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ABSTARCT 
An analysis of 40 years temperature data was performed by applying different statistical 
methods to study the variation in temperature of Kokrajhar district of Assam in India, over the 
period 1971-2010. Variations were examined through different sub-periodical windows and the 
trends of monthly, seasonal and annual temperatures were investigated. Cramer’s test was 
applied to examine the deviation of sub-periodical means from the 40-year long term normal 
student’s t-test was applied to see if the two sub-periodical means significantly differed from 
each other Mann-Kendall test was used to detect the trends of temperatures, slopes were 
estimated by Sen’s technique and equations of trendlines were obtained by Theil-Sen trendline 
procedure. The means of both the beginning and ending 10-year non-overlapping, 20-year and 
30-year overlapping sub-periods of substantial number of temperature series were significantly 
deviated from the long term normal. Minimum and mean components of temperature varied in a 
similar way while maximum temperature varied in an opposite way. For minimum and mean 
temperatures, beginning sub-period was colder while the ending sub-period was warmer than the 
long term normal but for maximum temperature, the beginning sub-period was warmer and the 
ending sub-period was colder than the long term normal. For most of the monthly and seasonal 
temperatures, the mean of the last sub-period significantly differed from the mean of the first 
sub-period. Highest number of significant sub-periodical variation was observed in minimum 
temperature. For monthly minimum and mean temperatures, all significant test-statistic were 
positive, while such were negative for maximum temperatures. As many as nine monthly, all 
seasonal and the annual mean temperatures had significant increasing trends at 95% confidence 
level. The annual and all seasonal minimum temperatures had also significant increasing trends. 
However, the annual and three seasonal maximum temperatures had significant decreasing 
trends. Level of minimum temperature was rising while that of maximum temperature was 
falling. Magnitudes of extremes of hot and cold both are likely to be reduced in coming years. If 
the trends detected by the current study persist, annual minimum temperature of the district 
would be increased by about 7.90C while annual maximum temperature would be decreased by 
about 3.50C by the end of the present century. 

Key Words : Annual, Maximum, Mean, Minimum, Monsoon, Seasonal, Slope, Sub-period, 
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INTRODUCTION 

Climate change is one of the major concerns of 
the world community. IPCC 2007 stated that 
global mean temperature was increased by 
0.74°C in the last century.1 As per the IPCC 
projection the mean annual increase in 
temperature by the end of current century would 
be around 3.8°C in Tibetan plateau, 3.3°C in 
South Asia and 2.5°C in South East Asia.2 Due 

to  natural  internal processes  or external forcing, 
or to persistent anthropogenic changes in the 
composition of the atmosphere or in land use, 
sometimes climate may undergo a variation so 
that the new condition is perceivably different 
from the usual one.3 Accordingly, besides the 
most well understood naturally occurring 
phenomenon of the El Niño-Southern Oscillation 
(ENSO), some other factors may also be there 
that may contribute towards the climatic changes. 
According  to  FAO,  deforestation  was  such  a  *Author for correspondence 
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temperature   enhancer  factor.4  Same conclusion 
was drawn by Ross W. Gorte et al. also in their 
Congressional Research Service Report for 
Congress.5 A good number of studies led to a 
conclusion that deforestation causes a slight 
increase in surface temperature (00C to 30C).6 
During the recent decades, in India, emphasis has 
been laid on the studies of local or regional 
climatic fluctuations. A study conducted by 
Srivastava et al. on decadal trends in climate over 
India revealed that over a major part of the 
country, maximum temperatures showed much 
larger increasing trends than the minimum 
temperatures.7 An important study by Rupa 
Kumar detected warming trends in all the four 
seasonal temperatures (pre-monsoon, monsoon, 
post-monsoon and winter) of India,  rates of 
temperature increase during winter and post-
monsoon seasons (0.04°C/decade and 0.05°C/ 
decade respectively) being higher compared to 
that of annual temperature (0.03°C/decade).8 
Summarizing available information on climate 
change and on trends in the occurrence of 
extreme events over India, Sinha Ray and De 
concluded that an increasing trend, to the order 
of 0.35°C, was observed in temperature records 
for the last 100 years.9  
Climate plays an important role in agricultural 
farming. The suitability of a crop to a particular 
region and yielding potential of a region both are 
influenced by prevailing climatic condition there. 
For optimal production of crops, optimum 
temperature range is very important.10  There-
fore, for successful agriculture, it is important to 
study if there is any change in the earlier 
temperature condition as well as its present trend. 
The proposed study area, the Kokrajhar district 
of Assam, is situated in the northeast India. 
Geographically, it is located within 89˚46/ to 
90˚38/ east longitudes and between 26˚19/ to 
26˚54/ north latitudes and occupies an area of 
3169 sq. km. Agriculture is the main livelihood 
of the people of the district, 74.16% of the 
population being involved in agricultural acti-
vities. A sizeable area of the district, lying on its 
northern part on the foothills of Bhutan Kingdom 
as well as some isolated areas, is covered by 
forest (Fig. 1). Large scale deforestation is going 
on in the district. According to the State of Forest  

Reports (SFR) of  Forest  Survey  of India (FSI), 
the district has lost as large as 486 sq. km. of 
forest cover duringthe last 10 years from 1999 to 
2009 (Table 1).The forest cover had reduced 
from 1630 to 1144 sq. km. during the period, 
percentage of forest cover to the total geograph-
ical area being reduced from 51.44 to 36.10.11  

AIMS  AND OBJECTIVES 
In view of apparent impact of temperature on 
agriculture and in the context of massive 
deforestation, the study aims at studying the 
variation in temperature of the district over the 
period 1971-2010 through different sub-perio-
dical windows and finding the trends of 
monthly, seasonal and annual temperatures of 
the district. 

