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The changes in the global rainfall have raised concerns over
the present and possible future use of coastal areas in many
Asian countries including Sri Lanka. However, no in-depth
analysis of rainfall of these coastal lines of Sri Lanka has been
performed yet to understand any changes in the pattern in
general. This study was carried out to fulfil the above need,
especially focusing on rainfall of North-Western and Eastern
coastal lines of Sri Lanka. The rainfall data for a period of 30
years (1986-2016) were used in the study and analysis was
performed using the tests, Mann Kendall, Sen’s slope
estimator, and sequential Mann Kendall. Mann-Kendall’s test
indicated positive trend in annual rainfall of most parts of
North-Western coastal line but negative monotonic decrease
at 4 stations, namely, Chilaw, Horakele, Lunuwila and Palaviya.
In the Eastern coastal line, significant positive trend in annual
rainfall was observed at 4 stations, namely, Kantale, Batticaloa,
Pottuvil and Mylambaveli. The monthly rainfall analysis of
North-Western coastal line revealed significant positive trends
at Kottukachchiya and Anamaduwa stations in March and
December respectively and in the Eastern costal line, positive
trends were observed at Kantalae, Mylambaveli and Navatkiri
Aru for February. The stations except Anamaduwa in North-
Western coastal line recorded a significant negative trend in
rainfall in the month of May. No station showed a significant
positive trend during Southwest Monsoon season. During the
Northeast Monsoon season, all the nineteen stations showed
an increase in rainfall amounts while two locations in North-
Western region and six locations in Eastern showed a
significant upward trend. With these dynamic rainfall trends,
itcan be reiterated that it is vital to advocate climate mitigating
actions to reduce impacts of changes in rainfall trends.
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INTRODUCTION

The impact of climate change and climate
variability on human life and environment
have steered the scientific community to
monitor the behaviour of weather and climate
variables. The Inter-Governmental Panel on
Climate Change (IPCC) defines climate change
as a change in the state of the climate that can
be identified (e.g. using statistical tests) by
changes in the mean and/or the variability of
its properties and that persists for an extended
period, typically decades or longer (Solomon
etal, 2007).

Climate variability involves changes in
precipitation and atmospheric temperature,
slower winds, and acidification of the ocean
(Khaniya et al.,, 2019). However, temperature
and rainfall are very important factors
influencing climate variability and extremes.
Between these two, changes in rainfall is one
of the most important factors, which impact
the society and then determine the overall
impact of climate change (Bhuyan et al., 2018).
Rainfall variations have consequences on
water resources, agriculture, forestry,
irrigation schedules, fishery and aquaculture
industry (Abdi et al, 2017). Also, changes of
the amount, pattern, and intensity of rainfall
may lead to extraordinary weather, which is
more severe in some parts of the earth
(Zamani et al., 2018). The fourth assessment
report (AR4) of IPCC (2007) indicated that the
low-lying coastal areas in many Asian
countries including Sri Lanka are facing
challenges associated with changes of the
climate.

The changes in the global rainfall pattern have
raised concerns of its impact on the future. For
instance, analysis of trends in rainfall in
Australia (Chowdhury et al,, 2015), New York
of USA (Da Silva, 2004) and Mexico from 1920
to 2004 (Gonzalez et al.,, 2008) have indicated
a positive trend. Negative trends have been
detected in Sicily (Italy) by Cannarozzo et al.
(2006) and in India (Mondal et al, 2015).
Other work in Asian countries include rainfall
trend analysis in India (Sukrutha et al.,, 2017),
trend analysis for both temperature and
rainfall in India (Mondal et al., 2015), and for
North-western region of Bangladesh (Bhuyan
etal., 2018).

