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ABSTRACT

he present study was carried out during January, 1981 to December, 2024 in the districts (Singhbhum, East Singhbhum,

and West Singhbhum) of the South-Eastern Plateau Zone of Jharkhand. In this study, the trends of air temperature were
detected using the Mann—Kendall test with Sen’s slope estimator for annual and seasonal temperatures. The climatic parameters
provided an ongoing need for thorough research to mitigate the unintended, severe consequences of climate change. According
to past research, the trend analysis method was regarded as one of the most popular and successful approaches. Therefore,
in this article, the seasonal, annual, and monthly temperatures of the Southeastern Plateau of Jharkhand were fetched and
analyzed for the period interval of 44 years (1981 to 2024) by using nonparametric tests. The results obtained consisted of trend
values along with trend slope and polygon graphics (arithmetic). According to the results, it was observed that the minimum
temperature exhibited a significant upward trend in the spring, summer, and autumn seasons except for the winter season,
while the maximum temperature displayed a downward trend in most of the seasons. The greater variability of the temperatures
observed in winter seasons throughout the years.
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1. INTRODUCTION

he climate is an extremely important part of the

Earth's ecosystem. There are a lot of factors involved
in making up weather and climate, such as the temperature,
the amount of precipitation, the pressure in the atmosphere,
and the amount of humidity. Changes in climatic variables
over long periods of time are an essential part of research
that tries to find evidence of climate change. The impact of
climate change is more in developing countries like India
in view of its huge population, rise in standard of living
of the population, industrialization, excessive pressure on
natural resources, etc. According to Indian Metrological
Department (IMD) statistics (Rathore et al., 2013), between
1951 and 2010, the annual mean surface temperature in
India decreased in northern states and remained constant
in northeastern states, while increasing in all other states.
In the Eastern Plateau and Hilly Region of India, the
majority of agricultural output comes from rainfed areas
and is largely controlled by the timely availability of
water. Therefore, regional differences in temperature and
precipitation have been found to be significantly more
pronounced, and there may be significant geographical and
temporal variance between climatically distinct locations
(Yue and Hashino, 2003). As a result, it is asserted that
observations of historical climate at the global level may not
be very helpful for planning at the local or regional level.
Therefore, investigation of climate change at the 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 trends in weather
parameters over different spatial horizons would be helpful
to the planners in the disaster adaptation and mitigation
strategies. In the recent past year, many researchers have
focused on analyzing temperature trends over a geographical
region (Chakma and Biswas, 2022; Datta et al., 2022;
Elzopy et al., 2020; Mandal et al., 2019; Pingale et al., 2014).
Various statistical methods have been used in research to
identify trends and changes in climatic variables across time
scales. Nonparametric (Mann-Kendall test) and parametric
(linear regression analysis) methods have been used to
identify yearly and seasonal trends (Sarkar and Kumar, 2023;
Norbu and Basnet, 2022; Praveen et al., 2020; Chandole
et al., 2019; Panda and Sahu, 2019; Bhuyan et al., 2018;
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.

Keeping in view this discussion, there is a need for an
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objective methodology for trend analysis of temperature.
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
for the South-Eastern Plateau Zone of Jharkhand. In this
study, the trends of air temperature were detected using the
Mann-Kendall test with Sen’s slope estimator for annual and
seasonal temperatures. A new method, Innovative Polygon
Trend Analysis (IPTA), developed by Sen in 2019, has been
used to detect abrupt changes and directional changes in
the time series data. It is more effective than conventional
non-parametric tests in trend analysis, and it has been used
extensively to examine weather patterns across the world

(Achite et al., 2021).

2. MATERIALS AND METHODS
2.1. Study area

The present study was carried out during January, 1981-
December, 2024 in the districts of the South-Eastern
Plateau Zone of Jharkhand (Figures 1 and 2). The state
was bounded by 21° 95" to 25% 45'N latitude and 83° 35’
to 87° 95’E longitude and has a total geographical area
79,714 km?. It was located in the country’s northeast and
has borders with Bihar to the north, West Bengal to the
east, Odisha to the south, Chhattisgarh to the west, and
Uttar Pradesh to the northwest. Jharkhand was divided into
three agro climatic zones: The Central and Northeastern
Plateau subzone, the Western Plateau subzone, and the
Southeastern Plateau subzone. In this investigation, the
South Eastern Plateau subzone has been selected for
climate change assessment. This zone included the districts
of Singhbhum, East Singhbhum, and West Singhbhum,
and the climate ranges from sub-humid to humid, with
increased rainfall.