MATERIAL AND METHODS 
Data 
Monthly temperature data for forty years for 
the period 1971-2010, was collected from 
India Meteorological Department, Regional 
Meteorology Centre, Guwahati, recorded at 
Rupsi station, which is located within the study 
district. Analysis were performed by using MS 
excel, 2007 and SPSS 16.0. A few missing 
values were interpolated by linear trend at the 
point method in SPSS.  
Following the approach of Centre for Climate 
Change Research, Indian Institute of Tropical 
Meteorology, entire year was divided into four 
seasons namely, pre-monsoon (March to May), 
monsoon (June to September), post-monsoon 
(October and November) and winter 
(December to February).  

Table 1 : Forest cover of Kokrajhar     
         district (in sq. km.) 

Year 
Forest 
cover 

PC of 
geog. area 

1999 1630 51.44 
2001 1364 43.04 
2003 1183 37.33 
2005 1183 37.33 
2007 1163 36.70 
2009 1144 36.10 
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All the three components of temperature, 
viz. minimum, maximum and mean, were 
considered for analysis. Variation of these 
components have been analyzed in terms of 

their sub-components viz. monthly (January 
through December), seasonal (pre-monsoon, 
monsoon, post-monsoon, winter) and 
annual. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Fig. 1 : Map of Kokrajhar district, Assam, India 

Analysis of deviation of sub-periodical 
means from long term normal 
For examining whether the sub-periodical 
means significantly differed from the mean of 
the entire 40 year period (the long term normal 
or period normal), three types of sub-periodical 
divisions were employed to temperature series 
- (i) 10-year non-overlapping sub-periods 
(1971-1980, 1981-1990, 1991-2000, 2001-
2010), (ii) 20-year overlapping sub-periods 
(1971-90, 1981-2000, 2001-10) and (iii) 30-
year overlapping sub-periods (1971-2000 and 
1981-2010). Firstly, the distribution of 
temperature series was tested for normality by 
applying the technique used by Brazel and 
Balling.12 Then Cramer’s test was applied to 
all temperature series and the test statistic, tk, 
was calculated by the technique13 

 

 

where n and N are number of years 
constituting the sub-period and the entire 
period and  k  is a standardized measure of 
difference between the means of sub-period 
and total period. For significance of Cramer’s 
t-value at 5% level, the required tk value is 
±1.96 or more.14,15 Significant positive and 
negative values of tk indicated a shift towards 
colder and warmer temperature conditions 
respectively.  
The student’s t-test was applied to determine if 
the mean of a sub-period had shown significant 
changes in the occurrence of colder and 
warmer conditions through time. For this 
purpose, the period of study was also sub-
divided into 10-year and 20-year non-
overlapping sub-periods. Thus, there was four 
non-overlapping 10-year sub-periods 1971-
1980, 1981-1990, 1991-2000 and 2001-2010, 
which were termed as Decade-I through  
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Decade-IV respectively. Corresponding to 20-
year sub-period, there were two sub-periods, 
1971-1990 and 1991-2010, mentioned as first 
and second sub-periods respectively. The 
student’s t-statistic, td was determined as  

 

 
 
where 2 1( )X X  represents the difference in 
the two group means, (µ2-µ1) is the expected 
differences (which were set equal to 0), N2 and 
N1 are the number of years constituting the 
sub-periods and  S2  and  S1  are their 
respective standard deviations. When td was 
outside the bounds of 1.96, it was assumed 
that the mean was significantly differed from 
the mean of the whole period at 95% 
confidence level.16  
Linear trends of temperature series were 
analyzed by applying Mann-Kendall test to the 
raw temperature series.17,18  Then the slopes of 
the trendlines were estimated by the procedure 
proposed by Sen.18  Finally, equations of the 
trendlines of the temperatures having 
significant trends were obtained by using 
Theil-Sen trendline procedure.19  
Lastly, the temporal changes of the series 
having significant trends were inspected by 
using Standardized Anomaly Index (SAI). By 
this statistic, the dry and wet years of the 
temperature series were identified. Years 
having SAI greater than 0.43, 2 and 3 were 
placed under hot, very hot and extremely hot 
years respectively, meanwhile individual years 
having SAI less than  -0.43, -2 and -3 were 
placed under cold, very cold and extremely 
cold years respectively. The years having SAI 
in-between -0.43 and +0.43 were termed 
normal.20 

RESULTS AND DISCUSSION 
Temperature patterns 
For the entire study period, the months of 
January and August had the lowest and the 
highest mean temperature respectively. From 
January, the temperature gradually increased 
and attained the highest value in August and 
then  it  gradually  declined  up  to  December.  

