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Climate variation is a challenging scenario on water resources. Therefore, runoffAbstract:
based hydropower development stations are at an alarming situation across the world and the
hydropower industry has significantly been affected. Therefore, it would be interesting to understand
the impact of climate change on hydropower development in a country, where a significant energy
contribution takes place by the renewable hydropower. However, such studies in Sri Lanka are
limited mainly due to data scarcity. Nevertheless, this study was carried out to understand the
relationships between the rainfall and the hydropower development in one of the major hydropower
developments in Sri Lanka, Samanalawewa hydropower station. Non-parametric statistical trend
analyses were carried out to the monthly rainfall over 26 years for the catchment rainfall. As the initial
step, the link between rainfall and hydropower development was tested using the Pearson’s
correlation coefficient. Interestingly, results revealed positive rainfall trends over the catchment. The
correlation coefficient suggests that there is an acceptable correlation between the rainfall and the
hydropower development. However, non-linear analysis is proposed to achieve more sound
conclusions. Initial results revealed that there is no adverse impact to the inflow of the reservoir due to
the on-going climate change.
Keywords:
Climate variability, Correlation coefficient, Rainfall, Samanalawewa hydropower
plant, Trend analysis

1.

Introduction

unattended impacts. The major renewable
source for electricity generation worldwide,
supplying 71% of all sustainable electricity at
the end of 2015, is hydropower [6]. The main
component of hydropower generation is
surface overflow, which depends entirely on
rainfall. Therefore, climate change has a direct
impact on the hydropower generation. Drought
climates can decrease the generation, while
stormy conditions can lead to the maximum
possible generation. The latter would not be of
much interest to the communities, unless there
is a threat of flooding.

Energy supply according to the demand is one
of the key components in human life. Not only
human life but also animal life (at least up to
some extent) cannot be sustained without energy
in the modern day. But, on the other hand,
energy supply has well been identified as one
of the major causes for climatic change through
greenhouse gas emissions [1]. Therefore, the
green energy supply is a demanding topic in
many of the discussion tables.
Climate is inherently a variable. It varies both
spatially and temporally. The world, as a single
unit, experiences the impacts of climate change.
Many
researchers
believe
that
the
anthropogenic activities have increased the
impact of climate change [2], [3]. Climate
change today is one among the largest concerns
for today’s world and most of the impacts of
climate change are irreversible. The impacts are
not
only
directed
to
environmental
sustainability but also to social and economic
sustainability.
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Sea level rise, melting of glaziers and
temperature increases are several visible
impacts of the climate change. However, there
are number of invisible impacts from the
climate change [4], [5]. Reduction of
hydropower
generation
from
existing
hydropower plants is one such example for
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height of the measurements, instrument
changes over time, recoding differences etc.
Therefore, the data can be inhomogeneous.
There are several ways of checking the
homogeneity of the rainfall records in the
literature like graphical methods; however,
statistical methods have taken much attention
from the research communities [12].

Usually hydropower is a less expensive energy
source [7]. Therefore, not so many people
would like to see the reduction of hydropower
generation due to the climate change.
Nevertheless, it is the reality.
When it comes to the Sri Lankan context, 46%
of the total electricity generated in the year 2015
was by hydropower plants (38%) and mini
hydro power plants (8%) [8]. Sri Lanka being a
tropical country is particularly at risk of effects
of climate change and variability because of
global warming and anthropogenic activities.
Most of the hydropower plants are located
around a region of reservoirs. Therefore,
decreasing and increasing of water levels in
these water bodies due to seasonal droughts,
monsoon rains etc., is affecting the production
capacity of the power plants. Due to drought
condition during the year 2016, the
hydropower plants including mini hydro plants
could contribute only 29.7% to the total power
generation in the year as against 46% in the
previous year. This was a decrease of 29% from
what they contributed in the year 2015 [8].

The quality of a climatic trend analysis is totally
dependent on the quality of the climatic data
used. Therefore, it is important to check the
homogeneity of the climatic data prior to trend
analysis. Various statistical tests are carried out
to check the homogeneity of the climatic data.
Pettit’s test [13], Buishand’s test [11], [14],
Standard Normal Homogeneity Test (SNHT)
[15] and von Neumann’s test [13], [16] are
widely used tests to check homogeneity. More
details on these tests can be found in references
[17] and [18].
2.2 Mann-Kendall Test
Among other non-parametric tests, MannKendall test is widely used by many
researchers [19], [20], [21] in searching climatic
trends. It is used to identify the increasing or
decreasing trends in a continuous climatic data
set. The Mann-Kendall statistics 𝑆𝑆 is calculated
using the following equations (1) and (2).

