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 सार – तापमान और वर्ाा पटैना में पररवतान के आधार पर जलवाय ुपररवतान की ववशिष्टता बताई जाती है। CPA 
का उपयोग यह पता लगाने के शलए ककया जाता है कक ककसी क्रमबद्ध डटेा में कोई पररवतान हुआ है या नह ीं। वतामान 
अध्ययन 1091 से 2992 तक की अवलध में  तशमलनाडु के मतयेक  जले के शलए  CPA का उपयोग करते हुए ऐततहाशसक 
माशसक तापमान डेटा में एक मकक्रया के औसत में पररवतान का पता लगाने से सींबींलधत है। CPA के ववश्लेर्ण से पता 
चलता है कक तशमलनाडु के  जले वपछले कुछ वर्ों से तापमान में पररवतान मदशिात कर रहे हैं। वणानातमक आींकड़ों और 
मववृि ववश्लेर्ण से पता चला है कक चेन्न ै और लगभग सभी  जल़ों में मेक्षित अलधकतम शभन्नता मतयेक मह ने के 
हहसाब से महतवपणूा रुझान दिााती है। 

 

ABSTRACT. Climate change is characterized by observing changes in temperature and rainfall pattern. CPA is 

used order to detect whether any changes have occurred on a series of time ordered data. Present study deals with 
detection of change in the mean of a process in historical monthly temperature data using CPA for each districts of Tamil 

Nadu for the period of 1901 to 2002. The analysis of CPA shows that the districts in Tamil Nadu are exhibits changes in 

temperature over the years. Descriptive statistics and trend analysis revealed that maximum variation observed at Chennai 
and almost all the districts shows month wise significant trend. 

  
Key words – Change point, Mann Kendall, Sen Slope. 

 
1.  Introduction 

 

 Climatic variability over years has turned out to be a 

predominant pattern. The last few years have been marked 

by many changes in climate un-predictable rainfall, 

flooding, warmer conditions, heat waves etc. This trend of 

appears to be merely the continuation of a pattern of 

variability. The tendency of climate to change relatively 

suddenly has been one of the most surprising. 

 

 Climate change is a long-term change in the 

statistical distribution of weather patterns over periods of 

time. Trend and Change point analysis of climatologically 

time series will help to understand the problem of climate 

change. 

 

 The climate change studies based on long historic 

climate data which exhibits non-homogeneity. One type of 

non-homogeneity in long meteorological time series is 

sudden shifts of the mean level. Such abrupt changes in 

the immediate environment may shift the farm practices, 

causes pets & disease incidence may affect the grain size, 

harvest time. Thus there are situations where identification 

of such change helps to know shifting of crop 

managements or pattern.  

 Change point analysis is the process of detecting 

distributional changes within time-ordered observations. 

In present study, change point analysis (CPA) is applied to 

temperature data of each district of Tamil Nadu for 

detecting any change in the mean of a process in historical 

data. CPA assumes that the process (time series) must be 

distributed identically, and the observations must be 

independent (at least there is no strong autocorrelation). 

The study also includes the basic characteristics of 

Temperature e.g., Descriptive statistics, non- parametric 

trend analysis (Mann Kendall test) etc. 

 

2. Data base and climatic status of the zone 
 

 Tamil Nadu is situated between 8° 5' and 13° 35' 

North latitude and between 76° 15' and 80° 20' East 

longitude. The climate of the state ranges from dry sub-

humid to semi-arid.  

 

 Data source: Monthly maximum temperature data 

were obtained from the http://indiawaterportal.org/met_ 

data/ for the period 1901-2002 of 29 districts of Tamil Nadu. 

