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Abstract. Trend analysis of streamflow and its linkages to rainfall can facilitate the development of water
resource management plans for watersheds. The present study focuses on trends in observed streamflow
of the lower Tamiraparani river sub-basin in Tamilnadu, India using Mann — Kendall test and Sen’s slope
estimator for a period of 30 years. From this analysis, both the annual streamflow, annual rainfall
increased very marginally at the rate of 0.1799 m%/s/year and 4.3741 mm/year, respectively. Similarly, in
the northeast monsoon period, both the rainfall and streamflow were increased very minimally during the
analysis period. However, the observations made during the southwest monsoon showed declining trends
for most of the rainfall stations and no significant trend was observed for streamflow. The calculated
Spearman’s Rho correlation factor (p) between rainfall and streamflow showed weak correlation during
summer (0.26) and very strong correlation during northeast monsoon (0.83), strong correlation during
southwest monsoon (0.53) and moderate correlation during winter (0.40). From this analysis, using Mann
— Kendal test and Spearman’s correlation it implies that other than precipitation and temperature,
urbanization, watershed and ecological development of the catchment area could have also influenced the
trends of streamflow.
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Introduction

Water is a vital element for both natural and artificial environments and it is provided
by the rivers of the country offering life generating fuel to ecology (Islam and Sikder,
2012). Rainfall serves as one among the major sources of flow in the rivers while others
include melting of glaciers, base flow from groundwater, return flow from agricultural
areas etc. (Raghunath, 2006). Streamflow assessment plays a vital role in guiding the
decision makers for better planning and providing accurate information towards the
future research. Due to the climate change and anthropogenic activities, most rivers are
altering their streamflows on a global scale and present rivers are under severe threats
(Gautam and Acharya, 2012). So, it is vital to analyse the changing phenomenon of
various climatic variables mainly rainfall and temperature. The work by Jayadas and
Ambujam (2019) studied the trend patterns of rainfall in lower Vellar sub-basin in
Tamil Nadu which indicated that there has been an early onset of monsoon in the last
three decades. Jain and Kumar (2012) reviewed about the trend analysis of rainfall and
temperature of many studies and explained about the estimation procedure of trend
analysis and magnitude of trend by Mann — Kendal and Sen’s slope estimator.

Mann — Kendal test is one of the best methods for rainfall and temperature trend
analysis to study the impacts of climate change and Mann — Kendal test can be used as
the best water management tool for proper watershed protection (Nouri, 2017).
Palaniswami and Muthiah (2018) analysed the trends in annual, seasonal maximum and
minimum temperature in the Vellar river basin in Tamilnadu and found out that there is
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a significantly increasing trend in the basin. Punyawardena and Premalal (2013) using
the Mann — Kendal test in central Sri Lanka observed that there was increasing trend
patterns in the very heavy rainfall data series. Chakraborty et al. (2013) observed there
was decreasing trends in both annual and seasonal rainfall in the Seonath river basin and
they estimated the decreased rainfall as -13.8mm/year for Bodala river basin and 0.1
mm/year in sigma station using Sen’s slope estimator test. Chand et al. (2019) analysed
the temperature trends in the river basin in Nepal and they observed that there were the
highest warming trends in the summer season followed by winter, pre monsoon and
post monsoon. It is well understood that globally there is an increasing pattern of trends
in temperature and decreasing patterns in rainfall. In addition to this, the work done by
Panda et al. (2013) on streamflow trends in the Mahanadi river basin, India, estimated
that there was a declining rate of 3388 x 106/decade in the river which suggested the
possible environmental measures for the protection of the river basin. Various research
works (Yadav et al., 2014; Ahmad et al., 2015; Javari, 2017; John and Brema, 2018)
highlighted the importance of Mann — Kendal and Sen’s slope estimator to detect the
trend and Magnitude of trends and outlined the effectiveness of the statistical tests in
finding out the trend of rainfall, temperature and streamflow in several areas worldwide.
Hydro-climatic conditions assessment at a larger regional scale may lead to the loss of
the spatial information of the particular variable. Therefore, it is logical to analyse hydro
climatic variables at a small scale rather than at larger scale. So the objective of the
study is framed to analyse the trend patterns in the measured stream flow and rainfall at
the sub-basin level. Also, to investigate the correlation of upstream catchment rainfall
over the streamflow of the lower Tamiraparani sub-basin which is one among the sub-
basins of perennial Tamiraparani River basin in India.

