 
can be intensified. During heavy 
rains, the fall or topple of rock 
material may be further intensified 
due to shaking of weathered rocks 
and debris by thunder and lighting. 
Infiltration of water along jol?ts and 
natural tunnels in dolomitic areas 
could also led to landslides in steep 
slopes. 

Human lnfluences on Landslide 
Probability 

The land poilces in  Sri Lanka 
adopted by the Colonial government 
and later by National governments 
since Independence can be cited as 
a major reason for acceleration of 
landslide (Madduma Bandara, 
1988). Under the Land Ordinance 
~ c t  of 1840, the CdoLiial administra- 
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Figure 1: Mortality figures due to mass movements from 1966 to 1987. 

tion forcibly acquired the land used 
by the peasants for plantation agri- 
culture and extraction of timber. 
Prior to this, the villages were largely 
concentrated in the valleys and lower 
slopes of the hills had been cultivated 
from natural streams. 'The gentle hill 
slopes had been used for chena 
(shifting) cultivation The absence of 
human settlements and other activi- 
ties on steep slopes of the head 
streams often minimized the damage 
to life and kept the balance of nature 
during the pre-colonial times. The 
forest cover on the ridges, upper 
slopes and hilltops remained undis- 
turbed under a canopy of tropical 
mountain forest. 

During the time of the British cdonial 
government, the exploitation of nat- 
ural forest for timber and clearing of 
forest for coffee, tea and rubber plan- 
tations increased sharply. Tropical 
mountain forests were cleared and 
set on fire which broke the structural 
bond between natural vegetation 
cover and earth material. Since then 
, the occurrence of landslide has ac- 
celerated in proportion to the rate of 
clearance of forest cover. Leglsla- 
tion for the contrd and management 
of forest, land, soil, water ~4 air 
were pass& during the times of the 
Cdonial government and later by 
National governments, but It has not 
been possible to enforce the regula- 



tions successfully (Kurunanayake Table 1 : Occurence of Lasndstides in Sri Lanka 1930 - 1993. 

and Katupotha, 1990). 

Proportionate to the increase of pop- 
ulation in thevillages of the Hill Coun- 
try the demand for land for 
settlements and agriculture has in- 
creased. The imbalance in the 
manband ratio, due to the pressure 
of population on land has caused the 
dense forest, reservations and 
patches of grasslands (Patana) in the 
steeper slopes and peak areas to be 
utilized for chena cultivation (for sub- 
sidiary food crops), plantation crops 
(tea and rubber) and commercial 
crops (tobacco and potato) as well 
as for illicit felling for timber by small 
holders and landless people. As a 
result, the natural forest cover has 
been further reduced (from 44 per- 
cent in 1961 to 24 percent in 1989). 
Wanton utilization of land in the 
upper slopes, where the slopes are 
moderate to fair (6' - 8' in Upland I); 
fair to steep (1 1' - 25' in Upland 11); 
steep (18' - 25') and steep to ex- 
tremely steep (1 8' - 45454 in Mountain- 
ous terrains have been used for 
housing schemes and cultivation. 

Man-made causes such as construc- 
tion of reservoirs (Plate 1 .B), forest 
felling on an extensive scale, periodic 
uprooting of tea and rubber trees, 
tunneling and pumping out of water 
from gem pits in the valley bottoms 
have all led to slope failures andsub- 
sidence of the lands, creating slope 
instability. Therefore, inefficient 
drainage of steep slopes along bare 
rock slopes and those under planta- 
tions may also contribute to slope 
failure. 

1983* Matale Rattota Major 13 08 
Pitakanda 

1984 Kalutara Bulathsinhala Major 42 Not known 
Agalawatta 
Matugama 

1984 Badulla Haliela- Baddegarna _Minor Not known '02 
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1985 Kalutara Matugama Minor 
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1985 Kegalle Warakapola Minor 
Thiyambarahena 
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1985 Kandy Galagedara Minor 
Bodikulawa 