 

 Software used: The analysis is done by using                       

R 3.1.0- package.  

http://indiawaterportal.org/met_%20data/
http://indiawaterportal.org/met_%20data/
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TABLE 1 

 

Descriptive statistics of monthly maximum temperature 

 

District Min Max Q1 Median Q3 Mean SD CV 

Ariyalur 27.66 36.65 30.37 32.72 34.08 32.34 2.17 6.7 

Chennai 26.8 39.58 29.83 33.38 35.5 32.96 3.15 9.56 

Coimbatore 27.78 34.37 29.34 29.95 31.58 30.43 1.48 4.86 

Cuddalore 27.44 37.15 30.19 32.91 34.41 32.46 2.42 7.47 

Dharmapuri 27.08 36.5 29.74 30.78 33.09 31.32 2.27 7.26 

Dindigul 26.21 32.46 27.73 28.32 29.77 28.73 1.36 4.74 

Erode 26.92 34.62 28.61 29.34 31.29 29.93 1.78 5.94 

Kanchipuram 26.94 38.68 29.82 33.18 35.12 32.74 2.96 9.03 

Karur 25.97 33.34 28.17 28.89 30.38 29.22 1.61 5.52 

Madurai 27.33 33.18 28.8 29.35 30.64 29.72 1.22 4.11 

Nagapattinam 27.33 36.93 30.02 32.84 34.42 32.39 2.45 7.57 

Namakkal 28.27 36.76 30.83 31.75 33.39 32.07 1.91 5.95 

Nilgiris 27.72 34.69 29.65 30.43 32.1 30.81 1.62 5.25 

Perambalur 27.85 36.4 30.66 32.54 33.84 32.29 2.02 6.26 

Pudukkottai 27.76 35.06 30.29 31.7 32.73 31.53 1.61 5.12 

Ramanathapuram 27.35 33.44 29.26 29.84 30.92 30.05 1.19 3.96 

Salem 28.32 37.34 31.1 32.38 34.07 32.62 2.11 6.45 

Sivaganga 28.24 34.81 30.38 31.17 32.2 31.29 1.33 4.24 

Thanjavur 27.51 35.86 30.21 32.28 33.42 31.9 1.93 6.06 

Theni 27.22 32.9 28.69 29.2 30.67 29.63 1.23 4.14 

Thoothukudi 25.72 30.31 26.64 27.11 28.3 27.44 0.99 3.62 

Tiruchirappalli 27.45 35.2 29.99 31.21 32.46 31.25 1.74 5.58 

Tirunelveli 22.71 26.95 23.69 24.11 25.19 24.4 0.9 3.7 

Tiruvallur 26.74 39.47 29.92 33.4 35.21 32.86 3.06 9.33 

Tiruvannamalai 26.74 37.19 29.76 32.21 33.83 31.88 2.51 7.89 

Tiruvarur 27.69 36.27 30.44 32.62 33.81 32.21 2 6.2 

Vellore 26.58 37.28 29.64 31.77 33.62 31.71 2.57 8.11 

Viluppuram 27.36 37.3 30.23 32.86 34.39 32.41 2.43 7.49 

Virudhunagar 27.93 33.24 29.04 29.59 30.9 29.96 1.15 3.82 

          

 

3. Methodology 

 

 3.1. Descriptive statistics 

 

 Descriptive statistics includes of minimum value, 

maximum value, median, quartiles and coefficient of 

variation. Box plot is five number summary shows 

minimum, maximum, median, 1
st
 and 3

rd
 quartiles. 

 

 3.2. Trend analysis 

 

 Trend analysis of a time series consists of the 

magnitude of a trend and its statistical significance in a 

time series. Obviously, different workers have used 

different methodologies for trend detection. Kundzewicz 

(2004) has discussed the change detection methodologies 

for hydrological data.  

