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A study on annual and seasonal (winter, spring, summer, and autumn) trend analysis of maximum and minimum temperature 
at the spatial and temporal scales had been carried out during January, 1981 to December, 2020 for agro-climatic zone-

III of Bihar, India. Non-parametric statistical techniques viz. Mann-Kendall (MK) test with Sen’s slope estimator, and Pettitt 
Mann–Whitney (PMW) test had been carried out to examine the annual and seasonal trends at 5% level of significance. The 
monthly air temperature (°C) from the period January, 1981 to December, 2020 had been recorded for the spatial and temporal 
trend analysis. The results of the nonparametric tests showed statistically significant increasing trends in summer, autumn, 
and spring seasons for minimum temperature at most the spatial horizons while the trends for maximum temperature showed 
statistically non-significant decreasing trends at all the spatial horizons. The rate of change of the minimum temperature obtained 
from Sen’s slope estimator was found to be higher in summer (0.021°C year-1), autumn (0.054°C year-1), and spring (0.041°C 
year-1) seasons at Bhojpur district. In case of the maximum temperature, the rate of change of temperature was observed to be 
higher in annual (-0.020°C year-1), winter (-0.012°C year-1), summer (-0.019°C year-1), and autumn (-0.013°C year-1) seasons. 
The most probable year of changes in the observed temperature were occurred in between 1992–2010. In conclusion, it was 
clear that the magnitudes of the minimum temperature trends and variability is greater than the maximum temperature for all 
6 spatial horizons.
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1.   INTRODUCTION 

Global climate change and its influence on patterns of 
weather parameters viz., temperature, rainfall, relative 

humidity, wind speed is apparent, and a serious threat to 
the sustainability and stability of any sectors. The impact 
of climate change is more in developing country like India 
in view of its huge population, rise in standard of living 
of population, industrialization, and excessive pressure 
on natural resources etc. The expected effects of climate 
change are already being felt in terms of rise in temperature, 
raising sea levels, hurricanes, tropical cyclones, heat waves, 
drought, and flood (Mandal et al., 2019), while on other 
hand it provides a favourable condition for vector-borne 
disease and also create breeding grounds for disease-carrying 
insects. According to Intergovernmental Panel on Climate 
Change (IPCC) Fifth Assessment Report (Anonymous, 
2013), the global mean surface temperature is increasing 
quasi-linearly with cumulative greenhouse gas emission 
and strongly mentioned that the sea temperature is raised 
by 0.85°C during 1880–2012, glaciers ice loss was about 
226 Gt year-1 during 1971–2009, and mean sea level 
increased by 0.19 m during 1901–2010.According to Indian 
metrological department (IMD) reports (Rathore et al., 
2013), in India the annual mean surface temperature has led 
to decreasing trend in northern states and led to no change 
in North–Eastern states, while lead to increasing trend in 
all other states during 1951–2010. As per latest report, 
annual mean surface air temperature of India has warmed by 
0.6°C century-1 during 1901–2018 (Srivastava et al., 2019). 
Recently, the state of Bihar, there are numerous shreds of 
evidence showed that high temperature is responsible for 
the alteration of climate and groundwater levels increases 
with global warming while rising global temperatures are 
affecting the intensity and frequency of heatwaves and the 
incidence of extreme weather conditions like flooding in 
the north and droughts in south Bihar (Anonymous, 2019). 
Therefore, investigation of climate change at regional level 
is very important to identifying the impacts of climate 
change on ecosystems and a proper assessment of variability 
and changes in pattern and existence of trend in weather 
parameters over different spatial horizons would be helpful 
to the planners in the disaster adaptation and mitigation 
strategies.