Materials and Methods
Study area

The lower Tamiraparani sub-basin is one among the seven sub-basins of
Tamiraparani river basin in Tamilnadu, India as shown in Fig. 1. The lower
Tamiraparani sub-basin lies between geographic coordinates N. lat 8°26°53.14” to
9°12°00” and E. long 77°29°19.91” to 78°07°52.31”. The entire sub-basin covers an area
of about 1891.64 km?. Tamiraparani River originates from Agastya malai on the
Western Ghats of India, at an altitude of about 2000 m. River Tamiraparani has a
number of tributaries named Servalar, Manimuttar, Gadananadhi, Pachaiyar and Chittar.
The river flows towards north east initially and towards east in the middle and at the end
it confluences with Bay of Bengal near Palaya Kayal as shown in Fig. 2. All the sub-
basins along with Lower Tamiraparani basin lies within the tropical monsoon zone.
Among all the basins, lower Tamiraparani sub-basin has the highest concentration of
population, about 45 percent of the entire basin population lives here. It covers almost
37 percent of the total command area of the entire basin (Report on Micro level
Reappraisal study of Tamiraparani River basin, 2015). Based on the hydro
meteorological features of the basin, the entire year is divided into two periods 1)
Monsoon period from June to December and 2) Non-monsoon period spanning from
January to May. The monsoon period of the sub-basin is further sub-divided into
southwest monsoon period from June to September and northeast monsoon period from
October to December. Similarly, the non-monsoon period is further sub-divided into
winter period from January and February and summer period from March to May. For
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the rainfall trend analysis, Point rainfall from rain gauges maintained by PWD were
used. There are totally 16 rain gauge stations available, out of these 13 rain gauge
stations located upstream to the stream gauge station were considered for the analysis.
As these stations influence the streamflow measured in the lower Tamiraparani sub-
basin, the rainfall data from these stations were considered based on availability and
reliability as shown in Fig. 2. As per the PWD appraisal report, the maximum annual
rainfall is 1237.2 mm and the minimum annual rainfall is 236.30 mm in the study area.
There is a gauge station named Murappanadu in the lower Tamiraparani sub-basin to
measure the streamflow variations in the river. In the entire river basin, there are a total
of two weather stations to measure temperature, relative humidity, wind speed and solar
radiation.

TAMIRAPARANI RIVER BASIN
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Figure 1. Index Map of Tamiraparani River basin

Data set

Streamflow data of the river were collected from the gauging station named
Murappanadu as shown in Fig. 2, which is maintained by the Central Water
Commission, Government of India. This is the nodal department in India to observe,
calculate, quality check and archive all the hydrologic data of the river. All the
meteorological parameters such as rainfall, wind speed and humidity and solar radiation
were collected from the Institute of Water Studies, Public Works Department, and
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Tamil Nadu. Due to the insufficient availability of the observed temperature data, the
temperature data was extracted from the gridded data collected from the Indian
Meteorological department at the resolution of 1°*1°. The duration of the data sample
collected was from 01-Jan-1985 to 31-Dec-2015. For the proper assessment of all
climate change observations and to compare the spatial distribution of trend of
streamflow and rainfall, it is normally necessary to have the sample duration of a
minimum of 30 years of data. For the study, lower Tamiraparani river sub-basin is
delineated using 30 m resolution ASTER data in ArcGIS 10.3. The total area of the sub-
basin is estimated to be 1891.64 km?2. For the rainfall trend analysis, annual and
seasonal rainfall from all influencing rain gauge stations contributing the streamflow in
the study area from upper and middle reaches considered for the study as depicted in
Fig. 2. The location details and period of data records of influencing and non-
influencing rain gauges considered are given in Table 1.