Therefore, this study presents initial analysis of
the impacts of climate change in hydroelectric
power generation in Sri Lanka. As an
application of the research work carried out
here, Samanalawewa hydropower plant was
selected to be the case study. The
Samanalawewa reservoir is one among the
largest and important reservoirs in the country
and it is in the Sabaragamuwa province. The
reservoir is an important reservoir due to its
seepage leak [9]. There were many researches
on this seepage leak and it is believed to be
happening from the bed of the reservoir [10].
Trend analyses for monthly rainfall are
presented for the catchment and then the
rainfalls are analysed for their correlation to the
monthly electricity generation for 26 years.
Therefore, the authors believe that this is an
initial study of identifying the relationships
among the rainfall and electricity power
generation and the potential impacts of the
climate change to the hydropower generation.
However, linear analysis is considered in this
analysis.

𝑛𝑛−1

…(1)

𝑆𝑆 = ∑ ∑ 𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑗𝑗 )
𝑖𝑖=1 𝑗𝑗=𝑖𝑖+1

1,
𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑗𝑗 ) = { 0,
−1,

𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑗𝑗
𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑗𝑗
𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑗𝑗

>0
= 0}
<0

…(2)

where 𝑥𝑥𝑖𝑖 and 𝑥𝑥𝑗𝑗 are the climate data values in
months/seasons/years
𝑖𝑖
and
𝑗𝑗,
𝑗𝑗 > 𝑖𝑖,
respectively. Mann-Kendall test only provides a
qualitative analysis of the trend, which is
significantly
increasing
or
decreasing.
Therefore, Sen’s slope estimator is usually
coupled with Mann-Kendall test to find the
quantitative analysis of the trend, if any. More
details about the Mann-Kendall test can be
found in Khaniya et al. [22].
2.3 Sen’s Slope Estimator Test
Sen’s slope test estimates the numerical value of
the identified trend. This is the slope of the data
series against time [23], [24], [25], [26]. Sen’s
slope is mathematically presented in the
following equations (3) and (4).

2. Statistical Approach of the Climatic
Data
2.1 Homogeneity of Rainfall
Climate data over a long period to a particular
location can be inhomogeneous due to many
reasons [11]. This could be due to location
difference of the rain gauge, differences in the
ENGINEER
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𝑑𝑑𝑘𝑘 =

𝑥𝑥𝑗𝑗 −𝑥𝑥𝑖𝑖
;
𝑗𝑗−𝑖𝑖

for 1 ≤ 𝑖𝑖 ≤ 𝑗𝑗 ≤ 𝑛𝑛

…(3)

where 𝑑𝑑𝑘𝑘 , 𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑗𝑗 and 𝑛𝑛 are slope, data values at
time 𝑖𝑖, data values at time 𝑗𝑗 and number of
data, respectively. The Sen’s slope estimator, 𝑄𝑄𝑖𝑖 ,
is calculated using the equation (4) and it is the
median of 𝑑𝑑𝑘𝑘 .
𝑄𝑄𝑛𝑛+1

𝑄𝑄𝑖𝑖 = {1
2

𝑖𝑖𝑖𝑖 𝑛𝑛 𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜

2

(𝑄𝑄𝑛𝑛 + 𝑄𝑄𝑛𝑛+2 ) 𝑖𝑖𝑖𝑖 𝑛𝑛 𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
2

produce a maximum of 120 MW of power.
Even with a significant leak from the reservoir,
the power plant produces an acceptable power
generation throughout the year. The leak was
initially started at a rate of 7 m3/s; however,
later stabilized to 2.5 – 2 m3/s [10], [28].

…(4)

2

Depending on the sign of 𝑄𝑄𝑖𝑖 , the trend can be
identified as an increasing or decreasing trend.
2.4 Pearson Correlation Coefficient
Pearson correlation coefficient is identified as
one of commonly used mathematical
coefficients used to measure the statistical
relationship or association, in several
quantitative variables on each member of a
sample[27]. In other words, if there is any linear
relationship among two variables, the statistical
approach of obtaining that relationship is
identified by the Pearson Correlation
Coefficient
(R).
The
coefficient
is
mathematically given by the equation (5).
𝑅𝑅 =

𝑛𝑛 ∑ 𝑥𝑥𝑥𝑥 − (∑ 𝑥𝑥)(∑ 𝑦𝑦)

√[𝑛𝑛(∑ 𝑥𝑥 2 ) − (∑ 𝑥𝑥)2 ][𝑛𝑛(∑ 𝑦𝑦 2 ) − (∑ 𝑦𝑦)2 ]

Figure 1 – Samanalawewa Catchment
Monthly rainfall data for six rainfall gauging
stations over the catchment from 1992 to 2018
were used in this study. Rainfall data were
obtained from Department of Meteorology, Sri
Lanka for Balangoda, Alupola, Detanagalla,
Belihuloya, Nonpareil (Belehuloya), and
Nagrak Estate stations. These stations can be
seen in Figure 2.