 

 In general, the magnitude of trend in a time                    

series is determines either using regression analysis 

(parametric test) or using Sen’s estimator method                   

(non-parametric). Both these methods assume a                    

linear trend in the time series. It checks the null    

hypothesis of no trend versus the alternative             

hypothesis of the existence of increasing or decreasing 

trend.   
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TABLE 2 

 

Mann Kendall test of monthly maximum temperature of Tamil Nadu 
 

District 
 

Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ariyalur 
trend 0.0072 0.0073 0.0106 0.011 0.0094 0.0075 0.0025ns 0.0048 0.0052 0.0073 0.0064 0.0071 0.0085 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0821 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Chennai 
trend 0.0043 ns 0.0048 0.0123 0.017 0.012 0.0077 -0.0039 ns -0.0015 ns 0.0001 ns 0.0028 ns 0.0024 0.004 0.0034 

p value 0.1153 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.1289 0.3758 0.7745 0.1805 0.036 0.0191 <  0.01 

Coimbatore 
trend 0.0061 0.0111 0.0095 0.0087 0.0036 0.0039 0.0049 0.0042 0.0012 ns 0.0039 0.0037 0.0104 0.0103 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.0182 0.0368 <  0.01 0.0198 0.3685 <  0.01 <  0.01 <  0.01 <  0.01 

Cuddalore 
trend 0.0067 0.007 0.0109 0.0126 0.01 0.0072 0.0016 ns 0.0031 ns 0.004 0.0068 0.0058 0.0064 0.0075 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.3701 0.0626 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Dharmapuri 
trend 0.0053 0.0084 0.0118 0.0118 0.0068 0.0065 0.0009 ns 0.0025 ns 0.0014 ns 0.0054 0.0055 0.0079 0.0086 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.6395 0.0875 0.2558 <  0.01 <  0.01 <  0.01 <  0.01 

Dindigul 
trend 0.0067 0.0102 0.0092 0.0087 0.0046 0.0052 0.0044 0.0052 0.0035 0.005 0.0051 0.0099 0.01 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.0136 0.0186 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Erode 
trend 0.006 0.0099 0.0103 0.0093 0.005 0.0052 0.0036 0.0043 0.0017 ns 0.0048 0.0048 0.0095 0.0097 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0122 0.0236 <  0.01 0.1942 <  0.01 <  0.01 <  0.01 <  0.01 

Kanchipuram 
trend 0.0050 ns 0.0056 0.012 0.0158 0.0115 0.0075 -0.0020 ns -0.0007 ns 0.0004 ns 0.004 0.0036 0.0047 0.005 

p value 0.0574 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.2834 0.6899 0.8555 0.0433 <  0.01 <  0.01 <  0.01 

Karur 
trend 0.0066 0.0094 0.0098 0.0094 0.0056 0.0061 0.0039 0.0052 0.0037 0.0059 0.0059 0.0088 0.0096 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0139 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Madurai 
trend 0.0072 0.0101 0.0087 0.008 0.0045 0.0052 0.0055 0.0059 0.0051 0.0056 0.0057 0.0103 0.0102 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.023 0.0173 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Nagapattinam 
trend 0.0068 0.0066 0.0098 0.0122 0.01 0.0067 0.0018 ns 0.0041 0.0047 0.0076 0.0061 0.0065 0.0076 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.3058 0.0223 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Namakkal 
trend 0.0063 0.009 0.0105 0.0098 0.0063 0.0062 0.0029 0.0046 0.0031 0.006 0.0059 0.0082 0.0094 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0473 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Nilgiris 
trend 0.0067 0.007 0.0109 0.0126 0.01 0.0072 0.0016 ns 0.0031 ns 0.004 0.0068 0.0058 0.0064 0.0075 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.3701 0.0626 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Perambalur 
trend 0.0069 0.008 0.0104 0.011 0.0083 0.0071 0.0027 ns 0.0049 0.0047 0.007 0.0064 0.0073 0.0088 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0791 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Pudukkottai 
trend 0.0067 0.007 0.0109 0.0126 0.01 0.0072 0.0016 ns 0.0031 ns 0.004 0.0068 0.0058 0.0064 0.0075 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.3701 0.0626 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Ramanathapuram 
trend 0.0075 0.0099 0.0086 0.0077 0.005 0.0056 0.0055 0.0066 0.0064 0.0071 0.0063 0.0094 0.0106 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Salem 
trend 0.0062 0.0083 0.0108 0.0108 0.0071 0.0065 0.0021 ns 0.0041 0.003 0.0062 0.0061 0.0079 0.0091 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.1474 <  0.01 0.0136 <  0.01 <  0.01 <  0.01 <  0.01 