Tiprizlveli W
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Figure 2. Geographical distribution of major stream network, streamflow gauging station and
the influencing and non-influencing Rain gauge stations for streamflow of gauging station of
Lower Tamiraparani sub-basin

Analysis of data

The following indicators were estimated and subjected to trend analysis.

e Inter - annual monthly mean streamflow which was calculated by estimating the
monthly mean streamflow values for the same month of all the years.

e Annual mean streamflow which was estimated by taking the mean streamflow
values for all the months of the gauging station.

o Seasonal mean streamflow, which was calculated by taking the mean of monthly
streamflow values for summer, winter, northeast monsoon and southwest
monsoon separately.

e Monthly maximum and minimum streamflows which were calculated by
considering the maximum and minimum streamflow values recorded in a month
for the gauging station.
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e Monthly and annual rainfall for all the rain gauges at the upstream of gauging

station.

e Weighted annual, seasonal and monthly average rainfall for the rain gauges at

upstream of the gauging station.

e Annual and seasonal maximum and minimum mean temperature for the weather

station.

Theissen polygon method is one of the normally used methods in computing average
rainfall for all hydrological studies. Through this theissen polygon method in the
ArcGIS environment, the weights of each rain gauge stations were calculated with
respect to the entire basin area and the annual and seasonal rainfall of the rain gauges
which is at the upstream side of the gauge station was calculated.

Table 1. Geographical Coordinates and period of data records of the Rain Gauge stations

Rain gauge station Latitude Longitude Period of records
Ambasamudram 08°42°09”N 77°27°26"E 1985 — 2015(30 years)
Ayikudi 09°00°03”N 77°20°34”E 1985 — 2015(30 years)
Cheranmadevi 08°41°17”N 77°33’49”E 1985 — 2015(30 years)
Gadana dam 08°47°46”N 77°19°53”E 1985 — 2015(30 years)
Kalakadu 08°30°48”N 77°33°27°E 1985 — 2015(30 years)
Kanadian Anicut 08°41°08”N 77°26°22”E 1985 — 2015(30 years)
Kovilpatti 09°10°27”"N 77°52°28”E 1985 — 2015(30 years)
Manimuthar 08°38°45”N 77°25°32”E 1985 — 2015(30 years)
Palayamkottai 08°43°23”N 77°43°55”E 1985 — 2015(30 years)
Sankarankoil 09°10°04”N 77°32°12”E 1985 — 2015(30 years)
Senkottai 08°58”18”N 77°14°54”E 1985 — 2015(30 years)
Tenkasi 08°57°52”N 77°18’17°E 1985 — 2015(30 years)
Tirunelveli 08°43°40”N 77°41°417E 1985 — 2015(30 years)
Kayalpatinam* 08°34°56”"N 78°05°19”E 1985 — 2015(30 years)
Srivaigundam* 08°37°45”N 77°54°44”E 1985 — 2015(30 years)
Tiruchendur* 08°29°56”N 78°07°30”E 1985 — 2015(30 years)

*Non-influencing rain gauge stations to the stream flow

Statistical analysis

While analyzing the trends in the data series, the monotonic trends of all the hydro —
climatic data series was tested using non parametric Mann — Kendall test using
XLSTAT program. Initially all the time series data of the study were tested for lag one
autocorrelation. If the time series data did not show any auto correlation, then Mann —
Kendall test was adopted for the trend analysis. If auto correlation was detected in the
time series data then modified Mann — Kendall as suggested by Hamed-Rao using
XLSTAT program should be used since Mann — Kendall test did not account for the
serial auto correlation existing in the hydro —climatic series (Abeysingha et al., 2014).
Then in order to compare the spatio-temporal variability between the rainfall and stream
flow over the basin, the standardized anomaly was calculated for the time series data of
both rainfall and streamflow. The standardized anomaly is calculated by subtracting the
mean value of the data series from each observation and then divides the following with
the standard deviation of the series.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):863-878.
http://www.aloki.hu  ISSN 1589 1623 (Print) ¢ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_863878
© 2020, ALOKI Kft., Budapest, Hungary