Temperature conditions in July and August 
were nearly same. The coldest month occurred 
in 1993 (January, mean temperature=14.250C) 
while the hottest month occurred in 2006 
(August, mean temperature= 30.150C).  
Monthly and seasonal temperature   
The annual minimum temperature ranged from 
17.670C in 1993 to 21.770C in 1996 while the 
maximum annual temperature ranged from 
27.350C  in 2003 to 30.180C in 1979. The 
lowest and highest annual mean temperature 
occurred in the years 1993 (23.030C) and 1999 
(25.410C) respectively. As per seasonal 
temperature was concerned, monsoon season 
was the warmest and pre-monsoon season was 
slightly warmer than the post-monsoon season. 
The highest variability in minimum 
temperature, measured in terms of co-efficient 
of variability (CV) was observed in February 
temperature, for maximum temperature it was 
observed in April temperature and for the 
mean temperature it was observed in February 
temperature again. On the other hand, August 
temperature had the lowest variability for all 
the three temperature components. Annual 
minimum temperature had higher variability 
than the maximum temperature. For seasonal 
temperatures, higher variability was observed 
in winter temperature (Table 2). 
Application of Brazel and Balling test for 
normality exhibited that April, May, June and 
July of minimum temperature series February, 
May and Monsoon of maximum temperature 
series and pre-monsoon, monsoon and post-
monsoon of mean temperature series were not 
normally distributed. All these series were 
transformed into normally distributed series by 
employing the equal area method. 
Deviation of sub-periodical means from long 
term normal 
10-year non-overlapping sub-periods 
Results of the Cramer’s test on 10-year non-
overlapping sub-periodical variation were as 
presented in Table 3. The calculated tk values 
of the sub-periods exhibited that minimum 
temperature acquired highest number of 
significant deviations from the 40-year long 
term normal while mean temperature had least 
number  of  such  deviations.  During  the first  
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sub-period 1971-1980, all temperatures, except 
April  had  significant  deviation from the long 
term normal and all tk values were negative. In 
the second decade of 1981-1990 also, all 
significant tk values remained negative. 
However, during the third decade of 1991-
2000, minimum temperatures started acquiring 
significant positive tk values and during the 
fourth decade of 2001-2010, all temperature 
acquired significant positive tk values. These 
revealed that there was a shifting of minimum 
temperature condition through the decades 
from below normal to above normal.  
The variation of maximum temperature, 
meanwhile was almost opposite to the 
variation of minimum temperature. All 
significant tk values were positive during the 
first decade same situation prevailed in the 
second decade, none had significant deviation 
during the third decade and during the fourth 
decade, all significant tk values went negative. 
All seasonal temperatures, except monsoon, 
shifted to a colder condition by the last decade. 
These revealed that the maximum temperature 
level had declined during the recent decade. 
The mean temperature had a similar variation 
to minimum temperature. During the first 
decade, all significant tk values were negative, 
during the second decade the September had 
only a significant deviation from the long term 
normal during the third decade, none of the 
temperatures underwent significant variation. 
However, during the fourth decade, as many as 
four monthly and two seasonal temperatures, 
along with annual temperature, acquired 
significant variations and all tk values of these 
variations were positive. These suggested that 
mean temperature had increased during recent 
decade.  
20-year overlapping sub-periods 
Cramer’s test on 20-year overlapping sub-
periodical analysis demonstrated similar 
results as in 10-year sub-periodical analysis. 
Sub-periodical means, of all minimum 
temperatures of the beginning sub-period of 
1971-1990 were significantly deviated from 
the long term normal and all tk values were 
negative. During the middle sub-period of 
1981-2000,  there  was no significant deviation  

of  any  temperature  while  during the last sub- 
period of 1991-2010 all temperature had 
significant deviation from the long term 
normal with positive tk values (Table 4). 
The results for maximum temperature were also 
similar to that of 10-year sub-periodical variat-
ion. The tk values of all significant variations 
were positive for the beginning sub-period no 
significant variation occurred during the middle 
sub-period and during the last sub-period all 
significant deviations had negative tk values.  
Pattern of variation of mean temperature was 
similar to that of the minimum temperature. 
During the beginning sub-period, all significant 
deviations had negative tk values during the 
middle sub-period, there was no significant 
variation and during the last sub-period, all 
significant deviations had positive tk values. 
These results forwarded an implication that the 
temperature conditions before and after the 
middle sub-period 1981-2000 were opposite to 
each other. Levels of minimum and mean 
temperatures rose up while level of maximum 
temperature declined through 20-year sub-
periods. 
30-year overlapping sub-periods 
Results of Cramer’s test on 30-year sub-
periodical variation were as presented in  Table 
5. During the first 30-year sub-period of 1971-
200, mean of all minimum temperatures were 
significantly lower than the long term normal, 
while during the later sub-period of 1981-2010, 
all of them acquired higher mean than the long 
term normal and all tk values, except for April 
were significant. However, the variation of 
maximum temperature was opposite. All 
maximum temperatures had higher mean than 
the long term normal during the beginning sub-
period and tk values of as many as nine 
temperature series were significant but during the 
later sub-period all of them had lower mean than 
long term normal and as many as ten tk values 
were significant. On the other hand, the variation 
of mean temperatures was similar to that of the 
minimum temperatures during the first sub-
period, all tk values were negative and seven of 
them were significant meanwhile, during the ater 
sub-period all significant tk values were positive.  
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Table 2 : Temperature statistics of Kokrajhar district, Assam, India 

   Month / 
Season 

Minimum temperature Maximum temperature Mean temperature 
Mean Median SD CV Mean Median SD CV Mean Median SD CV 

January 10.32 10.05 1.96 19.04 22.68 22.90 1.40 6.15 16.50 16.59 0.85 5.17 
February 12.67 12.16 2.65 20.94 25.69 25.88 1.23 4.79 19.18 19.03 1.32 6.87 
March 16.88 16.64 2.18 12.93 30.31 30.54 1.61 5.31 23.59 23.62 1.11 4.72 
April 20.85 21.00 1.36 6.53 30.73 30.50 2.07 6.74 25.79 25.81 1.35 5.23 
May 22.67 22.54 1.13 4.97 30.66 30.67 1.05 3.41 26.66 26.62 0.89 3.36 
June 24.46 24.54 0.90 3.68 31.08 31.06 0.98 3.17 27.77 27.77 0.77 2.79 
July 25.24 25.20 0.95 3.77 31.07 31.15 0.96 3.09 28.15 28.17 0.81 2.87 
August 25.65 25.50 0.71 2.77 31.88 31.90 0.57 1.78 28.77 28.77 0.49 1.69 
September 24.85 24.70 0.86 3.45 30.93 30.93 0.66 2.12 27.89 27.81 0.61 2.18 
October 21.92 22.00 1.34 6.10 29.65 29.70 0.99 3.34 25.78 25.79 0.82 3.17 
November 16.92 16.90 1.95 11.55 27.16 27.27 0.95 3.50 22.04 22.05 0.82 3.74 
December 12.30 11.99 2.15 17.48 23.98 23.98 0.96 3.99 18.14 18.21 0.89 4.90 
Annual 19.56 19.30 1.23 6.27 28.82 28.93 0.68 2.36 24.19 24.16 0.51 2.10 
Pre-monsoon 20.13 19.88 1.37 6.79 30.57 30.62 1.15 3.76 25.35 25.39 0.79 3.10 
Monsoon 25.05 24.95 0.71 2.83 31.31 31.30 0.68 2.16 28.18 28.15 0.53 1.89 
Post-monsoon 19.42 19.23 1.55 7.98 28.41 28.44 0.85 3.01 23.91 23.88 0.70 2.91 
Winter 11.76 11.33 2.06 17.49 24.12 24.24 0.99 4.11 17.94 17.87 0.79 4.39 
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Table 3 : Cramer’s test statistics of 10-year sub-periodical variation (tk values) 