2.2. Data and methods

The Weather observations were obtained from two climatic
variables: Maximum Temperature (T ) and Minimum
Temperature (T ), from NASA prediction of worldwide
energy resources (Anonymous, 2025). Gridded data
sets (0.5° latitudex0.5° longitude spatial resolution) of
monthly temperature ("C) from the period January, 1981 to
December, 2024 have been recorded. Furthermore, the time
series were divided into five data sets: annual and seasonal,
as defined by the India Meteorological Department (IMD)
guidelines: winter (December-February), spring (March-
May), summer (June-August), and autumn (September-
November).

2.3. Trend analysis
2.3.1. Mann-Kendall (MK) test

Mann Kendall test has been used for the identifying
trends in the spatio-temporal data. The advantage of non-
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Figure 1: Map of agro climatic zones of Jharkhand, India
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Figure 2: Geographical Map of the Study areas (South Eastern
Plateau)

parametric test over parametric test, it did not require the
data to be normally distributed. The MK test statistics (S)
could be computed as follows.

Null hypothesis (H): A trend is present.

Alternative hypothesis (H,): A trend is not present

The Mann-Kendall test statistic (S):

S=2rt 2 sgn(Xj—Xi) ............................................... (1)

j=i+l
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where n was the number of the data points, X. was the
observed value at time i (i =1,2,.., n) and X is the observed
value at time j (j=i+1,i+2, ..., n). The value of sgn(Xj—Xl )
was computed using the sgn(X-X)) as follow:
+1, (Xj-Xi)>o
sgn(Xj-Xi):{ o, (Xj-Xi):o
-1, (Xj—Xi)<o

The test was carried out using a normal approximation
(Z statistics) for large samples (n>10), with the mean and
variance as follows:

Var(S)=1/18[n(n-1)(2n+5 )'qu=1tp (tp—l)(2tp+5)] 4)

where q was the number of tied (zero difference between

compared values) groups and t was the number of data
: N P

values in the p™ group. Test statistic Z as follows:

-1

S .
Voar(s) if S>0
0 if S=0

stl irS.0

var(s)

A statistically significant trend is evaluated using the Z value
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which positive value of Z indicated an increasing trend and
its negative value a decreasing trend. Null hypothesis (H,)
was tested at p=0.05 level of significance (Z, .=1.96).

0.05
, )
Sen’s slope estimator

Sen’s nonparametric technique has been used to determine
the true slope of an existing trend (as change year™). The
Sen’s method (Sen, 1968) could be used in cases where the
trend could be assumed to be linear.

Q=Median (Xj—Xi/ j-1)
where X was the observed value at time j and X is the
observed value at time i. Q_was a magnitude of trend
estimate. Sen’s slope indicated an increasing trend for

positive value and a decreasing trend for negative value in
the time series data.

2.3.3. Innovative trend polygon analysis (ITPA)

The innovative polygon trend analysis (IPTA) was a
relatively new method for detecting trends in time series
data. developed by Sen in (2019). A time series was divided
into segments for the IPTA method, and a polygonal
line was then fitted to each segment. Instead of the non-
parametric test used in the conventional trend analysis
methodology, the least-squares method was used in the
IPTA approach to fit polygonal lines. The presence or
absence of trends was then determined by the approach
by performing a significance test on each of the segments.

E(s)=2/n [EX))-EX))]
If the values of E()_(Z)=E()_(l), therefore E(s)=0; and this

implied there was no trend. Otherwise, the difference

between E(}_(z) and E()_(l) gave the variance of the slope:
os>=E(s)-EX(s)=4/n* [EX,)-2EX X)) +EX))
As E()_{j)=E(}_(i), the above equation becomes:
c =8/ nZ[E(}_(z)—E()_(Z)_(I)]

Therefore, the relationship was obtained with the equations;
If, }_(2=6)_(1=G/\/n;

o’ =8/n’ 6’/n (1—p)_(1 )_{2)
6.=(2V2/nVn) oV(1-pX X))

Where,

p)_(l)_(f{E()_(l)_iz)—E()_il)E()_iz)}/ (0)_(1 0}_(2)

Finally, the confidence limit (CL) trend slope was calculated
as

CL_((1-0))=0+S_cri*o_s

Where, in stochastic processes pX1X2 was the correlation
coefficient between the two mean values. CL represented
the upper and lower confidence levels at the o level of
significance, whereas ¢_denoted the standard deviation.

The null hypothesis (Ho): There was no pattern in the

time-series data.

The alternate hypothesis (H, ): A trend in the time-series
data has been noticed.

Therefore, the Ho and H, were examined at a=5% with
Z=%1.96 in a two-tailed condition. If +s>+CL(1-a), Ho
was rejected and H, accepted. The positive and negative
values of S implied that the time-series data was rising or
dropping, respectively.