Martina Isabella et al.: Trend analysis of streamflow and its relation to rainfall in the lower Tamiraparani sub-basin of Tamilnadu,
India
- 868 -

Mann — Kendall test

Monotonic trend analysis for rainfall, temperature and streamflow have been
effectively done with non-parametric Mann — Kendall test in the studies (Mondal et al.,
2012; Sharif et al., 2013; Silva et al., 2015). Mann — Kendall test is a statistical method
which is being used for studying the variations of spatial regions and temporal trends of
hydro climatic series. Mann — Kendall test had been formulated by Mann (1945) as non-
parametric test for trend detection and the test statistic distribution had been given by
Kendall (1955) for testing non-linear trend and turning point. Mann — Kendall test is a
two tailed test. The test statistics S is calculated by

n—-1 n

5= ) sen(x - x), (Eq.1)

i=1j=i+1

1if(% — %) =0

sgn(X — %) 4 0if(% - %) =0 (Eq.2)
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q

1
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In the above equations Xi and Xj are the time series observations, n is the length of
time series, tp is the number of ties for pth value and q is the number of tied values. The
test hypothesis for Mann — Kendall analysis of trend is as follows:

e Ho: There is no trend in the series.

e Ha: There is atrend in the series.

Positive Z values indicate an increasing trend in the hydrologic time series and
negative Z values indicate a decreasing trend. The statistic Z has a normal distribution.
For testing the increasing or decreasing trend at o level of significance Ho was rejected
if |Z>Z(1-a/2), where Z(1—a/2) was obtained from the standard normal cumulative
distribution.

Sen’s Slope estimator test

Many research studies (Jayawardene et al., 2015; Samo et al., 2017; Gedefaw et al.,
2018) estimated the magnitude of changing trends of the meteorological parameters
well using Sen’s slope estimator test. This test calculates both the slope and intercept
using Sen’s method (Sen, 1968). Initially a set of linear slope is calculated using

A — X )
=~ Fori=123..N (Eq.5)
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where, Xj and Xk are considered as data value at time j and k (j>k), respectively. The
median of these N values of Ti is represented as Sen’s estimator of slope which is given
as.

Tr
"‘;1 N is odd
Q: = 1(11. T Tias (Eq.6)
—| = - ]N iz eren
2\ 2 2

Positive value of Qj indicates upward or increasing trend and a negative value of Qi
represents a presence of downward or decreasing trend in the time series of the data.
Using the median based non-parametric slope estimator method suggested by Theil-Sen
method (Theil, 1950). The magnitude of the trend is calculated using Equation 7

g = medianf;%...‘v’... k=<j (Eq.7)

where X; and Xk are the consecutive data values of series in year j and k, and B is the
magnitude of the trend slope of data values.

Spearman’s Rho correlation

Then non-parametric Spearman’s Rho correlation coefficient (p) was used to test the
relation between rainfall and streamflow. The Spearman's rank-order correlation is
considered as the non-parametric method of the Pearson product-moment correlation.
Spearman's Rho correlation coefficient, (p, also signified by rs) estimates the strength
and path of connotation between two ranked variables. Normally the co-efficient of
Spearman’s Rho correlation is calculated to determine the dependency rate of dependent
variable which is streamflow in the river to the independent variable rainfall.