Month/ 
Season 

Minimum Maximum Mean 
1971-
1980 

1981-
1990 

1991-
2000 

2001-
2010 

1971-
1980 

1981-
1990 

1991-
2000 

2001-
2010 

1971-
1980 

1981-
1990 

1991-
2000 

2001-
2010 

January -4.33 -1.66 1.54 4.53 3.34 2.54 -1.59 -4.71 -1.74 0.08 0.46 1.16 
February -3.99 -2.11 1.99 4.16 2.67 0.61 -1.49 -1.67 -2.49 -1.72 1.33 2.96 
March -3.81 -1.58 1.76 3.56 4.02 0.27 -1.87 -1.94 -0.75 -1.34 0.37 1.75 
April -1.16 -2.12 1.16 2.12 2.76 0.06 0.05 -2.92 1.71 -0.73 0.28 -1.23 
May -1.97 -1.63 1.23 2.42 -0.37 -0.32 2.10 -1.33 -0.40 -0.46 -0.84 1.76 
June -2.06 -0.92 0.82 2.17 0.71 1.93 -1.26 -1.35 -0.05 1.21 -0.91 -0.24 
July -2.57 -1.05 1.00 2.63 0.38 0.01 -0.25 -0.14 -0.61 -0.24 -0.16 1.01 
August -4.69 -1.42 1.74 4.15 -0.56 1.89 -1.15 -0.12 -3.52 0.05 0.56 2.67 
September -4.06 -2.19 2.32 3.88 1.14 -0.99 -0.07 -0.07 -1.87 -2.10 1.54 2.45 
October -2.09 -2.06 1.17 3.12 1.66 1.50 0.03 -3.58 -0.65 -0.72 0.98 0.40 
November -2.11 -2.61 1.00 4.10 2.31 2.64 -0.63 -5.19 -1.14 -1.49 0.82 1.84 
December -4.46 -2.06 1.95 4.63 3.39 1.99 -0.76 -5.51 -3.10 -1.37 1.93 2.44 
Annual -3.76 -2.15 1.63 4.56 3.79 1.66 -1.52 -4.00 -1.78 -1.41 0.92 2.32 
Pre-monsoon -2.47 -1.72 1.23 3.06 3.95 0.32 -1.45 -2.40 0.19 -1.92 0.66 1.01 
Monsoon -3.01 -1.12 1.02 3.14 0.17 0.56 0.23 -0.97 -2.24 -0.33 0.69 1.82 
Post-monsoon -2.25 -2.55 1.14 4.00 2.28 2.35 -0.33 -5.26 -2.06 -0.92 0.82 2.17 
Winter -4.88 -2.17 2.04 5.11 3.87 2.14 -1.56 -4.82 -3.34 -1.44 1.64 3.08 
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Table 4 : Cramer’s test statistics (tk values) of 20-year sub-periodical variation 

Month / 
     Season 

Minimum Maximum Mean 
1971-
1990 

1981-
2000 

1991-
2010 

1971-
1990 

1981-
2000 

1991-
2010 

1971-
1990 

1981-
2000 

1991-
2010 

January -6.44 -0.09 6.44 6.83 0.70 -6.83 -1.42 0.47 1.42 
February -7.01 -0.09 7.01 2.93 -0.73 -2.93 -4.14 -0.31 4.14 
March -5.58 0.14 5.58 3.66 -1.34 -3.66 -1.86 -0.82 1.86 
April -3.05 -0.75 3.05 2.40 0.10 -2.40 0.81 -0.38 -0.81 
May -3.42 -0.32 3.42 -0.60 1.48 0.60 -0.75 -1.14 0.75 
June -2.70 -0.08 2.70 2.37 0.53 -2.37 1.00 0.25 -1.00 
July -3.36 -0.04 3.36 0.34 -0.20 -0.34 -0.74 -0.34 0.74 
August -6.36 0.25 6.36 1.10 0.59 -1.10 -2.87 0.53 2.87 
September -7.37 0.09 7.37 0.12 -0.92 -0.12 -3.85 -0.43 3.85 
October -4.09 -0.70 4.09 2.94 1.32 -2.94 -1.20 0.22 1.20 
November -4.85 -1.25 4.85 5.21 1.61 -5.21 -2.38 -0.56 2.38 
December -7.72 -0.08 7.72 5.77 1.00 -5.77 -4.37 0.44 4.37 
Annual -6.71 -0.39 6.71 5.70 0.11 -5.70 -2.96 -0.40 2.96 
Pre-monsoon -4.11 -0.39 4.11 3.68 -0.95 -3.68 -1.47 -1.03 1.47 
Monsoon -3.90 -0.08 3.90 0.63 0.69 -0.63 -2.25 0.31 2.25 
Post-monsoon -4.98 -1.09 4.98 4.73 1.67 -4.73 -2.70 -0.08 2.70 
Winter -8.99 -0.09 8.99 6.88 0.45 -6.88 -4.73 0.16 4.73 

