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Abstract— This study estimates the climate elasticity of 

runoff concerning precipitation and evaporation, in Kalu and 

Kelani river basins in the wet zone of Sri Lanka. The Ellagawa 

subbasin of Kalu river and Hanwella subbasin of Kelani river 

were selected for the assessment. The non-parametric estimator 

was selected based on the simplicity to assess the climate 

elasticity of runoff in the selected wet zone basins under current 

climate scenarios. The rainfall elasticity and evaporation 

elasticity were estimated for prevailing climate conditions. At 

the same time, the climate elasticity under synthetic climate 

change scenarios was assessed using a hydrological model. The 

HEC-HMS rainfall-runoff model was selected based on the 

accessibility, flexibility, reliability, and data requirements to 

simulate streamflow. According to the model results, climate 

change results in causing -41% to 31% change in runoff in the 

Kalu river basin and -49% to 23% change in runoff in the 

Kelani river basin under synthetic climate change scenarios that 

have been developed for the period of 2016-2035 considering the 

predicted precipitation and evaporation changes comparative to 

the baseline period of 1986-2005. 

Keywords— climate change, HEC-HMS modelling, synthetic 

climate change scenarios, wet zone basins  

I. INTRODUCTION  

It is crucial to assess the impacts due to climate change on 
the hydrological cycle for the characterization of basin 
hydrology and water resource management. According to [1], 
all the evaluated scenarios have predicted that changes to 
streamflow quantity, timing, and related extremes will 
negatively affect freshwater ecosystems in many watersheds. 
The runoff sensitivity to climate change can be quantified by 
using the climate elasticity of runoff as an indicator[2]. The 
change in runoff relative to the change in climatic variables 
can be defined as the climate elasticity of runoff [3]. 

The changes in runoff are directly influenced by 
precipitation and evaporation changes. On the other hand, 
temperature extensively influences evaporation. Runoff 
elasticities for drier climates are higher compared to wet 
climates. At the same time, precipitation contributes more to 
the runoff elasticity compared to evapotranspiration [3]. This 
study will focus on the subsequent response of runoff in Kalu 
and Kelani river basins in the wet zone due to climate change. 
For this study, precipitation and evaporation were selected as 
the climate variables, considering the direct influence on 
runoff. 

II. OBJECTIVES 

A. Main Objective 

The main objective of the research is to scrutinize the 
predicted climate variations, investigate subsequent impacts 
on runoff in Kalu river and Kelani river wet zone basins to 

quantify the impact of climate change on runoff, and identify 
whether these crucial river basins are vulnerable to climate 
change with possible extents of impact. 

B. Specific Objectives 

 To identify prevailing conditions of the selected 
basins in the wet zone and examine the research 
findings related to the study area through a 
comprehensive literature survey. 

 To identify climatic variables and analyze the 
predicted climatic variations. 

 To estimate projected streamflow based on the 
projected climatic variables by using watershed 
modeling tools.  

 To estimate the climate elasticity of runoff in the 
selected wet zone basins. 

III. METHODOLOGY 

The HEC-HMS model (US ACE, USA) was selected as 
the hydrological model, primarily based on the accessibility 
and the data requirement to simulate basin streamflow. 

 Fig.1. Methodology flowchart  



The empirical approach which is the non-parametric 
estimator was selected to assess the climate elasticity of runoff 
[4]. The non-parametric estimators defined in [5] and [6] were 
selected accordingly. The methodology flowchart is presented 
in Fig. 1. 

A. Study Area 

The study is focused on the wet zone basins of Sri Lanka. 
Kelani river basin and Kalu river basin were selected 
accordingly. The upper catchments that drain into Ellagawa 
gauging station and Hanwella gauging station of Kalu river 
basin and Kelani river basin respectively were considered for 
the study. 

The catchment area of the selected subbasin at Ellagawa is 

about 1,372 km2, while at Hanwella, the selected subbasin 

area is about 1,799 km2. Fig. 2 and Fig. 3 show the selected 

subbasins of the Kalu river basin and Kelani river basin, 

respectively. 