Results and Discussions
Rainfall and stream flow behaviour of the lower Tamiraparani sub-basin

To study the overall behaviour of the stream flow and rainfall of the influencing rain
gauges, mean monthly stream flow and rainfall, annual streamflow and annual rainfall
for the basin was calculated for the period of 30 years. Through the analysis, it was
observed that both the maximum streamflow and maximum rainfall were observed
during the month of November for most of the years. This indicates that almost all the
rainfall occurring during November contributes to the streamflow of the river. In the
lower Tamiraparani sub-basin bimodal rainfall pattern was observed, similar pattern
was also observed in the streamflow of the river. The observed anomaly between the
catchment rainfall and streamflow is depicted in Fig. 3. Both the annual mean
streamflow and theissen weighted catchment rainfall of the basin showed no significant
trends at both 5% and 10% level of significance as depicted in Table 2. The calculated
Spearman’s Rho correlation coefficient between two parameters showed that annual
stream flow and annual rainfall have a very strong positive correlation existing between
each other. The work observed in the river basin of Sri Lanka suggested that positive
correlation between the annual rainfall and streamflow implied that annual mean
streamflow of the river is mainly contributed by the catchment rainfall (Abeysingha et
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al., 2017). So in the lower Tamiraparani sub-basin the value of (p =0.72) implied that
streamflow is mainly contributed by the annual catchment rainfall from all influencing
rain gauges from upper reaches of the gauge station. The results are in well agreement
with the study by Sharannya et al. (2018), which also observed that changes in annual
streamflow is directly correlated to the changes in annual rainfall for past and present
scenarios.
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Figure 3. Temporal distribution of Standardized anomaly of catchment rainfall and annual
mean stream flow for the period of 30 years

Table 2. Summarized results of Mann — Kendall test with Sen’s slope estimator for annual
mean streamflow and Catchment rainfall

Sen’s slope Annual mean stream flow(m?/s) Catchment Rainfall(mm)
S 0.1799 4.3741

Trends in seasonal streamflow and seasonal rainfall

Monotonic trends in streamflow and rainfall for the observed four seasons were
analysed for the sub-basin and the Sen’s slope estimator for all the seasons was
calculated and given in Table 3 and 4. The calculated Sen’s slope estimator for all the
influencing rain gauges for all the seasons depicted that almost more than 50% of the
influencing rain gauges showed no significant trends as depicted in Table 2. Most of the
major river basins in northern India showed decreasing trends in the streamflow due to
the decreasing of trends in rainfall and due to the anthropogenic activities in the basin
level (Jain et al., 2017). However, the sub-basin level analysis of the study of the lower
Tamiraparani showed marginally increasing trends in streamflow for all the seasons.
While for the calculated weighted average seasonal rainfall, both the winter and
southwest monsoon periods showed minimally declining trends, which is only of about
0.7477 mm/year and 1.1091 mm/year as depicted in Table 4. The observed rainfall
trends during the southwest monsoon and winter periods showed a decreasing trend in
the last 30 years of the study area, which is well linked with the trend analysis in the
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other major Indian river basin (Sharma and Singh, 2019). The calculated Spearman’s
rho correlation coefficient (p = 0.53) between the rainfall and streamflow in the
southwest monsoon showed well correlation and during winter (p = 0.40) showed
moderate correlation between the parameters as depicted in Table 5. In spite of the
declining trends in the rainfall, minimal increase in streamflow implies that streamflow
in lower Tamiraparani basin is not fully influenced by the rainfall during the periods
instead partially influenced by others like anthropogenic activities which includes
agricultural return flow, release water from hydro-electric power plant and rainfall in

the upper hilly areas.

Table 3. Summarized results of Mann — Kendall test with Sen’s slope estimator for seasonal
rainfall (mm) of the influencing rain gauge stations of the streamflow in the sub- basin

