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Abstract- Trends in long-term (1981-2017) average annual and 

seasonal surface air temperature at Sardarkrushinagar have 

been examined by using Mann-Kendall non-parametric test. The 

results revealed that annual average maximum and minimum 

temperature was found to be 33.8 and 19.2 0C respectively. 

Annual average maximum and minimum temperature showed 

increasing trend, but statistically non significant. Analysis of 

seasonal temperature revealed that both maximum and 

minimum temperature exhibited increasing trend in all the 

seasons except monsoon where maximum temperature exhibited 

decreasing trend. The minimum temperature was found to be 

increased significantly in monsoon season at the rate of 

0.010C/year.       
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I. INTRODUCTION 

he surface air temperature is an important climatic 

variable that significantly affects the atmospheric 

phenomena operating on the earth surface. Warming of Earth 

environment is due to the emission of Greenhouse 

Gases (GHGs). As per (UNFCCC) report [15] atmospheric 

concentration of CO2 has increased significantly during the 

last century that induced the average global temperature to 

increase by 0.7 °C. Climate change is one of the most 

important worldwide issues among the scientists and 

researchers. One of the consequences of climate change is the 

alteration of rainfall patterns and increase in surface air 

temperature. According to Intergovernmental Panel on 

Climate Change (IPCC) report [8] the surface temperature of 

the earth has risen by 0.6 ±0.2˚C over the 20th century. Due to 

increasing concentration of greenhouse gases in the 

atmosphere, perceptible changes in temperature patterns are 

likely. Since the precipitation is significantly affected by 

temperature changes and such changes are considered an 

important for water resources planning, agricultural 

production and hydrological cycles. India is especially 

vulnerable to the impacts of climate change mainly due to 

rapid industrialization, population pressures and high rate of 

economic development in the country. India’s economy is 

traditionally agricultural in nature and extreme anomalies of 

the climate have a dramatic impact on the economy as well as 

on the living conditions of the inhabitants (Parthasarthy et al.) 

[10]. Evidences of projected climate by different climate 

models indicates that the global climate is changing in an 

unprecedented manner, mainly due to rapid increase in 

atmospheric concentration of greenhouse gases.   

Many workers have been studied on temperature trend to 

assessing the climate under changing scenarios and reported 

warming in the South Asian region including India. Sinha et 

al. [13] reported that changes in annual temperatures may be 

attributed partly to the rise in the minimum temperature 

caused by intensive urbanization. Hingane et al. [7] found a 

warming of about 0.4°C in India during the last eight decades, 

largely due to rise in maximum temperatures. Cheema et al. 

[5] analyzed monthly means of 60 year records of temperature 

of the city of Faisalabad and found that the summer season is 

becoming cooler whereas the winter is becoming warmer. Rao 

[11] presented long-term changes of annual and seasonal 

surface air temperatures and precipitation of the Mahanadi 

river basin in India. A significant warming trend was detected 

in the average maximum, average minimum and average 

mean temperatures of the basin. Arora et al. [2] conducted an 

analysis of temperature trends over India using Mann-Kendall 

test, and linear regression method. The post monsoon season 

showed an increase of 0.94°C per 100 years, whereas the 

winter season showed an increase of 1.1°C per 100 years. 

Bhutiyani et al. [3] found increasing trend in maximum, 

minimum, mean and diurnal temperature range over the 

northwestern Himalayan region during the 20th century. Zhao 

et al. [17] reported that mean surface air temperature in 

Eastern China increased by 1.52
o
C over the last 100 years. A 

similar study by Ceppi et al. [4] analyzed seasonal air 

temperatures in Sweden for the period 1959–2008, finding 

increasing trends that were greatest in summer (0.34–

0.62
o
C/decade) and least in autumn (0.02–0.38

o
C/decade). 

Therefore, the trend analysis of temperature at 

Sardarkrushinagar was carried out using Mann-Kendall 

statistical test under the changing scenario of climate.    

II. MATERIALS AND METHODS 

The maximum and minimum temperature data of 37 year 

(1981-2017) of Sardarkrushinagar station has been analyzed 

by using Mann-Kendall statistical test to assess the trends 

under changing climate. The station is situated at latitude of 

24.19
o
 N, longitude of 72.19

o
 E and an altitude of 154.5m 

above mean sea level. Climate of the location is semi arid to 

arid type falls under IV-Agro climatic Zone of Gujarat. The 

daily maximum and minimum temperature data was converted 

T 
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into annually and seasonally means then trend analysis was 

carried out accordingly. The season were classified as per 

India Meteorological Department (IMD) criteria i.e. monsoon 

season (June –September), post monsoon season (October-

November), winter season (December- February) and summer 

season (March-April).                                                                                                           

Mann-Kendall (MK) test is a non-parametric (distribution-

free) test mostly used to statistically assess the monotonic 

upward or downward trend of the climatic variables over time. 