3. RESULTS AND DISCUSSION

3.1. Serial correlation

The trend detection process might be impacted by the
existence of any positive or negative correlations. Lag-1
serial correlation was therefore utilized before doing the MK
test to determine whether any trends already existed in the
dataset. All of the series were determined to be non-auto
correlated based on the autocorrelation test results. The MK
test was then applied to the non-auto correlated data series
at the p=0.05 significance level over 44 years.

3.2. Temperature variability

The descriptive statistics of annual and seasonal (spring,
winter, summer, and autumn) maximum temperature (T )
and minimum temperature (T ) have been computed,
such as the mean, standard deviation (SD), and coefficient
of variation (CV), and were presented in Tables 1 and 2.

West Singhbhum District: The annual mean T and T
for the period 1981-2024 are 34.91°C and 16.22°C with
standard deviations of 0.64°C and 0.46°C, respectively. The
lowest annual mean T . was observed in the year 2012
(15.14°C), and the h1ghest annual meanT__ was observed
in the year 2010 (36°C). The T__ Var1ab1hty patterns over
1981-2024 were greater in the winter season (4.09%) and
lesser in the annual (1.83%) and autumn seasons (2.30%).
TheT  variability patterns over 1981-2024 were greater in
the winter season (13.41%) and lesser in the summer season
(1.415%). Overall, there has been high variation occurring
in the winter season as compared to other seasons for both

theT andT .
3.2.1. Singhbhum and east singhbbum districts

The annual mean T and T for the period 1981-2024
were 35.02 °C and 16.34 °C with standard deviations of 0.73

°C and 0.47 °C, respectively. The lowest annual mean T
was observed in the year 1984 (15.38 °C), and the highest
annual meanT _was observed in the year 1989 (36.60°C).
TheT _ variability patterns over 1981-2024 were greater in
the winter season (4.50%) and lesser in annual (2.07%) and
autumn seasons (2.22%). The T . variability patterns over
1981-2024 were greater in the winter season (13.55%) and
lesser in the summer season (1.62%). Overall, there has been
high variation occurred in winter seasons as compared to
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Table 1: Descriptive statistical analysis of temperatures for West Singhbhum district

Seasons West Singhbhum District
Maximum temperature Minimum temperature
Mean Standard CV (%) Mean Standard CV (%)
-C) deviation O deviation
Spring 42.831 1.090 2.545 18.590 0.957 5.146
Winter 31.152 1.276 4.095 7.512 1.008 13.413
Summer 35.539 1.383 3.892 23.053 0.326 1.415
Autumn 30.099 0.693 2.301 15.721 0.909 5.783
Annual 34.910 0.640 1.833 16.220 0.460 2.836
Table 2: Descriptive statistical analysis of temperature for Singhbum and East Singhbhum districts
Seasons Singhbum and East Singhbhum districts
Maximum temperature Minimum temperature
Mean Standard CV (%) Mean Standard CV (%)
C) deviation {®) deviation
Spring 43.061 1.153 2.679 18.582 1.039 5.593
Winter 30.459 1.373 4.507 6.974 0.945 13.553
Summer 36.554 1.550 4.240 23.868 0.387 1.622
Autumn 30.726 0.684 2.226 15.920 1.016 6.381
Annual 35.200 0.730 2.074 16.340 0.470 2.876

other seasons for both the T _and T . . It was noteworthy
that the districts of Singhbum and E. Singhbum faced
slightly higher temperatures compared to W. Singhbum,
which might be due to their presence of industry and
deforestation.

3.3. Aemperature trend
3.3.1. West Singhbhum District

The analysis of temperature trends in West Singhbhum
district using both the Mann-Kendall test and Sen’s slope
revealed significant findings (Table 3). The Mann-Kendall
test indicated notable trends in both the T and T _ .
Specifically, the T exhibited a significant upward trend in
spring, summer, and autumn seasons except for the winter
season, while the T _ displayed a significant downward
trend in spring, winter, and annual seasons. It could also
be seen from the trend plots in T__and T _ of West
Singhbhum district (Figures 3 and 4). Additionally, the Sen’s
slope analysis further supported these findings by revealing
a decreasing trend in T and an increasing trend in T _ .
The Sen’s slope value for T . ranges from -0.016 in winter
to 0.031 in autumn. The negative slope values in the winter
season indicated a decreasing trend over the years, while the
positive values in the spring, summer, and autumn seasons
indicated an increasing trend. Similarly, the Sen’s slope value
for T _ ranges from -0.016 in winter to -0.031 in spring.