In the recent past years, Parametric and nonparametric 
statistical tests like regression test (Haan, 2002), Mann-
Kendall test (Mann, 1945, Kendall, 1973), Sen’s slope 
estimation (Sen, 1968,Pingale et al., 2014), and Pettitt 
Mann-Whitney (PMW) test (Pettitt, 1979)have been used 
by many researchers to assess trends in weather parameters 
(Norbu and Basnet, 2022, Elzopy et al., 2020, Praveen et 
al., 2020, Chandole et al., 2019, Panda and Sahu, 2019, 

Bhuyan et al., 2018, Bera, 2017, Radhakrishnan et al., 
2017, Feng et al., 2016, Nema et al., 2016, Bibi et al., 
2014, Jeganathan and Andimuthu, 2013, Tramblay et al., 
2013, Saboohi et al., 2012, Yavuz and Erdogan, 2012). 
However, nonparametric tests are most widely used for 
trend analysis of climatic variables. The non-parametric 
tests have many advantages such as the requirement of few 
assumptions, handling of missing data, and independence 
of the data distribution. Hence, in this study, the trends of 
air temperature are detected using Mann–Kendall test with 
Sen’s slope estimator, and Pettitt Mann–Whitney (PMW) 
test for annual and seasonal (winter, spring, summer, and 
autumn) maximum and minimum temperature in the 
different spatial horizons of Bihar. Keeping in view this 
discussion, there is a need for an objective methodology 
for trend analysis of weather parameters. The main aim of 
the present research work was to identify the annual and 
seasonal maximum and minimum temperature trends at 
different spatial and temporal scales.

2.   MATERIALS AND METHODS

A Study on annual and seasonal trend analysis of 
maximum and minimum temperature at the spatial and 

temporal scales had been carried out during January, 1981 to 
December, 2020 for agro-climatic zone-III of Bihar, India.

2.1.  Study area 

The state of Bihar is situated at the Indo-Gangetic plains 
and lies between latitude 24°–27° N and longitude 82°–88° 
E with a total geographical area of 94,163 km2. The climatic 
condition having sub-humid tropical climate and categorized 
into three agro-climatic zones viz. Zone-I (North-West 
Alluvial Plains), Zone-II (North-East Alluvial Plains), and 
Zone-III (South Alluvial Plain). The average temperature 
of the state ranges from 10°C in the winter to 34°C in the 
summer, with a weighted average annual rainfall of 1170 
mm (Warwade et al., 2018). In the present study, total six 
districts of agro climatic Zone-III Figure(1) viz. Patna, 
Nalanda, Bhojpur, Rohtas, Jehanabad, and Aurangabad, 
had been considered for spatio-temporal trends analysis of 
air temperature from the period 1981–2020.

2.2.  Source of data

Data used for the current study had been downloaded 
from NASA prediction of worldwide energy resources 
(Anonymous, 2021). Gridded data sets (0.5o latitude x 0.5o 
longitude spatial resolution) of monthly air temperature (°C) 
from the period January, 1981 to December, 2020 had been 
recorded for the spatial and temporal trend analysis. Further, 
the time series were segregated into five data sets viz. annual, 
and seasonal as characterized by the Indian Meteorological 
Department (IMD) guidelines: winter (Dec–Feb), spring 
(Mar–May), summer ( June–Aug), and autumn (Sept–Nov).
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2.3.  Trend analysis

Statistically, a trend can be defined as a significant +/- 
changes in a random variable over time and estimated by 
using statistical parametric and non-parametric tests. In this 
study, non-parametric statistical methods were employed 
to trends analysis of air temperature. Mann-Kendall (MK) 
test, Sen slop estimator, and Pettitt Mann-Whitney (PMW) 
test had been used. The whole procedures were carried out 
on R programming. 

2.4.  Mann-Kendall (MK) test

Mann Kendall test had been used for the identifying 
trends in the spatio-temporal data. The advantage of non-
parametric test over parametric test, it does not require the 
data to be normally distributed. The MK test statistics (S) 
can be computed as follows.

Null hypothesis (H0): There is a no trend

Alternative hypothesis (H1): There is a presence of trend 

The Mann-Kendall test statistic (S): 
S= n-1 n

i-1 j=i+1∑ ∑ sgn(Xj-Xi)                                  …………….(1)

where n is the number of the data points, is the observed 
value at time i (i =1,2,..,n) and  is the observed value at time 
j (j = i+1,i+2, ..., n). The value of is sgn(Xj-Xi) computed 
according to the  as follow:

sgn(Xj-Xi)= { +1, (Xj-Xi)>0
0, (Xj-Xi)=0
-1, (Xj-Xi)<0

                         ……………. (2)