                Table 5 : Cramer’s test statistics of 30-year sub-periodical variation(tk values) 

Month / 
          Season 

Minimum Maximum Mean 
1971 
-2000 

1981-
2010 

1971-
2000 

1981-
2010 

1971-
2000 

1981-
2010 

January -4.53 4.33 4.71 -3.34 -1.16 1.74 
February -4.16 3.99 1.67 -2.67 -2.96 2.49 
March -3.56 3.81 1.94 -4.02 -1.75 0.75 
April -2.12 1.16 2.92 -2.76 1.23 -1.71 
May -2.42 1.97 1.33 0.37 -1.76 0.40 
June -2.17 2.06 1.35 -0.71 0.24 0.05 
July -2.63 2.57 0.14 -0.38 -1.01 0.61 
August -4.15 4.69 0.12 0.56 -2.67 3.52 
September -3.88 4.06 0.07 -1.14 -2.45 1.87 
October -3.12 2.09 3.58 -1.66 -0.40 0.65 
November -4.10 2.11 5.19 -2.31 -1.84 1.14 
December -4.63 4.46 5.51 -3.39 -2.44 3.10 
Annual -4.56 3.76 4.00 -3.79 -2.32 1.78 
Pre-monsoon -3.06 2.47 2.40 -3.95 -1.01 -0.19 
Monsoon -3.14 3.01 0.97 -0.17 -1.82 2.24 
Post-monsoon -4.00 2.25 5.26 -2.28 -2.17 2.06 
Winter -5.11 4.88 4.82 -3.87 -3.08 3.34 
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Sub-periodical variation  
Component wise variation of monthly tem-
peratures 
10-year sub-periods 
The results of the student’s t-test on decadal 
variations, presented in Table 6, revealed that 
the means of three monthly minimum tem-
peratures of the Decade-II significantly differ-
red from their respective means of the Decade-
I. Only two td values of the differences were 
negative and both of them were insignifi-cant. 
In addition, the means of seven monthly 
minimum temperatures of the Decade-III 
significantly differed from their respective 
means of the Decade-II and all td values      
were  found  positive. However,  there  was  no  

significant difference between the means of all 
minimum temperatures of the Decade-IV and 
Decade-III. Test on the means of alternate 
decades demonstrated that means of seven 
monthly minimum temperatures of the 
Decade-III significantly differed from their 
respective means of Decade-I, while the means 
of all minimum temperatures, except June of 
the Decade-IV significantly differed from their 
respective means of Decade-II. It was note-
worthy that the means of all monthly minimum 
temperatures of the last Decade-IV significan-
tly differed from their respective means of the 
beginning Decade-I, td values of all decadal 
differences were positive. Fewer statistically 
significant differences of decadal means,

Table 6 : Student’s t- test statistic (td values) of 10-year sub-periodical variation 

Component Sub- 
periods Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Minimum 

II/I 2.91 1.70 1.86 -0.59 0.25 0.84 1.32 3.09 1.64 0.03 -0.48 2.43 
III/II 2.40 2.95 2.25 1.96 1.78 1.35 1.56 3.17 3.92 1.79 2.05 3.25 
IV/III 1.58 1.20 0.95 0.53 0.60 0.68 0.77 1.34 0.89 0.93 1.50 1.54 
III/I 4.03 4.03 3.35 1.37 1.86 1.70 2.32 4.65 5.27 1.82 1.76 4.42 
IV/II 6.05 6.98 5.12 2.85 2.85 1.95 2.26 4.85 5.06 4.59 8.64 9.30 
IV/I 8.91 9.02 6.59 2.13 2.84 2.20 2.89 6.04 6.48 4.73 7.07 10.14 

Maximum 

II/I -0.63 -1.66 -2.82 -1.53 0.03 0.67 -0.28 1.53 -1.38 -0.09 0.20 -1.04 
III/II -3.28 -1.42 -1.48 -0.01 1.60 -2.43 -0.18 -2.30 0.53 -0.95 -2.55 -2.07 
IV/III -1.82 -0.09 -0.04 -1.97 -1.94 -0.05  0.05 0.57 0.00 -2.33 -3.22 -2.90 
III/I -3.96 -2.37 -4.12 -1.43 1.54 -1.07 -0.38 -0.33 -0.70 -1.33 -2.38 -2.92 
IV/II -5.94 -1.56 -1.40 -2.24 -0.56 -2.28 -0.08 -1.21  0.53 -2.66 -5.38 -6.77 
IV/I -6.96 -2.49 -3.75 -2.97 -0.51 -1.07 -0.26 0.22 -0.70 -3.25 -5.26 -8.03 

Mean 

II/I 1.50 0.66 -0.42 -1.45 -0.05 0.86 0.34 2.38 -0.16 -0.04 -0.25 1.39 
III/II 0.20 1.98 0.97 0.65 -0.22 -1.66 0.06 0.55 2.30 0.88 1.27 1.94 
IV/III 0.34 0.79 0.69 -0.88 1.29 0.34 0.53 1.20 0.48 -0.30 0.51 0.25 
III/I 1.22 2.23 0.67 -0.71 -0.23 -0.48 0.29 2.43 2.24 0.87 0.95 2.67 
IV/II 0.67 3.67 1.82 -0.36 1.53 -0.86 0.65 1.72 2.91 0.72 3.07 3.84 
IV/I 1.87 3.73 1.54 -1.62 1.27 -0.09 0.80 3.03 2.86 0.71 2.00 4.67 

in comparison to that of minimum temperature 
were observed in maxi-mum temperature. The 
mean of March maxi-mum temperature of the 
Decade-II only signi-ficantly differed from its 
mean of the Decade-I in addition, there were four 
positive td values, which were insignificant and 
rests were negative.The means of five monthly 
maximum temperatures of the Decade-III 
significantly differed from their respective means 
of  the  Decade-II.  In  addition,  the  means  of  