1985 Kandy Nawalapitiya Major 
Pemross Est. 

1985 Ratnapura Elapata Major 
Kahombakanda 

1986* NE Hanguranketa Major 
Maturata 

1989* Kegalle Bambaragala Major 
Atalugankanda Major 
Panawala Minor 

1989* Kurunegala Ridigama Major 
Katiyawa 
Walimunukanda 

1989* Ratnapura Hinidunkanda Major 

1990* Badulla Welimada Major 
Gawammana 

1990* Matale U kuwela ~ a j o r  
El kaduwa 

1992* Kalutara Bulathsinhala Major 

1993* Ratnapura KalawanaTown Minor 
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Source: NARESA 1990: * Katu~otha 1992 and Field observations. 

impact of Landslides 

Landslide prone areas in Sri bnka 
are shown in Figure 3. The incidence 
of landslide which had increased 
in 1983, 1986, 1989 a d  1992 
caused 323 deaths and the loss of 
property and livelihood of 6327 
families (Table 1 ). 

Excessive -sins between 29 !Way 
and 5 June in 1989 caused darn- 
age to 56 villages h ihe Ratnapura 
district (Karunanayake and 
Katu,potha 1990) and 40 villages 
in the Kegalle district (Katupotha, 
1992). During this period, 280 
deaths were reported and 346 
families (nearly 2:80 persons) 
were rendered destitiqe in the 
Kegalle district alcne. The inten- 
sity d damage t~ houses and 
properties, is related to the iand- 
slide types and to their magnitude. 
This includes bedrock-related ma- 
terials (rock fall, -ock topple, rock 
slump, rock block slide and rock 
slide), debris movement (debris 
fall, debris slump, debris slide and 
debris flow) and earth movement 
(earth slr-np, ear% slide and earih 
flow) where they occur. Bedrock- 
related materials (debris and boul- 
der) have been toppled at 
Hettikands (Hinidunkanda) in the 
Ratnapura district and at 
Berannewa in the Kegalle district. 
As a consequence, 24 deaths oc- 
curred ~ n d  paddy fields were 
covered by boulder-rock slide 
with earth flow ~"ambaragala 
(Kegalle district) during the same 
period. Debris and earth move- 
ments have occurred at 
Atalugankanda, Punugala, 
Minimaruwa, Gatemulla, 
Warawela, Malmaduwa, Makura 
(Kegalle district), Wewalgama 
and Dodamgahaela (Kurunegala 
district). The excessive rains 
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in 1989 also caused damage 
to the 'Kandy - Mahiyangana 
road (at Hunnasgiriya) by dis- 
placed debris and boulders 
(Plate 2.A). Slope slumping In 
several places of these areas ap- 
peared singly or as a cornbipation 
of two or more types (Katupotha, 
1991). Due to excessive ralnfall 
between 25 and 30 May in 1992, 
a catastrophic slide of debris and 
rock blocks caused five deaths, 
and three families were rendered 
destitute at. Bulatsinhala in the 
Kalutara district (Plates 3 and.4). 
Based on a recent study, 
ffitupotha (1 992) indicated that 
the occurrence of landslides has 
increased In areas of the Provincial 
Secretariat Divisions at Ridigarna 
and lbbagamuwa in the Dedunr 
Oya basin; Bulatsinhala, 
Matugama (Plate 2. B), Agalawatta, 
Ayagama, Elapata, Kalawana, 
Ratnapura, Kahawatta, Kuruwita, 
Pelrnadulla in the Kaiu Ganga 
basin; and Weligepda, Haputale, 
Godakawela, and Kdonna In the 
Walawe River basln. Landslides 

,in these areas have altered the 
micro relief arld causing changes 
in the flow pattern of streams 
either through damming or diver- 
sion and deposition of rock, debris 
and -earth. 

Similar occurrences frequently take 
placearound newly constructed res- 
ervoirs such as Victoria, Kotmale, 
Rantambe, Randenigala and 
Samanalawewa, and in tunneled 
areas. Slope slumping In those 

.areas is due to wanton and un- 
planned investigations of local geb 
logic parameters. Blasting of highly 

I weathered metamorphosed rockfor 
road building (e.g. the Kandy - 
Mahiyangana road), mining of 
graphite using heavy explosives. 



(~urunegala and Kegalle district), 
gemmining (Ratnapuradistrict),and 
forest or grassland fires-on steep 
slopes (Kegalle, Ratnapura and 
Badulla districts) have increased the 
occurrence of landslides as well 
as of land subsidence on steeper 
slopes. 