For large samples (n>10), the test is conducted using a 
normal approximation (Z statistics) with the mean and the 
variance as follows:

E(S)=0                   ………………………………(3)

Var(S) =  1/18[n(n-1)(2n+5)-∑   =1tp(tp-1)(2tp=5)]     …(4)

where q is the number of tied (zero difference between 
compared values) groups and is the number of data values 
in the pth group. Test statistic Z as follows:

Z= { S-1 /√(Var(S)) if S>0
0   if S=0
S+1/ √(Var(S)) if S<0

                                   
  ………….(5)

A significant trend is evaluated by the Z value which positive 
value of Z indicates an increasing trend and its negative 
value a decreasing trend. Null hypothesis (H0) is tested at 
5% level of significance (Z0.05=1.96). 

2.5.  Sen’s slope estimator 

Sen’s nonparametric approach was used to estimate the 
true slope of an existing trend (as change year-1). When the 
trend can be considered to be linear, the Sen’s technique 
can be utilised.

q
p

β=Median [(X_j-X_i)/(j-i)]A j>i p      …………………(6)

Where Xi is the observed value at time i and Xj is the 
observed value at time j. β is a magnitude of trend estimate. 
Sen’s slope indicates an increasing trend for positive value 
and a decreasing trend for negative value in the time series 
data.

2.6.  Pettitt mann-whitney (PMW) test

The PMW test distinguishes the most likely change year 
in the yearly time series sequence. The PMW test statistics 
can be computed as follows;

Assume a time series {X1, X2,…, Xn} with a length n and 
where t is the time of the most likely change point. Two 
samples, {X1, X2,…, Xt} and {Xt+1, Xt+2,…, Xn},  can then be 
derived by dividing the time series at time t. An index, Ut, 
is derived as:
                                                                         ………..(7)
Ut=

n
j=1

t
i∑ ∑=1 sgn(Xi-Xj)

{ +1 if  (Xi-Xj )>0
0 if(Xi-Xj )=0
-1 if(Xi-Xj )<0 

sgn(Xi-Xj )
               ......... ….(8)

A plot of  against t for a time series with no change point 
would result in a continually increasing value of . However, 
if there is a change point (even a local change point) then  
would increase up to the change point and then begin to 
decrease. This increase followed by a decrease may occur 
several times in a time series, indicating several local 
change points. So, there is still the question of determining 
the most significant change point. We can identify the 
most significant change point  where the value of |Ut| is 
maximum.

Kt= max
1≤t≤T Ut

                                  …………………..(9)

The approximated significance probability P(t) for a change 
point is given as: 

P=1-exp -6K
n3+n2

2
t

                                    ……………..(10)

The change point is statistically significant at the time t with 
a significance level of α when probability P(t) exceeds 1 – α. 

3.   RESULTS AND DISCUSSION

3.1.  Temperature variability

The descriptive statistics of annual and seasonal (winter, 
spring, summer, and autumn) maximum temperature and 
minimum temperature had been computed such as the 
mean, standard deviation (SD), coefficient of variation 
(CV) which are discussed in Tables 1 to 6. Temperature 
variability patterns over 1981–2020 for six districts of agro 
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Table 1: Descriptive statistical trend analysis of temperature 
for Nalanda district

Seasons Nalanda district 

Maximum temperature Minimum temperature

Mean
(˚C)

Standard
devia-
tion

CV 
(%)

Mean
(˚C)

Standard 
devia-
tion

CV 
(%)

Annual 46.12 1.07 2.33 4.71 1.17 24.79

Summer 39.16 1.44 3.68 25.19 0.52 2.08

Autumn 32.03 1.17 3.66 15.90 1.08 6.77

Winter 29.53 1.17 3.95 6.30 0.76 12.00

Spring 42.92 0.99 2.31 18.05 1.15 6.39

Table 2: Descriptive statistical trend analysis of temperature 
for Jehanabad district

Seasons Jehanabad district

Maximum 
temperature

Minimum 
temperature

Mean Stan-
dard

Devia-
tion

CV 
(%)

Mean
(˚C)

Stan-
dard 

Devi-
ation

CV 
(%)

