CHAPTER 5

APPLICATION OF STATISTICAL TECHNIQUES FOR
TREND ANALYSIS

5.1 General

Statistical methods are mathematical formulas, models, and techniques used in the statistical
analysis of raw research data. The application of statistical methods extracts information from
research data and provides different ways to assess the robustness of research outputs.
Various statistical tools have been applied in the obtained time series data from various
sources and analyses the output obtained after implementing the various statistical techniques

in this study.

5.1.1 Distribution of Average Rainfall

The distribution of average rainfall of the monsoon season over 118 years as a proportion of
average annual rainfall distribution for studied stations shows that the monsoon contributed
an average of 85.48% to the total average annual rainfall in Uttar Pradesh and Jharkhand.
Individual stations experienced not less than 74.39% of their rainfall during the monsoon.
The other seasons did not make a significant contribution to the average annual rainfall.

Hence, further trend analysis was carried out for annual and monsoon rainfall time series.

5.2 Trend Analysis for Uttar Pradesh

Statistical analysis for the trend of several climatic variables (rainfall, temperature, and PET)
was considered seasonally and annually to understand the temporal changes in the climate for
Uttar Pradesh. Firstly, in this case, the station exhibits significant persistence, then the effect
of serial correlation is eliminated by pre-whitening of data before trend analysis at

significance levels 1, 5, and 10 %.
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5.2.1 Temporal Variability in Rainfall

Rainfall time series data were analyzed seasonally and annually for a long-term period
(1901-2018) for the divisional study stations such as Agra, Aligarh, Allahabad (Prayagraj),
Azamgarh, Bareilly, Basti, Chitrakoot, Gonda, Ayodhya, Gorakhpur, Jhansi, Kanpur,
Lucknow, Meerut, Mirzapur, Moradabad, Saharanpur, and Varanasi. The Zyk trend value and
its significance, Kendall’s tau, the spearman’s rho (S.Rho), and median of slope (Sen’s slope)
have been carried out for rainfall for Uttar Pradesh and presented in Table 5.1-5.5. Before

applying the MK test, we have checked the serial correlation for all the study stations.

The data from the various stations for 1901 to 2018 were utilized to create the time series for
months, seasons, and annum by a simple summation process. Thus, the length of the data
series for every district is 118. The magnitude of annual precipitation for each district was
calculated from monthly data and analyzed using various statistical techniques, and the result
is presented in Table 5.1. The spatial variation of annual precipitation trend value obtained
from the MK test is demonstrated in Figure 5.1. Uttar Pradesh gets about 89% of its annual
rainfall in the monsoon season. The highest rainfall (34% of monsoon rainfall) is received in
July, followed by August (31% of the monsoon rainfall). The highest annual rainfall (1374.5
mm) is observed over Gorakhpur district, and the lowest annual rainfall (431.3 mm) is
observed over the districts of Chitrakoot division. Gorakhpur and Gonda received the
maximum amount of rainfall in annual time scale (1089-1374.5 mm), and divisions with a
minimum amount of rainfall in annual time scale are Agra, Kanpur, Lucknow, Chitrakoot
(431.3-798.6 mm). In annual time scale, a significant increasing trend in Bareilly, Kanpur,
Meerut, Faizabad, Mirzapur, and Varanasi and a significant decreasing trend in Saharanpur,

Meerut, Chitrakoot, Allahabad, Gonda, Basti, and Gorakhpur districts are seen.
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Figure 5.1 Trend characteristics of annual precipitation for various divisions of

