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Abstract. A significant impact on the economy and the social context of Sri Lanka has been caused
by hydro-meteorologically induced landslides. Though many organizations are working on landslide
studies, National Building Research Organization (NBRO) is the key organization that involves in
landslide research and risk reduction programs in Sri Lanka. This paper discusses about the present
strategies set to reduce the landslide risk and the present achievements. Landslide risk reduction
process has been strategized in number of ways which follow basic guidelines of disaster management.
The strategic plan developed by NBRO includes following main components/activities; such as
identification, awareness, early warning, mitigation and low enforcement. Implementation of those
strategies have resulted Landslide Hazard Zonation Maps through Landslide Hazard Zonation
Mapping Program, establishment of real time early warning system, declaring landslide prone areas
and introducing land clearance process and successful completion of landslide mitigation projects with
improvement of technological knowledge.
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1 Introduction

Landslides which are hydro-meteorologically induced have become a frequent natural hazard in Sri
Lanka and hence, overcoming the threat of landslides is really a challenge to the geologists working on
landslides, disaster management sector and the administrators in the country [1, 2]. Due to the
northeast and the southwest monsoon and also sometime by unexpected extreme weather conditions, the
central highland of the country is highly disturbed and destructed due to land slide occurrences and
human lives of the affected areas are seriously suffered [3, 4]. Hence it is well understood that the
landslide disasters in Sri Lanka are causing a significant economic loss which seriously affects the GDP
of the country and there is urgent need and essential requirement of landslide risk reduction.

20% of the landmass of the country is covered with the mountainous and hilly regions. Sri Lanka is
composed of mostly high grade metamorphic rocks which contains high amount of feldspar and flaky
minerals [5, 6]. Hence high weathering and soil formation rates in Sri Lanka, even since it is an island in
tropical environment, create massive and thick unstable soil profiles which are trigged by heavy rains to
cause landslides in central highlands [7].

The central highland is covered with 12 districts and most of the places of these districts are prone to
landslide hazard (Figure 1). Though some of the landslides have been initiated by natural causes, it
seems that human impact on improving the potential is also considerable. Unfortunately, 30% of the
total population of the country live in these mountainous areas [8]. It is well understood and identified
that with the increase of highland population; the land use pattern has been dramatically changed.
Therefore, it has caused the triggering of the mass movements and cutting failures increasingly in most
of the places of the highland recently.

Depending on the monsoon and extreme weather conditions prevailed so far, the affected part of the
central highland in each season has been changed. Therefore the precise weather forecasting is needed in
forecasting of areas with landslide risk in each rainy seasons in the country. The recent landslides
occurred in the year 2003, 2007, 2010, 2011, 2012, 2014, 2015 and 2016 had taken nearly 1000 human
lives in the country (Figure 2).
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Land subsidence due to natural causes such as formation of underground cavities due to carbonate
rock weathering is another geo hazard occurring in the areas such as Matale and Jaffna peninsula in the

country [3].

DISTRIBUTION OF LANDSLIDES IN SRI LANKA

wxn nss wosns

e e

N
+ Jafina k‘-\ \
i G ma g
o Qa §F R
L~ T
e R PR
A S
{7 Mincchehl N Legend
1 frp— *  Landuides cocurred belos 2016
A *  Landsldes occurred in 2016
= b J
'\\‘_ o« 3 Landslide prone Tees
H ' g Mo landsice risk LE
L] Mannar . |
Vavuniya %,
b Kacmatary
) o uE B =
o [
{ -
_: Anuradhapurs Trincomales |
i e L
\ émm 1 %, Poloananswa
Battcalca
Matale b }.
Kurunegala " i
. s ¥

Revised on: 21.09.2016

Figure 1. Distribution of past landslides

in Sri Lanka
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Figure 2. Number of deaths due to landslide hazard in Sri Lanka from 2000-2016

2 Historical Background of Landslide Research in Sri Lanka

The landslide studies in Sri Lanka have been dated back to 1980. After the disastrous landslides that
occurred in the mid-1980s, the Government of Sri Lanka took the initiatives of studying the landslide
phenomena in the country. National Building Research Organization (NBRO) which has been

GR

Copyright © 2018 Isaac Scientific Publishing



Geosciences Research, Vol. 3, No. 3, August 2018 23

established in 1985 was selected as the executing agency and was entrusted with the management of
landslide hazard risk in Sri Lanka.

The National Building Research Organisation (NBRO) of Sri Lanka which was mainly to conduct
building research in Sri Lanka and geotechnical research initiated a pioneering work of landslide hazard
zonation mapping program (LHZMP) with the assistance of UNDP in 1990 [9]. The hazard zonation
mapping initially was conducted for two districts naming Badulla and Nuwaraeliya. The land areas of
the mountainous and hilly areas in those districts were characterized into three hazard zones such as
high, medium and low hazard zones according to geology, hydrology, slope, landform, soil type and the
thickness& land use pattern. Finally the hazard zonation mapping program has been extended for 12
landslide prone districts including Kegalle, Matale, Kandy, Kalutara, Matara, Galle, Hambantota,
Moneragala and Kurunegala.

Since then, the government with the help of NBRO has undertaken various preparedness and
mitigation measures such as: landslide hazard zonation mapping; regulation of land use and development
activities in hilly terrains; capacity building of stakeholder agencies; public awareness and education of
the developers and land users; rescue, disaster relief rehabilitation and resettlement of the affected
persons [9, 10, 11, 12, 13, 14]. The NBRO work have been duly recognized by the stakeholders and the
Government of Sri Lanka by providing regulating power of land development, building and construction
activities in 15 landslide prone districts of the country at the moment.