fourmonthly maximum temperatures of the 
Decade-IV significantly differed from their 
respective means of the Decade-III. It was 
noteworthy that although there were few 
positive td values, all of them were 
insignificant all significant variations acquired 
negative td values, which was opposite to the 
results obtained for minimum tempe-rature. 
Test  on  the  means  of alternate decades 
demonstrated that means of five monthly 
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maximum    temperatures    of    the   Decade-
III significantly differed from their respective 
means of Decade-I while the means of six 
monthly maximum temperatures of the 
Decade-IV significantly differed from their 
respective means of Decade-II and all td values 
were negative. Seven monthly maximum 
temperatures of the last Decade-IV 
significantly differed from their respective 
means of the beginning Decade-I td values of 
all these differences were also negative. 
Meanwhile, as per mean temperature was 
concerned only a few monthly temperatures 
were observed to acquire significant differe-
nces in their means of the consecutive decades.  
The mean of February month of the Decade-II 
only significantly differed from its mean of the 
Decade-I. Perhaps, the means of two   monthly 

mean temperatures  of  the Decade-III 
significantly differed from their respective means 
of the Decade-II. All td values of these significant 
differences were found positive. However, no 
mean of monthly temperatures of the Decade-IV 
significantly differed from the mean of Decade-
III. Test on the means of alternate decades 
demonstrated that means of four monthly mean 
temperatures of the Decade-III significantly 
differed from their respective means of the 
Decade-I, while the means of four monthly mean 
temperatures of the Decade-IV significantly 
differed from their respective means of Decade-
II.  Five monthly mean temperatures of the last 
Decade-IV significantly differed from their 
respective means of the beginning Decade-I, td 
values of all these significant differences were 
also positive. 

Table 7 : Student’s t- test statistic (td values) of 20-year sub-periodical variation 

Months Minimum Maximum Mean 
January 6.45 -6.86 1.40 
February 7.04 -2.90 4.11 
March 5.56 -3.63 1.83 
April 3.02 -2.38 -0.80 
May 3.39 0.60 0.74 
June 2.67 -2.34 -0.99 
July 3.33 -0.33 0.73 
August 6.37 -1.08 2.85 
September 7.41 -0.12 3.82 
October 4.06 -2.91 1.19 
November 4.83 -5.19 2.36 
December 7.78 -5.76 4.34 

20-year sub-periods 
The statistical difference of pair of means of the 
two 20-year sub-periods, viz. 1971-1990 and 
1991-2010, of all monthly minimum tempera-
tures were significant and all td values, both 
significant and insignificant, were positive 
(Table 7). Meanwhile, the means of eight 
monthly maximum temperatures of the later sub-
period significantly differed from their respective 
means of the beginning sub-period. Remarkably, 
as many as eleven td values were negative in this 
case. As per mean temperature was concerned, 
the means of four monthly temperatures of the 
later sub-period significantly differed from     
their  means  of the  beginning   sub-period   all   

significant  td  values  were positive and two 
insignificant td values were negative.  
Non-overlapping sub-periodical variations 
of annual and seasonal temperatures 
The mean of the annual minimum temperature of 
the Decade-II significantly differed from the 
Decade-I that of the Decade-III also significantly 
differed from the mean of the Decade-II. 
However, there was no significant difference 
between the means of the Decade-IV and 
Decade-III. When alternate decades were 
considered, the means of the Decade-III and 
Decade-IV significantly differed from the means 
of the Decade-I and Decade-II respectively. 
Furthermore, the mean of the Decade-IV 
significantly   differed  from  the  mean  of  the  
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Decade-I. All td values in concern were found 
to be positive. The decadal means of annual 
maximum temperature had also exactly similar 
decadal variation as the minimum temperature, 
but all significant td values were negative in this 
case. As per annual mean temperature was 
concerned, it was found that there were only two 
significant variations in decadal means which 
were the significant divergence of the mean of 
the Decade-IV from the means of Decade-I and 
Decade-II both. On the other hand, all the means 
of the second 20-year sub-period (1991-2010) of 
annual minimum, maximum and mean 
temperatures significantly differed from their 
respective means of the first sub-period (1971-
1990). The td value of the variation of maximum 
temperature was negative, while for other two it 
was positive. 
Decadal mean of Decade-IV of pre-monsoon 
minimum temperature significantly differed from 
the means of Decade-I and Decade-II, both td 
values were positive  no other significant decadal 
variation was there. Meanwhile, each of the 
means of the Decade-II, Decade-III and Decade-
IV of pre-monsoon maximum temperature 
significantly differed from the mean of the 
Decade-I and all td values in concern were 
negative. However, the pre-monsoon mean 
temperature did not have any significant decadal 
variation. As per the 20-year sub-periodical 
variation was concerned, the means of second 
sub-period of the minimum and maximum 
temperatures significantly differed from their 
respective means of the first sub-period, td value 
of former variation was positive while for later it 
was negative variation of the mean temperature 
remained within the normal bounds. 
The monsoon minimum temperature underwent 
enormous variation during the period. The mean 
of the Decade-II significantly differed from the 
mean of the Decade-I the mean of the Decade-III 
significantly differed from the mean of the 
Decade-I the mean of the Decade-IV 
significantly differed from the means of both 
Decade-I and Decade-II and all significant td 
values were positive. However, the decadal 
means of the monsoon maximum temperature 
did not differ from each other in a significant 
way. Meanwhile, the mean of Decade-IV of the 
monsoon mean temperature significantly differed 
from the mean of Decade-I, which was the only 
significant variation and corresponding td value  