Uttar Pradesh

5.2.2 Pre-monsoon

The hot weather sets in March and lasts until the middle of June. The highest temperature in
the study area is often recorded in May, the hottest month in the state. Like the rest of
northern India, the study area also experiences dust-storms and dust-raising winds during the
summer season. Dust storms with a 48-64 km/hour velocity are most frequent in May and
with the second maximum in April and June. The hot winds (loo) of UP plains blow during
April and May with an average velocity of 8-16 km/hour. This hot wind hugely affects
human comfort during this season. The Zyxx trend value and its significance, Kendall’s tau,

the spearman’s rho (S.R%o), and median of slope (Sen’s slope) have been carried out for pre-
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monsoon rainfall for Uttar Pradesh and presented in Table 5.2. The spatial variation of annual

precipitation trend value obtained from the MK test is demonstrated in Figure 5.2.
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Figure 5.2 Trend characteristics of pre-monsoon precipitation for various divisions of

Uttar Pradesh
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5.2.3 Monsoon

Soon after mid-June, the rainy season commences, and it continues until the end of
September. The monsoon season begins when the water-laden storm from the Bay of Bengal
crosses over a study area. The commencement of the monsoon may be as early as the last
week of May or as delayed as the second week of July. The rainy season usually begins in
June. The wet months are July and August. The southwest monsoon causes rain in the study
area. The Zux trend value and its significance, Kendall’s tau, the Spearman’s Rho (S.Rho),
and median of slope (Sen’s slope) has been carried out for monsoon rainfall for Uttar Pradesh
and presented in Table 5.3. The spatial variation of annual precipitation trend value obtained

from the MK test is demonstrated in Figure 5.3.
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Figure 5.3 Trend characteristics of monsoon precipitation for various divisions of Uttar

Pradesh
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5.2.4 Post-monsoon

An important feature of the retreating monsoon season in the study area is the invasion of
tropical cyclones originating in the Bay of Bengal at about 12° N latitude. The study area is
also influenced by the typhoons originating in the South China Sea. The maximum frequency
of the tropical cyclones in the study area is from September to November, especially during
the asterism called Hathiya. However, these cyclones appear necessary for the maturity of
paddy and are required to moisten the soil to cultivate Rabi crops. The Zyk trend value and its
significance, Kendall’s tau, the Spearman’s Rho (S.Rh0), and median of slope (Sen’s slope)
has been carried out for post-monsoon rainfall for Uttar Pradesh and presented in Table 5.4.
The spatial variation of annual precipitation trend value obtained from the MK test is

demonstrated in Figure 5.4.
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Figure 5.4 Trend characteristics of post-monsoon precipitation for various divisions of

Uttar Pradesh
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5.2.5 Winter

The cold weather in the study area commences early in November and ends in late February.
The climate in October and November is quite comfortable. The days are bright and warm,
but the sun hours are not too hot. As soon as the sun sets, air temperature starts falling, and a
sharp, bracing cold replaces the day's heat. The winter temperature in the study area normally
ranges from 2 to 10 °C. December and January are usually the coldest months. The study area
also holds a record low of -2° Celsius temperature in its data series. The Zyk trend value and
its significance, Kendall’s tau, the spearman’s rho (S.Rho), and median of slope (Sen’s slope)
have been carried out for winter rainfall for Uttar Pradesh and presented in Table 5.5. The
spatial variation of annual precipitation trend value obtained from the MK test is

demonstrated in Figure 5.5.
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Figure 5.5 Trend characteristics of winter precipitation for various divisions of Uttar

Pradesh
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Table 5.6 Mann-Kendall test and percentage change of annual and seasonal rainfall

during 1901-2018 for the Uttar Pradesh

1901-2018
Time T; Z value Change (%)
Annual -2.67 -3.02 -19.83
Pre-Monsoon 0.12 0.42 9.42
Monsoon -2.91 -3.73 -22.71
Post-Monsoon 0.18 0.69 15.14
Winter 0.07 0.17 4.19