Annual 46.72 1.11 2.37 4.83 1.20 24.90

Summer 39.60 1.52 3.85 25.30 0.55 2.16

Autumn 32.23 1.25 3.89 15.85 1.08 6.83

Winter 30.09 1.11 3.67 6.39 0.79 12.30

Spring 43.58 0.97 2.24 18.24 1.14 6.24

Table 3: Descriptive statistical trend analysis of temperature 
for Bhojpur district

Seasons Bhojpur district

Maximum temperature Minimum temperature

Mean Stan-
dard

devia-
tion

CV 
(%)

Mean
(˚C)

Stan-
dard 

devia-
tion

CV 
(%)

Annual 46.84 1.12 2.40 4.66 1.11 23.80

Summer 39.74 1.55 3.90 25.54 0.59 2.31

Autumn 32.55 1.36 4.18 15.73 1.13 7.17

Winter 30.08 1.20 3.99 6.19 0.76 12.28

Spring 43.77 0.94 2.15 18.22 1.15 6.32

Figure 1. Study area of agro climatic Zone-III, Bihar, India

Table 4: Descriptive statistical trend analysis of temperature 
for Aurangabad district

Seasons Aurangabad district 

Maximum temperature Minimum temperature

Mean
(˚C)

Stan-
dard

Devia-
tion

CV 
(%)

Mean
(˚C)

Stan-
dard 

Devi-
ation

CV 
(%)

Annual 46.92 1.07 2.29 5.28 1.18 22.26

Summer 39.59 1.54 3.89 25.28 0.53 2.11

Autumn 32.41 1.33 4.11 15.92 1.07 6.72

Winter 30.65 1.01 3.30 6.86 0.79 11.59

Spring 43.86 0.96 2.18 18.49 1.07 5.79

Table 5: Descriptive statistical trend analysis of temperature 
for Rohtas district

Seasons Rohtas district

Maximum temperature Minimum temperature

Mean
(˚C)

Stan-
dard

Devia-
tion

CV 
(%)

Mean
(˚C)

Stan-
dard 

Devi-
ation

CV 
(%)

Annual 46.33 0.91 1.95 5.21 1.24 23.78

Summer 38.72 1.57 4.04 24.36 0.54 2.20

Autumn 31.42 1.17 3.72 15.33 0.95 6.20

Winter 30.29 1.20 3.96 6.73 0.97 14.44

Spring 43.22 0.94 2.16 18.28 1.15 6.30climatic zone-III in Bihar using the coefficient of variation 
(CV) indicates that the inter-annual variation of minimum 
temperature was higher than of maximum temperature. In 
case of summer temperature, there was slightly variation 
observed in the maximum and minimum temperatures. 
The mean annual maximum temperature for Patna, 

Nalanda, Bhojpur, Rohtas, Jehanabad, and Aurangabad 
districts have been observed of 46.57˚C, 46.12˚C, 46.84˚C, 
46.33˚C, 46.72˚C, and 46.92˚C, respectively and mean 
annual minimum temperature for Patna, Nalanda, Bhojpur, 
Rohtas, Jehanabad had been observed of 4.63˚C, 4.71˚C, 
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Table 6: Descriptive statistical trend analysis of temperature 
for Patna district

Seasons Patna district

Maximum 
temperature

Minimum 
temperature

Mean
(˚C)

Stan-
dard

Devia-
tion

CV 
(%)

Mean
(˚C)

Stan-
dard 

Devi-
ation

CV 
(%)

Annual 46.57 1.13 2.43 4.63 1.12 24.12

Summer 39.55 1.53 3.87 25.53 0.56 2.21

Autumn 32.58 1.38 4.23 15.86 1.11 7.02

Winter 29.98 1.19 3.99 6.13 0.76 12.47

Spring 43.59 0.94 2.15 18.18 1.17 6.42

Table 7: Non-parametric statistical trend analysis of temperature for Aurangabad district

Seasons Aurangabad district

Maximum temperature Minimum temperature

MK test 
(Z value)

Sen’s slope estimate PMW test 
(Kt)

MK test 
(Z value)

Sen’s slope estimate PMW 
test (Kt)