Where rainfall trends in Sri Lanka is
concerned, previous investigations have
demonstrated significant trends (Ratnayake
and Herath, 2005; Jayawardene et al., 2005;
Burt and Weerasinghe, 2014; Karunathilaka et
al.,, 2017). For instance, the trends in rainfall
extremes in Sri Lanka have shown that
Colombo had experienced the highest increase
of rainfall (3.15mm/year) whereas two other
cities Kandy and Nuwara Eliya had an annual
decrease of 2.88 and 4.87 mm/year
respectively in 2010 (Jayawardene et al.,
2015). Malmgren et al,, (2003), Ranatunge et
al, (2003), Ampitiyawatta and Guo (2010),
and Wickramagamage (2016) have shown
rainfall trends in many other important areas
in Sri Lanka. Recently, Khaniya et al. (2019)
analyzed the rainfall trend of Uma Oya
catchment and showed significant positive
trends in three rainfall gauges; Kirklees Estate,
Ledgerwatte Estate and Welimada, only in the
first intermediate period (March-April). The
effect of delayed southwest monsoon to Sri
Lanka was found by Naveendrakumar et al.
(2018) indicating a significant decrease of wet
days in May at 15% of the 32 considered gauge
stations within the country. Munasinghe et al.
(2010) reported weather related hazards due
to the irregular seasonal changes (Ministry of
Disaster Management, 2014) on shrimp
farming in Puttlam.

The North-western and Eastern coastal line
can be considered as a hub of many industries
like shrimp farming, coconut plantations and

fisheries in Sri Lanka with substantial
contribution towards socio-economic
development in terms of income and

employment in North-western and Eastern
Coasts of the country. Changes in global
temperatures, shifting rainfall patterns, rising
sealevels and increasing frequency of extreme
climate events such as floods, cyclones and
droughts can create an adverse impact on
these industries. Therefore, exploration of the
applicability of statistical methods is urgently
needed to reveal the changes to mitigate the
effects of climate changes in these regions.

Trend analysis has been one of the most
popular statistical approaches used by
researchers for analysing the variation of



Wickramaarachchi et al (2020) Tropical Agricultural Research, 31(2): 41-54 | 43

hydro-meteorological variables during the
last two decades. Rather than fitting
parametric models to describe trends in time
series such as studies on rainfall and
temperature trends in Sri Lanka (Zubair et al.,
2005; De Costa, 2010), non-parametric
methods are more appropriate to detect
annual, monthly and seasonal rainfall trends
due to a number of reasons (Xu et al., 2007).
The non-parametric methods are not sensitive
to outliers and can be applied for non-
normally distributed series with missing
values (Ahmadi et al,, 2018). Among the non-
parametric methods, the Mann-Kendall (MK)
test, which was proposed by Mann (1945) and
Kendall (1975), is more popular and has been
suggested by  World  Meteorological
Organization (WMO) for analysing the trends
of hydro-meteorological time series (Kumar et
al., 2009).

In the Sri Lankan perspective, although MK
trend analysis were previously used by Herath
and Rathnayake (2005), Jayawardene et al.
(2005) and Karunathilaka et al. (2017),
seasonality components have not been
appropriately addressed for the detection of
long-term trends (Naveendrakumar et al.,
2018) and identification of trend locations to
detect change points. Hence, this study was
undertaken to fill the above gap, and
specifically to detect potential trends and
assess their significance.

MATERIALS AND METHODS
Data and Study Area

Monthly  rainfall  values from 19
meteorological and agro-meteorological
stations representing the Eastern (Allai tank?,
Ampara?, Batticaloa3, Kallar4, Kantales,
Mylambavelié, Navakiri Aru’?, Palampoddarus,
Pottuvil®, Sagamam Kulam?!?, Trincomalee!?)
and North-Western (Anamaduwa??, Chilaw13,
Horakele!4, Karukkuwats, Kottukachchiyals,
Lunuwilal?, Palaviya!8, Puttlam!9) provinces
(Plate 1) for the period of 1986-2016 were
used in this study. The monthly rainfall data
were used to compute the annual and seasonal
(first Inter-monsoon (March & April),
Southwest =~ Monsoon  (May-September),
second Inter-monsoon (October & November)
and North-east Monsoon (January, February))

time series. Trend analysis of the rainfall data
was carried out on the basis of annual,
seasonal and monthly basis.
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Plate 1: Distributions of precipitation

stations used in the study.

