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Abstract

The objective of this study is to find out whether the long dry climatic condition prior to the occurrence of
landslides may be another causative factor to develop an unstable landmass. Monthly mean temperature and
rainfall prior to ten years before the occurrence of each movement were collected from the Meteorology
Department for ten major landslides occurred recently within Sri Lanka. Using Thornthwaite equation (1948)
the heat index and potential evapotranspiration were calculated and obtained the remaining water amount from
the rainfall for each landslide location for the period of ten years prior to the occurrence of particular movement.
The results indicated that in some locations the remaining water amount was negative and other locations it was
very low during the drought period. This creates some development of cracks of the overburden soils due to its’
shrinkage and desiccation behavior. These open paths absorb more water than normal after a heavy precipitation
and create unstable condition with the increase of pore water pressure.
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INTRODUCTION

The earth materials such as soils, weathered rocks
and rock masses leave their original position abruptly
or extremely slowly and start movement downward
mainly under the gravity force. Such natural
movements of the earth materials are named as
Landslides. There are many natural causes for the
occurrence of landslides such as rainfall, hydrology,
rock type, rock structures, slope angles, degree of
weathering, soil type and land forms etc. Landslides
in Sri Lanka occur in the regions where the annual
rainfall is above 2000mm. If a hill slopes receives
continuous rainfall of about 200mm within a period
of 3 days it is sufficient to create a landslide (Bandara
2005).

The landslide incidents have been increased
drastically within last 25 years in the central hilly
regions in Sri Lanka parallel to the development
programs and human activities. This created some
environmental,  sociological, economical and
engineering problems to the country. Wuebbles et al
(2018) say that global annually averaged surface air
temperature has increased by about (0.7°C) 1.2°F for
the period 1986-2016. Further the researchers in U.S.
found much evidences for a human influence on
surface soil moisture deficits due to increased
evapotranspiration caused by higher temperature. The
same report indicates that the average temperature
increase in Sri Lanka is between 1.0-1.5°F. This
indicates that the increase of landslides incidents may
be related to the increase of average temperature of
Sri Lanka.
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Heavy rainfall after a longer period drought
accelerates the formation of unstable lands in the
hilly areas and starts the movements of landmasses.
The droughts for a longer period create much
influence to the human life especially for farmers due
to the shortage of surface and groundwater. The
longer period drought may create some physical
changes of the ground surface and shallow depths due
to loss of water in different ways. It develops paths or
cracks to absorb more water. It is another type of
ground adjustment which increases the amount of
groundwater infiltration and pore water pressure in
shallow depths. But the effect of temperature prior to
the incidence has not been considered as another
possible causative factor in addition to the other
identified factors for the landslide occurrences yet.

National Building Research Organization has created
Landslide Hazard Zone maps (LHZ) for most
vulnerable areas for landslides in Sri Lanka
considering all identified causative factors (NBRO,
1995). These maps give some guidelines to prepare
the future development programs which minimise or
reduce the total damage to the people. The effect of
droughts has not been considered to prepare these
maps yet. Therefore, the objective of this study is to
find out whether the dry climatic condition prior to
the occurrence of landslides may be another causative
factor for the occurrence of landslides in Sri Lanka.
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LITERATURE REVIEW

Geography and Geology of Sri Lanka

Sri Lanka is an Island in the Indian Ocean. The Island
of Sri Lanka lies between latitudes 5° and 10° North
and longitudes 79° and 82° East. It is situated 32 km
east of the southern tip of India separated by Palk
Strait and the Gulf of Mannar and 880 km north of
the Equator. The total land area measures 65,610 sq.
km. Physiographically Sri Lanka consists as a central
mountainous mass or central highland surrounded by
alow, flat plain on all sides and extending to the sea.
Sri Lanka is considered to have a humid tropical
climate. The mean annual rainfall for the Island is
2030mm. The temperature in the country generally
lies between 14° C and 32° C. On the basis of rainfall,
the dryness and topography, Sri Lanka can be divided
into three climatic zones namely the Dry Zone
(rainfall less than 2000mm), the Intermediate
Zone(rainfall between 2000mm to 3000mm) and the
Wet Zone(rainfall above 3000m) (Walker, 1962).

Geologically nine tenth of Sri Lanka is made up of
high grade metamorphic rocks of Precambrian age.
The remaining rocks are sedimentary rocks of
predominantly Miocene age in the north-west (and
very few places of south east ) with some Jurassic
sediments preserved in small faulted basins, recent
sedimentary formations identified as Pleistocene
Deposits in a few locations and scattered igneous
intrusions through the regional metamorphic rocks
(Cooray, 1984).

Calculation of Potential Evapotranspiration
Thornthwaite (1948) introduced the method to

estimatepotential  evapotranspiration (PET)using
temperature data.
PET=1.6 (10T/1)? (Eq.2.1)

PET-Monthly potential evapotranspiration (cm)
T  -Monthly mean temperature (°C)
I -Heat index which is a constant for a given
location and is the sum of 12 monthly index values i,
where i is a function of the monthly normal
temperatures.
i - (-I—/5)1.514

a-An empirically determined exponent which is a

function of I,

a = (6.75x10-7)1*~(7.71x10-5) I*+(1.79x10-2)1+0.49
Majumdar,(2013), studied about rainfall-
evapotranspiration water balance relationship using
rainfall and temperature data in India.