5.3 Temporal Variability in Temperature

Temperature minima were analyzed seasonally and annually between 1901 and 2018 for the
divisional study stations such as Agra, Aligarh, Allahabad (Prayagraj), Azamgarh, Bareilly,
Basti, Chitrakoot, Gonda, Ayodhya, Gorakhpur, Jhansi, Kanpur, Lucknow, Meerut,
Mirzapur, Moradabad, Saharanpur, and Varanasi. The mean, Zyx trend value and its
significance, Kendall’s tau, the spearman’s rho (S.Rho), and median of slope (Sen’s slope)
have been carried out for temperature for Uttar Pradesh and presented in Table 5.7. Based on
the average normal value of MK test statistic (S) and persistence, the study area has revealed
no persistence and trend in pre-monsoon, whereas significant persistence with insignificant
trend was observed during monsoon season. However, a noteworthy persistence with
decreasing trends was found in the post-monsoon and winter season. The magnitude of trend

and PC is quite low for the station.

The trend analysis of minimum temperature conducted for the winter season (December-

February) projects a colder drift in the central regions, with a decrease of 0.37-0.78 °C. The
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annual average temperature fluctuates with a decrease of 0.78-0.37 °C in the winter season to
an increase of 0.42-0.71 °C in the summer season. The study also points that the duration of
the winter season has decreased, with a lowering of the minimum temperature. The intensity
of chilliness is also observed to have increased in the winter season over the central regions

of northern-central India.
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5.3.1 Temporal Variability in Potential Evapotranspiration (PET)

PET was analyzed seasonally and annually for a long-term period of 1901 to 2018 for the
divisional study stations such as Agra, Aligarh, Allahabad (Prayagraj), Azamgarh, Bareilly,
Basti, Chitrakoot, Gonda, Ayodhya, Gorakhpur, Jhansi, Kanpur, Lucknow, Meerut,
Mirzapur, Moradabad, Saharanpur, and Varanasi. The Zyx trend value and its significance,
Kendall’s tau, the spearman’s rho (S.Rho), and median of slope (Sen’s slope), and
proportionate change has been carried out for PET and presented in Table 5.8. In this case, no
significant persistence and trend was observed for pre-monsoon and post-monsoon season,
but during monsoon season as well as yearly, significant persistence with decreasing trend of
0.0004-0.0013 mm/year was found, whereas winter data have persistence with the negligible
trend with a little value of the magnitude of a trend. PET shows an insignificant trend during
the winter season; conversely, a progressive trend for temperature maxima and minima was
observed. It is because of the dependency of PET on metrological variables other than
temperature also. These variables may be wind speed, solar radiation, and sunshine hour,

which affect PET and are not considered for carrying out the present research work.

It reveals that, for the Pre-monsoon season, no significant serial correlation and trend was
observed across the stations, but in the case of monsoon season station showed a little value
of persistence with a noteworthy downward trend. The station revealed no significant
persistence but an increasing trend during post-monsoon, whereas the study station perceived

no significant persistence with an insignificant decreasing trend during the winter season.
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CHAPTER 5 Application of Statistical Techniques for Trend Analysis

The Median slope, such as the magnitude of a linear trend, is calculated by Sen’s slope
estimator seasonally and annually, as represented in Table 5.1-5.5. The disproportionate trend
was detected in the pre-monsoon and winter seasons, although rainfall is decreased by 1.09-

2.3 mm/year during monsoon season and 1.2- 2.4 mm/year annually.

The significant long-term trends for monsoon rainfall are possibly recognized in descending
manner beginning in the early 1960s till the remaining period. Similarly, the descending
long-term trend in annual rainfall started during the early 1960s till the late 20" century. A
maximum decreasing % change in annual rainfall was found in southern Uttar Pradesh (-
16.5%). The cause for a significant variable rainfall pattern in the state of Uttar Pradesh may
be credited to several factors like North Atlantic Sea Surface Temperature (SST), Equatorial
SE Indian ocean SST, East Asia mean sea level pressure, North Atlantic mean sea level
pressure, and Northcentral pacific wind at 1.5 km above sea level. As per (Roxy and
Tanimoto 2007), the regional warming of SST over the Indian Ocean is likely to impact the
Indian monsoon circulations and reduce precipitation over northeast India state Uttar Pradesh.
The decreasing nature of trends in precipitation during the monsoon season may distress the
surface and subsurface water resources, which directly affect the water requirement of an

industrial zone and for agriculture purposes.
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5.4 Trend Analysis for Jharkhand