Sivaganga 
trend 0.0077 0.0093 0.0089 0.0084 0.0054 0.0064 0.0053 0.0074 0.0069 0.0073 0.007 0.0098 0.0101 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Thanjavur 
trend 0.0076 0.0078 0.0094 0.0104 0.009 0.0072 0.0038 0.0064 0.0064 0.008 0.0074 0.0079 0.009 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0299 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Theni 
trend 0.0065 0.0111 0.0087 0.0075 0.0032 ns 0.0038 ns 0.0056 0.0052 0.0031 0.0044 0.0041 0.0108 0.0104 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.063 0.0582 <  0.01 <  0.01 0.0292 <  0.01 <  0.01 <  0.01 <  0.01 

Thoothukudi 
trend 0.0065 0.0104 0.0081 0.0064 0.003 0.0042 0.0051 0.0053 0.0033 0.0052 0.0042 0.0093 0.011 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.0207 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Tiruchirappalli 
trend 0.0071 0.0088 0.0098 0.0099 0.007 0.0067 0.0039 0.0061 0.005 0.007 0.0066 0.008 0.0093 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0146 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Tirunelveli 
trend 0.0053 0.009 0.0068 0.0052 0.0021 ns 0.0038 0.0045 0.0046 0.0022 0.0037 0.0029 0.0082 0.0098 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.0735 0.0104 <  0.01 <  0.01 0.0303 <  0.01 <  0.01 <  0.01 <  0.01 

Tiruvallur 
trend 0.0046 ns 0.0054 0.0125 0.0166 0.0118 0.0077 -0.0035 ns -0.0022 ns -0.0012 ns 0.0026 0.0026 0.0048 0.0044 

p value 0.1002 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.1419 0.3088 0.6129 0.1952 0.0363 <  0.01 <  0.01 

Tiruvannamalai 
trend 0.0055 0.0067 0.0121 0.0142 0.0098 0.0068 -0.0003 ns 0.0004 ns 0.0011 ns 0.0049 0.0045 0.0063 0.0069 

p value 0.0253 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.8261 0.7592 0.4823 <  0.01 <  0.01 <  0.01 <  0.01 

Tiruvarur 
trend 0.0075 0.0071 0.0092 0.0111 0.0093 0.0067 0.0032 ns 0.0059 0.0063 0.0084 0.0071 0.0076 0.0083 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.0694 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 

Vellore 
trend 0.005 0.007 0.0123 0.0144 0.0095 0.0067 -0.0009 ns 0.0001 ns 0.0001 ns 0.004 0.004 0.0065 0.0066 

p value 0.0459 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.6108 0.9815 0.9931 0.0225 <  0.01 <  0.01 <  0.01 

Viluppuram 
trend 0.0063 0.007 0.0113 0.0134 0.0098 0.0073 0.0010 ns 0.0019 ns 0.0027 ns 0.0062 0.0054 0.0064 0.0071 

p value < 0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 0.5514 0.2043 0.0744 <  0.01 <  0.01 <  0.01 <  0.01 

Virudhunagar 
trend 0.0072 0.0113 0.0092 0.0073 0.0038 0.0049 0.0062 0.0059 0.0045 0.0054 0.0049 0.0104 0.011 

p value < 0.01 <  0.01 <  0.01 <  0.01 0.0182 0.0177 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 <  0.01 
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Fig. 1.  Box plot of monthly maximum temperature of districts of Tamil Nadu 