Recommended Preventive Mea- 
sures 

The Intensity of environmental dam- 
age caused by landlides has in- 
creased as a result of inadequate 
investigations of geological struc- 
ture, increased constructional ac- 
tivities, short-sighted land policies 
of the government and over-ex- 
ploitation of natural forest re- 
sources in the uplands and 
mountainous areas. Therefore, 

'several measures are urgently 
needed in order to protect the en- 
vironment. Karunanayaks and 
Katupotha (1 990) recommendedfol- 
lowing conservation measures for 
the Ratnapura district, either singly 
or in combination; (a) reaforestra- 
tion; (b) preventing haphazardforest 
clearance; (c) monitoring of 
'suspect' areas; (d) grading of steep 
slopes according to the gradient 
and provision providing of contour 
drains; (e) terracing and nonutiliza- 
tion of landslide affected slopes ei- 
ther for human settlement or 
agriculture. 

They have further pointed out that' 
the adoptation of long-term strat- 
egies for hazard management Is 
constiained by several factors. Ex- 
ample, a basic drawback is the ab- 

sence of a landslide preparedness 
plan within the context of an overall 
&strict natural disaster prepared- 
ness etrategy. Other contiants are 
thrt technical advice on the con- 
servation of landslide-prone areas 
is inadequate and, given the paucity 
of funds, the implementatior: of con- 
servation measures is made ex- 
tremely difficult; and lack of 
inter-agency (districtadministration, 
JEDB, line departmentsand NGQ's) 
coordination. 

For the settlement of evacuees the 
following options have to be con- 
sidered: (a) resettle the evacuees 
in the areas around their homeland 
where suitable land is available; (b) 
the evacuees could be absorbed 
into surroundirg estates as employ- 
ees; (c) relocating them In 



/ Plated: 

(A) Cracked rock at Pelenkenda (Openayaka) indicates the gradual 
movement of the landmass. (8) Newly constructed rekervoli (part of a Victoria 
raservoir) and road intersects (Kzndy - Mehiyangans road) of the Central Hill 
Country willi be subjected to tuture landslides. 

downstreameareas of the Mahaweli 
Development projectandabsorbing 
them for present agriculture. For 
this purpose, it is necessary to pro- 
vide reasonable quantfty of land, 
e-g,, about 2.0 ha. for a family to 
grow seasonal crops (chillies, onion 
and leguminous crops), annual 
crops (sugar cane) and animal hus- 
bandry. Moreover, the Imbalance 
in the mannand ration due to the 
increase of population, the poverty 
of the people, vocational and ed- 
ucational backgroundofthe younger 
generation should be takenintocon- 
sideration. 

Katupotha (1 992) has also recom- 
mended the.following measures that 
might minimize occurence of the 
landslides in Sri Lanka. 

a Grading of slopes into.moderate I 
(6' - 11')' fair to steep (1 1' - 
254 and steep and extremely 
steep (1 8' - 45') or over for the 
management of landslides and 
soil erosion. However, and 
steep ' to  extremely steep or 
over slopes should not be used 
at all fdr humansettlements and 
agriculture. 

Minimize the use of moderate 
slopes for hu'man settlements 
and agriculture. 
Continue reforestation and for- 
bid the unplanned and illicit for- 
est fellings in graded slopes. 

Monitoring haphazard quarrying 
of rocks and other mining activ- 
ities in fair to steep or over 
slopes. 

Forbid or manage the use of 
explosives in the mining activi- 
ties, e.g., graphite, .rocks, 
gems, in moderate to extremely 
steep or over slopes. 



f Provide contour drains 
and terracing to protect the 
high slopes from soif erosion. 

@ Systematic and careful uproot- 
ing methods of plantation crops 
are needed to  protect high 
slopes from landslides and soil 
erosion. 

h Enforcement of existlng Laws 
pertaining to the protection and 
management of natural re- 
sources. 

The above mentioned recornmenda- 
tions can be implemented as short- 
term, medium-term and long-term 
strategies to prevent land- 
slide hazards. , 

Plate 3: (A and 8) Deposition of rocks, debris and earth by landslide in 1992 caused the 
damage of three houses and five deaths at Bulatoinhala (Kalutara district). 
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