Statistical analysis for the trend of several climatic variables (rainfall, temperature minima-
maxima, and PET) was considered seasonally and annually to understand the temporal
changes in the climate for the Jharkhand (Gupta et al. 2021). Firstly, in this case, the station
exhibits significant persistence, then the effect of serial correlation is eliminated by pre-

whitening of data before trend analysis at significance levels 1, 5, and 10 %.

5.4.1 Temporal Variability in Rainfall

Rainfall time series data were analyzed seasonally and annually for a long-term period
(1901-2018) for the synoptic study stations such as Palamu, Ranchi, Hazaribagh, Dumka,
and West Singhbhum. The coefficient of serial correlation for lagl (p;), the Zyx trend value
and its significance, the median of slope (f), intersection point, and proportionate change
have been carried out for rainfall and presented in Table 5.9. Before applying the MK test, we
have checked the serial correlation, and it reveals that, for the Pre-monsoon season, no
significant serial correlation and trend was observed across the stations, but in the case of
monsoon season station showed a little value of persistence with a noteworthy downward
trend. The station revealed no significant persistence but an increasing trend during post-
monsoon, whereas the study station perceived no significant persistence with an insignificant
decreasing trend during the winter season. The Median slope, such as the magnitude of a
linear trend, is calculated by Sen’s slope estimator seasonally and annually, as represented in
Table 5.9. The disproportionate trend was detected in the pre-monsoon and winter seasons,
although rainfall is decreased by 1.09- 2.3 mm/year during monsoon season and 1.2- 2.4
mm/year annually. The SQMK statistics is used for determining the approximate year of the
starting of a significant trend. It is derived from a forward analysis illustrated by solid line

u(t) and backward analysis demonstrated as dashed line u’(?) of the MK rank correlation and
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the confidence interval at 5% significant level of sequential MK represented by the horizontal
dashed line shown in Figure 5.6 and Figure 5.7. If they cross each other and diverge beyond
the specific threshold value or converge to a point then cross each other, there is a statistically
significant trend. The point where they cross each other indicates the approximate year at
which the trend occurs. Herein, u(?) is a standardized variable that has zero mean and unit
standard deviation. Therefore, its sequential behavior fluctuates around zero levels. u(?) is the
same as the z values found from the first to last data point. The graphs of two stations,
Palamu and Ranchi stations, from the study region are plotted in Figure 5.6 and Figure 5.7 as
examples, respectively. The negligible or no trend was detected in the pre-monsoon, post-
monsoon, and winter season, although in monsoon season, it is demonstrated that the

converging of graphical plots at the end of the 1940s signifies the trend’s beginning point.

The forward and backward series crosses multiple times; therefore, there is an insignificant
trend for the post-monsoon season. The significant long-term trends for monsoon rainfall are
possibly recognized in descending manner beginning in the early 1960s till the remaining
period. Similarly, the descending long-term trend in annual rainfall started during the early
1960s till the late 20" century. A maximum decreasing % change in annual rainfall was
found at Palamu and Dumka (-15.3%). The cause for a significant variable rainfall pattern in
the state of Jharkhand may be credited to several factors like North Atlantic Sea Surface
Temperature (SST), Equatorial SE Indian ocean SST, East Asia mean sea level pressure,
North Atlantic mean sea level pressure, and Northcentral pacific wind at 1.5 km above sea
level(Krishnakumar et al. 2009). As per (Roxy and Tanimoto 2007) the regional warming of
SST over the Indian Ocean is likely to impact the Indian monsoon circulations and reduce

precipitation over northeast India state Jharkhand.
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CHAPTER 5

Application of Statistical Techniques for Trend Analysis
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CHAPTER 5 Application of Statistical Techniques for Trend Analysis

