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Abstract: Climate change is mostly driven by global warming. Climate change is one of the most critical long-term development 
issues, particularly for developing countries like India. India is one of the world's most climatically diverse countries, making it 
sensitive to climatic change and impacting the livelihoods of millions of people who rely on agriculture. Temperature and its 
fluctuation have direct and indirect impacts on crop development in the agricultural sector. Understanding the temperature and 
its variability in a changing environment would aid in improved decision-making and suggest feasible adaption strategies. The 
present study focuses on temperature trend analysis in Mandya city, Karnataka, India. The analysis was carried out through the 
non-parametric Mann-Kendall test and Sen's slope estimator. The findings demonstrate that, there has been a rising trend in 
temperature in the study area over the last 30 years as a result of climate change. From the analysis, there is a significant 
positive trend for all the seasons considered for the significance level of 90%, 95% and 99%. The magnitude of the increasing 
trend will be in the range of 0.46 °C/year for the average time series. Also, there will be an average increase of 0.07 °C/year for 
the various scenarios considered in Mandya city for the Maximum temperature series. 
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I. INTRODUCTION 
Climatic change is one of the greatest developmental challenge facing mankind today.  Modern world is experiencing global 
warming due to the release of million tonnes of GHG (Green House Gases) into atmosphere through anthropogenic activities. 
Temperature have been rising significantly over the last decade causing global climate change. Global warming is one aspect of 
climatic change and is indeed an important driver of climatic change. Climatic change has become one of the most essential 
concerns in the field of sustainable development, particularly developing countries like India.  
India is one of most climatically diverse country in the world vulnerable to the climatic changes. Temperature and its changes 
(Smadi, 2006; Tabari and Talaee, 2011), impact a number of hydrological processes including rainfall, evaporation, 
evapotranspiration, etc., The high temperature in urban areas affects mostly health, economy, leisure activities, and well-being of 
urban residents. Thermal stress caused by warming highly affects the health of vulnerable peoples (Tan et al., 2010; Patz et 
al., 2005).  Climate change has become one of the most essential concerns in the field of sustainable development, and its impacts 
(rising of sea levels, melting of polar ice caps, wild bush fires, intense droughts etc.,) can be felt in different parts of the globe 
(Dioha and Kumar 2020; Ali et al., 2013). The warming of our planet due to the emission of greenhouse gases is now 
unquestionable; and over the last century, the CO2 atmospheric concentration has increased significantly and has, in turn, induced 
the average global temperature to increase by 0.74 °C as compared with the preindustrial era (UNFCCC 2007). The high 
temperature in urban areas affects mostly health, economy, leisure activities, and wellbeing of urban residents. Thermal stress 
caused by warming highly affects the health of vulnerable peoples (Tan et al., 2010; Patz et al., 2005).  
As per the Sixth Assessment report of IPCC, warming has resulted in an increased frequency, intensity and duration of heat-related 
events, including heatwaves in most land regions. Frequency and intensity of droughts has increased in some regions (including the 
Mediterranean, west Asia, many parts of South America, much of Africa, and north-eastern Asia) and there has been an increase in 
the intensity of heavy precipitation events at a global scale. Trends in intensity and frequency of some climate and weather extremes 
have been detected over time spans during which about 0.5°C of global warming occurred. 
One of the consequences of climatic change is the alteration of rainfall pattern and increase in surface air temperature. The 
agriculture and allied sectors are highly subtle to climatic variability, amid this, the temperature and rainfall directly distress the 
farm production (Thornton 2014). A midrange projection of climatic change from the period 2020-2039 indicates a crop yield 
reduction of 4.5 -9% depending on the magnitude and distribution of warming. Temperature drives the hydrological cycle 
(Smadi, 2006; Tabari and Talaee, 2011) and changes in temperature and radiation balance affects the agricultural productivity. High 
temperature can cause worsen drought in an area & also a reason for forest fires. High temperature are also responsible for reducing 
crop yield and crop damage. 
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In view of the above, a number of studies have attempted to investigate the trend of climatic variables for the country especially the 
trend of Temperature. The study focuses on the trend analysis of temperature in the city of Mandya, Karnataka, India. In order to 
detect the trend, a non-parametric Mann-Kendal test and to detect the magnitude of change, Sen’ slope estimate has been used for 
the data collected over the past 30 years. The study will help for the better management and adopting suitable modifications to 
climate change in the city.  