 
 

 

Fig. 2.  Mann Kendall test monthly maximum temperature of Districts of Tamil Nadu 

 
 

 3.3. Regression analysis 

 

  Trend is one of the important component of time 

series data. Using simple regression we can model the 

linear trend at time t as: 

  
 Yt = β0 + β1 t + εi           

 3.4. Sen’s method 

 

 The Sen’s slope estimator is a linear slope estimator 

that works most effectively on monotonic data. Unlike 

linear regression, it is not greatly affected by data errors, 

outliers, or missing data. Sen’s slope estimator has been 

widely used for determining the magnitude of trend. The
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 TABLE 3 

 

Change point monthly maximum temperature of districts of Tamil Nadu 

 

District intercept trend P 1st CP intercept trend P 2nd CP intercept trend P 3rd  CP intercept trend P 

Ariyalur 32.14 2.05E-04 0.66 1954(6) 32.01 1.04E-03 0.4 1982(2) 32.98 -5.90E-04 0.77 - - - - 

Chennai 32.85 8.32E-05 0.9 1954(6) 32.6 1.53E-03 0.05 - - - - - - - - 

Coimbatore 30.27 7.85E-05 0.64 1982(1) 30.97 -6.37E-04 0.64 - - - - - - - - 

Cuddalore 32.27 1.83E-04 0.72 1954(6) 32.03 1.92E-03 <0.001 - - - - - - - - 

Dharmapuri 31.22 -1.45E-04 0.74 1957(8) 31.23 1.04E-03 0.11 - - - - - - - - 

Dindigul 28.55 6.98E-05 0.65 1982(1) 29.37 -8.55E-04 0.5 - - - - - - - - 

Erode 29.75 1.25E-04 0.54 1982(1) 30.45 -6.10E-04 0.71 - - - - - - - - 

Kanchipuram 32.61 1.06E-04 0.87 1954(6) 32.36 1.63E-03 0.03 - - - - - - - - 

Karur 29.03 1.03E-04 0.57 1982(1) 29.85 -8.21E-04 0.58 - - - - - - - - 

Madurai 29.52 1.14E-04 0.39 1982(12) 30.34 -5.52E-04 0.65 - - - - - - - - 

Nagapattinam 32.19 2.42E-04 0.64 1954(6) 31.92 2.06E-03 <0.001 - - - - - - - - 

Namakkal 31.88 1.36E-04 0.54 1980(4) 32.46 3.52E-04 0.82 - - - - - - - - 

The Nilgiris 32.27 1.83E-04 0.72 1954(6) 32.03 1.92E-03 <0.001 - - - - - - - - 

Perambalur 32.1 8.87E-05 0.7 1982(2) 32.91 -7.01E-04 0.71 - - - - - - - - 

Pudukkottai 32.27 1.83E-04 0.72 1954(6) 32.03 1.92E-03 <0.001 - - - - - - - - 

Ramanathapuram 30.06 -1.99E-03 0.15 1918(9) 29.87 1.88E-04 0.5 1966(12) 29.77 1.94E-03 0.23 1982(3) 30.58 2.18E-04 0.84 

Salem 32.43 1.37E-04 0.59 1978(9) 32.87 1.01E-03 0.51 - - - - - - - - 

Sivaganga 31.32 -2.26E-03 0.13 1918(9) 31.07 4.90E-04 0.33 1954(6) 30.99 1.99E-03 0.28 1982(3) 31.89 -1.12E-04 0.93 

Thanjavur 31.9 -1.82E-03 0.4 1918(9) 31.68 4.96E-04 0.51 1954(6) 31.65 1.65E-03 0.54 1982(3) 32.5 -1.54E-04 0.93 