5.4.2 Temporal Variability in Minimum Temperature

Temperature minima were analyzed seasonally and annually between 1901 and 2018 for the
synoptic study stations such as Palamu, Ranchi, Hazaribagh, Dumka, and West Singhbhum.
The coefficient of serial correlation for lagl (p;), the Zux trend value and its significance, a
median of slope (), intersection point, and proportionate change have been carried out for
minima temperature and presented in Table 5.10. Based on the average normal value of MK
test statistic (S) and persistence, the study area has revealed no persistence and trend in pre-
monsoon, whereas significant persistence with the insignificant trend during monsoon season
was observed. The magnitude of trend and PC is quite low for the station. The graphs of two
stations, Palamu and Ranchi stations, from the study region are plotted in Figure 5.8 and
Figure 5.9 as examples, respectively. The graphical representation of SQMK progressive
series u(t) and backward series u’(¢) displayed in Figure 5.8 and Figure 5.9 for minima
temperature has multiple intersection points or overlaps several times for pre-monsoon
significant trend was not detected for monsoon season. However, when examining the trace
corresponding to u(?) and u’(z) in post-monsoon and winter season as well as annual,
significant trends in extended duration may perhaps be recognized in increasing manner
originating in the early 1915s and terminating in prompt to 1945s, and instantly after again in
a progressive manner till late 1975s. The trend analysis of minimum temperature conducted
for the winter season (December-February) and pre-monsoon season (March-May) projects a
colder drift in the central regions, particularly Palamu and Ranchi, with a decrease of 0.37-
0.78 °C. The annual minimum temperature fluctuates with a decrease of 0.79-0.39 °C in the
Palamu and Ranchi to an increase of 0.59-0.41 °C in Hazaribag, Dumka, and West
Singhbhum. The study also points that the duration of the winter season has decreased, with a
lowering of the minimum temperature. The intensity of chilliness is also observed to have

increased in the winter season over the central regions of the state of Jharkhand.
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5.4.3 Temporal Variability in Maximum Temperature

The coefficient of serial correlation for lagl (p:), the Zmx trend value and its significance, the
median of slope (f), intersection point, and proportionate change was carried out for
maximum temperature between 1901 and 2018 presented in Table 5.11. The pre-monsoon
and monsoon seasons did not exhibit any substantial persistence and trend. However, a
significant persistence and positive trend were observed during the pre-monsoon and
monsoon seasons. Compared to minimum temperature, the magnitude of trend and
proportionate values of maximum temperature is quite low for the stations. The graphs of two
stations, Palamu and Ranchi stations, from the study region are plotted in Figure 5.10 and
Figure 5.11 as examples, respectively. The SQMK statistics, derived from a progressive
series u(t) and backward series u’(¢), of the MK rank correlation, are represented in Figure
5.10 and Figure 5.11. The results indicate a significant increasing trend was observed during
pre-monsoon and monsoon seasons. However, in the post-monsoon season, the SQMK curve
converges in the late 1970s according to a graphical representation, indicating the starting
point of fluctuation in maximum temperature. Two functions start converging in the late

1935s, indicating the starting of a long-term trend.

Ascending mode of notorious long-term trends is commencing in the last 1945s until
remaining time zone annually. It is observed from the analysis that pre-monsoon and
monsoon season has become warmer, and its intensity has severed for most parts of the state.
The average maximum temperature trend shows a significant increasing trend and is
particularly prevalent in the north-western districts of Jharkhand, where an increasing trend is
observed from 1-1.5 °C in the north-western region. The maximum temperature is observed
to fluctuate with an increase of 0.55-1.5 °C in the Palamu, Hazaribagh, and part of Ranchi to

