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Abstract
Global climate change has changed the trend of climate variables. Also 
there is change in intensity, frequency and cyclic pattern of climate extremes 
such as flood, drought, heatwaves and tropical cyclones in the southern part 
of India. The high temperatures and further increase pose serious socio-
economic and environmental impacts. There is an urgent necessity to know 
about the regional level climate extremes and their adaptation strategies 
especially for the drought prone and rain fed basins. This paper discusses 
about the temperature trend and change point over a long term historical 
time period of 30 years (1992-2021). Based on the Man-Kendall method 
and Sen’s test, the temperature over the basin is showing a significant rising 
trend with positive slopes in almost all the months, seasons and annual 
statistics. The change points of mean temperature are observed in 2008 for 
both Kundrakudi and Pudukottai climate stations. The minimum temperature 
change point was identified in 1998 and 2009 years for the Kundrakudi 
climate station. The results of this paper will be helpful in capacity building 
of specialised team on extremes risk, vulnerability and sector specific 
indices for temperature for the water resources and agricultural sectors 
under changing climate.
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Introduction 
The latest sixth assessment report was published 
by Intergovernmental Panel on Climate Change 
(IPCC), a scientific group of the United Nations (UN). 
Based on this report, the global warming will reach 
or exceed 1.5°C even if the world currently adapts 
very low greenhouse gas emissions scenarios.1 

Global warming due to the increase of greenhouse 
gases is a major threat to the all the living beings 
and environment. All the meteorological parameters 
are related to global temperature, which alters the 
energy budget and hydrological cycle. The aerosol 
increase in the atmosphere due to the burning 
of fossil fuels alters the carbon content results in 
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climate change.2 The temperature extremes have 
environmental, economic and humanitarian effects 
over intense heat triggering enormous losses in the 
economy3 and growing loss of life rates worldwide.4 
Several studies documented the record breaking 
extreme heat waves in different countries such 
as, Australia,5 United states,6 South Korea,7 South 
Asia,8,9 China,10 North Africa11 and Canada in the 
year 2021 with 500 human beings lost their lives 
and 180 forest fires reported.12 Adaptation to heat 
waves related to individual behaviour, improving 
infrastructure facilities and modifying institutional 
policies.13 According to sustainable development 
goal (SDG) special report 2023, the intensity and 
frequency of extreme events of weather are by this 
time impacting all over the world which in turn needs 
immediate climate resilient and adaptation measures 
to achieve the SDG of climate action.14

The developing countries and under developed 
countries are not able to cope with the less adaptive 
capacity. The frequency and intensity of heat waves 
based events will increase. Hence the properties 
of recent past heat extremes to be understood 
well for planning and making decisions.15 In early 
March, 2022, India experienced unprecedented 
heatwave spell from March 11 to March 18, 2022. 
During the year 2022, Rajasthan and Maharashtra 
witnessed the maximum temperature as 40°C and 
45°C respectively.16 In developing countries like 
India the agricultural activities are getting affected 
due to the increase in temperature especially crop 
failure and food security crisis. Around 80% of 
the water is utilized for the agriculture; the high 
heat waves reduce the soil moisture and require 
frequent irrigation. Thereby more water consumption 
and slowly inviting the drought conditions. Hence  
the current comprehensive research on Indian 
river basins requires deeper understanding  
of trends and change points of temperature. This 
study investigates the changes in temperature over  
a historical period of 30 years from 1992 to 2021. This 
study carried out to address the research questions, 
initially to find trend characteristics monthly, seasonal 
and annual time scales for temperature and second 
to when the shift in temperature occurred over the 
long term period. The study helps in mitigation and 
adaptation policy framework to decrease the future 
risk related to temperature extremes due to climate 
change.