 
Fig.2. Study area map of Kalu river basin 

 

 
Fig.3. Study area map of Kelani river basin 

B. Data Collection 

For the study, five rainfall gauging stations were selected 

for each sub-basin based on the data availability and missing 

data percentages. Daily rainfall data of each station were 

collected from the Department of Meteorology and the 

location details of the selected rainfall stations are indicated 

in Table I and Table II. 

At the same time, daily streamflow data of the Ellagawa 

station of Kalu river basin and Hanwella station of Kelani 

river basin were collected from the Irrigation Department. 

For the analysis and modelling purposes, a 27-year daily data 

set from 1985 to 2012 was collected for the Ellagawa sub-

basin, while 30-year daily data set from 1985 to 2015 was 

collected for the Hanwella sub-basin. 

Moreover, evaporation data of Colombo and Ratnapura 
gauging stations were collected for the same period from the 
Agromet Division of the Meteorological Department for the 
Kalu river basin and Kelani river basin, respectively. 

C. Data Checking 

Data checking was carried out mainly based on visual 
observation, single mass curve, and double mass curve to 
check the consistency and analyze uniformity of the daily 
precipitation and streamflow data [7]. According to the World 
Meteorological Organization (WMO) guidelines, the 
maximum acceptable missing data percentage of any station 
is 10% of the total amount of available data for the station [8].  
The missing data percentages of all the selected stations, 
except the Dunedin station which was selected initially for the 
Hanwella sub-basin, were less than 10%. However, Dunedin 
station was not selected for the analysis due to the higher 
missing data percentage. 

In order to estimate and fill missing data, the closest station 
patching method was used [9]. Accordingly, first, the data 
required to fill the missing values were extracted from a 
nearby gauging station that has shown a similar trend to the 
station with missing data. Then the extracted data were 
multiplied by the ratio of the slope of the single mass curve of 
the station with missing data and that of the nearby station 
with the data that was used to substitute the missing data and 
finally, the missing values were filled with that value. 

Thiessen polygon method was used to calculate the spatial 
average catchment rainfall since it has been used in literature 
as a common method to derive the mean areal precipitation. 
The generated Thiessen polygon maps using ArcGIS v10.4 
(ESRI Inc., USA) for Ellagawa and Hanwella sub-basins are 
presented in Fig. 4 and Fig. 5, respectively. 

TABLE I.  SELECTED RAINFALL STATIONS FOR THE KALU RIVER BASIN 

TABLE II.  SELECTED RAINFALL STATIONS FOR THE KELANI RIVER BASIN 

Gauging Station 
Coordinates 

Latitudes Longitudes 

Alupola 6° 43' 12" N 80° 30' 00" E 

Ratnapura 6° 40' 48" N 80° 24' 00" E 

Wellandura Estate 6° 31' 48" N 80° 34' 12" E 

Pussella 6° 48' 00" N 80° 21' 00" E 

Halwathura 6° 43' 12" N 80° 12' 00" E 

Gauging Station 
Coordinates 

Latitudes Longitudes 

Annefield 6° 52' 12" N 80° 37' 40" E 

Hanwella Group 6° 52' 48" N 80° 07' 12" E 

Laxapana 6° 52' 48" N 80° 30' 36" E 

Pasyala 7° 09' 00" N 80° 07' 48" E 

Wewaltalawa 7° 03' 00" N 80° 22' 48" E 



Fig. 4. Thiessen polygon map for Ellagawa sub-basin 

Fig. 5. Thiessen polygon map for Hanwella sub-basin 

D. Climate Elasticity of Runoff 

Currently, many approaches have been used by various 

researchers to assess the sensitivity of streamflow to climate 

including using a conceptual deterministic watershed model, 

analytical derivation, using a multivariate regional 

hydrologic model, empirical approach, and statistical 

approach [5]. For this study, the non-parametric estimator 

which is an empirical approach was selected to assess the 

climate elasticity of runoff under current climate scenarios 

since the elasticity is computed from the historical data and 

also, the estimation is simple. Non-parametric estimators 

defined in [5] and [6] were selected for the study. 

The non-parametric estimator defined in [5] is presented 

below. 