Serial dependency check and removal

Autocorrelation or serial dependency within a
time series data is always considered as one of
the main problems of time series data analysis
and trend detection. Non-parametric trend
tests such as Mann-Kendall (MK) gives
incorrect or too large rejection rates when
applied to an autocorrelated time series data.
Since the variance of the MK test statistic
increases with the magnitude of serial
correlation, positive serial correlation
increases the Type I error when the time
series has no trend (Yue et al., 2002). Hence,
the serial-correlation test was applied to the
data series (Yue and Wang, 2004) to observe
the presence of any serial dependency in the
series.
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Detection of trend and magnitude

To test the long-term rainfall trend,
especially for monotonic trend analysis,
Mann-Kendall test was applied. It is a non-
parametric rank-based procedure, robust to
the influence of extremes and suitable for
application with skewed variables (Hamed,
2008). More particularly, this technique can
be adopted in cases with non-normally
distributed data, data containing outliers
and non-linear trends (Birsan et al., 2005).
According to this test, the null hypothesis Ho
indicates that the deseasonalised data (x4, ...,
Xn) is a sample of n independent and
identically distributed random variables
(Hirsch et al, 1982). The alternative
hypothesis H1 of a two-sided test is that the
distributions of xx and x; are not identical for
allk, j < nwith k #j. The test statistic S, which
has mean zero and a variance computed by
Equation (3), is calculated using Equations
(1) and (2), and is asymptotically normal
(Hirsch et al., 1982):

n-1 n
s=) ) sgn-Xx) ()
k=1j=k+1

where sgn(X; — Xj ) is the signum function
(the derivative of the absolute value
function). The S statistic, in cases where the
sample size nis larger than 10, is assumed to
be asymptotically normal, with E(S)=0 and

Var (s) = M= D@n+5) = X t(t - 1) (2t +5)] »

where t refers to the extent of any given tie
and Xt states the summation over all ties. The
standard normal variate Z is computed by
Equation 2 (Partal and Kahya 2006).

S-1

Z= 501 ifS=0 @)
+ ;
7Var(5) ifS<0

Therefore, in case |Z| <Z1-a/2 in atwo-sided
test for trend, the null hypothesis Ho should
be accepted at the a level of significance. A
positive value of S predicts an “upward
trend”, while a negative value of S indicates
a “downward trend”. Trend magnitude was
determined by the Theil-Sen’s estimator
(Theil, 1950; Sen, 1968). These methods are

widely used and are proven to be better for
hydrological and meteorological trend
detection (Tabari and Marofi, 2010). The
slope estimates Q; of N pairs of data are
calculated as Qi=(x; -xx )/(j-k) fori =1,..,N
where x;and xi are data values at times j and
k (j>k) respectively. The Sen’s estimator of
slope derives from the above N values of Q;
and equals to their median. When there is
only one datum in each time period, then N =
n(n - 1)/2, where n corresponds to the
number of time periods. The N values of
slopes are ranked from the smallest to
largest and if N is odd, Sen’s estimator of
slope is calculated as Qmedian = Qv+1)/2. On
the other hand, in case that N is even, the
estimator arises from Qmedian = [Qnz +
Qmv+2)/2]/2 giving Sen'’s estimator.

Sequential Mann-Kendall analysis

Mann-Kendall method does not provide
information about the complete structure of
the trend (trend picture) for the whole time
series at the end of any time. There may be
fluctuation points or changes in the trend
location over the considered period of time
series which can be identified by applying
the test sequentially for every individual
period (Sneyers, 1990). In this method,
Sequential values u(t) (prograde series) and
u'(t) (retrograde series) from the
progressive analysis of the MK test were
determined in order to see change of trend
with time (Sneyers, 1990). Herein, u(t) is a
standardized variable that has zero mean
and unit standard deviation. Therefore, its
sequential behavior fluctuates around the
zero level. u(t) is the same as the z values
that are found from the first to last data
point. This test considers the relative values
of all terms in the time series (x1, X2, ..., Xn)-
The following steps are applied in sequence:

1. The magnitudes of xj annual mean time
series, (j=1, ..., n) are compared with X,
(k=1, ..., j-1). At each comparison, the
number of cases X; > Xk is counted and
denoted by n;.