Study Area
The Pambar Kottakaraiyar basin details were 
received from the Water resources division, Tamil 
Nadu Government. This basin is one among the 
17 river basins of Tamil Nadu and the index map 
of the basin is shown in the Figure 1. The river 
basin is situated in the geographical coordinates 
of 9°30’0” N - 10°25’0” N latitude and 78°10’0” E 
- 79°0’0” E longitude. It is surrounded by Agniyar 
basin on north side, Cauvery basin on north-western 
side, Vaigai basin in the south and Palk-bay in the 
east. The areal extent of the basin is 5910.87 km,2 
covering 18 taluks inclusive of 27 blocks belongs 
to six districts. The basin contains the following 
sub basins, which are Pambar, Manimuthar and 
Kottakaraiyar. Physiographically, the basin is divided 
into discontinuous hillocks on the north-western side, 
Eastern Ghats mountain ranges and remaining part 
of the basin is a gentle sloping topography. About 
50% of the basin area is occupied by Sivagangai 
district, the other districts are Ramanathapuram, 
Pudukkottai, Dindigul, Madurai and Trichy.17,18

About 65% of land of the basin area is agricultural 
land of which groundwater irrigation is about 80%, 
3.3% of land is reserved forest area, 1.23% is 
settlement, 3.1% comprises of tanks. The major part 
of 18.9% land is barren land and remaining covers 
the land affected by alkanity, backwater creek, land 
with scrub and shrub and barren out-crop. It is called 
as “Basin of tanks”, because it has 7602 tanks 
enclosed within its boundary. The ayacut irrigated 
by these tanks is about 1,33,008 hectares of land. 
The inter-basin transfer of water is from Vaigai basin. 
The ground water resources capacity of the basin is 
found to be 811.97 M.cum. The basin comprises of 
water stressed Dindigul, Madurai, Ramanathapuram, 
Pudukkottai and Sivaganga districts. The major 
problem in this basin is decreasing of groundwater 
levels, aquifer system with massive and poor 
yielding and poor groundwater quality issues. 
Paddy, sugarcane, groundnut, maize, cotton etc. 
are the main crops grown in this basin which needs 
more water and thus making the farmers extremely 
dependent on monsoon. The basin has semi-arid 
climate and it experiences annual normal rainfall of 
924 mm Trichy.17,18
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Methodology
MK Statistical Test and Sen’s Slope Test for 
Trend Detection
The MK test19,20 and the Theil-Sen slope trend 
detection test21,22 were utilized for the trend analysis 
of temperature. The Mann-Kendall statistic S and 
standardized test statistics Z is given by, 

  ...(1)

  ...(2)

  ...(3)

  ...(4)

The parameters of statistics are xi and xj are the 
sequential data values in the years i and j, n is the 
number of data values in the record, tp is the count of 
ties for the pth values and q is the count of tied values. 

Fig. 1: Index map of  Pambar Kottakaraiyar basin
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  ...(5)

where xi and xj are the sequential data values of the 
time series in the years i and j, and β is the magnitude 
of the trend slope of series values.23

 
Changeover Point Detection Method
A changeover point analyser can detect multiple 
changes. The detection of changeover point method 
is an efficient statistical tool used to indicate the 

erratic variability of climate in the long term climate 
data sequences. The hydrological cycle is recently 
undergoing major changes and the identification 
of the changeover point in climate data series is in 
need of the hour. The revealing of changeover point 
method plays a vital role in the hydrology-climate 
change based research. The two climate stations 
as shown in Figure 2, records observed temperature 
data. The daily data of temperature is collected from 
Statistical department, Chennai for the period of 1992  
to 2021 (30 years).

Fig. 2: Rain guauge and climate stations of Pambar Kottakaraiyar basin

The method is used by Taylor,24 carried out the 
change point analysis iteratively by a combination 
of boot strapping method and cumulative sum charts 
(CUSUM) to identify changes. The cumulative sums 
Ki is estimated by the equation 6 is as follows,

Ki= Ki-1+Yi-Ȳ  ...(6)

Where,
K0 = zero, Initial accumulative sum K0, 
i = 1, 2, 3,……………, 25,    
Ȳ is the mean of the trial series.