𝜀 = 𝑚𝑒𝑑𝑖𝑎𝑛
[(𝑄𝑡−�̅�)/�̅�]

[(𝑋𝑡−�̅�)/�̅�]
                                                      (1) 

The non-parametric estimator defined in [6] is presented 

below, 

𝜀 =
�̅�

�̅�

∑(𝑋𝑖−�̅�)(𝑄𝑖−�̅�)

∑(𝑋𝑖−�̅�)2                                                   (2) 

where Q and X represent the climatic variable and 

streamflow, respectively, while �̅�  and �̅�  represent mean 
annual runoff and any climatic variable, respectively. 

E. HEC-HMS Modeling 

1) Parameter Estimation 
A schematic of each sub-basin was developed in the HEC-

HMS model platform. Then, the model setup components 

namely, the Basin model, Meteorological model, Control 
specifications, and Input data time series were defined for 
each sub-basin. Mainly a loss method, transform method, and 
a baseflow method was selected since, in HEC-HMS, the 
discharge is calculated from meteorological data by 
deducting losses, transforming excess rainfall, and adding 
baseflow. In addition, a canopy component to incorporate 
evapotranspiration and intercept, and a surface component to 
account for the water trapped in surface depressional storage 
were defined. Therefore, altogether there were 24 common 
parameters to estimate for both basins. Moreover, only the 
Hanwella basin was divided into two sub-basins and the 
modelling was carried out accordingly since the initial model 
results were not acceptable with one basin. Therefore, in 
addition to the methods used in the Ellagawa basin, a channel 
routing method was used in the Hanwella basin. 

a) Loss Method 

Infiltration, depression, interception, and evaporation 
occur unceasingly throughout a rainfall event. Therefore, the 
losses are expressed as initial and constant. There are several 
methods available in HEC-HMS for both continuous and 
event-based modeling to compute the precipitation loss. Only 
the Soil Moisture Accounting method, and the Deficit and 
Constant method are suitable for continuous modeling [10]. 
Therefore, the Soil Moisture Accounting method was 
selected for this study.  

b) Transform Method 

The HEC-HMS offers several transformation methods to 

transform excess rainfall into runoff. The Clark unit 

hydrograph method was selected based on the requirement of 

a lesser number of parameters. The two parameters, Time of 

concentration and Storage co-efficient are required in this 

method [11] 

c) Baseflow Method 

The Recession Baseflow method was selected as the 
baseflow method for this study among the five available 
baseflow methods in HEC-HMS. The input parameters of the 
model are Initial flow, Recession constant, and Ratio to the 
peak [10]. 

2)  Model Calibration and Validation 

The two models for the Ellagawa subbasin of Kalu river 

and Hanwella subbasin of Kelani river were calibrated by 

matching simulated discharge with observed streamflow at 

the Ellagawa gauging station for the Ellagawa sub-basin and 

Hanwella gauging station for the Hanwella sub-basin. 

For the Ellagawa sub-basin, the calibration was 

performed from the 1985/1986 water year to the 2000/2001 

water year whereas the validation was performed from the 

2001/2002 water year to the 2011/2012 water year. For the 

Hanwella sub-basin, the calibration was performed from the 

1985/1986 water year to the 2002/2003 water year whereas 

the validation was performed from the 2003/2004 water year 

to the 2014/2015 water year. 

This study is mainly focused on the evaluation of the 

climate elasticity of runoff. Therefore, the Nash-Sutcliffe 

efficiency (NSE), Relative Error (RE), and the Coefficient of 

determination (R2) were selected as objective functions to 

evaluate the model performance based on literature [4]. 

The selected objective functions can be defined as, 



𝑅𝐸 =
∑ (𝑂𝑖−𝑆𝑖)

𝑛
𝑖=1

∑ 𝑂𝑖
𝑛
𝑖=1

                                                           (3)                                                         

NASH = 1- 
∑ ( 𝑆𝑖− 𝑂𝑖)2𝑛

𝑖=1

∑ ( 𝑂𝑖− �̅�)
2𝑛

𝑖=1

                                          (4) 

𝑅2 =
𝑛 ∑ 𝑂𝑖𝑆𝑖−∑ 𝑂𝑖 ∑ 𝑆𝑖

𝑛
𝑖=1

𝑛
𝑖=1

𝑛
𝑖=1

√[𝑛 ∑ 𝑂𝑖
2−(∑ 𝑂𝑖)𝑛

𝑖=1
2

][𝑛 ∑ 𝑆𝑖
2−(∑ 𝑆𝑖)𝑛

𝑖=1
2

]𝑛
𝑖=1

𝑛
𝑖=1

                   (5) 

where n is the number of observed or simulated data points 

whereas𝑂i , 𝑆𝑖 , and O̅  are observed streamflow, simulated 
streamflow, and mean of the observed streamflow, 
respectively. 