a minor fluctuation of 0.82-0.14 °C in the north-eastern (Dumka) and southern part of
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Jharkhand (West Singhbhum). An overall increasing trend of maximum temperature during
pre-monsoon (March-May) and monsoon season (June-September) over Jharkhand is
extremely noteworthy. Apart from the high increase of up to 1.5 °C in the north-western part,
a moderate increase of temperature with 0.14-0.82 °C is observed in the northern and south-
western parts of the state, which may lead to water scarcity in the area. There is an increase in
the mean warming of the atmosphere due to progressive trends in pre-monsoon and monsoon
season for temperature maxima which in turn causes the formation of clouds and ultimately
pacifies the precipitation phenomenon. The rising trend in maximum temperature in the

winter season imitates the water balance and impacts on rabi crop accordingly.
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CHAPTER 5 Application of Statistical Techniques for Trend Analysis
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Figure 5.10 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-Monsoon,

(b) Monsoon, (c) Post-Monsoon, (d) Winter and (e¢) Annual temperature maxima for Palamu
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Figure 5.11 Sequential progressive (u (t)) and backward values (u’(t)) for (a) Pre-
Monsoon, (b) Monsoon, (¢) Post-Monsoon, (d) Winter and (e) Annual temperature

maxima for Ranchi

'« ~ o~ 1 e
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5.3.4 Temporal Variability in Potential Evapotranspiration (PET)

PET was analyzed seasonally and annually for a long-term period of 1901 to 2018 for the
synoptic study stations such as Palamu, Ranchi, Hazaribagh, Dumka, and West Singhbhum.
The coefficient of serial correlation for lagl (p;), the Zmk trend value and its significance, the
median of slope (f), intersection point, and proportionate change have been carried out for
PET and presented in Table 12. In this case, no significant persistence and trend were
observed for pre-monsoon and post-monsoon season, but during monsoon season as well as
yearly, significant persistence with decreasing trend of 0.0003-0.0012 mm/year was found,
whereas winter data have persistence with the negligible trend with a little value of the
magnitude of a trend. The graphs of two stations, Palamu and Ranchi stations, from the study
region are plotted in Figure 5.12 and Figure 5.13 as examples, respectively. SQMK test’s
outcomes for PET show no significant trend in the pre-monsoon, post-monsoon, and winter
season and are presented in Figure 5.12 and Figure 5.13. However, during monsoon season
and annually, it is noted that the graphical trace of u(z) and u’(?) starts to deviate in the late
1990s, designating the trend’s beginning point. PET shows an insignificant trend during the
winter season; conversely, a progressive trend for temperature maxima and minima was
observed. It is because of the dependency of PET on metrological variables other than
temperature also. These variables may be wind speed, solar radiation, and sunshine hour,

which affect PET and are not considered for carrying out the present research work.
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CHAPTER 5 Application of Statistical Techniques for Trend Analysis
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Figure 5.12 Sequential progressive (u(t)) and backward values (u’(t)) for (a) Pre-Monsoon,
(b) Monsoon, (c) Post-Monsoon, (d) Winter and (e¢) Annual PET for Palamu
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Figure 5.13 Sequential progressive (u(t)) and backward values (u’(t)) for (a) Pre-

Monsoon, (b) Monsoon, (¢) Post-Monsoon, (d) Winter and (e¢) Annual PET for Ranchi
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5.3.5 Spatial Variability of Climate Variables