2. The test statistic t is then given by
equation;
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3. The mean and variance of the test statistic

are E(t) = @

and

Var(t)) = LG-DEj+ 5)]/72
4. The sequential values of the statistic u(t)
are then calculated as

tj — E(t)
JVar(t))

Similarly, the values of u’(t) are computed
backwards, starting from the end of the
series. The method has been used by many
researchers to detect the starting point of
trends (Makokha and Shisanya, 2010) and to
perceive the trend turning points (Rahman
etal, 2017).

u(t) =

RESULTS AND DISCUSSION

Initially, the serial correlation test was
performed to all time series in order to check

the randomness of the data (Modarres and
Da Silva, 2007). It was found that the
individual monthly data sets of every station
were free from autocorrelation at a=0.05.
Hence, Mann-Kendall trend test was applied
to annual, monthly and seasonal rainfall time
series directly to detect trends at each of the
time scales for the selected 19 stations in
North-western and Eastern coastal line.

Trends of annual rainfall data

The annual rainfall data showed an upward
trend for most parts of the North-western
and Eastern coastal lines while four stations
Chilaw, Horakele, Lunuwila and Palaviyaya
in North-western province showed a
downward annual trend indicating a
monotonic decrease in annual rainfall in
these stations. Kantale, Batticaloa, Pottuvil
and Mylambaveli in Eastern coastal line
showed a significant upward trend at 95%
confidence (Table 1).

Table 1: Details of the Mann-Kendall trend analysis for annual rainfall data

Station MK statistics Kendall's p-value  Sen's slope
(S) tau
North-western coastal line
Anamaduwa 101 0.217 0.086 10.6
Chilaw -89 -0.191 0.13 -12.4
Horakele -55 -0.118 0.35 -5.0
Karukkuwa 17 0.037 0.773 2.0
Kottukachchiya 93 0.196 0.122 8.9
Lunuwila -5 -0.011 0.932 -0.5
Palaviya -11 -0.032 0.799 -1.1
Puttlam 3 0.006 0.959 0.4
Eastern coastal line
Allai tank 67 0.154 0.232 10.2
Kallar 87 0.205 0.112 12.8
Kantale 171* 0.393 0.002 22.6
Palampoddaru 117 0.186 0.148 26.1
Ampara 69 0.205 0.112 13.6
Batticaloa 131* 0.301 0.019 223
Trincomalee 93 0.214 0.097 13.5
Pottuvil 125* 0.292 0.023 17.8
Mylambaveli 165* 0.375 0.004 21.6
Navakiri Aru 25 0.057 0.656 3.6
Sagamam Kulam 23 0.044 0.735 4.1

*statistically significant at P-value<0.05
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Sen’s estimator of slope in significant locations
ranged from 17.8-22.6 mm/year. In fact,
similar results have been obtained by
Karunathilaka et al. (2017) for the stations
Chilaw, Batticaloa and Pottuvil. The remaining
stations did not show any significant annual
trend. The Kanatale station showed the
maximum  positive trend in annual
precipitation series (22.6 mm/year) across
study stations from 1986 to 2016.

The results of Sequential Mann-Kendall test
statistics for annual total rainfall data set of
Eastern coasts clearly detected change points
(Figure 1) with an increasing trend. Most
significant change point in annual rainfall
totals over the period from 1986-2016 was
recorded at Kantale in 1990. The u(t) statistics
depicted that, after a change in 1990, annual

rainfall in Kantale leaned towards an
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increasing trend with increased rainfall events
(Figure 1-a). The u(t) and u’(t) plots of
Batticaloa, Pottuvil and Malymbavli intersect
each other for several times during the period
of 1993 to 2000 signifying no recognizable
trend in the series. In locations Pottuvil and
Mylambaveli after the change point in 1999,
the curves diverge, and prograde u(t) series
shows an upward trend. All of these stations
recorded heavy rainfall occurrences for the
considered time period at 95% confidence
interval. In fact, this increase in rainfall of was
more or less similar to the findings of
Karunathilaka et al. (2017) for rain gauge
stations at Batticaloa and Pottuvil. However, a
previous study using a century-long dataset
reported that the annual rainfall calculated
using monthly averages did not show
consistent increases or decreases in Sri Lanka
(Jayawardene et al., 2005).
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Figure 1: Graphical representation of annual sequential values of the statistics prograde
series u(t) (solid line) and retrograde series u'(t) (dashed line) obtained by SQ-MK test for
annual precipitation series observed at; (a) Kantale, (b) Batticaloa, (c) Pottuvil and
(d)Mylambaveli of Eastern Province with a significant upward trend.
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Trends in monthly rainfall data