The cumulative sum of differences between values 
and mean. An upward slope for a particular period 
shown in the CUSUM chart specifies that the values 
are above on the whole average. A downward slope 
for a certain period in the CUSUM chart indicates 
that the values are below the whole average.  
A sudden shift in the CUSUM chart represents 
sudden variation in the mean. The data series 
consists of two averages which are divided into 
fragments and using the repetitive procedure 
average square of evaluations is calculated until it 
reaches the minimization of average square of error.  
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The significance of the changeover point is evaluated 
with the help of confidence level based on boot 
strapping method is as given in equation 7,

Confidence interval = Q/N*100 ...(7)

here,
K~ = change between the high and least CUSUM 

entries,
Q = the total of bootstrapped K~ entries which are 

higher than the baseline K~ values,
N = number of bootstraps.

The changeover point detection is performed with the 
help of a software works in Microsoft excel named as 
changeover point analyser. The analyser can easily 
detect the precise year when the shift is occurred 
by using CUSUM charts and MSE. The multiple 
notable changeover points in the total dataset are 
identified by level of variation and confidence levels. 
The likelihood of changeover point is computed by 
the equation 2 and recognised by the rise and fall 
line in the CUSUM plots. The values of the variable 
generally fluctuate between the upper and lower 
limits if there is no change existing in the series.

Results and Discussions 
Analyzing Month Wise, Seasonal and Yearly 
Temperatures of Kundrakudi Station
The MK test is adopted for the temperature series 
monthly, seasonal (monsoon), and yearly time scales 

are depicted in Table1 and Table 2. The previous 
data of 31 years were used to the drift detection 
and changeover point identification analysis. Yearly 
average temperature of Tmin, Tmean is showing an 
increasing trend and Tmax is noticed as having no 
trend. When α is equal to 0.05, the statistically 
significant drift is present in the sequence. The Tmax 
in the July, August, October months showed higher 
increasing drift with highest Z values as 3.62, 2.94, 
2.33 respectively. The Tmin in the January, April, 
June, July, August, October and December months 
indicated a higher increasing drift with highest Z 
numeral as represented in Table 1. The Tmean shown 
that the October, November and December months 
is having significant rising drift with the uppermost 
Z entries 2.25, 2.07 and 2.18 respectively. The 
seasonal statistics of Tmax in NEM and SWM shows 
an increasing drift with the maximum Z value of 2.14 
and 1.19 respectively. The Tmin in Summer, NEM, 
SWM and Annual periods specified a higher rising 
drift with highest Z entries as shown in Table 1. The 
Tmean indicated a maximum rising drift with peak Z 
values 3.46 for NEM, 3.34 for SWM and 2.82 for 
Annual periods. The Sen’s slope (Theil, 1950 & 
Sen, 1968) magnitude values of Tmax, Tmin and Tmean 
present in most of the months and seasons shows 
a significant rising trend of temperature over the 
entire basin. The highest values of Tmax as 43.3°C 
in 2016 and Tmin as 29.64°C in 2019 were recorded 
in Kundrakudi climate station. 

Table 1: MK test statistics for month wise, seasonal and yearly temperatures of Kundrakudi 
climate station

TIME SCALE   Tmax   Tmin    Tmean

Month  Z Sen’s P Trend Z Sen’s P Trend Z Sen’s P Trend
 value value value  value value value  value value value

JANUARY 0.48 0.015 0.630 NT 2.80 0.054 0.005 IT 1.53 0.032 0.125 NT
FEBRUARY -0.55 -0.020 0.580 NT 0.75 0.028 0.453 NT 0.12 0.007 0.901 NT
MARCH -1.94 -0.030 0.052 NT 1.80 0.056 0.072 NT 0.34 0.005 0.735 NT
APRIL 0.09 0.002 0.929 NT 2.12 0.047 0.034 IT 1.00 0.025 0.318 NT
MAY -0.73 -0.026 0.464 NT 1.18 0.019 0.239 NT -0.10 -0.003 0.915 NT
JUNE 0.99 0.034 0.318 NT 3.21 0.045 0.001 IT 1.61 0.037 0.108 NT
JULY 3.62 0.134 0.000 IT 2.69 0.037 0.007 IT 3.75 0.085 0 NT
AUGUST 2.94 0.078 0.003 IT 3.16 0.032 0.002 IT 3.50 0.055 0 NT
SEPTEMBER 1.53 0.063 0.125 NT 1.11 0.012 0.269 NT 1.71 0.039 0.087 NT
OCTOBER 2.33 0.113 0.019 IT 2.30 0.046 0.021 IT 2.25 0.076 0.025 IT
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Analyzing Month Wise, Seasonal and Yearly 
Temperatures of Pudukottai Station
The results of annual average temperature of Tmin, 
Tmean and Tmax are detected as having no trend. 
When α is equal to 0.05, there exists a statistically 
significant drift in the series. The Tmax in the July 
month indicated a significant larger increasing drift 
with major Z value of 2.21. There is a significant 
decreasing trend observed in Tmax in the month of 