The spatial distribution of long-term Mann-Kendall value (ZMK) of annual time series during
118 years for all the climatic variables (Precipitation, temperature, and evapotranspiration) is
illustrated in Figure 5.14. The color variation of the studied stations is according to the Zyx
value. The Zyx value varies from -1.2 to -2.6 for the precipitation, which signifies the
decreasing trend, whereas the temperature increases with the Zyx value from 2.4 to 4.9.
Evapotranspiration is also a crucial climatic variable; the Zyx value varies from -0.3 to -0.74.
The size of the arrow depends on the Zyx values. The bigger the size of the arrow higher the
Zux values, and the size decreases with the Zyx values. The Mann Kendall trend test
indicated that the seasonal and annual precipitation were characterized by decreasing trends
in almost all localities depending upon geographical features concerning forest coverage and
water bodies and maintains. However, the meaningful change of precipitation observed
merely in two locations, Kolhan and Santhal Parganas divisions, and the significant change in
temperature and evapotranspiration is observed in Palamu and Kolhan divisions (Figure
5.14). Overall, it can be concluded that a decrease in rainfall has occurred over the entire time
period. The negative values in the trend analysis map (Figure 5.14) show the magnitude of
decrease, whereas the positive values show the magnitude of increase. The color spectrum
shows the color from blue (negative Zux values) to red (positive Zux values) with
intermediate color followed by cyan, green and yellow. The spatial distribution map of
rainfall and evapotranspiration illustrates a significant decreasing trend. In contrast, the
spatial distribution map of average temperature trend demonstrates a significant increasing
trend and is particularly prevalent in the Santhal Parganas division of Jharkhand (Figure
5.14), where an increasing trend was observed from 1-1.5 °C in the north-western region.
Apart from the high increase of up to 1.5 °C in the north-western part, a moderate increase of

temperature with 0.14-0.82 °C is observed in the northern and south-western parts of the
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state, which may lead to water scarcity in the area. The findings of this study will help in
spatially accessing the zones severely affected due to the rising trend of maximum
temperature and decreasing trend of rainfall that help government personnel to provide relief
instantly. The further increasing trend may severely affect agricultural productivity under
warmer climates as arid and semiarid regions could experience severe water stress due to a

decline of soil moisture due to high temperatures.
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Figure 5.14 Spatial distribution of trend (ZMK values) from 1901-2018 of the synoptic
study stations for climatic variables (a) Precipitation (b) Temperature and (c)

Evapotranspiration respectively in Jharkhand state, India
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5.5 Summary

Four predetermined climatic variables, namely rainfall, evapotranspiration, maximum
temperature, and minimum temperature over Uttar Pradesh and Jharkhand of the Indian
subcontinent, were systematically explored. The persistence effect has been removed before
the statistical approach for trend analysis. The trend analyses for seasonal and annual time
series were analyzed. Monotonicity in trend was detected in the pre-monsoon and winter
season for rainfall whereas, a positive and upward trend in the immediate study area was
observed for the post-monsoon season. The significant decreasing trend for rainfall was
perceived during the monsoon season and annually. The decreasing rate of the trend for
selected synoptic stations was observed in between 1.09-2.3 mm/year during the monsoon
season and 1.2-2.4 mm/year annually. Considering temperature effects, the result of trend
analysis of minimum temperature conducted for the winter season (December-February) and
pre-monsoon season (March-May) projects a colder drift in the central regions, particularly in
Palamu and Ranchi, with a decrease of 0.39-0.79 °C. A significant decreasing trend was
observed for annual minimum temperature, which fluctuates with a decrease of 0.78-0.37 °C
in the Palamu and Ranchi and an increasing trend with an increase of 0.59-0.41 °C in
Hazaribagh, Dumka, and West Singhbhum. An overall increasing trend of maximum
temperature during pre-monsoon (March-May) and monsoon season (June-September) over
Jharkhand is extremely noteworthy. Apart from the high increase of up to 1.5 °C in the
northwestern part, a moderate increase of temperature with 0.14—0.82 °C is observed in the
state's northern and southwestern parts evapotranspiration and relative humidity of the study
region. However, the underlying persistence effect observed in all seasons and throughout the
year for all climatic parameters resulted in the time series with low-frequency fluctuations.
Sequential Mann—Kendall test exhibits the periodic fluctuation of trends, which are more

prominent in pre-monsoon and monsoon seasons. Severe restoration of water bodies is a
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challenge faced by climatologists. The decrease in rainfall, coupled with elevated temperature
levels, implies lesser storage and more significant water stress and thereby exaggerates the
severity of the extreme climatic conditions and inflicts harsh living situations. The close
insights of these climatic variables used in the study can help achieve devastating results for

the study region.