…(5)

where n is the number of pairs of data and 𝑥𝑥 =
{𝑥𝑥1 ,……., 𝑥𝑥𝑛𝑛 }, 𝑦𝑦 = {𝑦𝑦1……., 𝑦𝑦𝑛𝑛 } are two sample data
sets. The value of R varies such that −1 ≤ R≤
+1;where + and − signs of R values indicate
positive and negative linear correlations
between x and y, respectively.

3.

Methodology
Application

and

Case

Study

Samanalawewa reservoir and the hydropower
plant are in Sabaragamuwa province and
located closer to Balangoda, Aluthnuwara and
Belihuloya areas. The area receives a significant
rainfall from southwest monsoon (SW
monsoon) from May to September. However,
this area is known for receiving significant
rainfall throughout the year. The hydropower
plant is reservoir type with the water contained
by a rock fill dam across the upstream of
Walawe River. The Samanalawewa catchment
has an area about 359 km2 and is one of the
important catchments in Sri Lanka. Figure 1
shows the catchment area of Samanalawewa
hydropower plant.

Figure 2 – Rain Gauges in the Catchment
Some of the missing data in rainfall were filled
by the normal ratio method. Then, the Pettitt’s
test, SNHT, Buishand’s test and von
Neumann’s test were carried out on the rainfall
data sets to check the homogeneity of data
series. Then, the non-parametric test (MannKendall test and Sen’s slope estimator test)
were carried out for rainfall scales of monthly
and annually. Finally, these rainfall data were
correlated with the power generation data
using
Pearson
Correlation
Coefficient
technique.

Samanalawewa power plant started its power
generation in 1992 and it was supposed to
3
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4. Results and Discussion

Table 1 - Trend Analysis Results for Annual
Rainfall

Annual rainfall distribution can be seen in
Figure 3. The figure clearly shows the zigzag
shape of the rainfall over the years. In addition,
compared to other years, 1996 had a slightly
lower rainfall to the catchment.

Annual Rainfall

Station

Significant
(S)/Insignificant
(IS)
IS

Sen's Slope
(mm/year)

Detanagalla

IS

NA

Balangoda

S

29.8

Nagarak
estate
Belihuloya

IS

NA

IS

NA

Non Pareil

IS

NA

Alupola

NA

Interestingly, positive rainfall trend was
identified in Balangoda rain gauge. Therefore,
this analysis shows that annual rainfall is
increasing in Balangoda area and numerically it
is 29.8 mm per year. This is a significant
increase; however, it would be interesting to
analyse the seasons or the months of this
increase. However, the trend analysis does not
specify the possibility of negative rainfall
trends in Samanalawewa catchment. The trend
analysis suggests that the Samanalawewa
catchment is not underneath a serious water
shortage situation. This is important to the
hydropower generation.

Figure 3 - Annual Rainfall Variation over
26 Years
Tests executed to check the homogeneity of
monthly rainfall data show that the monthly
data collection is homogenous. Table 1 shows
the Mann-Kendall test and Sen’s slope analyses
results for the annual data. The table
demonstrates that there are no significant
trends in annual rainfall for five rain gauge
stations (Alupola, Detanagalla, Nagarak estate,
Belihuloya and Nonpareil (Belihuloya)).

Table 2 - Mann-Kendall Test and Sen's Slope Estimator Test Results for Seasonal Rainfall
Rain gauge station Rainfall season Significant (S)
Sen's Slope
/Insignificant (IS) (mm/season)
Alupola,
NE
IS
NA
Detangalla,
1st
IS
NA
Nagarak estate
SW
IS
NA
and Non Pareil
2nd
IS
NA
Balangoda
NE
IS
NA
1st
IS
NA

Belihuloya

SW
2nd
NE
1st

IS
S
IS
IS

NA
13.4
NA
NA

SW
2nd

S
IS

34.9
NA

Notations - NE –Northeast monsoon; 1st – 1st inter monsoon; SW –
Southwest monsoon; 2nd – 2nd inter monsoon
As Table 2 indicates two of the rain gauging
stations have several significant trends, one in
Southwest Monsoon (May – September) and
Second-Inter Monsoon (October – November)
intermediate season. The results obtained for
ENGINEER
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the analysis of annual rainfall trends show a
reasonable
concurrence.
Though,
the
Belihuloyara in gauge demonstrates a positive
trend in the analysis of seasonal precipitation, it
did not appear in the trend analysis of annual
4
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The trend analysis was carried to the monthly
resolution and the results are given in Table 3.
Positive trends can be seen in the monthly
resolution too. Positive trends can be seen for
Nagarak estate, Belihuloya and Non Pareil
(Belihuloya) in May. However, March,
November and December months are positive
for the Balangoda rain gauge. Thus, monthly
rainfall trend analysis shows increased rainfall
during the southwest monsoon period.