was positive. As per the 20-year sub-periodical 
variation of the monsoon mean temperature was 
concerned,  the means of second sub-period of 
the minimum and mean temperatures 
significantly differed from their respective means 
of the first sub-period, td values of both being 
positive meanwhile the variation of the 
maximum temperature remained within the 
normal bounds. 
The mean of the Decade-III of the post-monsoon 
minimum temperature significantly differed from 
the mean of the Decade-II and the mean of 
Decade-IV significantly differed from the means 
of both Decade-I and Decade-II all these 
significant variations had positive td values. 
Although the means of the Decade-I and Decade-
II of the maximum temperature did not differ 
from each other, the means of all other decades 
significantly differed each other and all td values 
were negative. However, although the mean of 
Decade-IV of the post-monsoon mean 
temperature significantly differed from the mean 
of Decade-I, it did not have significant variation 
during the middle decades and the significant td 
value was positive. As per the 20-year sub-
periodical variation of the post-monsoon mean 
temperature was concerned, the means of second 
20-year sub-period of all the three components of 
temperature, minimum, maximum and mean 
significantly differed from their respective means 
of the first sub-period, td values of minimum and 
mean temperature variation were positive while 
that of the maximum temperature was negative. 
As per winter temperature variation was 
concerned, the means of Decade-III and Decade-
IV only did not significantly differ from each 
other, but all other possible pairs of decades 
significantly differed from each other in terms of 
their means and all td values were positive. The 
means of the winter maximum decadal 
temperature varied in a similar way to minimum 
temperature, but all significant td values         
were  negative  in  this  case. The  winter  mean  
temperature had three significant decadal 
variations the mean of the Decade-III differed 
significantly from the mean of Decade-II and the 
mean of Decade-IV significantly differed from 
the means of both Decade-I and Decade-II. All 
significant td values were found to be positive. 
Meanwhile, the means of second 20-year sub-
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period of all the three components of winter 
temperature significantly differed from their 
respective means of the first sub-period and td 
values of minimum and mean temperature 
variation were positive while that of the 
maximum temperature was negative.  
Variation of standard normal 
Following the recommendation of World 
Meteorological Organization to consider 30-year 
average as the standard climate normal,21,22 two 
standard normal could be obtained from the data, 
one for 1971-2000 and other for 1981-2010. As 
per minimum temperature was concerned, the  
 
second  normal  of  January,  February,  March, 
August, September, December, Annual, Monso-

on  and  Winter  temperatures  significantly  
differed from their respective first normal as per 
maximum temperature was concerned, second 
normal of January, March, April, November, 
December, Annual, Pre-monsoon, Post-mon-
soon and Winter temperatures significantly 
differed from their first normal. Meanwhile, the 
second normal of August and Winter mean 
temperatures only significantly differed from 
their first normal. All significant td values 
concerning the variation of minimum and mean 
temperatures were positive, while such td values 
concerning maxi-mum temperature were 
negative. (Fig. 2) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

Fig. 2 : Student’s t-statistic of sub-periodical variation of annual and seasonal temperatures 
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Temperature trends     
Trends of mean temperatures 
The standardized Z-statistics of Mann-Kendall 
test on monthly, annual and seasonal mean 
temperatures, presented in Fig. 3, led to a  
conclusion  that  significant  increasing trends 
subsisted on January, February, March, August, 
September, December, November, Monsoon, 
Post-monsoon, Winter and Annual mean 
temperatures at 99% confidence level (critical 
value=2.316) while May, July and pre-monsoon 
mean temperatures had significant increasing 

trends at 95% confidence level (critical 
value=1.645). 
Thus, only three monthly mean temperatures did 
not acquire significant trends. 
Trends of seasonal minimum and maximum 
temperatures 
Investigation on the trends of annual and four 
seasonal minimum and maximum temperatures 
(Fig. 4) exhibited that the annual and all seasonal 
minimum temperatures had significant increasing 
trends at 99% confidence level. On the other 
hand, the annual, pre-monsoon, post- monsoon       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Standardized  Z-statistic of Mann-Kendall test for trends of mean temperatures 

and winter maximum temperatures had 
significant decreasing trends at 99% confidence 
level. The trend of the monsoon maximum 
temperature was not significant even at 90% 
confidence level.  
Estimation of slope of the trends  
The magnitudes of the significant trends detected 
by Mann-Kendall test, estimated by Sen’s slope 
estimator, were as presented in Table 8 and the 
obtained equations of Theil-Sen trendlines were 
as in Table 9.  
The estimated slopes enabled to conclude that 
February mean temperature had the highest 
increasing rate of 0.070C/year, followed by 
December (0.050C/ year) and then March 
(0.040C/ year). For seasonal group, winter mean 
temperature had the highest increasing rate 
(0.050C/ year), followed by post-monsoon. The 
annual mean temperature was increasing at the 
rate of (0.030C/ year). The slopes of annual and 
seasonal   temperatures   with   significant  trends  

revealed that the annual minimum temperature 
was rising with a rate of 0.090C/year while 
annual maximum temperature was declining with 
a rate of 0.040C/year. The pre-monsoon 
minimum temperature was increasing at the rate 
of 0.080C/year while maximum temperature was 
decreasing at the rate of 0.050C/year.  However,  
though  the  monsoon -minimum temperature 
was increasing at the rate of 0.050C/year, 
maximum temperature was stable. The post-
monsoon minimum temperature was rising with 
a rate of 0.090C/year while maximum 
temperature was falling with a rate of 
0.050C/year. The winter minimum temperature 
was increasing at a high rate of 0.160C/year 
while maximum temperature was declining with 
a rate of 0.060C/year. 
Analyzing temperature data of the period 1901-
2003, Deka et al.19 found that annual maximum 
temperature of the Northeast India was 
increasing at the rate of 1.020C/100 year while  
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monsoon mean temperature was decreasing at 
a rate of 0.320C/100 year. The variations 
obtained from the current study were opposite 
to the findings of Deka et al. as annual 
maximum temperature of the district was 
decreasing while the monsoon mean 
temperature was increasing. Still the results of 
the current study did not contradict the former 
results  as  the  Northeast region is consisted 
of sub-regions with diverse climatic condition 