Annual -0.070NS -0.001 1999 -1.748NS -0.033 2010

Summer -0.536NS -0.016 1996 1.783NS 0.016 2008

Autumn -0.443NS -0.009 1992 3.799* 0.050 1996

Winter -0.431NS -0.008 1994 -0.396NS -0.006 2009

Spring -0.699NS -0.011 2005 2.412* 0.039 1999
*& NS indicates the significant and non-significant at (p=0.05) respectively

Table 8: Non-parametric statistical trend analysis of temperature for Nalanda district

Seasons Nalanda district

Maximum temperature Minimum temperature

MK test 
(Z value)

Sen’s slope estimate PMW test (Kt) MK test 
(Z value)

Sen’s slope estimate PMW test 
(Kt)

Annual -1. 328NS -0. 018 1999 -1.131NS -0.015 2009

Summer -0. 583NS -0. 014 1996 2.098* 0.015 2008

Autumn -0. 758NS -0. 010 1992 3.216* 0.046 1996

Winter -0. 454NS -0. 009 1994 -0.629NS -0.007 2011

Spring -1. 293NS -0. 021 2004 2.505* 0.036 1998

*& NS indicates the significant and non-significant at (p=0.05) respectively

4.66˚C, 5.21˚C, 4.83˚C, and 5.28˚C, respectively. Overall, 
there had been high variation recorded in annual minimum 
temperature throughout years in all six districts.

3.2.  Non-parametric trend analysis 

In this section, non-parametric methods were applied for 
temperature trends analysis in agro climatic zone-III of 
Bihar. MK test, Sen’s slope estimator, and PMW test were 
used to trend analysis of annual and seasonal temperature. 

The direction (Z value), estimate of the trend and probability 
change point (Kt) for annual and seasonal (winter, spring, 
summer, and autumn) maximum temperature and minimum 
temperature for six districts of Bihar during 1981–2020 
and reported in Tables 7 to 8. Positive and negative values 
indicated the increasing and decreasing trends respectively. 
The trend plots for annual and seasonal rainfall are 
represented in Figures 2 to 13.

The annual and seasonal maximum temperature showed 
statistically non-significant decreasing trends for all 6 spatial 
horizons during 1981–2020. It can be also seen from the 
trend plots of maximum temperature. The magnitude of 
the maximum temperature trends obtained from Sen’s slope 
estimator was observed the highest in annual (-0.020°C 
year-1) and winter (-0.012°C year-1) seasons in Patna. In case 
of summer (-0.019°C year-1) and autumn (-0.013°C year-1) 
seasons, the highest maximum temperature was observed 
in Jehanabad. Similarly, in spring (-0.021°C year-1) season, 
the highest Sen’s slope estimate was observed in Nalanda. 
The most probable year of changes in the observed annual 
and autumn maximum temperature trends were shifted in 
1999 and 1992 for each district, respectively. In the case of 
summer, winter, and spring seasons, the probable year of 
changes were shifted in 1996, 1994 and 2005 at the most 
of districts, respectively.
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Figure 2. Annual and seasonal trend plots in the maximum temperature in the Nalanda district

Figure 3. Annual and seasonal trend plots in the minimum temperature in the Nalanda district

The minimum temperature showed statistically significant 
increasing trends in summer in Nalanda, Bhojpur, and 
Patna.  In autumn season, all six regions were observed 
significant increasing trends and in spring season also 
observed significant increasing trends (except Rohats 
district) while in winter and annual seasons temperature 

were observed non-significant decreasing trends in all 
6 districts. It can be also seen from the trends plots of 
minimum temperature.  The highest increasing rates were 
observed in summer (0.021°C year-1), autumn (0.054°C 
year-1), and spring (0.041°C year-1) seasons in Bhojpur 
districts while the highest decreasing rates were observed 
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Figure 4: Annual and seasonal trend plots in the maximum temperature in the Bhojpur district

Figure 5: Annual and seasonal trend plots in the minimum temperature in the Bhojpur district
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Figure 6. Annual and seasonal trend plots in the maximum temperature in the Jehanabad district

Figure 7: Annual and seasonal trend plots in the minimum temperature in the Jehanabad district