F. Synthetic Climate Change Scenarios 

The calibrated models were used to analyze the impact on 
streamflow in the future due to potential future climate 
change. Past climatic data series can be adjusted to generate 
future climate data under synthetic climate change scenarios 
as below [12], 

𝑃2 = 𝑃1 +  ∆𝑃                                                                  (6) 

𝐸2 = 𝐸1 + ∆𝐸                                                                  (7) 

where, 𝑃1 and  𝑃2 are climate normal and future precipitation 
while 𝐸1 and  𝐸2 are climate normal and future evaporation, 
respectively. 

According to the predicted changes in precipitation  (∆𝑃) 
and evaporation (∆𝐸) in the four seasons of the year, the 
change in precipitation is between -30% to 20% while the 
change in evaporation is between 0% to 10 % for the 2016-
2035 period compared to the 1986-2005 period under RCP4.5 
in the study region [13]. 

The calibrated models were run for different 
combinations of precipitation and evaporation that were 
developed according to the projected changes, to scrutinize 
the impact of climate change on runoff under potential future 
climate change. 

IV. ANALYSIS AND RESULTS 

A. HEC-HMS Modelling 

The HEC-HMS model calibration for both subbasins of 
Kalu river and Kelani river was performed by matching the 
simulated flow with the observed streamflow data at Ellagawa 
and Hanwella stations, respectively. The values obtained for 
Nash-Sutcliffe Efficiency (NSE), coefficient of determination 
(R2), and Relative Error (ER) for calibration and validation of 
the models for Ellagawa and Hanwella subbasins are 
presented in Table III. 

In Fig. 6 and Fig. 7, hydrographs obtained for the 

1985/1986 water year in the calibration period and the 

2001/2002 water year in the validation period for the 

Ellagawa subbasin are shown. While in Fig. 8 and Fig. 9, flow 

duration curves obtained for the entire calibration and 

validation period for the Ellagawa subbasin are shown. 

B. Runoff elasticity 

1) Current Climate Scenarios 

According to the results obtained for the Kalu river basin, 

a 1% of precipitation increase will cause a 1.87% and 1.32% 

runoff increase while a 1% of evaporation increase will cause 

a 2.24% and 3.97% runoff decrease at the Ellagawa gauging 

station as [5] and [6], respectively. 

On the other hand, according to the obtained results for the 
Kelani river, a 1% of precipitation increase will cause a 0.87% 
and 1.38% runoff increase while a 1% of evaporation increase 
will cause a 1.62% and 2.90% runoff decrease at the Hanwella 
gauging station as [5] and [6], respectively.  

Therefore, evaporation increase which in turn is affected 

by the temperature increase causes a higher impact on runoff 

in both river basins and according to the results, the impact 

of evaporation increase on the Kalu river basin is 

comparatively high. 

2) Synthetic Climate Change Scenarios 

The results obtained from the calibrated HEC-HMS 

models for Ellagawa and Hanwella subbasins under synthetic 

climate change scenarios for 18 combinations of precipitation 

and evaporation are shown in Fig. 10 and Fig. 11, 

respectively. 

According to the results, climate change causes -41% to 
31% change in runoff at Ellagawa gauging station of the Kalu 
river basin while -49% to 23% change in runoff at Hanwella 
gauging station of Kelani river basin. 