February with the Z value of -2.11. The Tmin in the 
July month specified a higher increasing trend with 
highest Z value as 2.28. The seasonal statistics 
of Tmin in Summer and NEM shows an increasing 
trend with the maximum Z value of 2.41 and 2.44 
respectively. The Tmean shown that the July and 
November months are having significant increasing 
trend with the maximum Z values 2.57 and 2.36 
respectively. The Tmean in NEM period indicated a 

NOVEMBER 1.26 0.049 0.205 NT 1.25 0.043 0.212 NT 2.07 0.042 0.038 IT
DECEMBER 1.19 0.037 0.232 NT 2.93 0.085 0.003 IT 2.18 0.054 0.03 IT
Seasonal 
Statistics
WINTER 2.14 -0.008 0.803 NT 1.64 0.061 0.101 NT 1.11 0.034 0.269 NT
SUMMER -1 -0.059 0.318 NT 2.86 0.137 0.004 IT 0.62 0.039 0.532 NT
SWM 1.19 0.299 0.002 IT 3.18 0.137 0.001 IT 3.46 0.198 0.001 IT
NEM 2.14 0.192 0.032 IT 3.43 0.162 0.001 IT 3.34 0.187 0.001 IT
Annual -1.2 -0.036 0.232 NT 3.14 0.053 0.002 IT 2.82 0.037 0.005 IT
Statistics

Table 2: MK test statistics for month wise, seasonal and yearly temperatures of Pudukottai 
climate station

TIME SCALE   Tmax   Tmin    Tmean

Month  Z Sen’s P Trend Z Sen’s P Trend Z Sen’s P Trend
 value value value  value value value  value value value

JANUARY -0.66 -0.018 0.509 NT 1.61 0.037 0.108 NT 0.09 0.003 0.929 NT
FEBRUARY -1.09 -0.04 0.276 NT 0.11 0.004 0.915 NT -0.50 -0.012 0.643 NT
MARCH -2.11 -0.036 0.035 DT 1.93 0.063 0.054 NT 0.86 0.018 0.392 NT
APRIL -0.25 -0.013 0.803 NT 1.34 0.039 0.181 NT 0.61 0.013 0.544 NT
MAY -0.5 -0.017 0.617 NT 1.29 0.017 0.199 NT 0.00 0.000 1.000 NT
JUNE 0.517 0.016 0.605 NT 1.41 0.022 0.159 NT 1.14 0.017 0.254 NT
JULY 2.21 0.071 0.027 IT 2.28 0.031 0.022 IT 2.57 0.05 0.01 IT
AUGUST 0.48 0.013 0.63 NT 0.80 0.006 0.422 NT 0.71 0.011 0.475 NT
SEPTEMBER 0.46 0.015 0.643 NT 0.36 0.005 0.721 NT 0.34 0.01 0.735 NT
OCTOBER 1.21 0.015 0.643 NT 1.52 0.027 0.129 NT 1.25 0.038 0.212 NT
NOVEMBER 1.07 0.042 0.284 NT 1.59 0.048 0.112 NT 2.36 0.048 0.019 IT
DECEMBER 0.46 0.01 0.643 NT 1.69 0.045 0.090 NT 0.89 0.022 0.372 NT
Seasonal 
Statistics            
WINTER -1.07 -0.058 0.284 NT 0.93 0.036 0.354 NT -0.10 -0.002 0.943 NT
SUMMER -1.18 -0.073 0.239 NT 2.41 0.134 0.016 IT 1.12 0.047 0.261 NT
SWM 1.42 0.095 0.153 NT 1.53 0.061 0.125 NT 1.53 0.080 0.125 NT
NEM 1.21 0.132 0.225 NT 2.44 0.117 0.015 IT 2.18 0.108 0.03 IT
Annual -1.11 -0.025 0.269 NT 1.64 0.024 0.101 NT 1.71 0.020 0.087 NT
Statistics
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larger rising drift with a maximum Z value as 2.18. 
The Tmax, Tmin and Tmean of most of the months and 
seasons are having positive Sen’s slope magnitude 
values that indicates that there exists a significant 