Mondru and Boreddy., 2023
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Figure 8. Annual and seasonal trend plots in the maximum temperature in the Aurangabad district

Figure 9. Annual and seasonal trend plots in the minimum temperature in the Aurangabad district
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Figure 10: Annual and seasonal trend plots in the maximum temperature in the Patna district

Figure 11: Annual and seasonal trend plots in the minimum temperature in the Patna district
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Figure 12. Annual and seasonal trend plots in the maximum temperature in the Rohtas district

Figure 13. Annual and seasonal trend plots in the minimum temperature in the Rohtas district
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Table 9: Non-parametric statistical trend analysis of temperature for Bhojpur district

Seasons Bhojpur district

Maximum Temperature Minimum Temperature

MK test 
(Z value)

Sen’s slope estimate PMW test (Kt) MK test 
(Z value)

Sen’s slope estimate PMW test (Kt)

Annual -0.454NS -0.010 1999 -1.527NS -0.027 2009

Summer -0.455NS -0.015 1996 2.063* 0.021 2008

Autumn -0.117NS -0.005 1992 3.438* 0.054 1996

Winter 0.058NS 0.001 1998 -1.014NS -0.013 1992

Spring -0.792NS -0.011 2005 2.738* 0.041 1999

*&NS indicates the significant and non-significant at (p=0.05) respectively

Table 10: Non-parametric statistical trend analysis of temperature for Jehanabad district

Seasons Jehanabad district

Maximum Temperature Minimum Temperature

MK test 
(Z value)

Sen’s slope 
estimate

PMW test 
(Kt)

MK test
 (Z value)

Sen’s slope 
estimate

PMW test (Kt)

Annual -0.478NS -0.008 1999 -1.503NS -0.026 2009

Summer -0.629NS -0.019 1995 1.888NS 0.019 2008

Autumn -0.816NS -0.013 1992 3.439* 0.047 1996

Winter -0.256NS -0.005 1994 -0.536NS -0.009 2011

Spring -1.165NS -0.019 2005 2.575* 0.039 1999

*&NS indicates the significant and non-significant at (p=0.05) respectively

Table 11: Non-parametric statistical trend analysis of temperature for Patna district

Seasons Patna district

Maximum temperature Minimum temperature

MK test Sen’s slope 
estimate

PMW test 
(Kt)

MK test
 (Z value)

Sen’s slope 
estimate

PMW test (Kt)

Annual -1.165NS -0.020 1999 -1.760NS -0.024 2009

Summer -0.699NS -0.018 1996 2.250* 0.019 2008

Autumn -0.291NS -0.007 1992 3.239* 0.051 1996

Winter -0.676NS -0.012 1994 -1.398NS -0.016 2006

Spring -1.095NS -0.016 2005 2.401* 0.036 1998

*& NS   indicates the significant and non-significant at (p=0.05) respectively

in annual (-0.033°C year-1) and winter (-0.016°C year-1) 
seasons in Aurangabad and Patna, respectively. The most 
probable year of changes in the observed minimum annual 
and autumn temperature trends were shifted in 2010 and 
1996 for each districts, respectively. In the case of summer, 
winter, and spring seasons, the probable year of changes 
were shifted in 1997, 2011, and 1999 at most of the districts, 
respectively. The increases trend of seasonal minimum 

temperature was also observed in India by Jain et al. (2013).  
In conclusion, it was cleared that the magnitudes of the 
minimum temperature trends and variability is higher than 
the maximum temperature for all six spatial horizons. It 
might be due to natural and anthropogenic forcing such 
as land-use and land cover including agriculture pattern, 
urbanization, deforestation etc.
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4.  CONCLUSION 

Non-parametric approaches had been used to trends 
analysis of annual and seasonal maximum and 

minimum temperatures for six different spatial horizons of 
Bihar. The results showed statistically significant increasing 
trends in summer, autumn, and spring seasons for minimum 
temperature while the results of the maximum temperature 
trends were observed statistically non-significant decreasing 
trends at all six districts. Therefore, this work may give a 
clear and useful information regarding annual and seasonal 
temperature trends at different spatial horizons of Bihar. 
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