In the trend analysis of monthly totals,
Lunuwila and Chilaw in North-western coastal
line showed a significant negative trend in July
with a rainfall drop of 2.0 mm/month and 1.6
mm /month respectively. Kottukachchiya and
Anamaduwa in the same region showed a
significant upward monthly trend for the
months March (S=130) and December
(S=137) respectively. Significant upward
trends were observed at stations Kantale,
Mylambaveli and Navakiri Aru in February in
Eastern region. Sen’s estimator of slope in
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mm/month. Contrary to this scenario, a
decrease in monthly rainfall has been
observed in Central India for the month of
February during the period of 1901-2010
(Sanikhani et al., 2018). All other stations
except Anamaduwa in North-western coastal
line showed a decrease in rainfall for the
month of May. The same scenario, a decrease
in monthly rainfall was observed throughout
the island during the month of May
(Naveendrakumar et al, 2018). Such
decreases in rainfall are likely due to the delay
in the Southwest Monsoon seasonal wind in
the region (Clift and Plumb, 2008) and this
may have affected Sri Lanka.

(d)

Figure 2: Graphical representation of sequential values of the statistics forward
(prograde) series u(t) (solid line) and backward series u’ (t) (dashed line) obtained by SQ-
MK test for monthly rainfall series observed in North-western province stations at; (a)
Lunuwila-July, (b) Kottukachchiya-March, (c) Anamaduwa-December and (d) Chilaw-July
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The sequential plots in the North-western
coastal line (Figure 2) also clearly indicated
that Lunuwila and Chilaw stations had a
decreasing trend in rainfall for the month of
July, while Kottukachchiya and Anamaduwa
showed an increasing trend for the months
March and December respectively. The
prograde u(t) and retrograde u’(t) series of
Lunuwila (Figure 2a) show a random pattern
for the considered month and has recorded an
extreme rainfall event in 2016. Month of July
showed a decreasing rainfall pattern for all the
stations in both provinces while Lunuwila and
Chilaw showed a significant trend. In
Kottukachchiya, a change point was detected
in 2013 for the month March, after which an
increasing rainfall is observed (Figure 2b).
Anamaduwa station showed a single change
pointin 2007 for the month of December, after
which an increasing divergence is observed
exceeding the 95% confidence level. For the
month of July, u(t) and u’(t) plots of Chilaw
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(Figure 2d) intersect each other for
consecutive 5 years, since 2010. After the final
intersection in 2014, the plot shows a
decreasing divergence leading to extreme
events in next 2 years. Month of July showed a
decreasing rainfall pattern for all the stations
while Lunuwila and Chilaw showed a
significant trend. In India too, region-wise, the
month of July has shown the highest rate of
significant decreasing rainfall trend followed
by August indicating rainfall decline in the
monsoon months (Mondal et al., 2015).

The sequential Mann Kendall plots of monthly
rainfall data in the Eastern region is given in
Figure 3. The sequential plot for Kantale in
February (Figure 3-a) showed five
intersection points in 1994, 1997, 1999, 2005
and 2006 respectively and neither of them
were significant.
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Figure 3: Graphical representation of sequential values of the statistics forward
(prograde) series u(t) (solid line) and backward series u(t) (dashed line) obtained by SQ-
MK test for monthly rainfall series observed in Eastern coastal line stations at; (a) Kantale-
February, (b) Ampara-May, (c)Mylambaveli-February and (d) Navakri Aru-February
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The u(t) and u'(t) curves of the graph
exhibited an increase in rainfall over the
period of study with a heavy rainfall
occurrence after the last change point in 2006
for three stations Kantale, Mylambaveli and
Navakri Aru (Figure 3). Sequential version of
Mann-Kendall test indicated maximum
number of change points in May for Ampara
station and only two change points were
significant (Figure 3b). The sequential plot at
Mylambaveli for the month February showed
an upward trend after the change point in
2006 for the considered time period (Figure
3c). The sequential Mann-Kendall plots for
Navakri Aru in February is given in Figure 3d.
It shows that, the u(t) and u’(t) lines are
converging since 1986 until they intersect
each other in 2002. Again in 2005 and 2006,
two consecutive intersections are seen, from
where an increasing trend has started.