Theni 29.47 4.19E-05 0.76 1982(3) 30.25 -6.93E-04 0.55 - - - - - - - - 

Thoothukudi 27.26 1.27E-04 0.25 1982(3) 27.91 3.79E-05 0.97 - - - - - - - - 

Tiruchirappalli 31.05 1.06E-04 0.59 1982(2) 31.9 -7.91E-04 0.63 - - - - - - - - 

Tirunelveli 24.25 8.64E-05 0.39 1982(3) 24.8 -1.21E-04 0.88 - - - - - - - - 

Tiruvallur 32.76 5.02E-05 0.94 1954(6) 32.53 1.45E-03 0.06 - - - - - - - - 

Tiruvannamalai 31.74 8.09E-05 0.88 1954(6) 31.55 1.53E-03 0.02 - - - - - - - - 

Tiruvarur 32.25 -2.21E-03 0.31 1918(11) 31.99 5.46E-04 0.49 1954(6) 31.7751 1.60E-03 0.27 1977(10) 32.45 1.50E-03 0.26 

Vellore 31.58 3.79E-05 0.94 1954(6) 31.42 1.39E-03 0.03 - - - - - - - - 

Viluppuram 32.24 1.32E-04 0.8 1954(6) 32.03 1.73E-03 <0.001 - - - - - - - - 

Virudhunagar 29.78 6.77E-05 0.59 1981(12) 30.56 -3.45E-04 0.74 - - - - - - - - 

 CP : change point; E-0k = 10-k 

 

 

approach involves computing slopes for all the pairs of 

ordinal time points using the median of these slopes as an 

estimate of all the overall slope. Sen’s method proceeds 

by calculating the slope as a change in measurement per 

change in time. 
 

  
     

   
 

 

 where, Q = slope between data points xj and xk ; xj 

and xk  are datapoints at time j and k (j>k)respectively.  

 

 3.5. Mann-Kendall test 
 

 To ascertain the presence of statistically significant 

trend in maximum temperature, non-parametric Mann-

Kendall (MK) test has been employed, which tested for 

the significance at 95% level. Since there is fluctuation 

presents in the weather parameters, non-parametric Mann-

Kendall test is useful because its static is based on the sign 

of differences, not directly on the values of random 

variable and therefore trends determined is less affected 

by the fluctuations. Mann-Kendall test is applicable to the 

detection of monotonic trend in time series. 

  
 The test statistic S is calculated using the formula: 

 

               

 

     

   

   

 

 

             

             

            

             

  

  

 where, n is the number of observed data series,                

xj and xk are the values in periods j and k respectively,



 

 

566                             MAUSAM, 70, 3 (July 2019) 

 

 

 

 

 

 
 

Fig. 3.  CPA plots for monthly maximum temperature of districts of Tamil Nadu 
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j>k. For n≥10, the sampling distribution of S is as  

follows: 

  

  

 
 
 

 
 

   

       
           

              
   

       
              

  

 

 where, VAR(S) is determined as: 

 

       
 

  
               

                              
 
     

 

 where, q is the number of tied groups and tp is the 

number of data values in the p
th

 group. 

 

 3.6. Detecting breakpoints/change points  

  

 Most of the existing change detection techniques are 

unable to account for seasonal variation and analyze time 

series by aggregating data by year or season or compare 

specific periods (e.g., summer) between years (Coppin             

et al., 2004).  

 

 Jaxk Reeves et al. (2007) review article enumerates, 

categorizes, and compares many of the methods that have 

been proposed to detect undocumented change points in 

climate data series.  

 

 Verbesselt et al. (2010a&b) investigate the 

application of a generic change detection method that 

accounts for seasonality and enables the detection of trend 

change within the time series. 

 

 Breaks For Additive Seasonal and Trend (BFAST) is 

an iterative algorithm that combines the decomposition of 

time series into seasonal, trend, and remainder component 

with methods for detecting changes. An additive 

decomposition model is used to iteratively fit a piecewise 

linear trend and a seasonal model (Haywood and Randall, 

2008). The general model is of the form:   

 

                  

  

 where, t is  time period, Yt is the observed value, Tt  

is the trend component, St  the seasonal component and et   

the error term. 