Rain Gauge Stations Summer Winter Northeast Southwest
Ambasamudram -0.009 0.0017 0.03 -0.0243
Ayikudi 0.0183 0.0001 0.0791 0.0038
Cheranmadevi 0.0191 0.0035 0.0804™ -0.0009
Gadana dam -0.0187 -0.0442™ -0.0849 -0.0224
Kalakadu 0.0053 0.0059 0.03 -0.0131
Kanadian Anicut 0.0164 0.0122 0.034 -0.0028
Koilpatti 0.0024 -0.029" -0.0016 -0.0403"
Manimuthar 0.0244 0.0429 0.1687 -0.0048
Palayamkottai 0.0237 -0.0117 0.0526 -0.0017
Sankarankoil 0.0524 -0.0009 0.0953" 0.0033
Senkottai 0.0131 -0.0008 0.0842 0.0312
Tenkasi 0.0284" -0.0001 0.0511 -0.0096
Tirunelveli -0.0119 -0.0199" 0.0128 -0.0217"

" - 5% level of significance, ™ - 10% level of significance

Table 4. Summarized results of Mann — Kendall test with Sen’s slope estimator for seasonal
mean stream flow (m3/sec/year) and weighted average seasonal rainfall (mm/year) for the

stations
Station Summer Winter South West Monsoon North East Monsoon
Murappanadu 0.0976 0.0778 0.0419 0.3337
Influencing rain gauges 1.1291 -0.7477 -1.1091 3.6938

Table 5. Calculated Spearman’s Rho Correlation Coefficient between rainfall and stream

flow

Seasons

Summer

Winter

Northeast

Southwest

P

0.26

0.40

0.82

0.53

These observations were following the same pattern in the study of trend assessment
(Nune et al., 2013) between the rainfall and stream flow in Himayat Sagar catchment in
southern India in which they observed a change in stream flow without significant
change in rainfall, and then they endorsed the changes in stream flow trends to
anthropogenic influences in the particular catchment. The observed trends for the
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northeast monsoon for both streamflow and the rainfall showed minimal increase at a
rate of 0.3337 m%/sec and 3.6938 mm/year but very strong positive correlation exists
between the rainfall and stream flow (p = 0.82) during that period. The variation of the
stream flow during North East Monson in the catchment is mainly attributed to the
rainfall as evident by the significant positive correlation. The similar increasing trend
pattern in the northeast monsoon rainfall was also observed in Amaravathi river basin
one of the main river basins in Tamilnadu (Sridhar et al., 2017).

The observed trends between rainfall and stream flow during summer periods
showed no significant trends which is of about 1.1291 mm/year and 0.0976 m?/sec and
also there was weak correlation (p = 0.26) between the rainfall and stream flow which
implies that influence of rainfall to the streamflow is very minimum during the summer
periods. Vidhya and Arulkumar (2017) predicted that there will be increase in
streamflow up to the period of 2040 due to climate changes and decrease in streamflow
will be observed with the combined effects of streamflow and climate changes which is
well correlated with the present study with observed increasing trends in streamflow
with the act of climate change. Then the observed decrease in the summer monsoon
rainfall implied the weakening of westerlies in lower troposphere and formation of
easterly jet stream in the upper troposphere as mentioned in the study for the Indian
region (Naidu et al., 2009). In order to compare the spatio-temporal variability of the
seasonal rainfall and streamflow, standardized anomaly was calculated and given in Fig.
4a-d for all the seasons.

Trends in monthly mean streamflow

To study the monthly behaviour of streamflow in the river, trends using Mann —
Kendall test and Sen’s slope were analysed for inter-annual monthly mean streamflow
values as depicted in Table 6. Inter-annual monthly mean streamflow showed
significantly positive trends for some of the months as quoted in the work carried out in
the Gomati river basin which is the perennial river in Northern India (Abeysingha et al.,
2016). The trend patterns of Tamiraparani streamflow also followed the same
significantly increasing trends at 5% and 10% level of significance for the months of
February, March, May, September, November and December. The significantly
increasing trends of the following months September, November and December showed
the influence of northeast monsoon rainfall to the streamflow in the sub-basin. For the
months of February, March and May, the significantly increasing trends are due to the
influence of climate change in the upper reaches of the sub-basin.