Hence, the non parametric Mann-Kendall statistical test was 

employed in the present study to find out the presence of 

trends in temperature over historical time series. The Mann-

Kendall (M-K) statistical test is computed by the formula: 

 

Where, n is the number of data values in the data series and xj 

and xk are the annual values in years j and k respectively, and    

 

If n is 9 or less, the absolute value of S is computed directly to 

the theoretical distribution of S derived by Mann and Kendall 

(Gilbert. 1987). 

It has been documented that when the number of observations 

is 10 or more than 10 (n ≥ 10), the statistic ‘S’ is 

approximately normally distributed with the mean and E(S) 

becomes 0 (Kendall. 1975). Then VAR (S) is calculated as:  

 

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

data value in the p
th

 group. Then the test statistic ‘Z’ is 

computed by using formula: 

 

The statistically significant of the trend was evaluated on the 

basis of Z value. A positive (negative) value of Z indicates 

and upward (downward) trend in the data with time series.  

III. RESULTS AND DISCUSSION 

The trend analysis of long term (1981-2017) temperature data 

recorded at Agromet observatory, Sardarkrushinagar was 

carried out by using Mann-Kendall statistic test to find out the 

presence of trend under changing climate. The results revealed 

that, the annual mean maximum and minimum temperature 

was found 33.8 and 19.2 
0
C respectively (Table 1). Annual 

mean maximum and minimum temperatures showed 

increasing trend with almost same rate (0.002
0
C/year) but 

statistically non significant (Fig.1 and 2). Hamid at al. [6] also 

found that the annual average maximum and minimum 

temperatures had increasing trend in the Himalaya regions. 

Khavse et al.[9] also observed increasing trend of mean 

maximum temperature in Raipur district of Chhattisgarh. The 

increasing trend in maximum and minimum temperature has 

been also reported by Solomon et al. [14] in Ethiopia. A 

similar trend in maximum temperature was noticed by Sharad 

et al. [12] in India. Amogne et al. [1] studied on variability 

and time series trend analysis of rainfall and temperature in 

north central Ethiopia and found significant increasing trend 

for minimum average temperature while the trend for 

maximum temperature exhibited non-significant increasing.  

As far as seasonal trends of temperature is concerned, except 

monsoon, in all the season viz., winter, pre monsoon and post 

monsoon, the maximum temperature showed non significant 

increasing trend (Fig.3).  Similarly, minimum temperature 

also showed increasing trend in all the seasons (Fig.4). The 

rate of decrement of maximum temperature in monsoon was 

0.01
0
C/year. Since, the minimum temperature was found to be 

increased significantly at the same rate during monsoon. 

Wagholikar et al. [16] reported that the maximum temperature 

over the west coast of India showed upward trend in winter, 

southwest monsoon and post-monsoon seasons but did not 

showed any significant trend over the other parts of the 

country. Minimum temperatures showed increasing trend over 

the north Indian states in all seasons while an increasing trend 

over the west coast of India in winter and southwest monsoon 

seasons. It may be reported from the foregoing results that 

both maximum and minimum temperature found to be 

increased in all the seasons (except monsoon season where 

maximum temperature indicated decreasing trend) may be due 

to the fact of climate change.  

Table-1: Statistical analysis of maximum and minimum temperature (1981-2017) 

Maximum temperature (0C) Minimum temperature (0C) 

 Mean SD CV% Z test Mean SD CV% Z test 

Annual 33.8 0.6 1.7 0.78 19.2 0.6 3.1 0.48 

Winter 28.2 1.0 3.4 0.43 10.5 1.4 13.6 0.17 

Pre monsoon 37.8 0.9 2.3 0.54 20.7 0.6 3.1 0.11 

Monsoon 34.8 1.0 2.8 -1.06 25.4 0.6 2.4 2.08* 

Post monsoon 23.5 0.9 2.7 1.53 15.1 1.2 8.3 0.27 
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                                 Fig.1: Linear trend in annual maximum temperature                                Fig.2: Linear trend in annual minimum temperature 

     

     

Fig.3 (a-d): Linear trend of maximum temperature (a) winter, (b) pre monsoo, (c) monsoon and (d) post monsoon 

     



 International Journal of Research and Scientific Innovation (IJRSI) | Volume V, Issue IV, April 2018 | ISSN 2321–2705 

www.rsisinternational.org Page 207 

 

    

Fig.4 (a-d): Linear trend of minimum temperature (a) winter, (b) pre monsoo, (c) monsoon and (d) post monsoon 

 

IV. CONCLUSION 

From the long term analysis of temperature at 

Sardarkrushinagar, it may be concluded that the annual mean 

maximum and minimum temperatures exhibited increasing 

trend. In all the seasons except monsoon, maximum 

temperature showed increasing trend. Minimum temperature 

exhibited increasing trend in all the seasons. Since, significant 

positive trend showed in minimum temperature during 

monsoon season.  
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