II. STUDY AREA AND DATA USED 
The investigation was conducted for the Mandya city but the entire district is often referred as sugar city of Karnataka state. The 
study region lies between 76° 19’ and 77° 20’ east longitude and 12° 13’ and 13° 04’north latitude which is characterized by an 
average annual rainfall of 700 mm with moderate temperature of about 35°C maximum and 20°C minimum with high productivity 
in agriculture. 
Mandya district is bounded by Hassan, Tumakuru, Mysuru, and Bengaluru which is comprised by 7 taluks located in the southern 
dry zone of Karnataka state with a total geographical area of 4982.44 sq. km out of that more than half of the total land area in the 
district is put to the usage of agriculture. The main crops grown in the district are paddy, sugarcane, jowar, maize, cotton, banana, 
Vegetable, mulberry, gram, ragi, groundnut, horse gram, coconut etc. 
The soil in the district is not known for its original fertile quality. Its water holding quality is low because of its highly bleached red 
sandy loam interspersed with some red clay loams. The whole of Mandya district is a plateau of heights ranging from 2500 to 3000 
feet above sea level. There is a good network of rivers and streams in Mandya district which ensures perennial water supply for the 
perpetual sustenance of living beings in the district. There are 5 rivers flowing through the district viz., Cauvery, Hemavathi, 
Lokapavani, Shimsha and Veervasihavani and six streams viz. Nidasaletore, Hebbala, Shima, Handihalla, Amruthur and 
Bindenahalli. (District Industrial Profile, Mandya, MSME 2016).  
For the present analysis, the daily temperature data series were collected from the University of Agricultural Sciences, V C Farm 
Mandya for about 30 years from the year 1991-2020. The collected daily data was converted into monthly and it is averaged to get 
Annual, Pre-monsoon (March-May), Monsoon (June–September), Post-monsoon (October and November), and Winter (December, 
January, and February). The study area was restricted to Mandya city as the data collected were confined to the city limits. Fig. 1 
illustrates the location map of the selected study area. 

 

Fig. 1:  Location map of the study area 
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III. METHODOLOGY 
In the present study, the non-parametric test - Mann-Kendall test and Sen’s slope estimator test was used to detect the trend and 
magnitude of the data series respectively. To avoid the accumulation of mistakes, we should verify for randomness in the data series 
before running the MK test. To achieve this, the serial co-relation effect is adopted to determine the lag- 1 correlation constant. The 
following equation yields the upper and lower limits for the 95 percent significance threshold. If the Serial correlation is present, 
then the Pre-whitening method is applied to remove the effect of serial correlation. 

 
 

 
(1) 

Where n is the number of years. 

A. Non-parametric test 
Mann-Kendall test is the non-parametric test where there is no assumption necessary for the distribution of data. The S statistics of 
Mann-Kendall is enumerated as follows: 

 
 (2) 

Where, 
 

 
(3) 

Where xk and xl are the annual time series in the years k and l respectively. for n>10 the variance is enumerated as follows: 
 

 

 (4) 

The Z statistics of Mann Kendall is estimated as follows: 
 

 

(5) 

When the z value is positive, it indicates a positive trend, whereas when it is negative, it indicates a negative trend. The null 
hypothesis is rejected and the alternative hypothesis is accepted for the significance level 95% when Z>1.965, for significance level 
90% when Z>1.645, and for significance level 99% when Z>2.567. 

B. Sen’s Slope Estimator 
The magnitude of the trend detected by the MK test can be found using Sen’s slope estimate (Sen 1968). The slope Ti is obtained as 
follows: 

 
 (6) 

Where xk and xl are the data at the times k and l. 
 

 

(7) 

 
When Q is positive, it shows the magnitude of a rising trend in the data time series, and when Q is negative, it indicates the 
downward trend. 
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IV. RESULTS AND DISCUSSIONS 
Statistical characteristics such as mean, standard deviation, skewness, kurtosis, and coefficient of variation of yearly temperature 
series for the period 1991-2020 were determined using data obtained from V C Farm, Mandya. Form the analysis, it was found that 
the Maximum and Minimum temperature in Mandya city is 33.124 °C in the year 2016 and 15.923 oC in the year 1993 respectively. 
The average, maximum, and minimum temperatures are 24.345 °C, 30.701 °C, and 18.411°C, respectively, with standard deviations 
of 1.095 °C, 1.299 °C, and 1.093 °C for the average annual temperature series data. The skewness of average, maximum and 
minimum value is -0.939, -0.713 and -0.246 respectively indicating annual temperature in the region is asymmetric and left skewed 
(it lies to the left of the mean). Kurtosis value of annual average, maximum and minimum temperature 0.355, 0.151 and 0.240 
respectively indicating the platykurtic shape. The statistical parameters for annual temperature data series are presented in the Table 
I. 