Trends in monthly rainfall of the influencing rain gauge stations

Monotonic trends for the inter-annual mean monthly rainfall for all the influencing
stations of the streamflow in the sub-basin were analysed and it is shown in Table 7.
From the results, mixed trend was observed for all the months for all the rain gauges for
the lower Tamiraparani sub-basin but none were significant. For all the influencing rain
gauges, no significant trends were observed for some of the months. During the month
of February which is the winter season, very minimum change rate of rainfall was
observed for all the rain gauges studied. In the study analysed by Arthi et al. (2014) no
significant trends were observed for the weekly and monthly rainfall in the Coimbatore
district of Tamilnadu. The similar pattern of no significant trend was also observed in
the present study for the monthly rainfall pattern in all rain gauges of the sub-basin
which covers the Tirunelveli and Thoothukudi districts of Tamilnadu.
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Figure 4. Temporal distribution of standardized anomalies of a: summer; b: winter; c:
Southwest monsoon; d: Northeast monsoon streamflow and rainfall for all influencing rain

gauges

Table 6. Summarized results of Mann — Kendall test with Sen’s slope estimator for mean

monthly stream flow (m3/sec/year)

Month Mean monthly streamflow
January 0.0896
February 0.1568"
March 0.0969™
April 0.0699
May 0.1332
June 0.0666
July 0.0899
August 0.0082
September 0.1104"
October 0.0443
November 0.6954™
December 0.6043™

* - 5% level of significance, ™ - 10% level of significance

Trends in temperature

Table 8 showed the trends in annual, seasonal maximum and minimum temperature
of the entire sub-basin for the study period. Annual temperature has increasing trends
for both the maximum and minimum temperature. The results are well in agreement
with the studies (Khavse et al., 2015; Ozgur et al., 2017), which analysed the long-term
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temperature trends for the periods of 100 years in the study and they identified
increasing trends in annual temperature and decreasing trends in the monthly
temperature. Zarenistanak (2014) analysed the trend patterns of temperature in Iran and
they found non-significant trends in rainfall and significant trends in the temperature
during summer and they observed that maximum temperature was more stable than
minimum and mean temperature very precisely. The similar pattern was also observed
in the present study with the stable increasing trends at a rate of 0.01°C/year in the
maximum temperature while the minimum temperature showed no stable trends. In the
seasonal analysis, both the seasonal maximum and minimum temperature showed no
significant trends for all the seasons except southwest monsoon and winter season.
During the northeast monsoon period, both maximum and minimum temperature
showed marginal increase during the analysis. The summer period of the study area
showed decrease in summer temperature at a minimal rate of -0.0049°C and -0.0062°C
for both maximum and minimum temperature, respectively. However, in the southwest
monsoon and winter, significantly increasing trend for maximum temperature is
observed. Even a small change in the temperature can affect the agricultural patterns in
the area largely (Sharma and Chaudhary, 2014). Since this sub-basin covers the
majority of agricultural land use patterns, it is advisable to take appropriate measures to
protect the crop yield by reducing the drying tendency especially during the southwest
monsoon period and winter periods.

Table 7. Summarized results of Mann — Kendall test with Sen’s slope estimator for Inter
Annual monthly mean rainfall