especially plain parts possess markedly higher 
temperature than the hilly parts. As such, 
temperature variation of the district, which 
happens to be a very small part (1/82) of the 
Northeast region of India, might not be similar 
to that of the entire region. Rupakumar et al. 
predicted that there might be a general increase 
in minimum temperature up to 40C all over 
India by the end of the 21st century that may 
be higher in Northeast India.13 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4 : Standardized Z-statistic of Mann-Kendall test for trends of seasonal minimum and 
maximum temperatures 
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Table 9 : Trend slope and equation of Theil-Sen trendline of seasonal minimum and 
maximum temperatures 

 Minimum Maximum 
Series Trend Slope Equation of trendline Trend Slope Equation of trendline 
Annual +ve 0.09 x= 159.85 + 0.09t -ve -0.04 x= 108.55  0.04t  
Pre-monsoon +ve 0.08 x= 139.36 + 0.08t -ve -0.05 x= 130.15 0.05t 
Monsoon +ve 0.05 x= 74.58 + 0.05t no trend - - 
Post-monsoon +ve 0.09 x= 159.92 + 0.09t -ve -0.05 x= 127.97  0.05t 
Winter +ve 0.16 x= 307.15 + 0.16t -ve -0.06 x= 143.67 0.06t 

If the trends detected by the current study 
persist, annual minimum temperature of the 
district would be increased by about 7.90C 
while annual maximum temperature would be 
decreased by about 3.50C by the end of the 
present century. 
Standardized anomaly indices   
Not all the three components of annual 
temperature encountered any event of extremely 
hot or cold. However, annual maximum and 
mean temperatures acquired a few events of very 
cold   (2 and 1  cases respectively)   and  very hot 
(1 and 2 cases respectively). Cold event (45%) 
was more pronounced for minimum temperature 
while in case of maximum and mean 
temperatures, normal events (37.5% and 40% 
respectively) surpassed other events. In pre-
monsoon minimum and maximum temperatures, 
normal events (37.5% and 47.5% respectively) 
were more pronounced, while hot event (37.5%) 
was more pronounced in mean temperature. 
There were extremely cold events one each for 
pre-monsoon minimum and mean temperatures, 
while maximum temperature witnessed a few 
cases of very cold and very hot events (1 and 2 
cases respectively). The monsoon minimum 
temperature witnessed a very cold event and 
events of cold (35%) and hot (32.5%) were 
higher than the normal events (30%). On the 
other hand, monsoon maximum and mean 
temperatures were dominated by normal events 
(57.5% and 47.5% respectively) and both of 
them encountered with very cold and extremely 
hot events for one time each, extremely hot event 
of both temperatures being occurred in 1999. 
Equal number of cold and hot events occurred in 
the post-monsoon minimum temperature (35% 
each) and it was higher than the number of 
normal events (27.5%). It encountered               
an extremely  cold  event  (in  the  year  1992). In  

contrast, normal events of post-monsoon 
maximum and mean temperatures (35% each) 
exceeded cold (22.5% and 30% respectively) and 
hot (32.5% each) events. The maximum 
temperature witnessed 3 very cold and 1 very hot 
events, while these events were absent in mean 
temperature. However, the mean temperature 
witnessed an extremely cold event in 1992. As 
per winter temperature was concerned, normal 
events of minimum and maximum temperatures 
(20% and 27.5% respectively) were subjugated 
to cold events (42.5% and 30% respectively) and 
hot events ( 37.5% each). There was more 
number of cold events than hot for minimum 
temperature while it was reverse for maximum 
temperature. In addition, there were two very 
cold events for maximum temperature. In 
contrast to the events in minimum and maximum 
temperatures, normal event (35%) was more 
pronounced in the winter mean temperature and 
there was one very hot event occurred in 1999.  

CONCLUSION 
The patterns of changes of annual and seasonal 
minimum and mean temperatures during the 
study period were analogous to each other 
while that of the maximum temperature was 
opposite. Minimum and mean temperatures 
used to change from colder to warmer 
condition through normal condition while 
maximum temperature changed from warmer 
to colder condition through normal condition. 
The temperature conditions of the district 
during the beginning and ending sub-periods 
of the study period were significantly different 
from each other the former was colder while 
the later was warmer than the long term 
normal condition. Level of minimum 
temperature was rising while the level of 
maximum temperature was falling. Therefore, 
magnitudes  of  extremes  of  hot and cold both  
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would be reduced in coming years. The annual 
and all seasonal mean temperatures were 
slightly increasing. As such, although an 
overall warmer condition may be expected to 
prevail in the district, the temperature would 
not rise indefinitely. Among seasonal mean 
temperatures, increasing rate of winter 
temperature was the highest while increasing 
rate of winter minimum temperature was most 
alarming. Based on the findings of the current 
study, from the perspective of probable impact 
of deforestation on the temperature increase, it 
may be concluded that the assertion have 
carried veracity in the context of the district’s 
situation. High deforestation has been 
associated with increase in temperature. 
However, in order to establish this conjecture, 
a supportive study on the prevailing biogeo-
physical process and surface properties in the 
district is deemed necessary. 
Nevertheless, it should be admitted that the 
current analysis has a limitation from the 
viewpoint of its short data length. Variation of 
only two 30-year standard normal could be 
incorporated in the analysis for comparison 
purpose. However, in the context that 
stationary of climate statistics cannot be taken 
for granted  behavior of past 40 years is quite 
inadequate to ascertain the future behavior. 
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