It is also shown in the plots (Figure 3) that
during the last four years, the location has
recorded extreme rainfall events exceeding
the 95% confidence level. These heavy rainfall
events at locations Kantale, Ampara,
Mylambaveli and Navakiri Aru may be the
reason behind significant increasing trends in
the annual rainfall totals.

Trends in seasonal data

Our seasonal trend investigations revealed
dynamic rainfall trends with both increasing
and decreasing patterns in North-western and
Eastern coastal line of Sri Lanka. When
considering the overview of rainfall seasonal
pattern in Sri Lanka, two monsoonal winds
primarily influence the climate of Sri Lanka.
The first, southwest monsoon (SWM), and
second, northeast monsoon (NEM), which
reach Sri Lanka during the months of May to
September and December to February
respectively (Malmgren et al., 2003). During
the SWM and NEM seasons, winds come from
the southwest and northeast
(Wickramagamage, 2010) respectively.

During the 1st Inter-monsoon season, the
rainfall at 10 stations showed an increasing
trend with no  significance = while
Kottukachchuwa and Chilaw showed a
downward trend and the rest did not record

any trend. During the Southwest Monsoon
season, only four of the stations, i.e.
Anamaduwa of North-western region and
Palampoddaru, Batticaloa, Pottuvil in Eastern
region showed an increasing trend (Table 2).
Interestingly, no station showed a significant
upward trend for the SWM.

Out of the 15 stations showing decreasing
trends for SWM, Allai tank had a significant
trend with a seasonal rainfall drop of
28.6mm/season. Altogether, 13 stations
showed increasing rainfall trends during the
second Inter-monsoon season. Among them,
Kantale station had a significant upward
trend. During this season, no station showed a
significant decrease in the rainfall. Finally,
during the Northeast Monsoon season, eight
stations showed a significant upward trend
(Table 2). The eight stations were
Kottukachchiya and Anamaduwa of North-
western region, and Kantale, Palampoddaru,
Ampara, Batticaloa, Pottuvil andMylambaveli
of the Eastern region. Among these stations
Kantale, Palampoddaru, Ampara, Batticaloa,
Pottuvil and Mylambaveli of the Eastern
coastal line. These observations suggested a
drop in rainfall during the Southwest
Monsoon period while there was an increase
in the rainfall during the NEM season. This
overall increase in rainfall during the NEM
season agrees with the results reported by
Karunathilaka et al (2017) and
Naveendrakumar et al. (2018). In contrast to
the decreasing rainfall, during Southwest
Monsoon, an increase in the rainfall trends
was observed during the two inter monsoon
seasons at a majority of the stations. Similar
results have been observed by
Naveendrakumar et al. (2018) and in that
study, during October and November, rainfall
appeared to have increased at two stations in
the peripheral region of Sri Lanka (Jaffna and
Pottuvil), showing a statistically significant
trend. According to the analysis, the decrease
of rainfall in May suggested that beginning of
SWM season may be delayed than its
customary commencement in May, and the
increase of rainfall in November may cause an
earlier start of the Northeast monsoon season,
instead of December.