TABLE III.  OBJECTIVE FUNCTION VALUES   

Station Model Step NASH R2 RE (%) 

 

Ellagawa 

Calibration 0.620 0.716 19.50 

Validation 0.671 0.698 18.80 

 

Hanwella 

Calibration 0.610 0.616 -10.28 

Validation 0.550 0.581 17.20 

 

 
Fig. 6.  Hydrograph for calibration period for Ellagawa subbasin (1985/1986) 

 

 
Fig. 7.  Hydrograph for validation period for Ellagawa subbasin (2001/2002) 
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Fig. 8.  Flow Duration Curve for the entire calibration period for Ellagawa 
subbasin (1985-2001) 

 
Fig. 9.  Flow Duration Curve for the entire validation period for Ellagawa 
subbasin (2001-2012) 

V. DISCUSSION 

This study mainly focuses on assessing the climate change 
impacts on runoff in wet zone basins. Kalu river basin and 
Kelani river basin were selected for the study. As in [4], the 
SWAT model performs well in assessing the climate 
elasticity than the HEC-HMS model. But considering the 
accessibility, flexibility, data requirement, and time 
constraints, the HEC-HMS model was selected as the 
hydrological model for the present study. 

Initially, six rainfall gauging stations including the 
Dunedin station in addition to the above-mentioned stations 
were selected for the Hanwella subbasin of the Kelani river 
such that the contributary area of each station is within the 
acceptable limits according to the World Meteorological 
Organization guidelines. But the missing data percentage of 
the Dunedin station was 37.6%. Hence, that station was 
omitted and only five stations were used. The contributory 
area of Weweltalawa station exceeds the acceptable values 
according to WMO guidelines. But, as in [14], it is acceptable 
according to the terrain conditions of the basin. 

Both the Ellagawa basin and Hanwella basin are 
comparatively larger river basins. Therefore, better model 
performance can be expected with the division of the basin 
into subbasins. Initially, the Hanwella subbasin was modeled 
as a single basin and the model performance was not 
acceptable. Hence, the entire basin was divided into two 
subbasins and the modeling was carried out. The results were 
better than the modeling as a single basin. In addition to the 
methods used in the Ellagawa basin, a routing method was 
used in the Hanwella basin. The Muskingum method was 
selected as the flow routing method [11]. 

The soil parameters were estimated based on literature and 
model calibration because of the insufficiency of reliable soil 
data for both the Kalu river basin and the Kelani river basin. 
A sensitivity analysis was carried out and the parameters, 
impervious area (%), soil percolation (mm/hr), tension storage 
(mm), and recession constant were identified as sensitive 
parameters. Model performance can be evaluated with the 
objective function values. Better NASH values and R2 values 
were obtained for the Ellagawa basin compared to the 
Hanwella basin while the relative error values were higher in 
the Ellagawa basin compared to the Hanwella basin. 

The predicted changes in precipitation and evaporation for 
the period of 2016-2035 concerning the baseline period of 
1986-2005 under RCP4.5 were used to develop synthetic 
climate change scenarios to assess the future impacts on runoff 
[13]. This approach is more effective than using General 
Circulation Model (GCM) projections on a local scale. GCM 
data need to be downscaled by creating a Regional Circulation 
Model (RCM) or by statistical downscaling to be used on a 
local scale [15]. 

 
Fig. 10.  Percentage change in mean annual runoff in Ellagawa station due to 
precipitation and evaporation changes 

 
Fig. 11.  Percentage change in mean annual runoff in Hanwella station due 
to precipitation and evaporation changes 

VI. CONCLUSION 

Under prevailing climatic conditions, evaporation increase 
significantly influences a decrease in runoff in both river 
basins. Therefore, water scarcity can be expected in the 
present condition, especially during the dry season in both 
river basins. The increase in runoff due to the increase in 
precipitation under current climate scenarios is small 
compared to the reduction of runoff due to increased 
evaporation as a result of increased temperature. 

Under future climate change scenarios, a significant 
variation in runoff can be expected. According to the model 
results, climate change results in causing -41% to 31% 
change in runoff in the Kalu river basin and -49% to 23% 
change in runoff in the Kelani river basin. Hence, in the 
future, both the Kalu river and Kelani river may experience 
both surplus and scarcity of water. According to the results, 
runoff in both the Kelani river and Kalu river will reduce by 
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a considerable amount in the dry period and Kelani river 
is more vulnerable to water scarcity. During the wet period 
runoff in both the Kalu river and Kelani river will increase 
significantly and the Kalu river is more vulnerable to a 
surplus of water which in turn will increase the tendency 
for flooding conditions. 

Climate change significantly influences watershed 

hydrology. Therefore, the findings of this research are 

crucial to plan proactive solutions in advance to manage the 

basin water resource efficiently. 
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