escalating drift of temperature all over the basin. 
The highest values of Tmax as 43.6°C in 2016 and 
Tmin as 29.75°C in 2019 was recorded in Pudukottai 
climate station. 

Fig. 3: Change points and CUSUM chart for annual temperature for Kundrakudi station.

The identification of change points is achieved 
through the statistical method which shows a vital 
role in recognizing the jumps in temperature variable 
belongs to the long term climatological period. The 
annual temperature change points were identified in 
Tmean and Tmin. The results revealed that change has 
happened during the examined period, which shows 
Tmean and Tmin values appears outside the control 
limits as represented in Figure 3.

The levels shown in the Figure 5 and Figure 6 implies 
that change is occurred and it is closely related 
with climate change. The Tmean changeover point  

is occurred in the year 2008 at a confidence interval 
of 95% at level 1. The Tmin changeover point is 
occurred in the years 1998 and 2009 at a confidence 
interval of 92% and 96% and at level 3 and level 1 
respectively. Before the happening of the change 
point the Tmean is 41.25°C in the year 2007 and after 
the change, it is 42.45°C in the year 2009. In the year 
1997 before the change point the Tmin is 19.8°C and 
after the change the Tmin is 19.1°C in the year 1999. 
In the case of Tmin, earlier the happening of change 
point is in the year 2008, the Tmin is 18.9°C and after 
the change the Tmin is 20.3°C in the year 2010.
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Fig 4: Changeover points and CUSUM chart for annual temperature for Pudukottai station.

Fig 5: Estimated change point years of mean temperature for Kundrakudi station.

Fig 5: Estimated change point years of mean temperature for Kundrakudi station.

Analysis of Changeover Points for Pudukottai 
Station
The annual temperature changeover points were 
recognized in Tmean. The Tmean value falls exterior to 

the control limits indicates that the jump has taken 
place during the data period of 1990 to 2021. The 
results revealed that in the year 2008, there is a 
climate jump identified in Tmean variable as depicted 
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in Figure 4. The confidence interval of the change 
point is 97% with the level 1 as clearly shown in 
Figure 7. Before the happening of the change point 

the Tmean is 28.3°C in the year 2007 and after change 
the Tmean is 27.7°C in the year 2009.

Fig 7: Estimated changeover point years of mean temperature for Pudukottai station. 

Conclusion 
The variability of temperature is due to the 
anthropogenic activities which are related to 
industrial growth that changes the climate all over 
the basin. The non-parametric Man-Kendall trend 
test and change point detection test by Taylor were 
given a remarkable result about temperature change 
all over the basin. Most of the results from the two 
climate stations reveals that the higher, least, and 
average temperatures have a significant higher 
rising drift. Based on the Kundrakudi climate station 
results, the Tmean change point is occurred in the year 
2008 at a confidence interval of 95% at level 1. The 
Tmin change point is occurred in the years 1998 and 
2009 at a confidence interval of 92% and 96% and 
at level 3 and level 1 respectively. Based on the 
Pudukottai climate station results, in the year 2008, 
there is a climate jump identified in Tmean variable 
with a confidence interval of 97% with the level 1. 
The rapid variations in the land usage pattern and 
industrial growth alters the present climate and the 
cause for the increase in temperature. The basin 
is having less streamflow in the monsoon season 
and with a very long water scarce period with no 
streamflow prevailing drought condition. The results 
of climate based regional level study is indispensable 
for planning and management water bodies/ 
impoundments especially for the drought prone 
basins like Pambar and Kottakaraiyar. The climate 

change based adaptation strategies for the farmers, 
hydrologists, water resource managers is in need 
of the hour to counteract the effects of temperature 
increase, drought and heat waves.
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