rainfall. Nevertheless, the increase amount of
rainfall for the Belihuloya is around 35 mm per
the Southwest Monsoon. But it should be noted
that it is also the rainy season for this area.
Therefore, it would be interesting to correlate
floods or any rain induced disasters during the
past 26 years. Balangoda has an increase of 13.4
mm of rainfall during the 2nd intermediate
season and that would be welcomed by the
people who live in that area; however, it is also
in the rainy season in Balangoda.

Interestingly, similar rainfall trends were
detected by Khaniya et al. [22] to the Uma Oya
catchment, which is near the Samanalawewa
catchment. Significantly positive rainfall trends
were found in two rain gauging stations
(Kirklees estate and Ledgerwatte estate) in the
Uma Oya catchment. The positive rainfall
trends in annual scale were well supported in
the seasonal and monthly scales for the Uma
Oya catchment.

Negative rainfall trends for any of the tested
gauging stations were not seen in the analysis.
Therefore, it could be justified that the water
obtainability within the catchment has not been
affected over the 26 years. Therefore, it can be
projected that there is no important scarcity for
water availability within the Samanalawewa
catchment.

Month

January
February
March
April
May
June
July
August
September
October
November
December

Table 3 - Sen's Slope Estimator Test Results for Monthly Rainfall
Sen's slope(mm/month)
Alupola Detanagalla Balangoda Nagarak
Belihuloya Non Pareil
estate
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS

IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS

IS
IS
5. 8
IS
IS
IS
IS
IS
IS
IS
6.1
4.2

IS
IS
IS
IS
35.4
IS
IS
IS
IS
IS
IS
IS

IS
IS
IS
IS
29.7
IS
IS
IS
IS
IS
IS
IS

IS
IS
IS
IS,
10.4
IS
IS
IS
IS
IS
IS
IS

As it can be seen in many other temporal
variations, zigzag variation can be seen in the
power generation. Power peaks can be seen in
the years 1993, 2010, 2013, 2015 and 2018.

Figure
4
demonstrates
the
generated
hydropower from Samanalawewa reservoir
hydropower plant since it was in operation
(1992).

Correlation results are presented in Table 4 and
the Pearson’s correlation coefficients are found
to be 0.3 to 0.65. This shows that there is
generally a relationship among power
generation and rainfall time series. Nagarak
estate and Balangoda rainfalls have shown
somewhat good correlation between the power
generations, compared to other rain gauges.
However, the non-representation of available
rainfall can lead to lower R values. In addition,
the leak from Samanalawewa reservoir may
have influenced the results.

Figure 4 - Annual Power Generation
5
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References

Table 4 - Pearson's Correlation Coefficients of
Rainfall and Power Generation
Rain gauge stations

Pearson’s
correlation
coefficient

Alupola

0.42

Detanagalla

0.41

Balangoda

0.60

Nagarakestate

0.65

Belihuloya

0.50

Non Pareil

0.30

In addition, the spatial distribution of rain
gauges in the catchment may not represent the
total catchment characteristic. Therefore, the
results can be influenced. Therefore, further
analysis is required along the lines of
correlation tests. Non-linear analysis, artificial
neural networks and gene expression
programming might be useful in this case.
Therefore, it is highly encouraged to progress
the work with non-linear analysis.

5.

Conclusions

Non-parametric tests suggest that there are
several positive rainfall trends in the
Samanalawewa
catchment
during
the
Southwest monsoon period. Interestingly, the
analysis does not show any negative trends in
the catchment and that is an interesting
conclusion from the analysis. Therefore, there is
no instant negative impact on the rainfall due to
the on-going climate change. However, even
the positive rainfall trend can impose adverse
impact especially to the natural disasters.
Belihuloua area is prone to frequent landslides
and increased rainfall can trigger these
landslides during the rainy season. Correlation
coefficients suggested that there is no perfect
relationship between the catchment’s rainfall
and the generated power. This could be due to
two reasons: selected rain gauges are not
perfectly representing the catchment’s runoff to
the reservoir or there is an influence to the
relationship from the significant link. More
research on these are proposed to obtain sound
conclusions.
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