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Climate Extremes and Precipitation Trends in Kelani River Basin, Sri Lanka
and Impact on Streamflow Variability under Climate Change

ABSTRACT

The study region comprises a major river basin in the West of Sri Lanka namely Kelani River
basin. The hydrological regime of this river differs significantly from that of the others because
the basin features great geographical and climatic diversities over its latitudinal and
longitudinal extent. Kelani River is the second largest river in Sri Lanka that originates from
the central hills and flows to the west coast through Colombo city. The river basin is bound by
northern latitudes from 6°47' to 7°05' and eastern longitudes from 79°52' to 80°13". The river
originates approximately 2,250 m above mean sea level and passes 192 km to reach the Indian
Ocean. The river basin experiences an annual average rainfall of about 3,450 mm
corresponding to a volume of about 7,860 MCM out of 43% discharges into the sea. However,
changes in precipitation and temperature due to the climate change can cause more frequent
extremes with extended droughts and floods with further impact to the reservoir storage
resulting a significant threat to water resources. Therefore, the present study focuses on climate
extremes with reference to the past, present and future behavior of rainfall, temperature and
streamflow at watershed scale to identify climate change impact on the spatial and temporal
variations of streamflow in the Kelani River Basin.

For this research, basin-wide future hydrology is simulated by using downscaled temperature
and precipitation outputs according to RCP Scenarios of the Canadian Earth System Model -
version 2 (CanESM2), Statistical Downscaling Model (SDSM) and the Hydrologic
Engineering Centre’s Hydrologic Modeling System (HEC-HMS). The case study further
evaluates the long-term behaviour and trends of the climate extremes based on the observed
historical temperature and precipitation data. The findings suggest that the temperature and
precipitation extremes are on the rise while the annual average precipitation in the river basin
is declining. It is also predicted with the application of statistical downscaling that temperature
may rise annually for representative concentration pathways of RCP2.6, RCP4.5 and RCP8.5.
The mean explained variance are 67, 86 and 13% for temperature maximum, temperature
minimum and precipitation respectively, for calibration with NCEP predictors. During
calibration, the R? value of the monthly and seasonal sub-model of RCP 2.6, RCP 4.5 and RCP
8.5 scenarios are lies between 80.1% and 99.4% for both maximum and minimum temperature
and 50 to 90% for precipitation. During validation, R? value for both monthly seasonal sub-
model followed by bias correction was between 76.9% and 99.2% for both maximum and
minimum temperature, and 55% to 95.2% for precipitation. A detailed modelling approach is
incorporated to Hanwella sub-watershed (1799.67 km2) of the Kelani River basin, to study the
subsequent water resource management options with the varying streamflow of the Kelani
River basin under the effect of the future (2020’s, 2050’s and 2080’s) rainfall and temperature
as impending climate change impacts for RCP scenarios. The paper reviews the current state
of the catchment as well as the suitability of applying the GCM’s rather than RCM’s to Sri
Lanka to assess this river basin, according to monthly, seasonal and annual variations of the
climatology. Apart from the water resources management, a quantitative analysis was conduct
to assess the change in the amount of surface water within the selected river basin as a function
of the expected variations in precipitation and temperature. This study will set the baseline for
commencing and continuing quantitative studies incorporating the behaviour of the basin-wide
climatology and streamflow variability with the use of general circulation models

Key words: - Climate Change, GCM, RCP Scenarios, Statistical Downscaling, Water
Resources Management
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