Wickramaarachchi et al (2020) Tropical Agricultural Research, 31(2): 41-54 | 50

Table 2: Details of the Mann-Kendall trend analysis for seasonal rainfall data

1st Inter-monsoon SWM 2nd [nter-monsoon NEM
Station Sen's S Sen's Sen's Sen's
slope slope slope slope
Northwestern Province
Puttlam 2 3.8 -19 -20.6 -4 13.6 16 27.6
Palaviya 2 10.9 -30* -23.5 -4 -2.3 6 20.5
Lunuwila 4 -1.6 -24 -15.6 -6 -8.7 12 16.6
Karukkuwa 0 -3.4 -26 -17.9 -8 -9.5 -8 7.7
Kottokachchiya -8 2.6 -26 -19.0 4 3.9 20 15.7
Anamaduwa 8 1.8 -8 -4.0 0 0.8 22 339
Chilaw -13 -5.1 -113° -51.0 -51 -14.3 54 7.7
Horakele 8 4.9 -16 -1.2 -2 12.6 -4 10.8
Eastern Province
Allai tank 6 -3.3 -36" -28.6 12 271 26 92.3
Kallar -2 1.1 -18 -27.1 16 36.4 18 60.0
Kantale 23 20.4 -14 -5.3 36" 69.1 28" 85.3
Palampoddaru 2 9.1 -10 -9.7 20 55.6 22 93.0
Ampara 28" 22.5 -20 0.5 18 179 20 79.7
Batticaloa 6 14.5 -4 -2.7 18 26.2 28" 77.4
Trincomalee 24 13.6 -32" -33.6 18 24.2 18 39.6
Pottuvil 0 6.5 -10 -2.9 2 1.5 32" 96.1
Mylambaveli 0 -2.5 -19 -8.8 6 13.9 30" 74.9
Navakiri Aru 19 14.8 -24 -22.1 -10 -40.2 22 69.2
Sagamam Kulam -70 -17.3 -42 0.1 59 7.1 42 39.8
*statistically significant at (P-value<0.05)
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Figure 4: Graphical representation of seasonal sequential values of the statistics prograde
series u(t) (solid line) and backward series u’(t) (dashed line) obtained by SQ-MK test for
seasonal precipitation observed at; (a) Allai tank-SWM season (b) Kantale- 2nd Inter-
monsoon season.
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The Sequential graphs of Allai tank showed a
significant decreasing trend with one change
point in 1998 for SWM season, and Kantale
showed a significant trend for the second
Inter-monsoon season with a change point in
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1993 (Figure 4). The Sequential graphs of
stations with significant trends (Kantale,
Batticaloa, Pottuvil and Mylambaveli) showed
a random pattern for NEM except for two
stations Pottuvil and Mylambaveli (Figure 5).

\_A |
e Dt &+ 1o =N 1 1o 13 ] 055
T T T T

10490 1995 2000 2005 20 2015

Ygsar

(b)

Figure 5: Graphical representation of seasonal sequential values of the statistics prograde
series u(t) (solid line) and backward series u(t) (dashed line) obtained by SQ-MK test for
NEM seasonal precipitation series observed at; (a) Potuvil (b)Mylambaveli

Rainfall is an essential climatic parameter,
which directly affects agriculture, aquaculture
and water resource availability. From the
present study, it was observed that most of the
considered stations in the North-western and
Eastern coasts have location specific trends.
Changes in seasonal trends delay the cropping
season and hence needs modification of the
current crop calendars in some stations.
Changes in climate variables may largely affect
the shrimp yield by increasing frequency of
shrimp disease, causing physical damage to
farm structure and deteriorating quality of
water. Shrimp farmers can try to adapt to
those changes in various ways, including
increasing pond depth, exchanging tidal water,
strengthening earthen dikes, and netting and
fencing around the dikes along with changes in
the culture calendar. Therefore, changes in
rainfall should be carefully taken into
consideration to assess impacts and
implement mitigating strategies for industries
in the considered areas.

CONCLUSIONS

The annual, monthly and seasonal trend
investigations revealed dynamic rainfall

trends with both increasing and decreasing
patterns in the North-western and Eastern
coasts of Sri Lanka. Results indicated a
significant upward trend in annual total
rainfall at Kantale, Batticaloa, Pottuvil and
Mylambaveli in the Eastern province. Trends
in monthly totals were significant in February
for the stations Kantale, Mylambaveli and
Navakri Aru in Eastern coastal line. Two
significant downward trends were recorded at
Lunuwila and Chilaw for the month of July in
North-western. Despite these varying trends
in general, a downward trend atall 19 stations
were observed during Southwest monsoon.
One location, Allai tank on Eastern region
showed a significant downward trend for this
season. Trends in Northeast monsoon was
significant in four stations in the Eastern
province and two stations in the North-
western Province showing an increase in
seasonal total rainfall. The Sequential Mann-
Kendall plots of the Northeast monsoon
showed extreme rainfall events for this
province. The study concludes that climate
change in terms of rainfall is location specific,
and hence, locational analysis is essential for
assessing the impact and implementing
proper mitigation strategies.
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