Table I: Statistical Parameters of Annual temperature data series 
Series Max Min Mean Standard Deviation Skewness Kurtosis Coefficient of Variation 

Average 25.958 21.635 24.347 1.095 -0.939 0.355 0.045 

T Max 33.124 27.342 30.701 1.299 -0.713 0.151 0.042 

T Min 20.842 15.923 18.411 1.093 -0.246 0.240 0.059 
 

Before applying the MK test for the temperature data series, all the series are tested for the serial correlation using lag-1 
autocorrelation. The results of lag-1 autocorrelation coefficients for the period from the year 1991 to 2020 at a 95% significance 
level are shown in the below Table II. 
 

Table III: Lag-1 autocorrelation coefficients of temperature data series 

  Average Maximum Minimum 

Annual -0.132 0.002 0.124 

Pre Monsoon -0.072 -0.010 0.128 
Monsoon -0.145 -0.046 0.239 
Post Monsoon 0.017 -0.100 0.186 
Winter -0.160 0.239 -0.111 

 
The results of Mann-Kendall test and Sen’s slope estimator, the Z and Q value over the period 1991to 2020 has been presented in 
the below Table III.  

TABLE III: Results of Statistical test for temperature series data over the period 1991-2020 
 
 
 
 
 
 
 
 
 
 
 
 
 

* indicates the significant trend at 90% significance level, **indicates the significant trend at the 95% significance level and 
***indicates the significant trend at the 99% significance level. 

  Test Average  Maximum Minimum 

Annual 
MK-Z Value 2.46** 2.8*** 0.39 

Sen's Slope Q Value 0.46 0.064 0.009 

Premonsoon 
MK-Z Value 2.37** 2.21** 0.57 

Sen's Slope Q Value 0.057 0.08 0.02 

Monsoon 
MK-Z Value 1.36 0.61 0.55 

Sen's Slope Q Value 0.023 0.013 0.009 

Post Monsoon 
MK-Z Value 1.61 1.87* -0.39 

Sen's Slope Q Value 0.033 0.04 -0.011 

Winter 
MK-Z Value 1.71* 2.62*** 0.61 

Sen's Slope Q Value 0.033 0.071 0.026 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 9 Issue VII July 2021- Available at www.ijraset.com 
     

 
1534 ©IJRASET: All Rights are Reserved 

 

The results shown in the Table III indicates that, the increasing trend can be seen in all the cases considered. The significant 
increasing trend is seen for the annual series data for the significance level of 95 % and 99%. Similarly, the significant increasing 
trend is seen for the Pre-monsoon season for average as well as maximum temperature series data. An increasing trend at 90% 
significance level for the maximum temperature data series can be seen in the post monsoon season. The Mann-Kendall Z value and 
Sen’s slope β value for the different temperature series have been present in the below graphs. 

   
Fig. 2: MK-Z statistics and Sen’s slope value for the maximum and minimum temperature data series 

 
Fig. 3: MK-Z statistics and Sen’s slope value for the average temperature data series 

V. CONCLUSIONS 
Based on the above results it can be concluded that, there is a significant increasing trend at Mandya city and the temperature is 
expected to increase over the coming years. The magnitude of the increasing trend will be in the range of 0.46 °C/year for the 
average time series. Also, there will be an average increase of 0.07 °C/year for the various scenarios considered in Mandya city for 
the Maximum temperature series. 
As the selected study area is completely dependent on Agriculture for most of its income, the temperature plays a vital role. From 
the study it was evident that, the temperature will be increasing for the years to come. The rising tendency in maximum and 
minimum temperatures over the course of the year may result in a decrease in agricultural output also increases the crop water 
requirement. To avoid late-season dryness, it is important to change crops to short-duration types, and there is a pressing need for 
the creation of temperature-tolerant crop kinds that can be cultivated all year. 
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