 

 Each time before fitting the Tt and St components, it 

is tested whether abrupt changes are occurring. The 

ordinary least squares residuals-based moving sum 

(MOSUM) test, is selected for this purpose (Zeileis and 

Kleiber, 2005). If the test indicates significant change      

(α = 0.05), the breakpoints are estimated using the method 

of Bai and Perron (2003). This method minimizes the 

Bayesian Information Criterion (BIC) to determine the 

optimal number of breaks and iteratively minimizes the 

residual sum of squares to estimate the optimal break 

positions. Change point analysis can detect more stable 

shift than control charts. 

 

4. Results and discussion 

 

 Monthly maximum temperature characteristics of 

Tamil Nadu reported in Table 1 and visualized in Fig. 1. 

Average temperature of Tamil Nadu is 30.98 °C, 

maximum temperature observed in Chennai district  

(39.58
 
°C) followed by Tiruvallur (39.47 °C) with highest 

variation (CV) of 9.56 and 9.33 respectively. Thoothukudi 

district shows lowest variation of 3.62 with mean 

temperature of 27.44
 
°C.  

 

 4.1. Trend analysis 

  

 Annual and monthly trend for individual month and 

districts of Tamil Nadu were studied using Mann Kendall 

test and reported in Table 2 and Fig. 2. Mann Kendall test 

shows Chennai, Kanchipuram and Tiruvallur exhibits 

insignificant increasing trend while other districts of 

Tamil Nadu exhibits significant increasing trend in annual 

mean and month-wise maximum temperature. Chennai, 

Kanchipuram and Tiruvallur shows insignificant 

decreasing trend in June and July. 

   

 4.2. Detection of change points  

  

 In present study Breaks For Additive Seasonal and 

Trend (BFAST) performed for each district of Tamil Nadu 

and plotted trend component of time series to see the 

change points in the mean of a process in monthly 

temperature data for the period of 1901 to 2002 and 

results were presented in Table 3 and Fig. 3. Analysis is 

done by using R software Table 3 shows that all districts 

exhibit at least one change point. Around 1954 and 1982, 

eleven and ten districts show the 1
st
 change in mean 

process respectively. 

 

 Linear trend analysis performed for each district 

before and after change point observed and results 

presented in Table 3. 

 

(i) Before 1
st
 change point: All districts of Tamil Nadu 

shows insignificant trend for monthly maximum 

temperature. 

 

(ii) After 1
st
 change point: Most of the districts exhibits 

insignificant trend, but Cuddlore, Kanchipuram, 
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Nagapattinam,  Nilgiris, Pudukkottai, Tiruvannamalai, 

Vellore and Viluppuramshows positive significant trend. 

 

(iii) Multiple change points: Ariyalur shows two change 

point, while Ramanathapuram, Sivaganga, Thanjavur and 

Tiruvarur shows three change points in mean of a process 

in monthly temperature data over the study period. 

 

5. Conclusions 

 

 Long term maximum temperature (1901-2002) over 

districts of Tamil Nadu were analyzed for monthly trend 

and changes in mean process is observed over years. 

Present study revealed that insignificant trend observed 

during June, July while other month showed significant 

increasing trend. Around 1954 and 1982 mean process of 

maximum temperature observed. Before 1
st
 change point 

the linear trend was non-significant while Cuddlore, 

Kanchipuram, Nagapattinam, Nilgiris, Pudukkottai, 

Tiruvannamalai, Vellore and Viluppuram showed 

significant increasing trend after 1
st
 change point. The 

analysis showing changes in mean process of maximum 

temperature thus may be helpful in describing climate 

change. 

 

Disclaimer 

 

 The contents and views expressed in this research 

paper are the views of the authors and do not necessarily 

reflect the views of the organizations they belong to. 
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