05

Table 3: Trend results of temperatures for West Singhbhum
district

Seasons West Singhbhum district
Maximum Minimum
temperature temperature
MK test  Sen’s slope MK test Sen’s slope
(Z value)  estimate (Zvalue) estimate
Spring -2.428" -0.031 1.952° 0.023
Winter -2.418" -0.016 -2.064" -0.016
Summer  -0.657" -0.013 2.165" 0.009
Autumn  -1.042N8 -0.009 2.934" 0.031
Annual -2.802 -0.022 1.740N8 0.010

This suggested that the winters were getting slightly cooler
for both T and T ., while the summers were becoming
slightly warmer. Overall, the results suggested that the
T . was increasing, which could have implications for the
industry and deforestation.

3.3.2. Singhbhum and West Singhbhum districts
The Mann-Kendall test results for the T . observed a

significant upward trend in the seasons of summer, autumn,
and annual, while a downward trend was observed in the
winter season. In the case of T__, it showed a significant
downward trend in the spring, winter, and annual seasons
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Figure 3: Annual and seasonal trend plots in the maximum temperature for West Singhbhum district
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(Table 4). Trend plots also justified the increasing trend
in'T  and decreasing trend in T __ for the selected areas
(Figures 5 and 6). Additionally, the Sen’s slope analysis
further supported these findings by revealing a decreasing
trend in T and an increasing trend in T . The Sen’s

mperature for West Singhbhum district

slope value for T ranges from -0.028 in winter to 0.041
in autumn. The negative slope values in the winter season
indicated a decreasing trend over the years, while the positive
values in the summer, autumn, and annual seasons indicated
an increasing trend. Similarly, the Sen’s slope value for T__
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ranges from -0.027 in annual to -0.052 in winter. This
suggested that the spring and winter seasons were getting

slightly cooler for the T__ . Overall, these results suggested

Table 4: Trend results of temperatures for Singhbum and
East Singhbhum districts

that there was a noticeable change in temperature patterns Seasons Singhbhum and West Singhbhum Districts
in both the Singhbhum and E. Singhbhum districts. The Maximum Minimum
increases trend of minimum temperature was also observed Temperature Temperature
in Bihar State (Sarkar and Kumar, 2023) MK test Sensslope MK test Sen’s slope
3.4. Innovative polygon trend analysis (Zvalue)  estimate  (Z value)  estimate
The IPTA technique was employed to analyze the average Spring  -2.428" -0.036 1.629" 0.021
monthly temperature data, including maximum and  Winter ~ -2.903" -0.052 -2.529" -0.028
minimum temperatures, over a period of 1981-2024 in  Summer -0.536N -0.012 2.084° 0.010
the .SOI:Ith—EaStCI'n P"latejau. This technique allqwed for the Autumn  -1.0428 £0.009 3257 0.041
projection and examination of the dataset, offering valuable
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Figure 5: Annual and seasonal trend plots in the maximum temperature for Singhbhum and East Singhbhum districts

insights into the climate characteristics during the specified
timeframe. The resulting IPTA graphs, presented in figures.
7 to 10, represented the respective climate parameters
while providing essential statistical measures such as
arithmetic mean results. By applying the IPTA method,
the trends in monthly mean temperature fluctuations were
examined, providing insights into the long-term changes in
temperature at these locations. The IPTA method involved
calculating distances and slopes between consecutive
temperature points. This information aids in visualizing
the trends through the construction of polygons that
encompassed the temperature data points. Additionally,
the method allowed for the identification of areas where
temperature trends were increasing or decreasing.

When the IPTA graph of the West Singhbhum district was
examined in detail on a monthly basis, it was seen that the
months without a trend were observed in February, August,

September, and October, while a significant decreasing trend
was observed in January, March, April, June, July, November,
and December for T . Similarly, the IPTA graph of the
T . was examined, and it was seen that the months with a
decreasing trend were observed in January, December, and
February, while an increasing trend was observed in April,
September, and October.

In the case of the Singhbhum and East Singhbhum districts,
based on the IPTA graph for T _ a decreasing trend was
observed in the months of January, February, March, April,
June, July, November, and December, however, August,
September, and October showed no distinct pattern.
Similarly, the IPTA graph for the T . showed that a
decreasing trend was observed in the months of January,
February, and December, while an increasing trend was
observed in the months of April, September, October, and
November.
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4. CONCLUSION

Anew technique, IPTA, was used to analyze the trend
graphically in the monthly temperature. The results
revealed that the West Singhbhum showed the upward
trends in spring, summer, and autumn seasons except for the
winter season for the' T ,while the T _observed significant
downward trends in spring, winter, and annual seasons. In
the case of the Singhbhum and West Singhbhum, the test
results of the T . observed upward trend in the seasons of
summer, autumn, and annual, while a downward trend was
observed in the winter season.
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