Rainfall-PET = Water Balance(Eg.2.2)

Those results were suggested to use for water
planning development in an area.

137

METHODOLOGY

Selecting 10 landslides

The fallowing landslides occurred during last 10
years period were selected (Fig.1).The names of the
locations are Ladupita (2007), Walapane (2007),
Padiyapelella (2007), Paradeka (2008), Beragala
(2009), Rattota-Nicholaoya (2012),Koslanda (2014),
Kandy-Mahiyangana road (2014), Aranayake (2016)
and Bulathkohupitiya (2016).

Collecting the details of the locations

The locations of landslides, date of the incidence,
severity and other important details were obtained
through relevant sources.

Rattotz Kandy-Mahiyangana road

A s
Y Padiyapelella

Aranayake

Bulathkohupitiya A —— Walapane

Ladupita
Paradeka A 4
Beragala - (oslanda

Fig.1.Selected landslide locations for the study

Collecting temperature and rainfall data

Monthly mean temperature data and rainfall data
were obtained from the head office of the Department
of Meteorology, Colombo, Sri Lanka. For collecting
data, 10 years period of time before the occurrence of
each landslide was considered.

Calculations

Using collected temperature data, potential
evapotranspiration (PET) of each area was calculated
by using Thornthwaite’s method (Eq. 2.1).

PET=1.6 (10T/I)®

Temperature values for the particular landslide
locations were calculated using altitude. For 1000m
height, temperature decreases at 6.5 °C. Using
collected rainfall data and the calculated PET values,
Remaining Water were obtained through following
method. (Eq. 2.2)
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Rainfall - PET = Remaining Water (both surface
and groundwater)
Analysing
According to the Water Balance (WB) results,
following adjudications were obtained.

WB>0->Soil is in wet condition and has excessive
amount of water.

WB<0->Saoil is in dry condition. If the negative value
is high, dryness of that soil can be high and
there is a tendency for formation of cracks
on the ground surface in the root zone.

RESULTS AND DISCUSSION

According to the monthly remaining water results of
each landslide area, negative remaining water values
can be observed in some months within each and
every year as shown in Fig.2. That has been
continuously occurred during the entire 10 years
period.

Relatively low annual remaining water values can be
observed several years before the occurrence of each
landslide as shown in Fig.3 and Fig. 5. Further, for
most landslide areas, it can be seen that annual
remaining water value in the year of the landslide
occurred was lower than that of the previous
year/years.

Simultaneously, higher annual heat index values can
be observed for several years before the occurrence
of landslide as shown in Fig.4. It implies that the
particular landslide area had been experienced dry
environmental condition due to high temperature
before the landslide occurred.

Further, it can be seen that a rapid increasing of
annual heat index had been occurred between the
year of landslide occurred and the previous year. As a
result, the top soils at shallow depth changes their
moisture content and shrinkage starts due to the
dissipation effect.
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Fig.6. Annual Heat Index variation-Beragala

Simultaneously, development of cracks can occur
which allows paths to absorb more water than the
normal. Then with the higher precipitation the
absorption and infiltration amount of water will be
higher through these opened cracks. As a result, the
pore water pressure increases and earth materials
become unstable.

The completed LHZ maps are used to predict the
zones that are susceptible for sliding during heavy
precipitation beyond the rainfall limit and time
duration. The daily temperature variations in the most
vulnerable areas should be recorded to calculate the
monthly heat index, evapotranspiration and
remaining water balance. Increasing monthly average
temperature and decreasing remaining water balance
indicate high evapotranspiration and the dryness of
the ground. This is leading to create cracks of the
ground which provide paths to infiltrate more
rainwater. The adverse effects may not appear after
one drought. After several droughts the quantity of
rainwater infiltration may increase and leads to
increase the pore water pressure and the driving
force. Therefore studies on the increase of
temperature at the selected locations of hazard zones
are important to prepare some early warning systems
in addition to the existing system. This will help to
reduce engineering, environmental and sociological
problems in an area.

CONCLUSIONS

When Remaining Water is very low with the increase
of temperature for a longer period, the dryness of the
ground is at higher stage. If this condition is occurred
for considerable time duration, it will cause for
formation of cracks on the ground surface. These
cracks will be filled with water when rainfall is
received. It increases the pore water pressure in the
soil mass and reduces the resistant force and the
stable condition. If this process is happened in steep
and medium slopes, it will cause for sliding the soil
mass but for flat terrains there will not a possibility
for that type of soil mass movement. Therefore, for
hilly areas with steep and medium slopes in Sri
Lanka, there is a possibility for the occurrence of
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landslides due to temperature increase and this may
be another reason in addition to the other reasons.

Locations for each Hazard Zone should be selected to
measure the daily temperature and rainfall variations.
The remaining water amount indicates the variation
of dryness of ground during a long drought. This may
indicate the possible unstable zones prior to any
engineering constructions.
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