Rasitr;'ggﬁge January |February|March | April | May | June | July | August |September|October [NovemberDecember
Ambasamudram| -0.007 0.013 | 0.000 |-0.015(-0.016|-0.022|-0.001| -0.020 0.013 0.011 0.101 0.023
Ayikudi 0.002 0.001 | 0.022 |0.040 |0.001|0.018|-0.003| -0.004 | 0.0252* | 0.083 0.185* 0.047
Cheranmadevi | 0.004 0.000 | 0.007 |0.025|0.016 |0.000|0.000| 0.000 0.001 0.059 0.182 0.019
Gadana dam -0.020 0.000 |-0.016 |-0.050{-0.012|-0.048|-0.016| -0.029 0.002 -0.155 | -0.097 -0.037
Kalakadu 0.000 0.000 | 0.007 |0.021 |0.003|-0.020|-0.017| 0.005 -0.005 0.018 0.143 -0.006
Kanadian Anicut| 0.000 0.000 | 0.008 |0.003|0.000|0.000|0.001| 0.006 0.001 -0.046 0.077 0.058
Koilpatti 0.000 0.000 | -0.009 |-0.025{0.004 | 0.000 |-0.018| 0.000 -0.127 -0.063 0.073 -0.002
Manimuthar 0.007 0.032 | 0.027 |0.002 |-0.007{-0.018|-0.005| 0.001 0.019 0.154 0.178 0.135
Palayamkottai 0.005 0.000 | 0.000 |0.039|0.004|0.000|0.001| 0.010 -0.010 -0.013 0.166 0.013
Sankarankoil 0.000 0.000 | 0.016 |0.081|0.011|0.000|0.001| 0.002 -0.004 0.047 0.257 0.024
Senkottai 0.000 0.000 |-0.008 |-0.013{-0.047{-0.035|0.030| 0.012 0.087 0.041 0.143 0.046
Tenkasi 0.000 0.007 | 0.022 |0.047 |-0.001|-0.032|-0.029| -0.015 0.020 0.077 0.093 0.030
Tirunelveli  |-0.0088**| 0.000 |-0.009 |0.006 |-0.016(0.000|0.001| 0.001 -0.033 -0.027 0.086 -0.002

* - 5% level of significance, ™ - 10% level of significance

Table 8. Summarized results of Mann — Kendall test with Sen’s slope estimator for annual

and seasonal

Tamiraparani sub-basin

maximum and minimum temperature (‘C/year) of station in Lower

Station Annual Summer Winter Southwest Northeast
Max 0.01* -0.0049 0.0149** 0.019* 0.004
Min 0.009 -0.0062 0.0122 0.012 0.009

* - 5% level of significance, ™ - 10% level of significance
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Conclusions and Recommendations

The analysis on the annual, seasonal and mean monthly streamflow observed at the
Murappanadu gauge station for the period of 30 years, which is in the lower
Tamiraparani sub-basin showed that there is less drying tendency of the downstream
catchments of the entire Tamiraparani river basin. The annual rainfall contributed
mainly to the annual streamflow as evident by the positive correlation. The observed
rainfall trends during the Southwest monsoon and winter periods showed a nominally
declining trend in the last 30 years of the study area and slightly increasing trends
during northeast and summer season. The present study mainly concluded that variation
of streamflow in the basin is partly attributed by the rainfall during southwest monsoon
and the variation of streamflow during the Northeast monsoon is mainly attributed by
the rainfall during the analysis period with the calculated correlation coefficient. Since
the study area lies in the downstream side of river, the marginal increase in the
streamflow with the decrease in rainfall during the southwest monsoon and winter
indicates that other factors such as anthropogenic activities and other exogenous and
ecological changes may contribute to changes in streamflow in the downstream areas.
Decrease in rainfall and increase in temperature during these periods suggests that
proper management measures ought to be adopted to avoid the detrimental effects of
drying tendency of the area to provide proper agricultural production and ecosystem
sustainability in the future. These sub-basin level seasonal observations from the present
study are thus helpful in developing the holistic water management planning within the
sub — basin particularly during the southwest monsoon and winter by taking the
managemental practices at different spatial scales based on the needs, which may be
useful to conserve the water to meet the demands in the drying trends by increasing
water use efficiency of the river water in various sectors of the hydrological
environment. From those observations, it is further recommended to carry out detailed
analysis of rainfall, temperature and streamflow with the higher temporal resolution to
develop a very precise relation among all the parameters. The decreased rainfall trends
with increased trend in the temperature during southwest monsoon and winter season
create a critical need to perform more detailed analysis to study the impacts on
groundwater and surface water resources. Furthermore, this work can also be extended
to study the impacts of projected land uses and future climatic projections over the
streamflow to develop suitable policy and plans to maintain sustainability in available
natural resources.
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