3 Landslide Disaster Risk Reduction Strategies in Sri Lank

Presently NBRO has initiated a multidisciplinary approach for landslide risk reduction. The strategies
presently applying include identification, awareness, early warning, mitigation and low enforcement.

3.1 Landslide Hazard Zonation Mapping

Identification of landslide potential areas which have been carried out under the landslide hazard
zonation mapping program is in two folds and it includes a desk study followed by a field clarification
[9,10]. Having several map layers of geology, slope, soil overburden, hydrology, landform and land use
pattern, different weightages and ratings based on expert opinion and statistical analysis of historical
data are given for each category of each layer. The derived maps are overlaid by using GIS to form
hazard zonation map which is in 1:10000 scale. After that, a field clarification is carried out and fine
tuning is done according to the necessary adjustments (Figure 3A). Presently 1:10000 scale hazard
zonation maps are being prepared. The prepared 1;10000 maps have been distributed among the local
authorities and have been made available to any person or any institute at any time. Recently the
prediction power of the hazard zonation maps has been assessed and found that more than 90% of
prediction power was achieved [15].
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Figure 3. 1:10000 scale landslide hazard zonation map (A) and exposure Map (B).

Based on the landslide hazard zonation maps, the central highland has been categorized into three
hazard zones; high, medium and low hazard zones (Figure 4). The people living within the high hazard
zones are strongly advised to move away from the landslide potential sites. No future development or
construction is allowed in these high hazard areas. Identified potential sites which are in medium hazard
zones are forwarded for mitigation process and at the same time people are made aware and alert.
Landslide Risk identification was further strengthen by developing Risk assessment guidelines with

overlaying extra information above the hazard zonation map such as expose map and the flow path
boundaries (Figure 3B).
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Figure 4. Landslide hazard zones in central highland of Sri Lanka
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In addition, awareness programs on landslide risk reduction are conducted for public, administrators,
government officers, security forces and various other institutes in the country.

3.2 Real Time Early Warning for Landslide Vulnerability

Early warnings are issued based on real time rainfall data, especially for the previously identified
potential landslide areas. The real time data are gathered from automated rain gauges installed in 160
locations covering entire highland of the country. Evacuation notice to public in landslide potential
areas is given after having 150mm rainfall per 24 hours of period [12]. Localized threshold limit
calculation are being processed with the present climatic change phenomenon in south Asian countries
(Figure 5) [16, 17]. It was revealed that the final evacuation warning should be 150 mm rain per 24
hours period [12]. All the early warning messages are distributed by using local media.
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Figure 5. Threshold limits by hourly rainfall calculated by the recent landslide events May 2016 for Kegalla
district, Sri Lanka

3.3 Landslide Mitigation

Identification of landslide in central highland leads categorization which is important in setting selection
criteria for mitigation. Mitigation of landslide has been started in 2006 in Sri Lanka and it was a new
approach in technological development in NBRO and other related institutes in the country. The first
mitigation project has been focused to reduce the landslide risk reduction in townships such as
Peradeniya and Padiyapalalla. Those two projects were highly successful and hence more mitigation
projects have been launched with the auspicious of the government. Due to various developments in the
road sector including widening, small scale failures were occurred in the major roads in the country
during the last decades. Mitigation was extended to road sector with the funding support of World Bank
project called “Climate Resilient and Improvement Project” (CRIP) and JICA project known as
Landslide Disaster Prevention Project (LDPP)[18]. In addition, some burning issues related to unstable
slopes and land instability in major schools were addressed under the project CRIP (Figure 6). Addition
to the above initiations Sri Lankan Government has allocated separate budget to NBRO take necessary
steps to mitigate landslide vulnerable locations which are threaten to the Sri Lankan community[19].
The land subsidence issues in Matale and Jaffna peninsula have been studied with the technical support
of Norway and zoning of high hazard subsidence areas are being process at the moment.
e
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Figure 6. Mitigation activities going on A. in Kandy-Mahiyanganaya road B in Mahamaya School in Kandy under
the supervision of NBRO.

Most of the mitigation works carried out were involved in structural mitigation measures where
concrete and steels were used. Recently application of bioengineering techniques are being considered
[20].

3.4 Introduction of Construction Guidelines for Construction and Development

The landslide risk reduction process in Sri Lanka has been strengthened by low enforcements. Any
individual or institute or organization doing any constructions in declared landslide potential districts
must have NBRO certificate on suitability of land with regard to landslide potential. In the areas of
medium and low hazard, constructions and developments are allowed under the guidelines given by
NBRO and their close supervision.

4 Present Achievements in Sri Lanka

The strategies developed for landslide rick reduction in the country so far has given excellent results in
saving human life and infrastructure facilities. The conducted awareness programs have greatly
improved the consciousness about the landslide risk. The people in most of the risk areas have well
prepared to face the threat at any time. Strengthening of unstable slopes and lands in road and school
sector has led to smooth functioning and saving human lives. Hence it has decreased the sudden or
unnecessary loss of money and infrastructure securing the counties GDP.

Recent decisions taken from the government to permanently relocate the people from landslide
vulnerable locations according to the instructions and guidelines and settle them in safer places with
NBRO recommendations was a good achievement to the NBRO. It was further revealed that the
decision taken to revise the NBRO act to include all type of authorities to control and prevent landslide
vulnerability in Sri Lanka. Further to that it was a vast gap on data base development on landslide,
even though the NBRO has more than twenty five years on landslide. Hence recently a data sharing
software has been developing.
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